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IMMUNE-SHIELDED AND SAFE IPSC-DERIVED
CARDIOMYOCYTES FOR HEART REPAIR

Ridders, Katrin - iPSC Cell Therapy, Evotec SE, Germany

Triebert, Wiebke - iPSC Biology Cologne, Evotec International

GmbH, Germany

Mueller, Katarina - iPSC Biology Cologne, Evotec International

GmbH, Germany

Turfkruyer-Husson, Mathilde - In Vitro Pharmacology, Evotec SAS,
France

Poussereau Pomie, Céline - In Vitro Pharmacology, Evotec SAS,
France

Leung-Theung-Long, Stéphane - In Vitro Pharmacology, Evotec SAS,
France

Troegeler, Anthony - In Vitro Pharmacology, Evotec SAS, France
Daude, Tifanie - In Vitro Pharmacology, Evotec SAS, France

Briaux, Anne - In Vitro Pharmacology, Evotec SAS, France

Pingris, Karine - In Vitro Pharmacology, Evotec SAS, France
Rossa-Riske, Janine - jPSC Biology Cologne, Evotec International
GmbH, Germany

Essougrati, Sara - iPSC Biology Cologne, Evotec International

GmbH, Germany

Rubenchik, Olga - iPSC Biology Cologne, Evotec International

GmbH, Germany

Wagner, Tanja - iPSC Biology Cologne, Evotec International

GmbH, Germany

Reinbothe, Thomas - iPSC Cell Therapy, Evotec International

GmbH, Germany

Manstein, Felix - iPSC Cell Therapy, Evotec International

GmbH, Germany

Weinberger, Florian - Institute for Experimental Pharmacology and
Toxicology, University Medical Center Hamburg-Eppendorf, Germany
Hansen, Arne - Institute for Experimental Pharmacology and Toxicology,
University Medical Center Hamburg-Eppendorf, Germany

Palm, Thomas - iPSC Biology Cologne, Evotec International

GmbH, Germany

Eschenhagen, Thomas - Institute for Experimental Pharmacology and
Toxicology, University Medical Center Hamburg-Eppendorf, Germany
Austen, Matthias - iPSC Cell Therapy, Evotec International

GmbH, Germany

Heart failure (HF) is a global health burden, aggravated by the marginal
regenerative capacity of cardiomyocytes. A single myocardial infarc-
tion can cause irreversible loss of a billion cardiomyocytes, leading to
HF with reduced ejection fraction (HFrEF). Despite maximal medical
treatment, HF worsens over time, and eventually leaves ventricular
assist devices or rare heart transplantation as last treatment options for
end stage HF patients. Regenerative cell therapy holds the potential
for a novel treatment of HFrEF with curative character, and active
investigations are ongoing to re-muscularize the failing heart with stem
cell-derived cardiomyocytes. To offer a durable and safe therapeutic
effect, we generate genetically engineered off-the-shelf allogeneic hiP-
SC-derived cardiomyocytes (iCM) that are shielded from the patient’s
immune system (“cloaking”) and carry a drug-inducible kill-switch.
Using a fully characterized GMP hiPSC line as starting material, we have
established a 10-day GMP-compatible 3D differentiation protocol that
enables robust production of iCM in small scale GMP-compliant biore-
actors with very high purity (>97% cTNT+). We utilized in silico modeling
to identify influencers of cell growth during our bioreactor process

and hence could stabilize high final cell yields that exceed the input
material. To shield our iCM from allogeneic immune rejection, we genet-
ically engineered cloaked hiPSC. Our differentiation protocol applied to
these cloaked hiPSC enabled production of iCM with comparable purity
and yield to wild type cells. We further established in vitro co-culture
assays of iCM with human primary T cells or NK cells to demonstrate
the efficiency of our immune-shielding strategy. Cloaked iCM showed
inhibitory activity against T cell and NK cell killing. In conjunction, these
results pave the way for pre-clinical development of our hiPSC-derived
cardiomyocytes as cell therapeutics by enabling transition to large-
scale production in bioreactors and demonstrating the potential of
gene-edited cloaked iCM in counteracting allorejection.
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A NOVEL INTEGRATED STRATEGY FOR
EXPANSION AND METABOLIC MATURATION OF
HUMAN IPSC-DERIVED CARDIOMYOCYTES IN
BIOREACTORS: BIOPROCESS DEVELOPMENT
AND SCALE-UP

Terrasso, Ana P. - Stem Cell Bioengineering Lab,

iBET/ ITQB-NOVA, Portugal

Vicente, Pedro - Stem Cell Bioengineering Lab,
iBET/ITQB-NOVA, Portugal

Inocéncio, Lara - Stem Cell Bioengineering Lab,

iBET/ ITQB-NOVA, Portugal

Gamelas, Beatriz - Stem Cell Bioengineering Lab,

iBET/ ITQB-NOVA, Portugal

Jacinto, Jodo - Stem Cell Bioengineering Lab,
iBET/ITQB-NOVA, Portugal

Ullate-Agote, Asier - Regen. Med, CIMA, IdiSNA, Spain
Garcia, Olalla - Regen. Med, CIMA, IdiSNA, Spain
Martin-Uriz, Patxi - Regen. Med, CIMA, IdiSNA, Spain
Rios-Munoz, Gonzalo - BIOENG Department, UC3M, Spain
Fernddez-Santos, Maria - Cardiology Department, liSGM, Spain
van Mil, Alain - RMC, UMC, Netherlands
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Sluijter, Joost - RMC, UMC, Netherlands

Aguirre, Paula - Regen. Med, CIMA, IdiSNA, Spain
Présper, Felipe - Regen. Med, CIMA, IdiSNA, Spain
Vega, Manuel - Regen. Med, CIMA, IdiSNA, Spain
Alves, Paula - Stem Cell Bioengineering Lab,
iBET/ITQB-NOVA, Portugal

Serra, Margarida - Stem Cell Bioengineering Lab,
iBET/ ITQB-NOVA, Portugal

Human induced pluripotent stem cell-derived cardiomyocytes (hiP-
SC-CM) hold significant potential for cardiovascular disease cell thera-
pies, enhancing cardiac regeneration post-myocardial infarction. How-
ever, generate a relevant number (> 1 billion) of cardiomyocytes (CM) is
labour-intensive. Also, immature state of hiPSC-CM restricts the mimicry
of adult CM, limiting utility in drug screening and disease modelling.

In vitro expansion and maturation of hiPSC-CM faces limitations, and
the ability to produce relevant numbers would advance drug screen-
ing, disease modelling and cell therapy applications. We developed a
bioreactor-based protocol for production and maturation of hiPSC-CM,
aiming for increased scalability and reproducibility, maintaining quality
attributes. Sustained WnT signaling pathway activation combined with
oxygen control enhanced hiPSC-CM expansion, retaining cells’ identity,
purity and functionality. A maturation step integrated after expansion
applying a metabolic-based approach generated CM with a more
mature phenotype, metabolism and functionality. hiPSC-CM cultured
as 3D aggregates in stirred-tank bioreactors (STB) were expanded

by CHIR99021 addition through continuous perfusion. Maintaining a
mild-hypoxia (10% O2) in the STB reduced ROS production by 30 %
and increased Ki67+ proliferative cells by 70%, compared to normoxia
(21% O2). After 11 days, the mild-hypoxia STB yielded 400 million of
hiPSC-CM per 200mL run, showing spontaneous beating and a higher
percentage of cells expressing cTnT and a-actinin cardiac markers
(98%), compared to static culture (90%). Importantly, we successfully
scaled-up the bioprocess to a 2L single-use STB and efficiently pro-
duced clinically relevant numbers of hiPSC-CM with improved quality:
approximately 4 billion hiPSC-CM with > 95% cTnT+ and a-actinin+
cells. hiPSC-CM expanded in the 2L STB showed ability to further
mature after integration of a metabolic maturation step, evidenced by
increased expression of adult CM markers and improved functional-
ity. This work presents a robust bioprocess to (1) produce billions of
iPSC-CM in STB, attaining relevant cell numbers for cell therapies and
(2) induce metabolic and functional maturation of hiPSC-CM, leveraging
future applications in drug screening and disease modelling.

Funding Source: FCT PhD fellowship SFRH/BD/145767/2019,
EU-funded project BRAV3 (H2020, ID:874827), INOVA4Health
(UIDB/04462/2020 and UIDP/04462/2020) and the Associate
Laboratory LS4FUTURE (LA/P/0087/2020).

Keywords: iPSC-derived cardiomyocytes, bioprocess scale-up,
cardiomyocyte metabolic maturation
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NOVEL STRATEGIES TARETING INFLAMMATION
AND ER STRESS TO ENHANCE CARDIAC
REGENERATIVE THERAPY

Sirish, Padmini - Cardiology, University of California, Davis, USA

Thai, Phung - Internal Medicine, University of California, Davis, USA
Diloretto, Daphne - Internal Medicine, University of California,

Davis, USA

Sarode, Gaurav - Internal Medicine, University of California, Davis, USA
Hammock, Bruce - Entomology and Cancer Center, University of
California, Davis, USA

Chiamvimonvat, Nipavan - Internal Medicine, University of California,
Davis, USA

Cardiovascular disease (CVD) is the leading cause of death in the US. A
significant loss of cardiomyocytes from myocardial infarction can result
in progressive deterioration of cardiac function and heart failure (HF).
Therefore, there is a compelling need to seek new therapeutic options
for patients in end-stage HF. Induced-pluripotent stem cell-derived car-
diomyocytes (hiPSC-CM) represents a new promising approach for the
treatment of HF. However, one of the main challenges of cardiac stem
cell therapy is the survival and retention of transplanted cells in the hos-
tile milieu. We and others have shown that a high rate of transplanted
stem-cell loss, Y90% within the first few days, has been observed due
to ischemic environment, inflammation, and apoptosis. The cytochrome
P450 products, epoxyeicosatrienoic acids (EETs), are anti-inflammatory
metabolites of arachidonic acid with cardioprotective effects, how-
ever, EETs are rapidly metabolized by soluble epoxide hydrolase (SEH)
enzyme. Our team has developed novel inhibitors of sEH (sEHIs) to
prevent the catalysis of EETs, thereby enhancing their cardioprotective
activity. Indeed, we were the first to demonstrate the beneficial effects
of sEHls in clinically relevant models of CVD to enhance cardiac stem
cell therapy. To test the hypothesis that the survival of hiPSC-CMs can
be improved by reducing inflammation and Endoplasmic Reticulum

(ER) stress-induced apoptosis, we performed CRISPR/Cas9 mediated
gene silencing of sEH in hiPSC-CMs. Multidisciplinary techniques were
used to assess survival and ER-stress in gene-edited hiPSC-CMs. Our
analyses showed a significant decrease in the activation and phosphor-
ylation of apoptosis proteins, Annexin V, ER stress, and reactive oxygen
species production in gene-edited hiPSC-CMs. In vivo bioluminescence
imaging demonstrated that treatment with sEHI resulted in a significant
increase in the survival and retention of transplanted hiPSC-CMs com-
pared to cell treatment alone. Functional analysis showed a significant
improvement in the fractional shortening by echo in the sEHI treated
compared to the non-treated mice. Our findings suggest that suppres-
sion of inflammation, ER Stress and resolution of pre-existing fibrosis
using sEH inhibition represents a potential and promising adjuvant to
cardiac cell therapy.

Funding Source: Geneen Award (PT); NIH F31HL168956 (DD); NIH RO1
HLO85727, HLO85844, HL137228, VA 101 BX000576, 101 CX001490
and 23SFRNCCS1052478 (NC); NIH R56 HL167932, AHA SFRN
23SFRNPCS1060482, TRDRP T32KT4729, and UCD Int Med Chair’s
Award (PS).

Keywords: cardiac, regenerative, inflammation
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CD34 AS A NOVEL MARKER FOR THE
ISOLATION OF HPSC-DERIVED SINOATRIAL
NODE PACEMAKER CARDIOMYOCYTES FOR
BIOLOGICAL PACEMAKER APPROACHES AND
DISEASE MODELLING

Lim, Amos - McEwen Stem Cell Institute, University Health
Network, Canada

Pouyabahar, Delaram - Molecular Genetics, University of Toronto,
Canada

Ashraf, Mishal - Centre for Heart and Lung Innovation, University of
British Columbia, Canada

Huang, Kate - Centre for Heart and Lung Innovation, University of
British Columbia, Canada

Lohbihler, Michelle - McEwen Stem Cell Institute, University Health
Network, Canada

Chang, Matthew - McEwen Stem Cell Institute, University Health
Network, Canada

Murareanu, Brandon - McEwen Stem Cell Institute, University Health
Network, Canada

Kwan, Maggie - McEwen Stem Cell Institute, University Health
Network, Canada

Tran, Thinh - Marie-Josée and Henry R. Kravis Center for Molecular
Oncology, Memorial Sloan Kettering Cancer Center, USA

Mazine, Amine - McEwen Stem Cell Institute, University Health
Network, Canada

Bader, Gary - The Donnelly Centre, University of Toronto, Canada
Laksman, Zachary - Medicine, University of British Columbia, Canada
Protze, Stephanie - McEwen Stem Cell Institute, University Health
Network, Canada

The regulation of the heartbeat relies on pacemaker cells situated in
the sinoatrial node (SAN). Dysfunction in these crucial cells can result
in a dangerously slow heart rhythm, necessitating treatment with an
electronic pacemaker (EPM). Although EPMs are the standard of care,
treatments are associated with a complication rate ranging 10-16% and
come with several caveats including surgical battery replacements
and lack of response to the autonomic nervous system. Therefore, the
development of a biological pacemaker that replaces the damaged
tissue with new functional pacemaker cells presents a promising alter-
native therapy. Our lab has previously generated sinoatrial node-like
pacemaker cells (SANPLC) from human pluripotent stem cells (hPSCs)
and demonstrated their ability to function as a biological pacemaker

in rat hearts. To translate these results to cell therapy applications, a
method for the identification and purification of SAN cells from differ-
entiations is required. Currently, due to the lack of surface markers, a
NKX2-5:GFP transgenic reporter is required for the negative selection
of NKX2-5- SANLPC. To address this issue, we present the first com-
parison between single-nuclei/cell RNA sequencing of human fetal SAN
cells and hPSC-derived SAN cells. Through this comparison, we have
identified several novel SAN markers including MYH11, BMP4, and most
importantly the cell surface antigen CD34. We show that hPSC-derived
SAN cells closely resemble fetal SAN cells on the transcriptional level.
Furthermore, we demonstrate that CD34 is specifically expressed by
SAN pacemaker cells but not by other cardiomyocyte subtypes. We
establish that isolation of CD34+ cells through fluorescent or magnetic
activated cell sorting from cardiac hPSC differentiations results in the

enrichment of SAN-like cells exhibiting the molecular profile of SAN
pacemaker cells. These CD34+ cardiomyocytes also display typical
SAN action potentials and can function as a biological pacemaker. In
summary, this work advances the development of cell-based therapies
for cardiac pacing. Furthermore, this newly discovered SAN pacemaker
cell surface marker will be highly valuable for future endeavors in hPSC-
based modeling of SAN diseases, drug discovery, and targeted delivery
of therapeutics to SAN cells.

Funding Source: Canadian Institutes of Health Research, Canadian
Foundation for Innovation, Canadian Stem Cell Network

Keywords: biological pacemaker, sinoatrial node, surface marker
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IDENTIFICATION AND VALIDATION OF NOVEL
ENGINEERING STRATEGIES IN IPSCS TO RESIST
ALLOGENEIC IMMUNE CELL REJECTION

Alejandro Gomez-Aristizabal - Bluerock Therapeutics, USA
Farzaneh Moghadam - Bluerock Therapeutics, USA
William Hendriks - Bluerock Therapeutics, USA
Juan Mauricio Umana - Bluerock Therapeutics, USA
Mable Chan - Bluerock Therapeutics, USA

Flora Wong - Bluerock Therapeutics, USA

Tapfuma Mutukura - Bluerock Therapeutics, USA
Chad Dufaud - Bluerock Therapeutics, USA

Kaleb Seifert - Bluerock Therapeutics, USA

Anna Chen - Bluerock Therapeutics, USA

Julia Terek - Bluerock Therapeutics, USA

Julia Terry - Bluerock Therapeutics, USA

Aidan Cullen - Bluerock Therapeutics, USA

Callan Carr - Bluerock Therapeutics, USA

Kathleen Mungai - Bluerock Therapeutics, USA
Amanda Ferreira - Bluerock Therapeutics, USA

Hui Zhu - Bluerock Therapeutics, USA

Mark Tomishima - Bluerock Therapeutics, USA
Greg Motz - Bluerock Therapeutics, USA

Stefan Irion - Bluerock Therapeutics, USA
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Human induced pluripotent stem cell (hiPSC)-derived therapies are

a promising approach for treating a diverse array of diseases charac-
terized by the necessity for tissue repair and replacement. However,
allogeneic hiPSCs face a significant obstacle limiting their clinical
application—namely, their inherent immunogenicity can lead to rejec-
tion of the administered cells. Gene-editing technologies allow for the
generation of engineered, allogeneic iPSC-derived therapies that resist
immune rejection. To develop “off the shelf” medicines, we have estab-
lished end-to-end capabilities for the identification of novel targets,
editing, differentiation and functional assessment, both in vitro and in
vivo, of the engineered cells. As shown in this study, we validated our
extensive platform capabilities by combining target deletion as well as
over-expression approaches to generate hiPSC-derived cells capable
of evading both, T and NK cell rejection. Integration of the transgenes
in our Sustained Transgene Expression Loci (STEL) ensured robust and
sustained target expression in both PSCs and their derivatives includ-
ing cardiomyocytes. We then evaluated the ability of the engineered
hiPSCs and their differentiated cardiomyocyte derivates to evade NK
as well as T cell killing by multiple allogeneic donors in co-cultures
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in vitro. We then confirmed the ability of the engineered cardiomyo-
cytes to avoid allogeneic immune rejection in vivo via co-injection of
the cardiomyocytes and the immune cells in NSG mice. In contrast to
non-engineered cells, we observed that engineered cardiomyocytes
remained viable after encountering either allogeneic T or NK cells in
vitro and in vivo. Importantly, the diversity among donors allowed us an
assessment of the robustness and consistency of the immune evasion
strategy across a range of genetic backgrounds, helping us to under-
stand the broader applicability and effectiveness of this approach. In
conclusion, these data highlight our advanced platform capabilities
across engineering, differentiation and robust functional in vitro and
in vivo assessment. We further demonstrate the identification of a
novel immune evasion strategy for hiPSCs, overcoming a major hurdle
towards the clinical application of these therapies, by leveraging our
platform capabilities.

Keywords: allo rejection, immune evasion, cardiomyocytes
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PROTEIN-FREE, LOW COST MEDIUM FOR
EFFICIENT HPSC-CARDIOMYOGENIC
DIFFERENTIATION AND UPSCALING TO 2000 ML
STIRRED-TANK BIOREACTORS

Kriedemann, Nils - Leibniz Research Laboratories for Biotechnology
and Artificial Organs, Hannover Medical School, Germany

Manstein, Felix - Cell Therapy, Evotec SE, Germany

Triebert, Wiebke - Cell Therapy, Evotec SE, Germany
Hernandez-Bautista, Carlos Alberto - Leibniz Research Laboratories for
Biotechnology and Artificial Organs, Hannover Medical

School, Germany

Ullmann, Kevin - Leibniz Research Laboratories for Biotechnology and
Artificial Organs, Hannover Medical School, Germany

Franke, Annika - Leibniz Research Laboratories for Biotechnology and
Artificial Organs, Hannover Medical School, Germany

Mertens, Mira - Leibniz Research Laboratories for Biotechnology and
Artificial Organs, Hannover Medical School, Germany

Carvalheira Arnaut Pombei Stein, Inés - Department of Anaesthesiology
and Intensive Care Medicine, Hannover Medical School, Germany
Leffler, Andreas - Department of Anaesthesiology and Intensive Care
Medicine, Hannover Medical School, Germany

Fricke, Veronika - Institute of Regenerative Medicine of Cardiovascular
Disease, Technical University of Munich, Germany

Witte, Merlin - Leibniz Research Laboratories for Biotechnology and
Artificial Organs, Hannover Medical School, Germany

Askuvara, Tamari - Leibniz Research Laboratories for Biotechnology
and Artificial Organs, Hannover Medical School, Germany

Gruh, Ina - Experimental Heart Surgery, University of Oldenburg,
Germany

Piep, Birgit - Institute for Molecular and Cell Physiology, Hannover
Medical School, Germany

Kraft, Theresia - Institute for Molecular and Cell Physiology, Hannover
Medical School, Germany

Zweigerdt, Robert - Leibniz Research Laboratories for Biotechnology
and Artificial Organs, Hannover Medical School, Germany
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Harnessing the full potential of human pluripotent stem cell (hPSC)-de-
rived cardiomyocytes (CMs) for cell therapy, tissue engineering, and
drug discovery, will require the cost-effective, large-scale production
of cell products. Chemically defined, low-cost media of constant quality
are important in such processes. The broadly utilized “Chemically
defined medium, 3 components” (CDM3) for cardiac differentiation
presents a first step towards this, however, it depends on utilizing the
costly and batch-quality dependent recombinant human albumin. To
overcome these drawbacks we have developed entirely protein-free,
chemically defined media formulations (PFMF) that efficiently support
cardiomyocyte yield and purity. The applicability of these novel media
formulations is demonstrated across numerous culture platforms,
including conventional Erlenmeyer flasks (20 mL volume) followed

by process upscaling to 150 mL stirred tank bioreactors (STBRs) and
ultimately 2000 mL STBR scale. The observed CMs yield of 1.5-2x106
viable cells/mL in PFMF enables the production of about 1.5 billion
(1.5x109) viable cells in a single 2000 ml STBR run, presenting an
important achievement regarding clinical translation. Comprehensive
downstream analysis of the cell product includes RNA sequencing,
electrophysiological analysis by patch clamping, and functional
assessment of contractile properties by generating bioartificial cardiac
tissues, fully confirming the expected quality and function of the gener-
ated CMs. All components of the newly developed media are commonly
utilized in the biomedical industry and are known to be biocompatible,
in line with the required clinical applicability of hPSC-derived cardio-
myocytes; moreover, media cost reduction of at least 30% compared to
CDM3 medium is achieved, further promoting commercial aspects of
cell therapies for heart regeneration.

Keywords: hPSC-bioprocessing, cardiomyocytes, up-scaling
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MESODERM POTENTIATION VIA SINGLE FACTOR
TRANSFECTION PROMOTES MATURATION OF
INDUCED PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES

Kargaran, Parisa - Regenerative Medicine, Mayo Clinic, USA
Garmany, Armin - Alix School of Medicine, Mayo Clinic, USA
Terzic, Andre - Department of Cardiovascular Medicine, Mayo
Clinic, USA

Behfar, Atta - Department of Cardiovascular Medicine, Mayo
Clinic, USA

Following the discovery of induced pluripotent stem cells, various strat-
egies were developed to promote guided mesoderm specification and
cardiac differentiation. While a high differentiation yield was obtained,
derived progeny exhibited an immature phenotype akin to neonatal
cardiomyocytes. Various strategies have been investigated to enhance
the maturity of induced pluripotent stem cell derived cardiomyocytes.
We here introduce a novel single-factor transfection approach to
enhance the maturity of cardiac cells derived from pluripotent stem
cells. Transfection with the mesoderm transcription factor, Brachyury
prior to standard cardiac differentiation promoted upregulation of car-
diac specific transcription factors. In addition, transfected cells exhib-
ited improved structural and functional maturity. Namely, sarcomere
length and the proportion of sarcomere with I-bands were increased.
Transfected cells exhibited augmented action potential kinetics with a



reduced relaxation constant and a faster upstroke velocity. In parallel,
use of Brachyury promoted augmented calcium handling characterized
by a larger area under the curve of calcium trainsets and improved
calcium transient shortening with pacing. Thus, we here introduce a
single-factor maturation protocol that provides more mature cardiomy-
ocytes under standard differentiation conditions. Such findings provide
a novel and simple protocol for enhancing pluripotent stem cell-derived
cardiomyocyte maturity and suggest that early differentiation cues may
influence later maturity.

Keywords: induced pluripotent stem cells, cardiac maturation, cardiac
differentiation
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TRANSIENT KNOCKDOWN OF HCN4 IN
EMBRYONIC STEM CELL-DERIVED CARDIAC
PROGENITOR CELLS REDUCES PACEMAKING
CELLS AND INCREASES VENTRICULAR
CARDIOMYOCYTES LINEAGE COMMITMENT

Tejedor, Sandra - Systems Biology, Skévde University, Sweden
Correia, Cldudia - BioPharmaceuticals Research and Development
AstraZeneca, Sweden

Musa, Gentian - BioPharmaceuticals Research and Development,
AstraZeneca, Sweden

Wang, Qing-Dong - BioPharmaceuticals Research and Development,
AstraZeneca, Sweden

Synnergren, Jane - Systems Biology Research Center, Skévde
University, Sweden

Jennbacken, Karin - BioPharmaceuticals Research and Development,
AstraZeneca, Sweden

Following myocardial infarction (Ml), millions of cardiomyocytes (CM)
are replaced by non-contractile scar tissue due to a lack of regenera-
tive potential in adult human heart. Human embryonic stem cell-derived
cardiac progenitor cells (hESC-CPC) are a promising avenue for cell-
based therapy in MI. However, the occurrence of transient ventricular
arrhythmias after cell transplantation, known as engraftment arrhyth-
mias (EA) is a safety concern. One cause of EA is the presence of imma-
ture cells with pacemaker activity upon transplantation. The expression
of specific genes, such as the hyperpolarization-activated cyclic nucle-
otide-gated potassium channel HCN4, contribute to the automaticity of
these cells. In this study, we hypothesise that the transient knock down
(KD) of HCN4 in hESC-CPC can favour a reduction of non-ventricular,
pacemaker-like CMs, towards a majorly of ventricular like cells (vCM)
during differentiation, reducing cell automaticity and EA. To test our
hypothesis, hESCs were transfected with a transposon-based system
constitutively expressing RFP, which includes a shRNA sequence
targeting HCN4 controlled by a doxycycline induced promoter (TetON).
Firstly, the hESC line was transfected, and efficiency was evaluated

by measuring the RFP signal. Secondly, HCN4 KD was performed by
inducing the shRNA expression with doxycycline for 2 days during
differentiation of hESC towards CPC, and KD was confirmed in terms

of gene and protein expression levels. Thirdly, we purified the CPC pop-
ulation by negative selection for the stem cell marker TRA-1-60. Action
potential was measured in single cells after 15 days of differentiation.
We show that HCN4 transient KD resulted in a reduction of both atrial
and pacemaker-like cells, consequently increasing the vCM population.

Ongoing experiments analysis of individual cell gene expression
profile by scRNA-seq and their molecular profile after transplantation
and differentiation in an in vivo rodent kidney capsule model will give
additional insights on cells identity after HCN4 transient KD in hESC-
CPC and derived CM. These preliminary data look promising to explore
the transient KD of various targets associated with pacemaker activity,
either individually or in combination, opening possibilities to reduce EA
after cell implantation.

Funding Source: Skovde University and AstraZeneca support this
project.

Keywords: cardiac progenitor cells, arrhythmia, myocardial infarction
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IN VIVO CONJUNCTIVAL REGENERATION
USING AN ORGANOID-BASED THERAPY: A PRE-
CLINICAL STUDY

Van Velthoven, Arianne J.H. - MERLN, Maastricht University,
Netherlands

Dickman, Mor - University Eye Clinic Maastricht, Maastricht University
Medical Centre, Netherlands

LaPointe, Vanessa - MERLN, Maastricht University, Netherlands
Clevers, Hans - Hubrecht Institute, University Medical Center Utrecht,
Netherlands

Bannier-Hélaouét, Marie - Hubrecht Institute, University Medical Center
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Ocular surface disease pose a significant clinical challenge, with limited
treatment options available. A cell therapy using conjunctival organ-
oid—derived cell sheets offers a promising approach for conjunctival
regeneration. We evaluate the safety and efficacy of conjunctival
organoid—derived cell sheets in repairing conjunctival defects in a
pre-clinical rabbit model. Human conjunctival organoids were estab-
lished from small conjunctival biopsies (Y1 mm2, N=6), recapitulating
key features of the conjunctival epithelium, including an abundance of
goblet cells. The organoids were then dissociated and seeded as single
cells on a fibrin scaffold. A conjunctival defect was induced in immuno-
suppressed rabbits (N=34) by conjunctival excision (5.0 mm), followed
by transplantation of the cell sheets (6.0 mm) onto the denuded area.
Examinations were performed on postoperative days (POD) 7, 14, and 21
to assess conjunctival defects and wound healing. Immunohistological
analysis was conducted on POD 7 and 21 to evaluate the regenerative
capacity of the transplanted cells in more detail. Clinical examination
showed no signs of conjunctival defects or adverse effects on POD 7,
14, and 21. Histological examination revealed complete conjunctival
regeneration with normal morphology and organization on POD 7 and
21. Aregular distribution of mucin-producing goblet cells was observed
in the fornix (18 cells/mm) and bulbar (9 cells/mm) conjunctiva. Mild
infiltration of inflammatory cells in the episcleral and conjunctiva was
observed on POD 7 and POD 21. Expression of human-specific CK14 on
POD 7 (100%) and 14 (75%) indicated that transplanted cells specifi-
cally repopulated the defect, not the neighboring rabbit conjunctiva.
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Conjunctival organoid—derived cell sheets demonstrate promise for
repairing conjunctival defects, offering a potential therapeutic strategy
for ocular surface disorders

Keywords: organoid, conjunctiva, regeneration
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QUALITY CONTROL OF HUMAN PSC-DERIVED
RPE CELLS FOR REGENERATIVE THERAPY

Souralova, Tereza - Cell and Tissue Engineering Facility, St. Anne’s
University Hospital Brno/Masaryk University, Czech Republic
Cimborova, Katarina - Department of Histology and Embryology,
Masaryk University Faculty of Medicine, Czech Republic

Pelkova, Vendula - Department of Histology and Embryology, Masaryk
University Faculty of Medicine, Czech Republic

Hampl, Ales - Department of Histology and Embryology, Masaryk
University Faculty of Medicine, Czech Republic

Koutna, Irena - Cell and Tissue Engineering Facility, St. Anne’s
University Hospital Brno, Czech Republic

Human retinal pigment epithelial (RPE) cells form a specialized mono-
layer of polarized pigmented epithelial cells located between the blood
vessels of the eye and the neural retina. The key function of RPE cells
is the maintenance and protection of light-sensitive photoreceptors.
Degeneration of RPE cells accompanies age-related eye diseases and
can lead to the loss of vision. The rescue of patient’s vision can be
achieved by replacement of the RPE cells. Therefore, we aim to differ-
entiate human embryonal stem cells and human induced pluripotent
stem cells into fully-functional RPE cells that would be suitable for the
regenerative therapy To ensure the RPE cells are not released for the
treatment of the patient until the quality has been considered satisfac-
tory, we designed a panel of quality control tests that characterize a)
functionality: phagocytosis, specific cytokine secretion, b) morphology,
c) identity and viability: marker detection by immunocytochemistry

and flowcytometry, d) immunogenicity: lymphocyte-graft cell immune
reaction, HLA expression of RPE cells. These tests are prepared for the
translation into advanced therapy medicinal product manufacture.

Funding Source: Created in collaboration with MED MUNI through

the CZECRIN project (LM2023049), supported by the national budget
through MEYS. Supported by MED MUNI fund, MUNI/A/1598/2023, and
by Ministry of Health of the Czechia, NU22-08-00629.

Keywords: retinal pigment epithelial cells, pluripotent stem cells, quality
control
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SINGLE-CELL EPIGENOMICS REVEALS
MECHANISMS OF MOUSE DENTAL GERM
DEVELOPMENT

Li, Jing - Research and Development, Centre for Regenerative
Medicine and Health, Hong Kong Institute of Science and Innovation
(CAS), Hong Kong

Xie, Si - Research and Development, Centre for Regenerative Medicine
and Health, Hong Kong Institute of Science and Innovation (CAS), Hong
Kong

Gong, Ye - Research and Development, Centre for Regenerative
Medicine and Health, Hong Kong Institute of Science and Innovation
(CAS), Hong Kong

Zheng, Hui - Centre for Regenerative Medicine and Health, Hong Kong
Institute of Science and Innovation (CAS), Guangzhou Institute of
Biomedicine and Health (CAS), China

Feng, Bo - School of Biomedical Sciences, The Chinese University of
Hong Kong, Hong Kong

Pei, Duanging - School of Life Sciences, Centre for Regenerative
Medicine and Health, Hong Kong Institute of Science and Innovation
(CAS) and Westlake University, Hong Kong

Cai, Jinglei - Innovation Centre for Advanced Interdisciplinary Medicine,
The Fifth Affiliated Hospital of Guangzhou Medical University, China
Wang, Yaofeng - Research and Development, Centre for Regenerative
Medicine and Health, Hong Kong Institute of Science and Innovation
(CAS), Hong Kong

The process of dental development is orchestrated by a dynamic
interplay between cellular differentiation and the chromatin state,
which serves as a pivotal determinant of the gene regulatory network.
Despite its fundamental importance, the epigenetic intricacies that
govern odontogenesis remain largely uncharted. Leveraging the power
of single-cell technologies, our research endeavours to illuminate the
epigenetic underpinnings that facilitate cellular diversity during the
formation of dental structures. Building upon our prior work, which
established a single-cell transcriptome atlas of mouse dental germs, we
identified distinct populations of CD24+ and Plac8+ odontogenic cells,
respectively. In this ongoing investigation, we employ single-cell assay
for transposase-accessible chromatin by sequencing (scATAC-seq) on
both incisors and molars from E10.5-E16.5 mouse dental germs. This
approach enables us to unravel the unique chromatin accessibility
patterns that are specific to cell types within the developing dental
germs. Integrating this novel data with our preceding scRNA-seq find-
ings, we perform comprehensive analyses to pinpoint genomic regions
that exhibit significant shifts in accessibility, correlating with cell-type
and region-specific differentiation events in tooth development. Our
integrative analysis also aids in the prediction of candidate regulatory
elements that are cell-type-specific. Through a systematic comparison
of chromatin accessibility between dental pulp and follicle regions, we
uncover the surprising diversity among dental progenitor cells. The
diversity sheds light on the pivotal signalling pathways that underpin
odontogenic lineage identities. Moreover, by fusing single-cell chro-
matin accessibility with gene expression data, we construct enhancer
networks that reveal hub enhancers, which play a crucial role within
these networks. Our findings contribute a novel perspective to the
understanding of how chromatin states influence the complex patterns



of cell type diversity and cell fate determination during dental develop-
ment. The insights gained through this research hold the potential to

inform stem cell biology and regenerative medicine, offering a blueprint
for future explorations into the epigenetic regulation of organogenesis.

Keywords: dental germ development, single-cell ATAC-seq,
epigenetics of odontogenesis
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REPRODUCIBLE AND SCALABLE
DIFFERENTIATION OF OVARIAN SUPPORT CELLS
FROM A CLINICAL-GRADE HIPSC LINE TO BE
APPLIED AS A NOVEL IN VITRO MATURATION
STRATEGY FOR INFERTILITY TREATMENT

Paulsen, Bruna - Cell Engineering, Gameto, USA
Noblett, Alexander - Cell Engineering, Gameto, USA
Barrachina, Ferran - Cell Engineering, Gameto, USA
Johnson, Mark - Cell Engineering, Gameto, USA
Piechota, Sabrina - Embryology, Gameto, USA

Kats, Simone - Cell Engineering, Gameto, USA
Marchante, Maria - Embryology, Gameto, USA
Guzman, Luis - Embryology, Pranor Laboratories, Peru
Kramme, Christian - Cell Engineering, Gameto, USA

In vitro maturation (IVM) is an assisted reproductive technology in
which immature oocytes are retrieved with abbreviated stimulation
and matured outside the body, offering a safer alternative to generate
mature eggs for infertility treatment. Despite the clear benefits to the
patient, when compared with conventional protocols, IVM yields in
general less usable mature oocytes, limiting its utilization as standard
of care. We recently demonstrated that ovarian support cells (OSCs)
derived from hiPSCs in co-culture with immature human oocytes mimic
the ovarian environment allowing for higher rates of oocyte maturation
and euploid embryo formation, offering a novel solution to overcome
the limited yield in IVM. Translating novel cell-based IVM products to
clinics however represents certain challenges beyond efficacy, namely
manufacturing at scale, integration of commercial-grade raw materials,
and ensuring purity, reproducibility, and safety. As we translate this
technology towards clinical manufacturing and application, we opti-
mized our manufacturing protocol to deliver increased scale and sub-
stituted raw materials with appropriate animal origin-free alternatives,
which included a systematic methodology to select an ideal substrate.
These modifications improved the efficiency, purity, and consistency of
the differentiated OSC population, ultimately improving consistency of
functional outcomes. Most importantly, we sourced a compliant female
clinical/commercial-grade hiPSC line as starting material, and operated
in controlled environments to create a new cell line by applying an
identical engineering strategy to originally create the research-use-only
(RUO) hiPSC line. OSCs differentiated from the new hiPSC line deliv-
ered similar quality attributes and clinical outcomes previously demon-
strated with our RUO line, with an increase in consistency and repro-
ducibility across batches. This technology is currently being applied in a
first-in-human OSC-IVM observational study with reported pregnancies.
Overall, we have demonstrated that our strategic approach to product
development meets scalable manufacturing needs and ultimately
supported a product of improved efficacy, quality, and safety.

Keywords: in vitro maturation, manufacturing, infertility
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SCF AND 740 Y-P, A PI3BK ACTIVATOR,
DIFFERENTLY MODULATE SIGNALING PATHWAYS
AND COOPERATE TO ACHIEVE REPRODUCIBLE
EX VIVO HUMAN HAEMATOPOIETIC STEM

CELL EXPANSION SUITABLE FOR GENETIC
ENGINEERING
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Haematopoietic stem cell (HSC) is a clinically relevant blood-generating
stem cell where HSC transplantation (HSCT) remains only a curative
option for multiple blood or non-blood disorders. Therapeutic appli-
cations of HSC are, however, limited partially due to a lack of methods
that allow HSC to maintain or expand stably ex vivo. Stable ex vivo
HSC expansion would address multiple current challenges in the field
of HSC biology and clinical hematology, including low robustness on
HSC research, a considerable rate of engraftment failure in umbilical
cord blood (UCB) HSCT, and limited success of genetic modifications
in HSCs. Our group previously developed stable ex vivo mouse HSC
expansion protocol, using a polymer-based medium with throm-
bopoietin (TPO) and stem cell factor (SCF). A cytokine-free ex vivo
human HSC expansion protocol that replaces SCF with 740 Y-P, a PI3K
activator, has been reported with successful expansion of single UCB.
Nevertheless, it remains unclear how stable the cytokine-free protocol
is. Here, we aimed to develop more stable protocol for human HSC
expansion. Screening more than 100 molecules targeting SCF/TPO
signaling pathways, we identified that adding SCF and 740 Y-P in the
cytokine-free medium (SCF+740 protocol) significantly improved the
expansion of immunophenotypic hematopoietic stem/progenitor cell
(iIHSPC: Lin-CD34+) and HSC (Lin-CD34+EPCR+) derived from human
CD34+ UCB during 28-day culture. We confirmed reproducible HSPC
expansion in SCF+740 protocol during 28-day culture (n=7 independent
donors; mean fold change of viable cells: 105.2 ranging 36.3 — 402.3;
mean purity of iIHSPC on day 28: 56.0% ranging 47.8-69.2%). In a
xenograft model, human CD34+ UCBs expanded in SCF+740 protocol
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for 14 days showed higher human multilineage chimerism in NSG mice
16 weeks post-transplantation (mean chimerism: 22.9% [expanded] vs
0.96% [unmanipulated]). Analyses on protein phosphorylation revealed
different effects of SCF and 740 Y-P on signaling pathways in expanded
human iHSPCs. Importantly, our protocol supported successful homol-
ogy directed repair-based targeted knock-in in HLF-positive HSCs

and lentiviral transduction in HSCs engraftable in NSG mice. Taken
together, these findings underscore the SCF+740 protocol for
advancing HSC research and therapeutic applications.

Funding Source: National Institute of Diabetes and Digestive and
Kidney Diseases, National Institute of Health, The Uehara Memorial
Foundation Stanford Cancer Institute

Keywords: ex vivo haematopoietic stem cell expansion, genetic
engineering, haematopoietic stem cell transplantation
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RECONSTITUTION OF ACTIN NETWORK
DYNAMICS: A PROMISING APPROACH TOWRADS
EFFICIENT IN VITRO PRODUCTION OF RED
BLOOD CELLS

Thiel, Jessica - Experimental Transfusion Medicine, Technische
Universitédt Dresden, Germany

Kronstein-Wiedemann, Romy - Experimental Transfusion Medicine,
Technische Universitét Dresden, Germany

Sirin, Duran - UCC, Medical Systems Biology, Technische Universitét
Dresden, Germany

Teichert, Madeleine - Experimental Transfusion Medicine, Technische
Universitédt Dresden, Germany

Buchholz, Frank - UCC, Medical Systems Biology, Technische
Universitdt Dresden, Germany

Kiinzel, Stephan - Experimental Transfusion Medicine, Technische
Universitédt Dresden, Germany

Tonn, Torsten - Experimental Transfusion Medicine, Technische
Universitédt Dresden, Germany

An erythroid progenitor cell line capable of efficient in vitro production
of mature red blood cells (RBCs) represents a promising alternative for
traditional red blood cell concentrates. Since an erythroblast cell line
(imBMEP), previously established in our laboratory, showed limitations
in efficient maturation, a knockout of the enucleation inhibitor miR-
30a-5p was performed. Although this modification led to a significant
promotion of terminal erythropoiesis, insufficient enucleation remains a
major challenge. Through a comparative transcriptome analysis of imB-
MEPs and hematopoietic stem cells (HSCs), we aimed to systematically
investigate possible causes for the inhibited final maturation. Differen-
tial gene expression analysis revealed high variance between imBMEP
cells and HSC controls. Using Ingenuity Pathway Analysis (IPA), these
differences in gene expression were assigned to specific pathways
and functions. A notable number of significantly altered pathways were
associated with the cytoskeleton and the actin network. In particular,
actin polymerization appeared to be inhibited at several levels within
the regulatory networks. While Western Blot data of actin, a-tubulin and
vimentin are showing no quantitative differences in protein expression
between imBMEPs and HSCs, the immunofluorescence analysis of the
cells showed distinct structural changes. The actin network in particular
appears to be altered, with actin forming unstructured accumulations

N %

within the imBMEP cells instead of a homogeneous network as it was
seen in HSCs. The observed structural changes indicate that primarily
actin polymerization and reorganization seem to be affected. With
regard to terminal erythropoiesis, this could be a reason for the limited
enucleation of the cell line, as the actin network plays a decisive role

in this process. It is now necessary to identify key candidates that are
responsible for the observed differences and whose modification leads
to a restoration of the actin network dynamics. By restoring an effective
enucleation process, imBMEP cells could provide a potentially unlimited
cell source for the efficient in vitro production of modifiable RBCs for
transfusion to patients who are currently difficult to supply with
compatible donor derived erythrocytes.

Keywords: erythropoiesis, enucleation, transcriptome analysis
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FACTORS INFLUENCING SUCCESSFUL
GENERATION OF HUMAN INDUCED
PLURIPOTENT STEM CELLS FROM PERIPHERAL
BLOOD MONONUCLEAR CELLS

Lee, Eun Young - Internal Medicine, Seoul St Mary’s Hospital/
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Park, Heon-Seok - Internal Medicine, The Catholic University of

Korea, Korea

Lee, Joonyub - Internal Medicine, The Catholic University of

Korea, Korea

Kim, Ji-Won - Internal Medicine, The Catholic University of Korea, Korea

Human induced pluripotent stem cells (hiPSCs) have demonstrated
significant potential in their ability to differentiate into diverse tissues.
We investigated the clinical and experimental characteristics associ-
ated with the successful generation of hiPSCs from peripheral blood
mononuclear cells (PBMCs). In this study, hiPSCs were generated from
PBMCs obtained from patients who underwent pancreatectomy. The
Sendai viral vector system was utilized to reprogram PBMCs with Oct4,
Sox2, Kl4 and c-Myc transcription factors. The pluripotency of iPSCs
was confirmed through alkaline phosphatase staining and immunocy-
tochemistry for pluripotency markers. Among the 17 PBMCs samples,
hiPSCs were generated successfully in 9 (52.9%) samples. There were
no differences in age, sex, or comorbidities such as diabetes, hyper-
tension, and malignancy. Among 11 individuals without diabetes, iPSCs
were generated in 7 (63.6%), whereas it was only 33.3% (n=2) among
the 6 individuals with diabetes. Those with successful hiPSCs gener-
ation exhibited higher body mass index (BMI) and lower hemoglobin
(Hb) levels compared to those without hiPSCs generation. Interestingly,
the PBMC count obtained from complete blood count tests conducted
before surgery tended to be higher in those with successful hiPSCs
generation compared to those without. Blood volume, hemolysis, and
PBMC purity after isolation did not differ between the two groups. The
time required to generate colonies was shorter in those with successful
hiPSCs generation compared to those without, but not significant. Nota-
bly, a distinct boundary of the colony was the significant factor for the
successful generation of hiPSCs (odds ratio of 4.9). In this study, hiPSCs
successfully derived from PBMCs exhibited pluripotency markers, with
generation rates correlating positively with higher BMI and lower Hb



levels, and a tendency towards higher PBMC counts pre-sampling.
Colony morphology also emerged as a significant factor influencing
successful hiPSCs generation, highlighting the potential clinical rele-
vance of these findings for regenerative medicine applications.

Funding Source: This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea government
(MIST) (No. NRF-2021R1C1C1013016).

Keywords: human induced pluripotent stem cells, peripheral blood
mononuclear cells, reprogramming
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GENERATION OF FUNCTIONAL IPSC-DERIVED
CAR-T CELLS FOR CANCER IMMUNOTHERAPY
VIA CHEMICAL-INDUCED EPIGENETIC
REPROGRAMMING
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Daley, George - Stem Cell Program, Boston Children’s Hospital, USA

Cancer immunotherapy employing patient-derived T cells modified

with chimeric antigen receptors (CAR) has proven remarkably effective
against lymphoid malignancies, but such autologous cell therapies
entail labor-intensive cell processing. Using human induced Pluripotent
Stem Cells (iPSCs) to produce CAR T cells holds considerable promise
for realizing allogeneic off-the-shelf cancer immunotherapies. How-
ever, generating fully mature iPSC-T with robust functionality remains
challenging. Previously, we established a stroma-free culture system for
iPSC differentiation into T cells (Jing et al, Cell Stem Cell, 2022). Build-
ing upon this platform, we conducted small molecule screens to identify
epigenetic regulators that influence lymphoid development, and
focused on the H3K9-directed histone lysine methyltransferase G9a/
GLP as a suppressor of T cell fate. Analyses by ATAC-seq and RNA-seq
revealed that G9a/GLP inhibition governs chromatin accessibility and
gene expression patterns associated with lymphoid differentiation.

As a consequence, G9a/GLP controls the cell fate choice between
myeloid and lymphoid lineages in HSPCs. We also demonstrated that
inhibiting G9a/GLP promotes lymphopoiesis in zebrafish, illustrating

the evolutionary conservation of G9a/GLP’s role in T cell development.
Most importantly, chemically-induced epigenetic reprogramming

via G9a/GLP inhibition facilitates the generation of highly functional
iPSC-T cells with a molecular signature closely resembling that of
mature alpha-beta T cells from peripheral blood. When epigenetically
reprogrammed iPSC-T cells were engineered to express an anti-CD19
CAR, they exhibited enhanced effector responses and tumor cell-killing
capability in vitro. Furthermore, CAR iPSC-T cells derived with G9a/GLP
repression displayed robust antitumor activity in a xenograft lymphoma
mouse model, resulting in improved survival in treated animals. Nota-
bly, we show that mice treated with epigenetically modulated iPSC-
CAR-T were resistant to tumor cell rechallenge, demonstrating that
iPSC-CAR-T cells derived via G9a/GLP inhibition can persist and elicit
sustained remission. These findings facilitate the efficient production of
clinically relevant iPSC-derived T cells for adoptive cell therapies.

Funding Source: This study was supported by grants from NIH NHLBI
UO1THL134812, NIH NIDDK 2U01DK104218, Emerson Collective Cancer
Research Fund to GQD, and NIH NHLBI 5U24HL134763 sub-award
1701192 and NIH NHLBI K99HL170075 to RJ.

Keywords: iPSC-derived T cells, CAR T therapy, epigenetic modulation
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PHENOTYPIC AND FUNCTIONAL ANALYSIS
OF AN ALLOGENEIC IPSC-DERIVED NK
THERAPEUTIC PRODUCT MANUFACTURED AT
SCALE 11
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Natural Killer (NK) cell therapies do not require HLA-matching, do not
cause graft-vs-host disease (GvHD) and have demonstrated promis-
ing data in treating solid tumours, thereby offering a highly attractive
allogeneic therapeutic strategy. Whilst several sources of NK cells are
available, the differentiation of human induced pluripotent stem cells
(iPSC) offers many advantages over primary NK cells, such as unlim-
ited expansion of the cell bank and reduction in costs. The clinical and
industrial utility of developed iPSC-derived NK (iNK) therapies relies on
efficient, robust and cost-effective differentiation and manufacturing
methods. Plasticell uses a proprietary, high-throughput combinatorial
screening technology - CombiCult® - to develop efficient methods for
differentiation and expansion of hematopoietic cells. CombiCult® was
used to test over 4000 cell culture protocols in parallel to discover
highly efficient, cost-effective, feeder-, serum- and xeno- free, GMP-
ready protocols for differentiation of iPSC into mature and functional
NK cells. Based on the yield and purity of NK populations, six protocols
were chosen for in-depth characterization of NK phenotype. Ratios
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of inhibitory, activating and co-activating receptors expressed on the
surface of iNK cells were analyzed by FACS and compared to the rep-
ertoire of receptors expressed on the surface of NK cells derived from
human peripheral blood (PB). The cytotoxic activity of iNK cells was
tested on multiple cancer cell lines established from hematopoietic and
solid tumours. The longevity of iNK cells in vitro was tested in long term
cell cultures revealing persistent expression of surface receptors and
potent anti-tumor activity. Several stationary and agitated cell culture
approaches were used to test the scalability of differentiation protocols.
Differentiation of iPSC in agitated culture conditions such as shaker
flasks or STR bioreactors resulted in generation of fully functional
mature iNK cells with increased yield, efficiency (humber of iNK cells
per iPSC) and purity of iNK population. The transcriptomes of iNK cells
obtained by different protocols and alternative manufacturing methods
were compared to those of donor PB NK cells to confirm the suitabil-
ity of iINK cells manufactured at scale to enter pre-clinical and clinical
studies.

Funding Source: Innovate UK Biomedical Catalyst 2021 Round 2:
Feasibility & Primer Awards

Keywords: allogeneic iPSC derived NK cell therapy, combinatorial stem
cell screening technology, scale up manufacturing of iPSC derived NK
cells
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VASCULAR DEVELOPMENT FROM HUMAN
PLURIPOTENT STEM CELL-DERIVED
PROGENITORS

Fernandes, lan M. - Medicine, McEwen Stem Cell Institute, Canada
Gage, Blair - Regenerative Medicine, Ottawa Hospital Research
Institute, Canada

Gagliardi, Mark - Medicine, McEwen Stem Cell Institute, Canada
Keller, Gordon - Medical Biophysics, University of Toronto, Canada

The ability to revascularize ischemic tissue through the transplantation
and engraftment of vascular progenitors (VPs) offers unprecedented
opportunities to develop novel cell-based therapies to treat a range of
diseases resulting from vascular dysfunction and ischemia. While signif-
icant effort has been directed at identifying transplantable VPs over the
past decade, little progress has been made in this endeavour as most
published papers to date report only limited survival and engraftment
of the transplanted cells. This failure could be due to the fact that VPs
simply cannot engraft host tissue without support of additional cell
types and/or factors or that the wrong VPs have been transplanted. To
overcome this challenge, many in the field have used engineering strat-
egies to generate three-dimensional vascular tissues for transplanta-
tion. While these tissues can engraft, the vasculature that does develop
is largely restricted to the graft site, potentially limiting its usefulness
for revascularizing extended areas of ischemic tissue. In this study we
have developed a strategy to generate a novel human pluripotent stem
cell (hPSC)-derived VP population that displays robust engraftment
potential. Following transplantation of single cell suspensions of these
VPs into either the mammary fat pad or hindlimb skeletal muscle of
NSG mice, they differentiate and form human capillary-like vessels that
are dispersed throughout the target tissue. Many of the human vessels
contain mouse erythrocytes, indicating they are perfused and function-
ing as part of the vasculature of the host animal. Kinetic studies showed
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functional vasculature can develop within 14 days of transplantation
and persist for up to 3 months in the skeletal muscle indicating that the
hPSC-derived vessels are stable and can function for long periods of
time in the recipient animal. Together, these findings show it is possible
to revascularize tissue with hPSC-derived VPs and in doing so, pave the
way for developing cell-based therapies to treat ischemic disease.

Funding Source: BlueRock Therapeutics

Keywords: revascularization, ischemia, PSC-endothelium
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ENGINEERING STAGE-SPECIFIC DEVELOPMENTAL
CUES TO GENERATE NON-ALLOGENIC, IPSC-
DERIVED CHIMERIC ANTIGEN RECEPTOR T CELL
FOR THERAPY
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Kohn, Donald - Department of Pediatrics, David Geffen School of
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Crooks, Gay - Pathology and Laboratory Medicine, University of
California Los Angeles, USA

Chimeric antigen receptor (CAR) T cell therapy has demonstrated
remarkable results in otherwise treatment-refractory, hematologic
malignancies. Currently, the process of engineering individualized,
autologous cellular therapies pose complex manufacturing challenges,
compounded by inherent biological variations in T cells and premature
exhaustion, resulting in a less efficacious CAR T product and inconsis-
tent clinical responses. Thus, there is growing interest in generating
functionally enhanced CAR T cells from a universal and self-renewing
allogeneic source of induced pluripotent stem cells (iPSCs). How-
ever, there are critical barriers to generating CAR T cells from iPSCs,
such as spontaneous differentiation into unwanted, innate cells (i.e.
Natural Killer cells) due to improper antigen-independent signaling of
CARs in immature T cells. In addition, additional genetic modifications
necessary to remove the risk of alloreactivity by removing expression
of endogenous T cell receptors (TCRs) prevent conventional T cell
development. To address these barriers, our work combines the first-in-
class, 3-D Artificial Thymic Organoid (ATO) culture system and a novel
CRISPR/Cas9-gene editing strategy to achieve precise, stage-spe-
cific expression of CARs during T cell differentiation from iPSCs. This
approach restricts CAR expression to mature T cells, preventing fate
diversion during early development. Furthermore, by introducing the
CAR target antigen in the ATO microenvironment, developing T cells
undergo positive selection in the absence of endogenous TCRs. This



approach produces iPSC-derived, TCR-null CD8+ CAR T cells that
present a mature, naive phenotype with homogeneous, high expres-
sion of CD62L, CCR7, CD27, and CD45RA, with robust antigen-specific
cytotoxicity both in vitro and in vivo, over multiple tumor rechallenges.
We present a proof-of-concept, platform that can be adapted to other
tumor targets, CAR designs, and additional genetic modifications that
could further enhance T cell function and persistence in vivo. Devel-
opment of iPSC-engineered T cell therapy would ensure immediate
access to treatment that delivers a more durable and consistent
response.

Funding Source: Ruth L Kirschstein Individual Predoctoral NRSA
(TF30CA278297-01), UCLA BSCRC Pre-doctoral Training Fellowship,
CIRM (DISC0-14422), UCLA-Caltech Medical Scientist Training Program
(T32GM008042)

Keywords: CAR T, iPSC, ATO
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AUTOMATED IPS CELL PRODUCTION USING
CHEMICALLY DEFINED SCAFFOLD FOR
IMMUNOTHERAPY

Satoshi, Haneda - Life Science Development Center, Advanced
Technology Institute, Research and Development Center, Sekisui
Chemical Co., Ltd., Japan

Shimizu, Eiko - Center for iPS Cell Research and Application
Foundation, Kyoto University, Japan

Nakamura, Yuta - Life Science Development Center, Sekisui
Chemical, Japan

Yanagisawa, Teruhiko - Life Science Development Center, Sekisui
Chemical, Japan

Sanghavi, Rutvi - New Market Development, Sekisui America
Corporation, USA

Tsukahara, Masayoshi - Research and Development, Center for iPS Cell
Research and Application Foundation, Japan

Cellular immunotherapy is a promising tool in the treatment of cancer
that uses immune cells such as T - and NK cells. Widespread use of this
therapy requires a stable supply of immune cells which can be derived
from human iPSCs, preferably produced in a closed system. There have
been several attempts to investigate the production of immune cells.
However, these processes need to address the issues of variability,
reproducibility, and robustness to make them suitable for manufac-
turing. These issues are often related to the complex nature of the
scaffold, many of which are animal derived proteins with high variability
and cannot be easily adapted to automated systems. We have devel-
oped a polymer-based scaffold that is synthesized chemically making
it suitable for automated and closed systems. This Chemically-Defined
Scaffold (CDS) is a hydrophobic polymer, insoluble in water, room
temperature stable and can be precoated on different culture ware in

a sterile manner. We have previously shown that combining the CDS
with an automated system for maintenance and passaging of iPSCs
significantly reduced variability introduced by raw materials, operator,
and handling processes; thus, reducing the overall noise in the biolog-
ical experiments. We aim to introduce this reproducibility in the entire
manufacturing process from reprogramming to differentiation into
immune cells, a part of which is reflected in this study. We developed a
modified protocol that allowed reprogramming of PBMCs using Sendai

virus vector and formation of iPSC colonies without the manual picking
process. This “picking-less” protocol allowed increased number of iPSC
colonies while simultaneously reducing the presence of non-iPSCs
when compared to conventional protein scaffold. This process was
then tested in a closed automated system where whole blood was
used to derive iPSCs. Here, a similar result was observed when higher
number of iPSC colonies were observed with CDS when compared to

a conventional protein scaffold. This CDS surface could potentially be
used for differentiation of iPSCs into immune cells. Our results show
that the chemically defined scaffold is a platform that can automate
complex biological processes like reprogramming and has the potential
to accelerate the automation of immune cell production.

Keywords: automation, animal origin free, reprogramming

5:45 PM - 6:45 PM
143

A UNIVERSAL DIFFERENTIATION PLATFORM
FOR THE GENERATION OF IPSC-DERIVED
MULTIPOTENT CD34+ HEMATOPOIETIC
PROGENITOR CELLS

Hiller, Bjoern - Research and Development, Catalent Duesseldorf
GmbH, Germany

Gamerschlag, Anna - Research and Development, Catalent Duesseldorf
GmbH, Germany

Terheyden Keithley, Daniel - Research and Development, Catalent
Duesseldorf GmbH, Germany

Sabour, Davood - Research and Development, Catalent Duesseldorf
GmbH, Germany

Greber, Boris - Research and Development, Catalent Duesseldorf
GmbH, Germany
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Cancer is currently the second leading cause of death and due to
increased life expectancy and western lifestyle, its incidences and
deaths will further raise. Hence, there is an urgent need for therapeutic
treatments. Gene and cell therapy represent the most recently devel-
oped measures in cancer therapy that have shown promising clinical
results. Adoptive transfer of autologous immune cells is an example for
successful cell therapy, however, it has major drawbacks as the process
is very expensive and laborious. To overcome those drawbacks, new
strategies have evolved to utilize induced pluripotent stem cells (iPSCs)
for Off-the-Shelf cell therapy as they can be easily genetically-modified,
massively expanded and differentiated into immune cell types relevant
for cell therapy. To address the need for iPSC-derived immune cells,
we have established a universal differentiation platform utilizing our
GMP-compliant iPS cell lines. In contrast to current protocols, we are
following a fully defined 2D approach. Adding cytokines in a time-
ly-defined and sequential manner leads to the formation of mesoderm,
followed by hemogenic endothelium and finally to CD34+ hemato-
poietic progenitor cells (HPCs), via the endothelial-to-hematopoietic
transition. Those HPCs represent an important intermediate in the
process of immune cell differentiation that can be banked and supplied
Off-the-Shelf for a shortened differentiation process. Multipotency of
those HPCs could be validated by their capability to differentiate into
cells of the myeloid (monocytes) and lymphoid lineage (NK cells). To
further test for multipotency we are currently establishing a protocol
for the generation of iPSC-derived T cells. By systematically analyz-

ing optimal T cell differentiation conditions, in particular medium and
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cytokine composition, we could prove their capacity to differentiate into
T cells, albeit at a low frequency. However, using T cell-derived iPSCs
with the same protocol, we successfully generated T cells, indicating
that the protocol is working but needs optimization for the generation
of iPSC-derived T cells. Taken together, our data shows that we can
successfully generate iPSC-derived HPCs using our universal differen-
tiation platform that can be further differentiated into immune cells that
might be used in cell therapy.

Keywords: iPS cells, T cells, immunotherapy
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PRECLINICAL EVALUATION OF HPFH3 EDITING
FOR ENHANCED FETAL HEMOGLOBIN
REACTIVATION IN SICKLE CELL DISEASE AND
BETA-THALASSEMIA

Gupta, Pragya - Genomic Medicine, Council for Scientific and Industrial
Research-Institute of Genomics and Integrative Biology, India
Goswami, Sangam - Genomic Medicine, CSIR-Institute of Genomics and
Integrative Biology, India

Ramalingam, Sivaprakash - Genomic Medicine, CSIR-Institute of
Genomics and Integrative Biology, India

The Hereditary Persistence of Fetal Hemoglobin (HPFH) represents

a naturally occurring mutation known to reactivate fetal hemoglobin
(HbF) at adult stage, holding significant therapeutic promise and
physiologically more acceptable. However, the therapeutic potential
of a deletion form of HPFH remains relatively unexplored in preclinical
settings. In this study, we engineered the HPFH3 genotype (Indian),
which is 50kb deletion, into the erythroid progenitor cell line, HUDEP-2
using CRISPR/Cas9 approach. HPLC analysis of heterozygous clonal
deletion cells revealed reactivation of HbF up to 25%. Moving beyond
cell lines, the therapeutic abilities of HPFH3 were assessed using
patient-derived hematopoietic stem/progenitor cells (HSPCs). The
generation of HPFH3 genotype demonstrated therapeutically relevant
levels of HbF reactivation in both Sickle Cell Disease (SCD) (31.53%)
and B-thalassemia (BT) (27.66%) as observed in HPLC analysis. Notably,
this genetic editing not only induced substantial HbF reactivation but
also led to the reversal of pathological phenotypes including reduced
sickling and ROS levels in SCD HSPCs derived reticulocytes and globin
chain balance and reduced ROS in BT HSPCs derived reticulocytes invi-
tro. Additionally, genome editing of HSPCs did not affect the multi-lin-
eage potential of HSPCs. Taking a critical step towards translational
medicine, HPFH3-edited HSPCs were xenotransplant into immunocom-
promised NBSGW mice. Remarkably, this in vivo approach exhibited the
retention of genome integrity, with no discernible adverse effects on
HSPC regeneration or differentiation into various blood cell lineages,
including erythroid, myeloid, T, and B cells. These preclinical findings
collectively emphasize the robust therapeutic potential of HPFH3 edit-
ing, positioning it as a universal strategy for enhancing HbF levels. This
study not only sheds light on the molecular intricacies of HbF regulation
but also offers a promising avenue for the development of a broadly
applicable therapeutic approach for both SCD and BT.

Keywords: fetal hemoglobin reactivation, beta-hemoglobinopathies,
genome editing
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GENERATION OF AN IPSC-DERIVED HEPATIC
ORGANOID FOR LIVER CELL THERAPY

Trionfini, Piera - Molecular Medicine, Istituto Di Ricerche
Farmacologiche Mario Negri IRCCS, Italy

Caroli, Annalina - Molecular Medicine, Istituto Di Ricerche
Farmacologiche Mario Negri, Italy

Varinelli, Marco - Molecular Medicine, Istituto Di Ricerche
Farmacologiche Mario Negri, Italy

Longaretti, Lorena - Molecular Medicine, Istituto Di Ricerche
Farmacologiche Mario Negri, Italy

Rizzo, Paola - Molecular Medicine, Istituto Di Ricerche
Farmacologiche Mario Negri, Italy

Romano, Elena - Molecular Medicine, Istituto Di Ricerche
Farmacologiche Mario Negri, Italy

Scarlat, Alexandru - Molecular Medicine, Istituto Di Ricerche
Farmacologiche Mario Negri, Italy

Tomasoni, Susanna - Molecular Medicine, Istituto Di Ricerche
Farmacologiche Mario Negri, Italy

The dramatic increase in the global incidence of liver diseases
represents an unmet clinical need and social burden. Cell therapy

is a promising effective alternative treatment for many genetic liver
diseases, such as metabolic disorders, where little improvements in
organ function can lead to a reversion of the disease. Currently, primary
cryopreserved hepatocytes are the gold standard for liver cell therapy
but they are characterized by low cell renewal, loss of phenotypic iden-
tity and functions once isolated, and poor engraftment in the host. In
order to overcome these issues, we are developing transplantable liver
organoids mimicking the complex structure and function of the liver
starting from induced pluripotent stem cells (iPSC). One of the major
drawbacks of cell-based regenerative medicine is the need to generate
patient-specific cells in order to avoid their rejection, a time consuming
and costly process that is very challenging for inborn liver diseases
carrying the disease-causing mutations. Here, we have generated a
heterologous hypoimmunogenic iPSC cell line (hypo-iPSC) that could
be exploitable for all patients without any risk of immune-rejection, by
deleting through the CRISPR/Cas9 system the B2M and CIITA genes,
essential for the correct surface expression of HLA-I and HLA-II pro-
teins. Hypo-iPSC were successfully committed towards hepatic endo-
derm-like cells (HNF4a+ and AFP+), endothelial like cells (vWF+ and
CD144+) and stellate-like cells (PDGFR-B+, VIM+ and PCDH7+). Hepatic
endoderm-like cells were combined in a 3D structure with endotheli-
al-like cells and stellate-like cells whose paracrine signals are likely to
increase hepatic maturation and functions. Remarkably, we successfully
generated hypoimmunogenic 3D hepatic spheroids characterized by

a shell of hepatic stellate-like cells and a core of endothelial-like cells
embedded in mature hepatocyte-like cells (ASPGR1+, ALB+) able to per-
form mature hepatocyte functions (albumin secretion and uptake and
release of the indocyanine green dye). Our results pave the way for the
generation of an hypoimmunogenic liver tissue with the intrinsic ability
of long-term survival in a fully allogeneic recipient without immunosup-
pression, representing a promising cost-effective and off-the shelf cell
therapy for liver diseases.



Funding Source: This study is supported by: 1- Fondazione Aiuti per la
Ricerca sulle Malattie Rare (ARMR), Italy. 2- Fondazione Telethon, Italy
(grant No. GGP20073)

Keywords: hypoimmunogenic liver organoid, regenerative medicine,
iPSC derivatives
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THE THERAPEUTIC POTENTIAL OF ADSCS IN
AMELIORATING LIVER FIBROSIS THROUGH
STELLATE CELL SENESCENCE: INSIGHTS
FROM CCL4 INJURY AND ECHINOCOCCUS
MULTILOCULAR INFECTION MODELS

Bi, Xiaojuan - State Key Laboratory Of Pathogenesis, Prevention, And
Treatment Of High Incidence Diseases In Central Asian, Clinical
Medical Research Institute, The First Affiliated Hospital Of Xinjiang
Medical University, China

Yang, Ning - State Key Laboratory Of Pathogenesis, Prevention, And
Treatment Of High Incidence Diseases In Central Asian, Clinical
Medical Research Institute, The First Affiliated Hospital Of Xinjiang
Medical University, China

lin, Renyong - State Key Laboratory Of Pathogenesis, Prevention, And
Treatment Of High Incidence Diseases In Central Asian, Clinical
Medical Research Institute, The First Affiliated Hospital Of Xinjiang
Medical University, China

To investigate the impact of adipose stem cell (ADSCs) transplantation
on hepatic stellate cell (HSC) senescence in liver fibrosis induced by
CCl4 chemical liver injury and multilocular Echinococcus infection,
ADSCs were isolated from mouse inguinal adipose tissue and co-cul-
tured with activated hepatic stellate cells for 24 hours. The upregulation
of the activation marker a-SMA was assessed using Western blot anal-
ysis. Pathological examination was conducted to evaluate the effects
of ADSCs transplantation on two liver fibrosis models. The influence of
ADSCs on hepatic stellate cell senescence both in vivo and in vitro was
evaluated through B-galactosidase staining. Aging-related indicators
following co-culture of JS-1 cells were analyzed using Western Blot, and
immunohistochemistry was employed to assess P16 and P21 expression
in the fibrosis model post ADSCs transplantation. Additionally, immu-
nofluorescence was used to determine the co-localization of P21 and
a-SMA. The findings revealed that hepatic stellate cells were activated
in the fibrosis model, with a significant increase in a-SMA expression.
ADSC transplantation led to a reduction in fibrosis area, as well as a
notable decrease in ALT and AST levels. Moreover, the expression of
a-SMA was significantly reduced, and an increase in SA-B-Gal stained
positive cells was observed alongside a rise in P21-positive cells. Nota-
bly, P21 was co-expressed with a-SMA-positive cells, indicating that
ADSCs mitigate fibrosis progression by promoting the senescence of
activated stellate cells post transplantation.

Funding Source: This work was supported by National Natural Science
Foundation of China (82060371 for RL, 32060223 for XB), Key Program
of Xinjiang Natural Science Foundation (2022D01D59 for RL)

Keywords: adipose stem cell, cell senescence, liver fibrosis
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GENERATION AND CHARACTERISATION OF
UNIVERSAL LOW-IMMUNOGENIC HUMAN
PRIMARY CHOLANGIOCYTE ORGANOIDS FOR
TREATMENT OF BILE DUCT DISORDERS

Petrus Reurer, Sandra - Surgery, University of Cambridge, UK
Baez-Ortega, Adrian - Somatic Evolution, Wellcome Trust Sanger
Institute, UK

Martincorena, Inigo - Somatic Evolution, Wellcome Trust Sanger
Institute, UK

Saeb-Parsy, Kourosh - Surgery, University of Cambridge, UK

Other than complex surgery or transplantation, there are no current
curative therapies for bile duct diseases/cholangiopathies affecting the
intra- or extrahepatic biliary tree. We have previously shown that human
bile duct epithelial cells can be cultured as 3D organoids to generate
mature primary cholangiocyte organoids (PCOs) for the treatment of
cholangiopathies. Since the generation of autologous PCOs is likely

to remain logistically and economically prohibitive for the foreseeable
future, immune rejection of allogeneic PCOs remains a key outstanding
barrier to their clinical translation. We thus aimed to develop ‘universal’
low-immunogenic cholangiocyte organoids for regenerative medicine
applications. After systemic testing of numerous conditions, human
leukocyte antigen (HLA) | and Il double knock out (DKO)-edited PCOs
(ePCOs) were generated using CRISPR-Cas9 by dissociating PCOs

into single cells, electroporation with the guide-Cas9 complex and
sorting for the specific double negative cells. Assessment comparing
to parental wild-type (WT) cells was carried out by flow cytometry,
functional readouts, co-culture with human peripheral blood mononu-
clear cells (PBMC) in vitro, and by engraftment under kidney capsule of
immunodeficient mice subsequently humanised. Mutational load and
CRISPR-driven off-target genetic mutations of parental vs ePCOs was
quantified using whole genome sequencing and Nanoseq techniques.
The HLA | and Il DKO ePCOs generated maintain a mature PCO pheno-
type demonstrated by flow cytometry and functional analyses. Immune
characterization in vitro by co-culture with PBMC experiments and

in vivo with humanised mice, show that ePCOs have reduced PBMC
cell activation, reduced local immune infiltration and increased graft
survival. Additionally, off-target analysis and mutation burden of paren-
tal vs ePCOs do not show CRISPR-driven off-target sites nor excess
mutation in ePCOs. Human PCOs lacking HLA | and HLA Il can be
successfully generated using a CRISPR-Cas9 approach. ePCOs retain
the phenotypic characteristics of mature PCOs and show reduced
immunogenicity when co-cultured with PBMC and using humanised
mouse models compared to WT/parental cells. Genomic data show no
CRISPR-driven off-target mutational burden in ePCOs.

Keywords: immunogenicity of cell therapies, human primary organoids,
humanised mouse model
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ADIPOSE, AND CONNECTIVE TISSUE
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THE RATE OF GRAFT SURVIVAL AFTER CELL
ASSISTED LIPOTRANSFER IN OUR INSTITUTION

Sugai, Karen - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Shibuya, Yoichiro - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Fujita, Yukiko - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Aihara, Yukiko - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Sasaki, Masahiro - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Onuki, Hikari - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Kawaguchi, Kentaro - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Kanehara, Yuki - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Taiki, Kamma - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Oshima, Junya - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Sasaki, Kaoru - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Lin, Zhixiang - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Sekido, Mitsuru - Plastic and Reconstructive Surgery, University of
Tsukuba, Japan

Traditional lipoinjection has some problems, such as unpredictability
and a low rate of graft survival due to partial necrosis. Cell-assisted
lipotransfer (CAL) has emerged as a promising technique in reconstruc-
tion by soft tissue augmentation, leveraging adipose-derived stem cells
to enhance graft viability and contour restoration. This presentation
aims to broaden understanding and utilization of CAL across diverse
applications in relatively small scale reconstruction. Here we present a
retrospective study which shows the utility of CAL in various deformi-
ties beyond breast reconstruction. Four patients (all four were female
aged 37.5 £ 16.7) underwent CAL for reconstruction. Cases included
breast reconstructions for unilateral congenital hypoplasia and residual
concavity deformation after unilateral mastectomy and reconstruction
using autologous tissue (2 cases), reconstruction of unilateral congen-
ital lower leg concavity due to constriction ring syndrome (1 case), and
post-tumor resection facial concavity (1 case). One CAL was performed
per patient. Standard preoperative assessments and surgical tech-
niques were employed. Adipose tissue harvest, stem cell isolation,

and CAL procedure were performed as per our protocol (Japanese
regulation No. PC3220186/ Cell Processing Center FC3220129).
Postoperative monitoring assessed outcomes and complications. The
median postoperative observation period was 107.5 days (range 258-27
days). The median rate of graft survival was 81.3% (range 95-70%). In

all patients, no complications other than temporary postoperative pain
occurred. Our result showed the versatility and efficacy of CAL beyond

N %

breast reconstruction, showcasing its utility in addressing various
deformities. CAL can offer reliable outcomes with minimal complica-
tions, natural-looking results and enhanced patient satisfaction.

Keywords: cell-assisted lipotransfer, CAL, rate of graft survival,
adipose-derived stem cells
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INNOVATING ORAL CANCER TREATMENT:
HUMAN DENTAL PULP STEM CELLS IN TARGETED
SUICIDE GENE THERAPY

Van Den Bosch, Jolien - Cardio and Organ Systems, Hasselt
University, Belgium

Raps, Thomas - Cardio and Organ Systems, Hasselt University, Belgium
Fieten, Sara - Cardio and Organ Systems, Hasselt University, Belgium
Vella, Yana - Neurosciences, Hasselt University, Belgium

Lambrichts, Ivo - Cardio and Organ Systems, Hasselt

University, Belgium

Wolfs, Esther - Cardio and Organ Systems, Hasselt University, Belgium

Oral squamous cell carcinoma is one of the most prevalent forms

of head and neck cancer. Current therapies include radiotherapy,
chemotherapy, and surgical resection, causing systemic side effects
and patient discomfort. Hence, there is a need for more specific and
targeted therapies. In this project, we introduce a dental pulp stem cell
(DPSC)-mediated suicide gene therapy based on the herpes-simplex
thymidine kinase 1 (HSV1-TK)/ganciclovir (GCV) system. The HSV1-TK
gene is incorporated into the genome of DSPC (HSV1-TK+ DPSC),
enabling the conversion of the non-toxic prodrug GCV into its cyto-
toxic form. We hypothesize that the HSV1-TK+ DPSC migrate towards
tumor tissue, facilitating the transfer of cytotoxic GCV to neighboring
cells via gap junctional intercellular communication, inducing apop-
tosis. Four different DPSC donors with similar HSV1-TK expression
were used, indicating connexin-43 presence in 2D and 3D DPSC/
OSCC co-cultures, suggesting gap junction formation. Microinjections
of the non-permeable dye lucifer yellow demonstrated functional gap
junctions in both proximal and distal cells. Therapeutic efficacy was
tested in DPSC-OSCC 2D and 3D in vitro co-culture models and an in
vivo xenograft model. In vitro analyses showed successful HSV1-TK+
DPSC-mediated OSCC cell killing in different ratios (1:1, 1:5, 1:10) through
Incucyte confluence analysis, alamarBlue viability assays, and cleaved
caspase-3 expression. In vivo, GCV-treated OSCC xenografts showed a
significant reduction in tumor growth compared to PBS controls. These
findings highlight successful DPSC-mediated OSCC cell killing through
gap junctional intercellular communication in 2D and 3D co-cultures,
positioning DPSC as promising carriers for targeted OSCC treatment.
Moreover, the validation of the HSV1-TK/GCV system in vivo shows its
translational relevance. Further research is required to gain in-depth
knowledge about the influence of other biological systems (e.g. the
immune system) on this therapy.

Funding Source: FWO vlaanderen Limburgs kankerfonds

Keywords: oral squamous cell carcinoma, human dental pulp stem
cells, suicide gene therapy
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EXPLORING THE USE OF 3D BIOPRINTING AS

A METHOD FOR HOMOGENOUS CELL SEEDING
ON DECELLULARISED AMNION AND INTESTINE-
DERIVED EXTRACELLULAR MATRICES

Salih, Tasneem - Department of Translational Health Sciences,
University of Bristol, UK

Caputo, Massimo - Department of Translational Health Sciences,
University of Bristol, UK

Ghorbel, Mohamed - Department of Translational Health Sciences,
University of Bristol, UK

3D bioprinting is a promising technique used for creating cardiac
regenerative medicine relevant constructs that have the capability to
grow, remodel and regenerate in vivo. Due to its ability to control the
positioning and distribution of cells, it could be used as a method to
seed homogenous cells on natural scaffolds. In this work, we explored
bioprinting as a cell seeding approach on in-house and commercial
scaffolds. Firstly, the in-house scaffold was prepared by decellularizing
the human amniotic membrane (AM) and histological characterization
assessment (H&E, EVG and DAPI staining) was conducted to study

the effectiveness of decellularization of AM scaffold (i.e. deECM AM).
Secondly, no-grid 3D bioprinted constructs composed of pig thymus
mesenchymal stem cells encapsulated by alginate hydrogel with vari-
ous cell seeding densities at both static and dynamic culture conditions
were bioprinted on in-house deECM AM and commercial decellular-
ized extracellular matrix ProxiCor (deECM ProxiCor) scaffolds. A cell
viability assessment was conducted and a comparison between their
cell viabilities/total number of cells was studied. Confocal microscope
was used to create Z-stacked images showing the distribution of cells
on the bioprinted constructs. H&E, EVG and DAPI staining showed
successful decellularization and maintenance of extracellular matrix
structure of deECM AM scaffold compared to native AM. A significantly
higher number of live cells was present in no-grid 3D bioprinted con-
structs deposited on deECM AM scaffold compared to deECM ProxiCor
scaffold. Furthermore, a significantly higher number of live cells were
observed on no-grid 3D bioprinted constructs on both natural scaf-
folds during dynamic culture condition compared with static culture
condition. Finally, Z-stacked images affirmed the precise positioning of
homogenously distributed cells on no-grid 3D bioprinted constructs
deposited on both tested natural scaffolds at static and dynamic condi-
tions. In conclusion, 3D bioprinting can precisely position and homoge-
neously distribute cells on different types of natural scaffolds at both
static and dynamic culture conditions. This approach holds promise to
produce good quality of in-house stem-cell patches that could, poten-
tially, be used in cardiac tissue engineering applications.

Keywords: bioprinting, mesenchymal stem cells, decellularization
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ENHANCED THERAPEUTIC EFFICACY IN
INFLAMMATORY BOWEL DISEASE THROUGH
DESENSITIZATION OF UTERINE MYOMETRIUM-
DERIVED MESENCHYMAL STEM CELLS

TO INFLAMMATORY STIMULI-INDUCED
IMMUNOGENICITY

Wang, Li-Tzu - Department of Obstetrics and Gynecology, National
Taiwan University, Taiwan

Yen, B. Linju - Regenerative Medicine Research Group, Institute of
Cellular and System Medicine, National Health Research Institutes,
Taiwan

Wang, Hsiu-Huan - Regenerative Medicine Research Group, Institute
of Cellular and System Medicine, National Health Research Institutes,
Taiwan

Hung, Chin-Pao - Department of Obstetrics and Gynecology, National
Taiwan University (NTU) Hospital and College of Medicine, National
Taiwan University, Taiwan

Yen, Men-Luh - Department of Obstetrics and Gynecology, National
Taiwan University (NTU) Hospital and College of Medicine, National
Taiwan University, Taiwan

This study aimed to compare the efficacy of uterine myometrium-de-
rived mesenchymal stem cells (UtMSCs) to bone marrow-derived MSCs
(BMMSCs) in treating inflammatory bowel disease (IBD) while investi-
gating the underlying mechanisms. Human BMMSCs and UtMSCs were
intravenously administered to mice with dextran sulfate sodium-in-
duced colitis to assess their impact on physical activity, intestinal repair,
microbiome composition, and immunity. Bioinformatics analyses were
employed to delineate therapeutic roles, and the potential mecha-
nism was validated using allogeneic T cells. Treatment with UtMSCs,

in contrast to BMMSCs, significantly reversed alterations in the gut
microbiome, diminished interferon-gamma (IFN-y)- and interleukin-17A
(IL-17A)-secreting T helper (Th) cells in mesenteric lymph nodes, and
ameliorated disease severity. Transcriptomic data revealed substantial
downregulation of Major Histocompatibility Complex (MHC) ll-related
pathways, pivotal for Th activation, in UtMSCs compared to BMMSCs.
Notably, IFN-y treatment enhanced BMMSC immunogenicity to activate
T cells, mirroring local immune responses in IBD patients unresponsive
to anti-tumor necrosis factor-alpha (TNF-a). However, IFN-y had an
opposing effect on UtMSCs, desensitizing their ability to activate allo-
geneic T cells and impeding the differentiation of inflammatory T cells.
This effect was attributed to low responsiveness of UtMSCs to IFN-
GR-mediated upregulation of MHC Il molecules. UtMSC treatment not
only hinders the antigen-presenting role in eliciting Th activation under
inflammatory condition such as exposure to IFN-y but also establishes
UtMSCs as a superior source for IBD therapy, particularly in individu-
als resistant to immunosuppressants. This study contributes valuable
insights into the potential of UtMSCs as a promising therapeutic avenue
for IBD management.

Keywords: uterine myometrium-mesenchymal stem cells, inflammatory
bowel disease, major histocompatibility complex Il
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ELUCIDATION OF CELL BEHAVIOR IN THE 3D
PRIMARY CULTURE OF UMBILICAL CORD-
DERIVED HUMAN MESENCHYMAL STEM CELLS

Okitani, Masashi - Department of Biotechnology, Osaka University,
Japan

Yamamoto, Riku - Department of Biotechnology, Osaka University,
Japan

Yamahara, Kenichi - Institute for Advanced Medical Sciences, Hyogo
Medical University, Japan

Hamada, Akiko - Joint Research and Development Department, Osaka
University, Japan

Kino-oka, Masahiro - Department of Biotechnology, Osaka University,
Japan

Mesenchymal stem cells (MSCs) are multipotent stem cells which can
be isolated from various tissue sources, with great potential for cell
therapy. One obstacle for MSC therapy is the heterogeneity in MSC
property due to the donor profile, tissue source, isolation method and
culture condition. To supply MSCs of sufficient number and quality, the
development of a manufacturing process is required which is based on
the understanding of the effect of the process on MSC property. Many
studies have considered the development of the expansion culture pro-
cess of the raw material MSCs. However, few studies have considered
the development of the isolation and primary culture process, and the
effects on raw material MSC property remains unknown. In this study,
we investigated two methods for the isolation of MSCs from umbilical
cord, and found that whilst one isolation method resulted in the con-
ventional 2D primary culture, where MSCs proliferated as a monolayer,
the other method resulted in a novel 3D primary culture phenomenon,
where MSCs initially proliferated as a monolayer, but subsequently
formed spheroids. The 2D and 3D primary cultures are expected to pro-
vide distinct mechanical cues for the isolated MSCs, which may have
implications for MSC property. Thus, we aimed to elucidate the mech-
anisms underlying the two primary cultures. Phase-contrast timelapse
of the 2D and 3D primary cultures were analyzed, revealing that both
cultures initially showed slow migration, but a switch to faster migration
was seen in the 3D primary culture before spheroid formation. In addi-
tion, passage of single cells to the day 7 culture surface of the 3D pri-
mary culture, but not to the fresh culture surface, was sufficient to cause
spheroid formation, revealing that the switch in migration was due

to a temporal change in the culture substrate, which ultimately gave
spheroid formation. Overall, we identified and elucidated the behavioral
mechanism of a novel 3D primary culture method, which may provide
an improvement to the conventional 2D primary culture method.

Funding Source: Project Focused on Establishment of QbD-based
control strategy and advanced core ecosystem in cell manufacturing
from the Japan Agency for Medical Research and Development (AMED)
under Grant Number JP20be0704001.

Keywords: mesenchymal stem cell (MSC), primary culture, isolation
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BONE MARROW-DERIVED MESENCHYMAL
STROMAL CELL THERAPY AMELIORATED
DONOR LUNG INJURY AND IMPROVED
TRANSPLANTATION OUTCOMES IN A PORCINE
MODEL

Olm, Franziska - Clinical Sciences, Lund University, Sweden
Mittendorfer, Margareta - Clinical Sciences, Lund, Lund University,
Sweden

Niroomand, Anna - Clinical Sciences, Lund, Lund University, Sweden
Hirdman, Gabriel - Clinical Sciences, Lund, Lund University, Sweden
Béchet, Nicholas - Clinical Sciences, Lund, Lund University, Sweden
Edstrom, Dag - Clinical Sciences, Lund, Lund University, Sweden
Ghaidan, Haider - Cardiothoracic Surgery and Transplantation, Skane
University Hospital, Sweden

Kjellberg, Gunilla - Thoracic Surgery and Anaesthesiology, Uppsala
University, Sweden

Oeller, Michaela - Transfusion Medicine, University Hospital and
Paracelsus Medical University Salzburg, Austria

Schallmoser, Katharina - Transfusion Medicine, University Hospital and
Paracelsus Medical University Salzburg, Austria

Bodén, Embla - Clinical Sciences, Lund, Lund University, Sweden
Scheding, Stefan - Molecular Hematology, Lund University, Sweden
Stenlo, Martin - Cardiothoracic Anesthesia and Intensive Care, Skane
University Hospital, Sweden

Hyllén, Snejana - Cardiothoracic Anesthesia and Intensive Care, Skdne
University Hospital, Sweden

Pierre, Leif - Cardiothoracic Surgery and Transplantation, Skane
University Hospital, Sweden

Lindstedt, Sandra - Cardiothoracic Surgery and Transplantation, Skane
University Hospital, Sweden

Lung transplantation (LTx) remains the only treatment option for end-
stage pulmonary diseases, yet faces challenges related to donor lung
scarcity and primary graft dysfunction (PGD), limiting long-term patient
survival. Aspiration injury in donor lungs is one of the main causes why
donor organ offers are declined as it increases the PGD risk. Mesenchy-
mal stromal cell therapy holds promise in regenerative medicine and
immunomodulation but has not been sufficiently explored in the field
of lung transplantation. We used early passage bone marrow-derived
mesenchymal stromal cells (MSCs) during ex vivo lung perfusion (EVLP)
and post-LTx to mitigate lung injury and PGD incidence in our extensive
porcine lung transplantation model. We aimed to regenerate marginal
donor lungs to make them available for transplantation and to address
gaps in PGD prevention strategies. We herein create the opportunity to
better understand MSC'’s regenerative potential, by proposing a novel
MSC therapy integration with EVLP and post-transplantation care. Our
experimental results demonstrate that repeated administration of early
passage MSCs during ex vivo lung perfusion and post-transplantation
significantly improved lung function and histopathological outcomes

in pigs with aspiration-induced lung injury. Compared to single-dose

or placebo groups, animals receiving repeated MSC doses showed
reduced lung injury scores, lower signs of inflammation, supported
tissue regeneration, and had significantly lower incidence of PGD, 3
days post-transplantation. Our findings represent a leap in lung trans-
plantation research by showcasing the effectiveness of repeated early
passage MSC administration in improving outcomes for recipients. This



novel approach offers promising therapeutic potential to mitigate lung
injuries and PGD, thus possibly increasing the available donor lung
pool, enhancing LTx outcomes and potentially advancing the success
rates of lung transplantation procedures.

Funding Source: This project is supported by the Swedish Research
Council, CAMP, Sweden’s Innovation Agency, the Knut and Alice
Wallenberg Foundation, and ALF funding from the Swedish government
and county councils.

Keywords: MSC therapy, lung transplantation, lung injuries
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B2M-KO IMSCS BETTER SUPPRESS T CELL
PROLIFERATION BY UPREGULATING IDO1 IN
RESPONSE TO PROINFLAMMATORY SIGNALS

Hinkel, Raven Dance - Research and Development, Factor Bioscience
Inc., USA

Belcher, Elizabeth - Research and Development, Factor Bioscience
Inc., USA

Rohde, Christopher - Research and Development, Factor Bioscience
Inc., USA

Angel, Matthew - Research and Development, Factor Bioscience Inc.,
USA

Garland, Kyle - Research and Development, Factor Bioscience Inc.,
USA

Mesenchymal stem cells (MSCs) are multipotent, relatively non-immu-
nogenic, and can differentiate according to environmental cues, making
them an ideal candidate for numerous allogeneic cell therapies. More-
over, MSCs have consistently demonstrated excellent safety profiles in
clinical trials, but poor therapeutic responses have impeded their trans-
lational success. Induced pluripotent stem cell (iPSC)-derived MSCs
(iMSCs) engineered with stealthing features are designed to address
the shortcomings of traditional MSC therapeutics, including source
heterogeneity, limited expansion potential, and suboptimal pharmacoki-
netics. Here, we report on the development and characterization of 32
microglobulin-knockout iMSCs (B2M-KO iMSCs) derived from mRNA-re-
programmed iPSCs that were gene edited to eliminate B2M expression.
B2M is a critical protein of the human leukocyte antigen class | complex
(HLA-I), which has been implicated in T cell-mediated immune clear-
ance. Accordingly, unlike traditional MSCs that express some degree

of HLA-I and minimal HLA-II, B2M-KO iMSCs expressed neither HLA-I
nor HLA-II. Interestingly, relative to tissue-derived MSCs and wild-type
iMSCs (WT iMSCs), B2M-KO iMSCs better suppressed T cell prolifera-
tion in an activated PBMC co-culture assay (p = 0.042). To investigate
the mechanism of increased immunosuppression, B2M-KO iMSCs and
WT iMSCs were primed with IFNy for 48 hours and then assessed for
expression of the immunoregulatory enzyme, indoleamine 2,3-diox-
ygenase 1(IDO1) via western blot and immunofluorescence staining.
B2M-KO iMSCs showed greater IDO1 production in response to IFNy
relative to WT iMSCs. At 54 hours post IFNy-exposure, B2ZM-KO iMSCs
also showed sustained low levels of IDO1 production, whereas WT
iMSCs did not show any residual IDO1 expression. Addition of the small
molecule IDO1 inhibitor, Epacadostat, significantly reduced suppression
of T cell proliferation for all MSC groups (p = 0.032), revealing that IDO1
is required for suppression of T cell proliferation by MSCs. These results

suggest that B2M-KO iMSCs may prove useful for the treatment of T cell
mediated inflammatory conditions.

Keywords: mesenchymal stem cells (MSCs), induced pluripotent stem
cells (iPSCs), allogeneic cell therapies
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THE APPLICATION OF HUMAN WHARTONS
JELLY STEM CELLS WITH NANOSCAFFOLD FOR
TREATMENT OF WOUNDS IN THE ELDERLY

Arjunan, Subramanian - Obstetrics and Gynecology, National
University of Singapore, Singapore

Elderly patients develop pressure ulcers that are very difficult to

treat and current treatments have several limitations. We evaluated
the wound healing potential of an aloe-vera-polycaprolactone (AV/
PCL) nanoscaffold impregnated with human Wharton’s jelly stem

cells (hWJSCs + AV/PCL) or its conditioned medium (hWJSC-CM + AV/
PCL) using in vitro and in vivo model. For in vitro: h(WJSCs and human
skin fibroblasts were derived and characterized using our previously
published protocols. The influence of hWJSC-CM on elderly human
skin fibroblasts (eHSFs, n=6) were compared with that of young HSFs
(yHSFs, n=6) and untreated eHSF controls. For in vivo: Following
ethical committee review, a total of 56 mice (42 old and 14 young) were
divided into 4 groups of 14 mice per group. The 28 wounds (14 mice) of
each group were treated with the wound dressing patches as follows
(i) Young mice-UCM + AV/PCL,; (ii) Elderly mice-hWJSC + AV/PCL; (iii)
Elderly mice-hWJSC-CM + AV/PCL; (iv) Elderly mice-UCM + AV/PCL.
Wound healing was monitored for day 3, 7, 14 and 21. Scratch wounds
of hWJSC-CM-treated eHSFs completely closed by day 2 compared to
untreated eHSF controls. Collagen and elastin levels were significantly
increased while senescence-related genes were significantly down-
regulated in hWJSC-CM-treated eHSFs compared to untreated eHSFs.
Angiogenesis assays produced significantly greater tubule numbers
and ring formation in the presence of CM from hWJSC-CM-treated
eHSFs. Wound closure rates were significantly greater for hWWJSC + AV/
PCL (D7: 59.00 + 4.08%; D14: 94.83 £ 1.29%; D21: 99.52 + 0.30%) and
hWJSC-CM + AV/PCL (D7: 65.67 £ 3.63%; D14: 94.65 + 1.27%; D21: 99.20
+ 0.47%) compared to UCM+AV/PCL (D7: 44.14 + 5.89%; D14: 65.72 +
2.94%; D21: 82.12 £ 6.47%) (p< 0.05). Epidermal and dermal thickness,
CD31 and gene expression of markers associated with wound healing
(MMP2, MMP9, TFPI-2, COL1A1, COL3A1, TGF-B, ANGPTL1, ANGPTL2,
ANGPTL3, FGF2, HFG, VEGF, CXCL10 and EREG) were significantly
greater in elderly mice treated with hWJSC+AV/PCL and hWJSC-
CM+AV/PCL. Our data show that hWJSCs in combination with the stem
cell niches in nanoscaffolds provide an attractive wound dressing patch
for treatment of chronic wounds in the elderly. The safety and efficacy
of this wound dressing patch will be evaluated in a human clinical trial.

Keywords: human Wharton’s jelly stem cells, nanoscaffolds, elderly and
young skin, preclinical elderly mouse model, wound dressing patch
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CARDIOPOIETIC CELL THERAPY IMPROVES
QUALITY-OF-LIFE IN ADVANCED HEART FAILURE:
OUTCOMES FROM A PHASE Il CLINICAL TRIAL

Yamada, Satsuki - Cardiovascular Medicine, Mayo Clinic, USA
Bartunek, Jozef - Cardiovascular Center, OLV Hospital, Belgium

Povsic, Thomas - Duke Clinical Research Institute, Duke University, USA
Cotter, Gad - Inserm UMR-S 942, Université Paris Cité, France

Davison, Beth - Inserm UMR-S 942, Université Paris Cité, France
Edwards, Christopher - Momentum Research, Momentum

Research, USA

Behfar, Atta - Cardiovascular Medicine, Mayo Clinic, USA

Metra, Marco - Medical and Surgical Specialties, University and Spedali
Civili, Italy

Filippatos, Gerasimos - School of Medicine, Attikon University

Hospital, Greece

Vanderheyden, Marc - Cardiovascular Center, OLV Hospital, Belgium
Wijns, William - The Lambe Institute for Translational Medicine,
University of Galway, Ireland

Terzic, Andre - Cardiovascular Medicine, Mayo Clinic, USA

Patients with heart failure experience a poor quality-of-life. Hence,
they appreciate interventions which may help alleviate debilitating
symptoms and daily suffering. Cell therapy for heart failure has proven
feasible and safe. However, in cardiac regenerative clinical trials,
limited emphasis has been placed on the patients’ perception of their
state of health. Here, in the setting of a multinational, randomized, dou-
ble-blinded Phase Il study, measures of health-related quality-of-life
were added to traditional mortality and hospitalization outcomes. All
participants suffered from refractory chronic heart failure character-
ized by reduced left ventricular ejection fraction due to ischemic heart
disease or previous myocardial infarction, and had an episode of
worsening symptoms in the past 12 months despite guidelines-directed
medical therapy. The Minnesota Living with Heart Failure Question-
naire (MLHFQ), a Food and Drug Administration qualified instrument
for evaluating therapeutic effectiveness, was applied through the
1-year follow-up. Patients either received the sham procedure (n =

151) or were cell-treated (n = 120) through endomyocardial delivery of
600 million cells. Cells were pre-conditioned using the cardiopoiesis
optimizing protocol aimed at promoting the cardiorestorative capacity
of autologous adult mesenchymal cells. Sham and cell-treated cohorts
reported comparable improvement in MLHFQ scores (mean treatment
difference with baseline adjustment -3.2 points, p = 0.107). Superiority
of cell treatment over sham in the betterment of the MLHFQ score was
demonstrated for patients with pre-existing advanced left ventricu-
lar enlargement (baseline-adjusted mean treatment difference -6.4
points, p = 0.009). In this highly responsive subpopulation, benefit on
the MLHFQ score paralleled reduction in the number of deaths and
hospitalization post-cell therapy (adjusted Mann-Whitney odds 1.43,
95% confidence interval 1.01-2.01; p = 0.039). These results suggest
that cell therapy has the potential to improve both quantity and quality
of life in patients with advanced ischemic heart failure. Further studies
are required to validate the reach of regenerative therapy in achieving
whole person care.

N %

Funding Source: Authors recognize Marriott Family Foundation and
National Institutes of Health (RO1 HL134664) funding. Celyad SA
(Mont-Saint-Guibert, Belgium) assumed sponsor responsibilities for the
CHART-1 Clinical Trial.

Keywords: clinical trial, quality-of-life, heart failure
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REVERSIBLE IMMORTALIZATION PRESERVES THE
CHARACTERISTICS OF MESENCHYMAL STEM
CELLS AND FACILITATES THE LARGE-SCALE
PRODUCTION OF IL10-ENRICHED EXOSOMES
TARGETED TOWARD CHONDROCYTES

Lai, Weiming - Department of Neuroanatomy, University
Heidelberg, Germany

Skutella, Thomas - Department of Neuroanatomy, University of
Heidelberg, Germany

Zhou, Xunlei - Department of Neuroanatomy, University of
Heidelberg, Germany

Osteoarthritis (OA) is the most common painful disease with chronic
articular cartilage degeneration. MSCs offer potential for OA therapy, as
their exosomes harbor bioactive molecules such as non-coding RNAs
and proteins. However, primary MSCs and their exosomes exhibit intrin-
sic limitations, including restricted exosome production due to repli-
cative senescence, inconsistent therapeutic efficacy in OA treatment,
and challenges in targeting owing to the dense, avascular extracellular
matrix of cartilage. Here, we demonstrate the reversible immortalization
of human umbilical MSCs using lentivirally delivered excisable hTERT
and SV40T transgenes, which extends cell proliferation while retaining
stem cell characteristics. We engineered IL10-enriched MSC exosomes
through two distinct approaches: utilizing the XPack MSCV-XP-MCS-
EF1a-Puro Cloning Lentivector, employing an optimized N-terminal
peptide sequence to direct IL10 to the inner surface of the exosome
membrane; and employing CRISPR/dCas9 activation (CRISPRa) to
enhance the transcription of endogenous IL10, resulting in its enrich-
ment within exosomes. By fusing a chondrocyte-affinity peptide (CAP)
with the lysosome-associated membrane glycoprotein 2b protein on
the surface of exosomes, we generated CAP-exosomes capable of
specifically targeting chondrocytes in vitro. Finally, we combined the
aforementioned strategies to produce ample bioengineered exosomes,
which were applied to an in vitro osteoarthritis model to mitigate inflam-
mation. Based on the traits of MSC-derived exosomes, these works
increase the therapeutic efficacy and establish a novel platform for
delivering therapeutic molecules in OA therapy.

Keywords: reversible immortalization, mesenchymal stem cell,
exosome
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MACHINE LEARNING AND STATISTICAL
CHARACTERIZATION OF BMAC PROTEOME FROM
THE ILIAC CREST AND HUMERAL HEAD

Herna, Colin Joseph - Bioengineering, Lehigh University, USA
Cipriani, Madison - Bioengineering, Lehigh University, USA
Sachdev, Ranjan - Orthopaedics, Sachdev Orthopaedics, USA
Zhang, YU - Bioengineering, Lehigh University, USA

Jedlicka, Sabrina - Materials Science, Lehigh University, USA

Bone marrow aspirate concentrate (BMAC) is a widely used orthobio-
logic due to its high concentrations of anti-inflammatory proteins and
anabolic growth factors. It is typically derived from the iliac crest for

its high yields of marrow and progenitor cells, as well as anecdotal
evidence for better patient outcomes. BMAC holds promise for various
orthopedic applications including enhancing tissue repair and regener-
ation. However, the feasibility of obtaining BMAC from alternative sites,
such as the humeral head, remains largely unexplored. This study aims
to assess whether the BMAC derived from the humeral head is bio-
chemically comparable to that of the iliac crest. Specifically, we investi-
gate whether the proteomic profiles of BMAC samples from these two
sites exhibit significant differences. To address this, we conducted a
comprehensive statistical and machine learning analysis comparing
the proteomes of BMAC derived from the iliac crest and humeral head.
Our statistical analysis of antibody microarray data revealed significant
differences in the expression levels of 30 out of 110 proteins sampled
between BMAC specimens from the iliac crest and humeral head. Sub-
sequent classification using two SVM machine learning models iden-
tified 33 unique proteins and 7 overlapping proteins as key in distin-
guishing the origin of BMAC samples. Notably, 4 proteins consistently
emerged across all three analyses, warranting further investigation
into their roles within BMAC. These findings shed light on the potential
suitability of using BMAC derived from the humeral head for orthopedic
procedures, such as full-thickness rotator cuff repairs. By demonstrat-
ing the biochemical comparability of BMAC from different sites, our
study opens avenues for clinicians to consider local BMAC extraction
and use as an augment to corrective surgeries. Moreover, the identified
proteins offer valuable insights into the mechanisms underlying BMAC’s
therapeutic effects, facilitating future research aimed at optimizing

its clinical applications. Ultimately, this work contributes to advancing
personalized orthobiologic therapies and improving patient outcomes
in orthopedic medicine.

Funding Source: Pennsylvania Infrastructure Alliance grant and the
LUCE foundation for supporting research student salaries Sachdev
Orthopaedics for providing support for materials.

Keywords: biochemical comparability of bone marrow aspirate
concentrate (BMAC) from lliac crest and humeral head, machine
learning and statistical characterization of bone marrow aspirate
concentrate proteome from lliac crest and humeral head, identification
of key site based proteins
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INDUCTION AND EXPANSION OF HUMAN PRRX1+
LIMB-BUD-LIKE MESENCHYMAL CELLS FROM
PLURIPOTENT STEM CELLS

Takarada, Takeshi - Regenerative Science, Okayama University, Japan
Takao, Tomoka - Regenerative Science, Okayama University, Japan
Yamada, Daisuke - Regenerative Science, Okayama University, Japan
Osone, Tatsunori - Regenerative Science, Okayama University, Japan

Current protocols for the differentiation of human pluripotent stem cells
(hPSCs) into chondrocytes do not allow for the expansion of intermedi-
ate progenitors so as to prospectively assess their chondrogenic poten-
tial. Here we report a protocol that leverages PRRX1-tdTomato reporter
hPSCs for the selective induction of expandable and ontogenetically
defined PRRX1+ limb-bud-like mesenchymal cells under defined
xeno-free conditions, and the prospective assessment of the cells’
chondrogenic potential via the cell-surface markers CD90, CD140B and
CD82. The cells, which proliferated stably and exhibited the potential to
undergo chondrogenic differentiation, formed hyaline cartilaginous-like
tissue commensurate to their PRRX1-expression levels. Moreover, we
show that limb-bud-like mesenchymal cells derived from patient-de-
rived induced hPSCs can be used to identify therapeutic candidates

for type Il collagenopathy and we developed a method to generate
uniformly sized hyaline cartilaginous-like particles by plating the cells
on culture dishes coated with spots of a zwitterionic polymer. PRRX1+
limb-bud-like mesenchymal cells could facilitate the mass production of
chondrocytes and cartilaginous tissues for applications in drug screen-
ing and tissue engineering.
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SCALABLE GENERATION OF MUSCLE SPHEROIDS
FOR REGENERATIVE MEDICINE

Tiburcy, Malte - Institute of Pharmacology and Toxicology, University
Medical Center Goettingen, Germany

Winterhoff, Mandy - Pharmacology, University Medical Center
Géttingen, Germany

Rinn, Malte - Pharmacology, University Medical Center

Gottingen, Germany

Shahriyari, Mina - Pharmacology, University Medical Center
Gottingen, Germany

Berecic, Branimir - Pharmacology, University Medical Center
Géttingen, Germany

Zimmermann, Wolfram-Hubertus - Pharmacology, University Medical
Center Géttingen, Germany

Skeletal muscle disease is associated with severe limitations of quality
of life and devastating, potentially life- threatening functional conse-
quences. Regenerative therapies using tissue engineered muscle are
hampered by lack of quantitatively expandable muscle progenitors.
Human induced pluripotent stem cells may provide an unlimited source
of human muscle progenitors to exploit in regenerative strategies and
tissue engineering. The aim of this study was to enable generation of
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human muscle spheroids by recapitulating embryonic muscle develop-
ment in a scalable bioreactor process. To direct pluripotent stem cells
into muscle, pluripotent cells were expanded in a bioreactor (volumes
between 50-300 ml) to obtain homogenous populations of aggregates
with a mean diameter of 140+40 pm (n=4 bioreactor runs). Pluripotency
was confirmed by detection of NANOG/OCT4/Tra1-60 using flow cytom-
etry. Characteristic stages of muscle embryonic development were
then induced by modulation of Wnt/BMP and Notch signaling. Tran-
scriptome analyses and immunostainings confirmed progression from

a neuromesodermal progenitor (SOX2+/TBXT+) to paraxial mesoderm
and formation of somite progenitors. Of note, migratory progenitor cells
that delaminate from the dermomyotomal somite compartment in the
embryo were identified by LBX1 and MET expression. Migratory pro-
genitors contribute to limb muscle and diaphragm which are particularly
affected in many muscle diseases. By further maturation in serum-free
conditions spontaneously contracting muscle spheroids with an aver-
age yield of 1X10E6 cells/ml were obtained from the bioreactor process.
The development of human skeletal muscle in muscle spheroids pro-
vides a scalable method to derive regenerative progenitor cells as well
as muscle building blocks to generate quantitative amounts of skeletal
muscle for regenerative medicine.

Keywords: bioreactor, somitogenesis, spheroids
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CLINICAL-GRADE STEM CELL-DERIVED MINIMAL
INJECTABLE UNIT CHONDROSPHERE INJECTION
ALLEVIATE CARTILAGE DEGRADATION IN
OSTEOARTHRITIS

Rim, Yeri Alice - Catholic Induced Pluripotent Stem Cell Research
Center, Seoul St Mary’s Hospital, Korea

Nam, Yoojun - iPSC Research and Development Team, YiPSCELL
Inc, Korea

Ju, Ji Hyeon - Division of Rheumatology, Catholic University of
Korea, Korea

The defected cartilage tissue is almost impossible to self-recover.
Current treatment options only tend to reduce pain or delay the
progression of cartilage degeneration that can lead to osteoarthritis
(OA). Recently, induced pluripotent stem cells (iPSCs) are used as a cell
source for the development of stem cell-based therapeutics. The devel-
opment of a successful cell therapeutic, however, requires an efficient
and reproducible manufacturing process that generates a safe and effi-
cient product. In this study, the development of an novel iPSC-derived
OA therapeutics “MIUChon” is reported, which are small ‘Minimal Inject-
able Unit’ chondrospheroids that can be delivered by intra-articular
injections. The development of a successful cell therapeutic requires an
efficient and reproducible manufacturing process that generates a safe
and efficient product. We also attempted to develop a clinical-grade
manufacturing process that meets all these requirements. The protocol
that we have generated efficiently reproduced safe and efficacious
MIUChons. The in vivo and in vitro results demonstrate MIUChon
treatment effectively reduced cartilage degeneration and destruction.
Overall, the development of MIUChon offers a new strategy for carti-
lage treatment in OA via intra-articular injections.

Keywords: induced pluripotent stem cells, cartilage, osteoarthritis

N %

5:45 PM - 6:45 PM
181

MYOGENIC PROGENITORS AND FIBROBLAST
SEEDED DECELLULARISED SCAFFOLDS
GENERATES GRAFTS THAT INTEGRATE IN A
PORCINE MODEL OF ESOPHAGEAL DEFECT
DEVELOPING CONTRACTILE MUSCLE

Pellegrini, Marco - Developmental Biology and Cancer, University
College London, Great Ormond Street Institute of Child Health, UK
Durkin, Natalie - Developmental Biology and Cancer, UCL Great
Ormond Street Institute of Child Health, UK

Lutman, Roberto - Developmental Biology and Cancer, UCL Great
Ormond Street Institute of Child Health, UK

Scuglia, Marianna - Developmental Biology and Cancer, UCL Great
Ormond Street Institute of Child Health, UK

Patera, Giulia - Developmental Biology and Cancer, UCL Great Ormond
Street Institute of Child Health, UK

Di Blagio, Daniele - Centre for Tumour Biology, Barts Cancer Institute,
Queen Mary University of London, UK

Scaglioni, Dominic - Developmental Biology and Cancer, UCL Great
Ormond Street Institute of Child Health, UK

Yamada, Koji - Developmental Biology and Cancer, UCL Great Ormond
Street Institute of Child Health, UK

Tullie, Lucinda - Developmental Biology and Cancer, UCL Great
Ormond Street Institute of Child Health, UK

Gerli, Mattia Francesco Maria - Department of Surgical

Biotechnology, Division of Surgery and Interventional Science, UCL
Royal Free Campus, UK

Saleh, Tarek - Developmental Biology and Cancer, UCL Great Ormond
Street Institute of Child Health, UK

McCann, Conor - Developmental Biology and Cancer, UCL Great
Ormond Street Institute of Child Health, UK

Hall, George - Genetics and Genomic Medicine, UCL Great Ormond
Street Institute of Child Health, UK

Xenakis, Theodoros - Genetics and Genomic Medicine, UCL Great
Ormond Street Institute of Child Health, UK

Beeslay, Max - Developmental Biology and Cancer, UCL Great Ormond
Street Institute of Child Health, UK

Wou, Lei - Centre for Biomaterials in Surgical Reconstruction and
Regeneration, Division of Surgery and Interventional Science, UCL
Royal Free Campus, UK

Song, Wenhui - Centre for Biomaterials in Surgical Reconstruction and
Regeneration, Division of Surgery and Interventional Science, UCL
Royal Free Campus, UK

Garrido Flores, Matias - Epithelial Stem Cell Biology and Regenerative
Medicine Laboratory, The Francis Crick Institute, UK

Nikaki, Kornilia - Department of Gastroenterology, Great Ormond Street
Hospital for Children, UK

Borrelli, Osvaldo - Department of Gastroenterology, Great Ormond
Street Hospital for Children, UK

Cossu, Giulio - Division of Cell Matrix Biology and Regenerative
Medicine, University of Manchester, UK

Castellano, Sergi - Genetics and Genomic Medicine, UCL Great Ormond
Street Institute of Child Health, UK

Bonfanti, Paola - Epithelial Stem Cell Biology and Regenerative
Medicine Laboratory, The Francis Crick Institute, UK



Eaton, Simon - Developmental Biology and Cancer, UCL Great Ormond
Street Institute of Child Health, UK

De Coppi, Paolo - Developmental Biology and Cancer, UCL Great
Ormond Street Institute of Child Health, UK

Tissue engineering aims to address the critical organ shortage for
transplantation but also has great potential in situations where trans-
plantation is not possible, for example in the esophagus. Esophageal
tissue deficits due to cancer or congenital defects currently undergo
complex replacement procedures by refashioning of the stomach, colon
or small bowel but are associated with significant, long-term compli-
cations and poor quality of life. Despite the effort of the scientific com-
munity to generate engineered esophagi, this technology is far from
clinical translation. We previously repopulated decellularized esoph-
ageal scaffolds with pericyte-like bipotent Mesoangioblasts (MABs),
which give rise to smooth and skeletal muscle, and fibroblasts (FBs)

by microinjection, followed by bioreactor maturation. To assess the
function, safety, and integration of this construct, we developed autol-
ogous grafts that were transplanted in a pre-clinical esophageal defect
mini-pig model (n=8). Single nucleus transcriptomic analysis performed
on MABs and FBs (7:3 ratio) pre-injection and post- bioreactor shows an
increased proangiogenic phenotype in the graft (e.g. *VEGFA, tPTGS2,
$THBS1, #TIMP1), potentially enhancing integration upon orthotopic
transplantation into an avascular environment. Grafts were safe and
functional, allowing for enteral autonomy and appropriate growth of
animals. Spontaneous re-epithelialization of grafts was seen within 3
weeks, and development of contractile muscle shown by the end of
the follow-up period (6 months). Spatial transcriptomic analysis at two
timepoints post-implantation showed increased proportions of smooth
and skeletal muscle and a trend towards resolution of fibrosis at 6 vs.
3.5 months, and a closer recapitulation of tissue architecture compared
to native controls. For the first time a bioengineered muscular graft
shows contractility with full functionality for esophageal peristalsis.
Furthermore, the transcriptomics characterization of our model rep-
resents a proof-of-concept of the application of spatial and single-nu-
cleus RNAseq technologies in the evaluation of bioengineered graft
integration and of the regenerative mechanisms involved. These results
suggest that our construct may offer an alternative solution to
esophageal replacement.

Keywords: esophagus, tissue engineering, regenerative medicine
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FUNCTIONAL IMPROVEMENT UPON
TRANSPLANTATION OF FORWARD
PROGRAMMED EXCITATORY AND INHIBITORY
HUMAN NEURONS INTO PHOTOTHROMBOTIC
CORTICAL STROKE LESIONS

Matsumura, Hideaki - Institute of Reconstructive Neurobiology,
University of Bonn Medical Faculty and University Hospital Bonn,
Germany

Berg, Lea - Institute of Reconstructive Neurobiology, University of Bonn
Medical Faculty and University Hospital Bonn, Germany

Heidrich, Luzia - Institute of Reconstructive Neurobiology, University of
Bonn Medical Faculty and University Hospital Bonn, Germany

Aicher, Jasmin - Institute of Reconstructive Neurobiology, University of
Bonn Medical Faculty and University Hospital Bonn, Germany
Peitz, Michael - Institute of Reconstructive Neurobiology, University of
Bonn Medical Faculty and University Hospital Bonn, Germany
Bristle, Oliver - Institute of Reconstructive Neurobiology, University of
Bonn Medical Faculty and University Hospital Bonn, Germany

Cerebral infarction is a major cause of disability. Cell therapy using
neural precursor cells (NPCs) has yielded beneficial results in preclin-
ical models. However, in vivo differentiation of transplanted NPCs is
difficult to control, thus precluding a defined cell composition of the
graft. To address this problem, we here explored the transplantation of
postmitotic neurons. Specifically, we used induced expression of the
transcription factors NGN2 or ASCL1/DLX2 in human pluripotent stem
cells to generate defined fractions of ‘forward programmed’ induced
excitatory and inhibitory neurons (iNs), respectively. Different in vitro
studies were conducted to simulate and optimize the harsh transition
of the donor cells from standard cell culture conditions to the in vivo
post-stroke environment. In that context, we found that neurons treated
with CEPT (chroman 1, emricasan, polyamine, trans-ISRIB) show higher
viability under hypoxic conditions. Furthermore, in vitro time course
multielectrode array (MEA) analyses were used to pinpoint the transi-
tion of depolarizing to hyperpolarizing GABA signaling (GABA shift) and
to assess the functional connectivity between the NGN2- and ASCL1/
DLX2-induced iNs. For the in vivo studies, mice were subjected to
photothrombotic middle cerebral artery occlusion. Two days later, 105
cells containing 75% NGN2- and 25% ASCL1/DLX2-iNs were stereo-
taxically transplanted into the infarct border zone. In contrast to control
conditions such as fibroblast grafts and buffer injections, iN transplants
led to significant behavioral improvement. Immunofluorescent analyses
revealed survival of the engrafted iNs for at least 12 weeks. Donor neu-
rons incorporated into the host brain tissue, displaying axon outgrowth
into ipsi- and contralateral forebrain regions. Moreover, engrafted iNs
were decorated with vGLUT1 and SHANK2-positive punctae, indicat-
ing synapse formation in vivo. Taken together, our data suggest an
improved regimen for transplantation of post-mitotic human neurons
into the lesioned adult brain and an entry point for studying the mech-
anisms underlying behavioral improvement upon iN transplantation in
stroke.

Funding Source: Overseas Research Fellowship, Japan Society for the
Promotion of Science Uehara Memorial Foundation research fellowship
European Union Horizon 2020 research and innovation program, grant
agreement no. 874758 (NSC-Reconstruct)

Keywords: cerebral infarction, NGN2, ASCL1/DLX2
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NEW CLINICAL-GRADE IPS CELL LINES AND
GMP-COMPATIBLE DIFFERENTIATION PLATFORM
FOR THE GENERATION OF RETINAL PIGMENT
EPITHELIUM

Greber, Boris - Research and Development, Catalent Cell and Gene
Therapy, Germany

Hiihne, Melanie - Research and Development, Catalent Cell and Gene
Therapy, Germany

Gamerschlage, Anna - Research and Development, Catalent Cell

and Gene

Therapy, Germany

Cell therapeutic applications based on induced pluripotent stem cells
(iPSCs) as a universal starting point appear highly promising and
challenging at the same time. Here, the regulatory framework of good
manufacturing practice (GMP) imposes a necessary yet demanding set
of requirements in terms of quality and consistency on the manufacture
of iPSCs and their differentiated progeny. Given the scarcity of accessi-
ble GMP iPSC lines, we sought to establish a corresponding workflow
and develop improved manipulation procedures with a GMP mindset.
Hence, we generated a first set of compliant iPS cell banks via an
approved manufacturing workflow based on episomal reprogramming.
Donors were from the EU and US and fulfilled corresponding eligibility
criteria. The newly generated iPSC lines met a comprehensive set of
release specifications and were further characterized at the molecular
and functional levels. Accordingly, the cells did not carry lesions in
critical cancer-associated genes and displayed a low global mutation
load reflecting their neonatal origin, cord blood. Using these same iPSC
lines, we have systematically optimized gene editing procedures and
developed new and GMP-compatible differentiation procedures for cell
replacement therapy: Here, we present a new protocol for the genera-
tion of retinal pigment epithelium (RPE) in treating age-related macular
degeneration. This new differentiation method features a particularly
high degree of simplicity, efficiency, and overall GMP friendliness in that
it merely relies on a series of easy-to-perform media changes under
adherent culture conditions. Mechanistically, the platform combines
small molecule-based neuroectodermal conversion with powerful RPE
specification based on the activation of TGF signaling. The workflow
spans a total of 6 weeks and yields pure RPE cells without need for
enrichment or cell selection strategies. Importantly, our optimized con-
ditions for RPE cryopreservation will enable the generation of banks of
RPE cells in view of cost-effective routine administration of off-the-shelf
patient doses.

Keywords: GMP, iPS cells, RPE
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DEVELOPMENT OF CLINICAL-GRADE HUMAN
INDUCED PLURIPOTENT STEM CELLS FOR
AUTOLOGOUS CELL REPLACEMENT THERAPY IN
PARKINSON’S DISEASE

Cha, Young - Department of Psychiatry, McLean Hospital/Harvard
Medical School, USA

Jeon, Jeha - Department of Psychiatry, McLean Hospital/Harvard
Medical School, USA

Hong, Yean Ju - Department of Psychiatry, McLean Hospital/Harvard
Medical School, USA

Jang, Heejin - Department of Psychiatry, McLean Hospital/Harvard
Medical School, USA

Lee, In-Hee - Department of Pediatrics, Boston Children’s Hospital/
Harvard Medical School, USA

Kong, Sek Won - Department of Pediatrics, Boston Children’s Hospital/
Harvard Medical School, USA

Leblanc, Pierre - Department of Psychiatry, McLean Hospital/Harvard
Medical School, USA

Kim, Kwang-Soo - Department of Psychiatry, McLean Hospital/Harvard
Medical School, USA

Parkinson’s disease (PD) is a prevalent neurodegenerative disorder
primarily characterized by the selective loss of midbrain dopamine
(mDA) neurons in the substantia nigra. Consequently, cell replacement
therapy has emerged as a promising treatment avenue for PD patients.
To establish human induced pluripotent stem cell (hiPSC)-based per-
sonalized cell therapy, we have developed a platform of core tech-
niques, including novel methodologies of reprogramming and in vitro
differentiation along with a chemical approach to eliminate undifferen-
tiated cells from the final cell product. This platform was successfully
employed in treating the first sporadic PD patient. In the current study,
our focus was to address whether we can generate clinical grade
hiPSCs from multiple PD patients and to test their mDA cell products’
safety and efficacy for the feasibility of personalized cell therapy for
numerous PD patients. Utilizing our second-generation reprogramming
method, which combines Yamanaka 4 factors with metabolism-regu-
lating microRNAs, we successfully established clinical-grade hiPSCs
from fibroblasts of multiple PD patients. Importantly, our analyses
revealed that these patient-derived hiPSCs possess genomic integrity
and demonstrate unbiased pluripotent differentiation potential, devoid
of cancer-causing mutations. Furthermore, we generated high-quality
mDA cells from these hiPSCs and confirmed their authenticity as mDA
progenitors, free from residual undifferentiated hiPSCs or genetic aber-
rations in cancer-related genes. These promising outcomes have led to
the recent FDA approval of a phase I/lla clinical trial for autologous cell
replacement therapy for PD. We will discuss our findings regarding the
safety and efficacy of our approaches as well as regulatory criteria for
an autologous cell therapy approach for PD.

Funding Source: This work was supported by NIH grants (NS129188
and NS127391) and the Parkinson’s Cell Therapy Research Fund at
McLean Hospital.

Keywords: human induced pluripotent stem cells, autologous cell
replacement therapy, Parkinson’s disease
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REPROGRAMMING HUMAN GLIA INTO
DOPAMINERGIC NEURONS FOR PARKINSONS
DISEASE THERAPY

Habekost, Mette - Department of Experimental Medical Science, Lund
University, Sweden

Giacomoni, Jessica - Department of Experimental Medical Science,
Lund University, Sweden

Hoban, Deidre - Department of Experimental Medical Science, Lund
University, Sweden

Goldman, Steven - Department of Neurology and Center for
Translational Neuromedicine, University of Rochester Medical
Center, USA

Parmar, Malin - Department of Experimental Medical Science, Lund
University, Sweden

Parkinson’s Disease is a neurodegenerative disorder that results in the
loss of dopaminergic (DA) neurons in the substantia nigra. Stem cell-
based cell replacement therapy to replace the lost DA neurons has now
reached clinical trials. An alternative approach involves direct repro-
gramming of resident brain glial cells into new dopamine-producing
neurons. Previous studies in rodents have demonstrated the feasibility
of reprogramming resident glia into functional neurons, but it remains
an outstanding question if human glia can be converted into sub-
type-specific neurons within the adult brain. Our in vitro studies demon-
strate the successful reprogramming of human stem cell-derived glia
progenitor cells (GPCs) into DA neurons using Ascl1, Lmx1a, and Nurr1
(ALN)-factors. To study if human glia can be converted using these
factors in vivo, we introduce a novel humanized pre-clinical reprogram-
ming model by transplanting human GPCs into the dopamine-depleted
rat striatum. The transplanted GPCs expand within the rat brain while
maintaining their glia progenitor identity as well as generating astro-
cytes. By delivering lentiviral vectors encoding ALN-factors into the rat
striatum post-human GPC transplantation, we investigate the conver-
sion of human glia into cells expressing key markers, including tyrosine
hydroxylase, indicative of dopaminergic neurons. Our forthcoming
studies aim to comprehensively characterize the reprogrammed cells.

Funding Source: Lundbeck Foundation Postdoc Fellowship (R347-
2020-2522).

Keywords: direct glia-to-neuron reprogramming, dopaminergic
neurons, in vivo conversion
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GENERATING AND CHARACTERISING MHC
CLASS | KNOCKOUT HUMAN EMBRYONIC STEM
CELL DERIVED DOPAMINERGIC NEURONS FOR
USE IN PARKINSON'S DISEASE

Franck, Maximilian - Clinical Neuroscience, Cambridge University, UK
Chantzara, Anna - Clinical Neuroscience, Cambridge University, UK

In Parkinson’s disease (PD), the core issue is the loss of midbrain dopa-
minergic (DA) neurons, driving key motor symptoms. Although effective
dopaminergic treatments exist, prolonged use leads to side effects.
This emphasizes the need for reparative approaches, like dopamine
cell replacement. Human embryonic stem cell (hESC)-derived dopa-
minergic neural progenitor cells (NPCs) show promise, with ongoing
early-stage clinical trials, including our STEM-PD trial. However, the
potential immune response to these cells poses a risk of graft rejection,
requiring immunosuppression, which introduces challenges. To address
this, CRISPR editing was used on the RC17 hESC line to create a 32M
knockout (KO) hESC line—a de facto MHC class | KO line. Subsequently,
these cells were differentiated into NPCs by day 16 and matured into
mesencephalic dopamine (mesDA) neurons by day 45+ in vitro. The
MHC-I KO line exhibited delayed maturation, particularly early in
culture. Immunofluorescence analysis and calcium imaging at day 45
showed decreased firing of KO-derived neurons, with morphological
changes diminishing at later time points, suggesting slower maturation
without MHC class |. Immunogenicity testing in vitro indicated that KO
NPCs did not induce T cell activation. Notably, the WT line also showed
no T cell activation and had immunosuppressive properties. MHC-I KO
is associated with natural killer (NK) cell activation through “missing
self.” Preliminary experiments testing NK activation capacity revealed
both WT and KO-NPCs inducing a response, though whether this was
more pronounced in the KO line remains unclear. Further investigation
is underway to clarify this aspect. As the PD field progresses towards
second-generation products, this research addresses a vital knowledge
gap on genetically modifying cells for immune response mitigation
during DA neuron transplantation. While MHC-1 KO ESCs successfully
generate functional NPCs and neurons in vitro, indicating potential for
transplantation with a reduced risk of graft rejection, caution is war-
ranted, as such manipulations may have unexpected consequences on
cell maturation and functionality.
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TRANSPLANTATION OF DIRECTLY
REPROGRAMMED STRIATAL PRECURSOR CELLS
INTO A RAT MODEL OF HUNTINGTONS DISEASE

Burgers, Anne Lieke - Pharmacology, University of Auckland, New
Zealand

Chapman, Amy - Pharmacology, University of Auckland, New Zealand
Connor, Bronwen - Pharmacology, University of Auckland, New Zealand
Gordon, David - Pharmacology, University of Auckland, New Zealand
van Roon-Mom, Willeke - Human Genetics, Leiden University Medical
Centre, Netherlands

Huntington’s disease (HD) is a neurodegenerative disorder character-
ized by progressive motor, cognitive, and psychiatric impairments as a
result of the loss of the loss of medium spiny neurons (MSNs). Currently
there is no cure for HD. Cell replacement therapy is a potential option
for the treatment of HD. Our lab developed a direct reprogramming
protocol that generates human striatal precursors from dermal fibro-
blasts. The protocol eliminates the risks of tumorigenesis and onco-
genic mutations upon transplantation and therefore provides a clinically
viable cell source for transplantation therapy. This study investigated
the potential for striatal precursor cells generated by direct reprogram-
ming to survive and generate functionally integrated MSNs following
transplantation into a rat model of HD. Human striatal precursors were
derived from dermal fibroblasts by direct reprogramming using SOX2
and PAX6. Striatal precursors were transplanted into the rat striatum 3
weeks following quinolinic (QA) lesioning (n = 15). Control animals were
injected with sterile saline (n = 15). Motor function was assessed up to 14
weeks post transplantation using the cylinder test. The rats were killed
14 weeks following transplantation and the survival and maturation of
transplanted hiLGEPs determined by immunohistochemistry. Striatal
precursors expressed the human-specific marker STEM121 and co-ex-
pressed the neuronal marker MAP2 (76.8% +9.6) and the MSN specific
marker DARPP32 (80.7% 15.4) 14 weeks following transplantation. At 14
weeks post-transplant, transplanted rats demonstrated restoration of
motor function with no difference in ipsilateral forelimb use compared
to baseline (p = 0.8). In contrast, saline treated rats retained a significant
increase in ipsilateral forepaw use compared to baseline (p = 0.02). This
study demonstrates the therapeutic potential of directly reprogrammed
striatal precursor cells for transplantation therapy for HD.

Keywords: Huntington’s disease, cell replacement therapy, direct cell
reprogramming
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CHARTING PATIENT PERSPECTIVES FROM
TRIAL PARTICIPATION: A QUALITATIVE STUDY
OF PATIENT EXPECTATIONS ABOUT FUTURE
PARKINSON’S TREATMENTS

Friis, Tine - Medical Museion, Department of Public Health, University
of Copenhagen, Denmark

Advancements in biomedical sciences have always been accompanied
by optimism about future applications and possibilities. Such optimism
develops in a complex interplay across scientific laboratories, popu-
lar culture and the lives of patients and relatives. As clinical trials to
evaluate stem cell-based interventions are rolled out, understanding
participants’ experiences of taking part in a trial are crucial, as are their
expectations about what future treatment possibilities the biomedical
sciences might bring. This poster presents initial qualitative data from
a series of workshops where people living with Parkinson’s disease
reflected on their experiences as participants in a placebo-controlled,
randomized, double-blind phase Il UK-based clinical trial in two stages.
The trial was undertaken in 2012 — 2017 and involved infusions of the
drug Glial Cell Line Derived Neurotrophic Factor (GDNF) proposed to
be capable of stimulating the regeneration of dopaminergic neurons.
While the trial did not involve transplantation of stem cells, the focus
on administering a regenerative product to ameliorate dopaminergic
neuron degeneration in Parkinson’s disease, provides a unique learning
opportunity for future stem cell-based clinical trials. The objectives

of the workshops were therefore to investigate: (1) how might the
participants’ trial experiences affect their relationship with their bodies?
(2) how do the trial participants envision the future treatments for
Parkinson’s disease? and (3) what values do the participants ascribe

to advancements in biomedicine—and their own role in such advance-
ments? Preliminary findings and empirical tendencies of this work-in-
progress will be presented to discuss how to assist future trial partici-
pants and translation of stem cell therapies.

Funding Source: This work was supported by The Novo Nordisk
Foundation Center for Stem Cell Medicine (reNEW), Novo Nordisk
Foundation grant number NNF21CC0073729.

Keywords: patient perspectives, trial participation, Parkinson’s disease
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REGION SPECIFIC NEURAL PROGENITOR
CELLS WITH SPINAL CORD IDENTITY ENHANCE
FUNCTIONAL RECOVERY IN CERVICAL SPINAL
CORD INJURY

Khazaei, Mohamad - Genetics and Development, Krembil Research
Institute, University Health Network, Canada

Mclntyre, William - Genetics and Development, Krembil Research
Institute, University Health Network, Canada

Fehlings, Michael - Genetics and Development, Krembil Research
Institute, University Health Network, Canada

While neural progenitor cell (NPC) transplantation holds promise for
spinal cord injury (SCI) treatment, optimal therapeutic effects likely
hinge on matching the regional identity of NPCs to the host tissue. This
study investigates whether NPCs with a spinal cord identity exhibit
superior functional recovery compared to unpatterned forebrain NPCs
in a rodent model of cervical SCI. We generated spinal cord progenitor
cells (spNPCs) from human pluripotent stem cells (hPSCs) using a com-
bination of posteriorizing and caudalizing morphogens (FGF8b + Wnt3a,
Retinoic Acid). Compared to forebrain NPCs (foNPCs), spNPCs dis-
played reduced expression of forebrain markers (FOXG1+, OTX2+) and
increased expression of spinal cord markers (HOX+). Importantly, both
NPC lines exhibited similar tripotent differentiation potential in vitro.
Following transplantation into injured cervical spinal cords, spNPCs not
only demonstrated superior survival and integration but also exhibited
an unprecedented ability to differentiate into functional neural lineages
that established robust synaptic connections with endogenous cells.
Notably, Most strikingly, animals receiving spNPCs displayed significant
enhancements in electrical signal transmission across the injury site,
alongside remarkable improvements in motor function tests, without
exacerbating neuropathic pain—a testament to the precise and effec-
tive regeneration of the injured spinal cord. These findings highlight
the therapeutic potential of region-specific spNPCs for cervical SCI.
Matching the regional identity of transplanted NPCs to the host tissue
promotes effective cell integration, enhances synaptic connectivity, and
leads to superior functional recovery. This approach holds considerable
promise for advancing stem cell-based therapies for SCI.

Keywords: neural progenitor, pluripotent stem cell, spinal identity
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HUMAN CORTICAL NEURONS RAPIDLY
GENERATED BY DIRECT ES CELL PROGRAMMING
INTEGRATE INTO STROKE-INJURED RAT CORTEX

Martinez Curiel, Raquel - Lund Stem Cell Center, Lund University,
Sweden

Hajy, Mazin - Lund Stem Cell Center, Lund University, Sweden

Jansson, Linda - Lund Stem Cell Center, Lund University, Sweden
Coll-San Martin, Berta - Lund Stem Cell Center, Lund University, Sweden
Tsupykov, Oleg - Bogomoletz Institute of Physiology and State Institute
of Genetic and Regenerative Medicine, Ukraine

Tampe, Juliane - Lund Stem Cell Center, Lund University, Sweden
Skibo, Galina - Bogomoletz Institute of Physiology and State Institute of
Genetic and Regenerative Medicine, Ukraine

Monni, Emanuela - Lund Stem Cell Center, Lund University, Sweden
Lindvall, Olle - Lund Stem Cell Center, Lund University, Sweden

Palma Tortosa, Sara - Lund Stem Cell Center, Lund University, Sweden
Kokaia, Zaal - Lund Stem Cell Center, Lund University, Sweden

Stroke is one of the major causes of long-term disability and death in
adult humans worldwide. A shortage of blood flow to a specific brain
area causes neuronal death, leading to motor, sensory, and cognitive
impairments. Replacement of dead neurons by transplantation to recon-
struct damaged neuronal networks might become a new strategy for
functional recovery in patients. This study aimed to determine whether
a rapid and efficient protocol for direct programming of human embry-
onic stem cells to neurons (ES-iNs) can be applied for cell replacement
in ischemic stroke. After 7 days of programming, cells were trans-
planted into the somatosensory cortex adjacent to an ischemic lesion
in rats subjected to cortical stroke. The grafted neurons, their axonal
myelination, and afferent and efferent synaptic inputs were studied
using immunohistochemistry and immunoelectron microscopy (iEM).
After intracerebral transplantation, the ES-iNs survived and did not
give rise to teratomas. Three months after grafting, individual ES-iNs
expressed markers of immature or mature neurons as well as markers
for projection neurons of upper or deep cortical layers. The grafted
neurons sent widespread axonal projections to the ipsilateral and
through the corpus callosum, also to the contralateral to lesion cortex.
Importantly, iEM data showed that ES-iNs received synaptic inputs from
host cortical neurons, and host-derived oligodendrocytes myelinated
their axons. In conclusion, our study showed for the first time that
cortical neurons can be produced efficiently and rapidly by direct
programming of human ES cells with the capacity to integrate into the
stroke-injured brain.

Keywords: induced pluripotent stem cells, stroke, regeneration
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DEVELOPMENT OF TRANSPLANTABLE CEREBRAL
ORGANOIDS DERIVED FROM HUMAN INDUCED
PLURIPOTENT STEM CELLS FOR THE TREATMENT
OF STROKE PATIENTS

Doi, Daisuke - Department of Clinical Application, Center for iPS Cell
Research and Application, Japan

Kikuchi, Tetsuhiro - Department of Clinical Application, Center for iPS
Cell Research and Application, Kyoto University, Japan

Takahashi, Jun - Department of Clinical Application, Center for iPS Cell
Research and Application, Kyoto University, Japan

Stroke is one of the world’s biggest problems for elderly people.
Although drugs or interventional approaches are clinically available,
many people suffer motor disability because of stroke. Our aim is to
improve motor dysfunction caused by cerebral infarction (stroke) by
reconstructing neural circuits through cell transplantation. To achieve
this goal, we are trying to produce a human iPSC-derived cell product
for cell transplantation. Cerebral organoids can be induced reproduc-
ibly and efficiently from a clinical-grade human iPSC line using the
modified-SFEBq (serum-free embryoid body quick) culture protocol. We
have completed the cell culture process by adding additional manufac-
turing steps, namely the exclusion of non-purpose cells by morphology,
sphere-forming, and freezing steps. We have also confirmed that neural
fibers from transplanted cells extend along the cerebrospinal tract
when the dissociated organoid cells are transplanted into immunodefi-
cient mice. We are conducting a proof-of-concept experiment in rat and
monkey stroke models.

Keywords: cerebral organoids, induced pluripotent stem cells, cell
therapy for stroke
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NEAR-INSTANT DETECTION OF GLIOMA STEM-
LIKE CELLS IN LIVE HUMAN GLIOBLASTOMA
TISSUE

Hermanson, Ola - Department of Neuroscience, Karolinska Institutet,
Sweden

Neofytou, Christina - Department of Neuroscience, Karolinska Institutet,
Sweden

Persson, Oscar - Department of Clinical Neuroscience, Karolinska
Institutet, Sweden

Keane, Lily - Institute of Environmental Medicine, Karolinska Institutet,
Sweden

Jensdottir, Margret - Department of Clinical Neuroscience, Karolinska
Institutet, Sweden

Arvidsson, Lisa - Department of Clinical Neuroscience, Karolinska
Institutet, Sweden

Joseph, Bertrand - Institute of Environmental Medicine, Karolinska
Institutet, Sweden

llkhanizadeh, Shirin - Department of Neuroscience, Celluminova AB,
Sweden

N %

Glioblastoma is classified as a grade IV glioma, a devastating brain
tumor with poor outcome. Emerging research suggests that failure to
target glioma stem-like and progenitor cells (GSCs) could explain the
poor survival of glioblastoma patients. Glioblastoma tumors often show
an infiltrative growth pattern with protrusions into the surrounding brain
tissue. In the apex of the tumor, tumor cells co-exist with normal cells,
immune cells, GSCs, etc., which makes GSC detection and removal
particularly difficult. Here we demonstrate the use of an oligothiophene
named p-HTMI or GlioStem (GS), for selective real-time detection of
GSCs ex vivo in live human glioblastoma-tissue parallel to surgery.
More than 110 brain tumors including >60 glioblastoma patient biopsy
samples were stained and analyzed for the presence of GS+ cells.

A subset (n=21) of glioblastoma patient samples was stained with a
panel of cancer stem and progenitor cell markers and GS-positive cell
populations sorted. Bulk RNA-Seq for 7 glioblastoma patient samples
with two paired populations of sorted cells, GS+ and GS-, revealed that
the transcriptomic signatures of GS+ samples from different patients
clustered together, whereas the GS- populations did not cluster close to
one another or the GS+ populations pointing to a certain level of homo-
geneity regarding the GS+ populations, independent of intra-patient

or patient-to-patient heterogeneity. Notably GS+ samples exhibited
significantly higher expression of 37 genes associated with stem and
progenitor cells compared to the GS- samples, including markers being
associated with the pre-oligodendrocyte precursor cell (pre-OPC) and
pro-neural subtypes but also cancer cells. Single cell annotation proved
that GlioStem detected GSCs of different identities (e.g., pro-neural-,
OPC-, radial glia-like cells) at different stages of maturity, again with

a mix of cancer cell-signatures. We propose that GlioStem is a novel
pan-GSC-marker in fresh glioblastoma tumor tissue with potential for
immediate use in clinical settings.

Keywords: cancer cell progenitor, clinical trial, neurosurgery
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DEVELOPMENT OF A CEREBRAL INFARCTION
MODEL OF CYNOMOLGUS MONKEYS (MACACA
FASCICULARIS) FOR PRECLINICAL STUDIES OF
CELL TRANSPLANTATION THERAPY

Kikuchi, Tetsuhiro - Center for iPS Cell Research and Application, Kyoto
University, Japan

Doi, Daisuke - Department of Biological Repair, Center for iPS Cell
Research and Application (CiRA), Kyoto University, Japan

Takahashi, Jun - Department of Biological Repair, Center for iPS Cell
Research and Application (CiRA), Kyoto University, Japan

Ischemic stroke represents a significant challenge to global nursing
care. While thrombolytic therapy has emerged as an acute interven-
tion, its efficacy declines beyond the first hours after stroke onset,
leaving a therapeutic gap that is difficult to fill with subsequent drug
regimens and rehabilitation. Consequently, novel approaches such as
cell transplantation therapy have attracted attention in recent years.
Despite promising results in preclinical rodent models, the translation
of these findings to human clinical trials has often proved unsuccess-
ful. To bridge this gap, studies in non-human primates, which have
closer anatomical and functional parallels to humans, are essential.
However, stroke models in macaque monkeys remain scarce. In this
study, we established a stroke model in cynomolgus monkeys (Macaca



fascicularis) by surgical occlusion of the middle cerebral artery. Post-
operatively, all monkeys exhibited severe paralysis with Non-Human
Primate Stroke Scale (NHPSS) scores ranging from 13 to 15. While symp-
toms gradually improved, residual mild paralysis and fine motor deficits
persisted at 3 months. The reproducibility of this model is high, and the
larger brain size of cynomolgus monkeys compared to smaller primates
such as marmosets enhances its utility for investigating drug dosage
and administration site for cell transplantation therapy in preclinical
settings.

Funding Source: This work was supported by the Network Program
for Realization of Regenerative Medicine from the Japan Agency for
Medical Research and Development (AMED) and JSPS KAKENHI Grant
Number 22K09230.

Keywords: Ischemic stroke, cerebral infarction model, cynomolgus
monkeys
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HUMAN STEM CELL DERIVED ENTERIC NERVOUS
SYSTEM PROGENITOR TRANSPLANTATION
RESTORES FUNCTIONAL RESPONSES IN
HIRSCHSPRUNG DISEASE PATIENT-DERIVED
TISSUE

Cooper, Fay - School of Bioscience, University of Sheffield, UK
Jevans, Benjamin - Stem Cells and Regenerative Medicine, UCL Great
Ormond Street Institute of Child Health, UK

Fatieieva, Yuliia - Department of Neuroimmunology, Medical University
of Vienna, Austria

Gogolou, Antigoni - School of Bioscience, University of Sheffield, UK
Kang, Yi-Ning - Translational Research Centre for Gastrointestinal
Disorders (TARGID), KU Leuven, Belgium

Restuadi, Restuadi - NIHR Great Ormond Street Hospital Biomedical
Research Centre, NIHR Great Ormond Street Hospital Biomedical
Research Centre, UK

Vanden Berghe, Pieter - KU Leuven, Translational Research Centre for
Gastrointestinal Disorders (TARGID), Belgium

Adameyko, Igor - Department of Neuroimmunology, Medical University
of Vienna, Austria

Thapar, Nikhil - Gastroenterology, Hepatology and Liver Transplant,
Queensland Children’s Hospital, School of Medicine, Australia
Andrews, Peter - School of Bioscience, University of Sheffield, UK

De Coppi, Paolo - Stem Cells and Regenerative Medicine, UCL Great
Ormond Street Institute of Child Health, UK

McCann, Conor - Stem Cells and Regenerative Medicine, UCL Great
Ormond Street Institute of Child Health, UK

Tsakiridis, Anestis - School of Biosciences, University of Sheffield, UK

Hirschsprung disease (HSCR) is a severe congenital disorder that
results from failure of enteric nervous system (ENS) progenitors to fully
colonise the gastrointestinal tract during embryonic development. This
leads to aganglionosis in the distal bowel, resulting in disrupted motor
activity and impaired peristalsis. Currently, the only viable treatment
option is surgical resection of the aganglionic bowel. However, patients
frequently suffer debilitating, lifelong symptoms and often require mul-
tiple further surgical procedures. Hence, alternative treatment options
are crucial. An attractive strategy involves the transplantation of ENS

progenitors generated from human pluripotent stem cells (hPSCs). We
have generated hPSC-derived ENS progenitors using an accelerated
protocol. Here we describe their characterisation through a combina-
tion of single cell RNA-sequencing, protein expression analysis and
calcium imaging. Our protocol consistently gives rise to high yields of
cell populations exhibiting transcriptional and functional hallmarks of
early ENS progenitors. Crucially, these hPSC-derived ENS progenitors
have the capacity to integrate, migrate and form neurons within surgi-
cally removed explanted human HSCR colon samples. The transplanted
HSCR tissue displays increased basal contractile activity and increased
responses to electrical stimulation compared to control tissue.
Together, our findings demonstrate the potential of hPSC-derived ENS
progenitors to repopulate and restore functional responses in human
HSCR patient colonic tissue.

Funding Source: This work was supported by the Medical Research
Council, European Union Horizon 2020 Framework Programme and
NC3Rs

Keywords: enteric/vagal neural crest, Hirschsprung disease, enteric
nervous system
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TRANSPLANTED HUMAN IPSC-DERIVED
NEOCORTICAL PRECURSORS FORM
VASCULARIZED TISSUE IN VIVO

Quezada, Alexandra - BE Therapeutics, USA

Altun, Esra - Department of Electrical and Computer Engineering, Rice
University, USA

Bader, Edward - Neuroscience, Albert Einstein College of Medicine,
USA

Batista-Brito, Renata - Neuroscience, Albert Einstein College of
Medicine, USA

Hebert, Jean - BE Therapeutics, USA

Hong, Sarah - Neuroscience, Albert Einstein College of Medicine, USA
Killian, Nathan - Neuroscience, Albert Einstein College of Medicine, USA
Ward, Claire - Neuroscience, Albert Einstein College of Medicine, USA
Zolotavin, Pavlo - Department of Electrical and Computer Engineering,
Rice University, USA
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Recent progress in cortical stem cell therapy has demonstrated its
potential to repair the brain. However, current stem cell transplant
models have yet to demonstrate that the circuitry of transplant-derived
neurons can encode useful function to the host after neurodegenera-
tion or trauma. This may be due to missing cell types, their proportions,
and the abnormal graft tissue cytoarchitecture. In addition, there is a
need for vasculature to increase viability and function of transplanted
cells. Here, as a platform for further improvements in neocortical cell
grafts, we devised a reproducible aspiration lesion and transplant para-
digm. In this paradigm, dissociated mouse fetal donor cells differentiate
into upper and deeper layer neurons, glial cells are present, and grafts
are vascularized. The grafted neurons project outside of the graft to
appropriate brain areas. The graft becomes fully vascularized by 2
weeks post-transplant and perfused with blood. We also find that, with
this paradigm, we can organize cells into layers. Finally, when donor
neurons are transplanted into the visual cortex, they have spontaneous
action potentials, mature similarly to visual pyramidal neurons, and
respond to sensory input. This model can serve as a cell replacement
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strategy using human induced stem cell (hiPSC) differentiated into the
aforementioned cell types. We have preliminary data demonstrating
that hiPSC-derived neural precursors can survive, differentiate into
upper and deeper layer neurons, and glial cells are present in the graft.
When donor neural cells are transplanted with human vascular cells,
they form vessels and are perfused with fluorescently labeled red blood
cells. Additionally, we find that specific immunocompromised mouse
strains are more conducive to the survival of hiPSC-derived cells in this
particular paradigm. Overall, we have developed a preclinical model
that should allow us to build complex hiPSC-derived neocortical tissue,
containing many of the precursor cell types and cytoarchitecture nec-
essary for a properly developing cortex. Importantly, this in vivo model
could also be used for investigating development and diseases.

Keywords: neocortical transplant, pluripotent stem cells, regeneration
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THE CHALLENGES OF TRACKING THE PROGRESS
OF HPSC-BASED CELL THERAPIES

Mah, Nancy - Biomedical Data and Bioethics Group, Fraunhofer-
Institute for Biomedical Engineering (IBMT), Germany

Kobold, Sabine - Biomedical Data and Bioethics Group, Fraunhofer
Institute for Biomedical Engineering, Germany

Xue, Meiying - Biomedical Data and Bioethics Group, Fraunhofer
Institute for Biomedical Engineering, Germany

Guhr, Anke - RKI, Robert Koch Institute, Germany

Mueller, Sabine - Biomedical Data and Bioethics Group, Fraunhofer
Institute for Biomedical Engineering, Germany

Seiler Wulczyn, Andrea - Zentrale Ethik-Kommission fiir
Stammzellenforschung, Robert Koch Institute, Germany

Ldser, Peter - RKI, Robert Koch Institute, Germany

Kurtz, Andreas - Biomedical Data and Bioethics Group, Fraunhofer
Institute for Biomedical Engineering, Germany

More than a quarter of a century after the first human embryonic stem
cell lines were derived and 14 years after the discovery of human
induced pluripotent stem cell lines, human pluriptotent stem cell
(hPSC)-derived cells are finding their way into clinical translation. Since
2019, the human pluripotent stem cell registry (hPSCreg®) has main-
tained a clinical study database to track the progress of hPSC-based
cell therapies. As of February 2024, the clinical study database holds
136 clinical studies spanning 14 clinical indications (defined by ICD-10
chapters). Drawing from the experience of hPSCreg as a registry for
hPSC lines, the first step in establishing the clinical studies registry was
to populate the database with manually curated information. The stud-
ies are searched manually from clinical trials which involve hPSC-based
cell products for interventional treatment and have been registered

at national clinical trial registries, such as clinicaltrials.gov. However,
finding data about relevant clinical studies for the hPSCreg resource
requires extensive manual curation. Incremental changes in clinical
trial reporting and journal publication requirements attempt to improve
transparency of clinical trial results, for example, by the registration

of clinical trials to national regulatory bodies, making data sharing
statements in the clinical trial entry obligatory and placing timelines on

N %

reporting results. In the present work, we show an update of the clinical
database content and outline plans for its ongoing development.

Funding Source: European Commission Horizon Europe Programme
under grant agreement no. 101074135.

Keywords: human pluripotent stem cell-derived cell products, clinical
trial database, hPSC-based cell therapy
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TESTING MAD7 NUCLEASE IN A GMP WORKFLOW
TO PRODUCE HYPOIMMUNE IPSC FOR CLINICAL
APPLICATION

Munsie, Lise - iPSC, CCRM, Canada
Anwer, Shaista - Advance, CCRM, Canada
Chawla, Aditya - PD, OmniaBio, Canada
Eswara, Manoja - Advance, CCRM, Canada
Moorthy, Sakthi - Advance, CCRM, Canada
Mughal, Bilal - Advance, CCRM, Canada
Sharma, Shruti - Advance, CCRM, Canada

Induced pluripotent stem cell (iPSC)-based therapies have the potential
to offer broad clinical applicability and cost-effective scalable manufac-
turing to meet global patient demand. However, there are several chal-
lenges on the path to clinical manufacturing of allogeneic iPSC lines,
including complicated licensing terms for nucleases that limits freedom
to operate, as well as manufacturing difficulties for generating multiple
edits without compromising iPSC quality, editing efficiency, or function-
ality. To successfully develop iPSC-based therapies and meet patient
demand, universal iPSC lines need to become commercially available.
To address these challenges and enable hypoimmune iPSC for use

in iPSC derived cellular therapeutics, CCRM has developed a GMP
compatible workflow using the IP friendly MAD7 nuclease to perform
multiple gene edits of knock-out and knock-in for immune cloaking. The
GMP workflow was designed and optimized to allow single cell sorting
of edited iPSC with the proof of clonality that can be used in a regula-
tory package for IND submission. This optimized strategy was tested
with MAD7 nuclease using sequential and multiplex editing approaches
to knock out HLA-I/Il complexes, and MAD7 showed comparable
editing efficiency to Cas9. Further, assays were developed to test the
functional efficacy of the knockouts in iPSC for enhanced product char-
acterization. Both MAD7 and Cas9 mediated HLA-I/Il complex knockout
iPSC lines were characterized using the developed HLAV/II functional
tests as well as standard iPSC characterization. These gene edited
iPSC lines are commercially available for researchers and therapeutic
developers to test in their respective differentiation processes with
unedited parental lines as a control. Access to these iPSC lines enables
groups to evaluate how standard hypoimmune edits may affect various
applications, such as their specific downstream differentiation process,
in vivo model assays or downstream drug product. These iPSC lines
offer a solution to address crucial challenges in clinical manufacturing
while commercial availability to different research groups will broaden
the application of hypoimmune iPSC derived cell therapies. The long-
term goal of this work is to produce off-the-shelf GMP hypoimmune
iPSC for therapeutic developers.

Keywords: hypoimmune, MAD7, gene editing
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EFFICIENT REPROGRAMMING OF BLOOD CELLS
TO PLURIPOTENCY WITH A SYNTHETIC, SELF-
REPLICATING RNA THAT ENCODES A NOVEL
REPROGRAMMING FACTOR COMBINATION

Tomishima, Mark - Platform Discovery, BlueRock Therapeutics, USA
Tanasijevic, Borko - Cell Line Development, BlueRock Therapeutics,
Canada

Monetti, Claudio - Cell Line Development, BlueRock Therapeutics,
Canada

Baxter, Richard - Manufacturing, BlueRock Therapeutics, Canada
Nadkarni, Rohan - Process and Analytical Development, BlueRock
Therapeutics, Canada

Yang, Joey - Manufacturing, BlueRock Therapeutics, Canada

Ali, Sabrina - Analytical Development, BlueRock Therapeutics, Canada
Elliott, Carina - Quality Control, BlueRock Therapeutics, Canada
Nason, Maria - Quality Assurance, BlueRock Therapeutics, Canada
Hendriks, William - Platform Discovery, BlueRock Therapeutics, USA
Hei, Derek - Manufacturing, BlueRock Therapeutics, USA

Tonge, Peter - Cell Line Development, BlueRock Therapeutics, Canada

We set out to design and develop a robust blood cell reprogramming
method to make clinical grade iPSCs for our cell therapy programs. RNA
was the preferred nucleic acid for reprogramming since it minimizes
the risk for accidental genome mutation. We selected blood cells to
reprogram since they have fewer mutations relative to other somatic
cell types. Using blood as our starting material also increased access to
donor candidates compared to other somatic cell types that are more
difficult to obtain. The challenge with method is that RNA reprogram-
ming has not traditionally worked well with blood cells, likely due to
technical limitations with repeated introduction of RNA. To bypass
these limitations, we developed a synthetic, self-replicating single RNA
that encodes reprogramming factors capable of reprogramming blood
cells after only one electroporation. Our novel platform provides an
efficient strategy for robustly reprogramming blood cells into iPSCs, the
raw material needed for our cell therapies.

Keywords: reprogramming, clinical, iPSC

5:45 PM - 6:45 PM
219

LARGE-SCALE EXPANSION OF 3D PLURIPOTENT
STEM CELL SPHEROIDS IN A NEW XENO-FREE
SUSPENSION CULTURE MEDIUM

Akenhead, Michael Laurence - Cell Biology Research and
Development, Thermo Fisher Scientific, USA

Bunn, Marcus - Cell Biology Research and Development, Thermo Fisher
Scientific, USA

Kennedy, Mark - Cell Biology Research and Development, Thermo
Fisher Scientific, USA

Kuninger, David - Cell Biology Research and Development, Thermo
Fisher Scientific, USA

Pluripotent stem cell (PSC)-derived allogeneic cell therapies continue
to be limited by the need for scalable and efficient PSC expansion.
Three-dimensional (3D) suspension culture has the potential to enable
large-scale production of high-quality PSCs, which are grown as aggre-
gates or spheroids. However, the adoption of suspension culture to
assist in workflows is limited by the lack of commercial options for PSC
suspension culture media. To address this, we have developed the new
GMP manufactured Gibco™ Cell Therapy Systems (CTS) StemScale™
PSC Suspension Medium. CTS StemScale is a xeno-free formulation
and promotes the self-aggregation of single cells into 3D spheroids.
Both induced pluripotent stem cells (iPSCs) and embryonic stem

cells (ESCs) are capable of forming spheroids, with cell-line depen-
dent growth in the range of 5X — 10X expansion per passage. These
spheroids maintain pluripotency and genomic stability over multiple
passages and are capable of trilineage differentiation to the three
germ layers. Furthermore, expanding PSCs as spheroids enables easy
scale-up in various suspension culture vessels, from small scale (<100
mL) to large-scale (>1L) culture systems, including bioreactors. Notably,
we were able to expand 450 million cells to 5 billion cells over a 5 day
period by using this PSC culture medium to grow spheroids inside a
bioreactor. Due to the large number of cells necessary to seed large-
scale vessels, we also successfully cryopreserved these harvested cells
at high densities in the range of 50 — 100 million cells/mL. Cells thawed
from these vials showed high viability and were able to form spheroids
which expanded at normal rates over multiple passages. Ultimately,
cells grown in CTS StemScale have the flexibility to differentiate as 3D
spheroids, dissociate into single cells and be utilized in downstream
applications, or be cryopreserved as single cells for future use.
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ADVANCED MATRIX-FREE HUMAN PLURIPOTENT
STEM CELL MANUFACTURING BY SEED

TRAIN APPROACH AND INTERMEDIATE
CRYOPRESERVATION

Ullmann, Kevin - LEBAO, HTTG, Hannover Medical School, Germany
Manstein, Felix - LEBAO, HTTG, Hannover Medical School, Germany
Triebert, Wiebke - LEBAO, HTTG, Hannover Medical School, Germany
Kriedemann, Nils - LEBAO, HTTG, Hannover Medical School, Germany
Teske, Jana - LEBAO, HTTG, Hannover Medical School, Germany
Franke, Annika - LEBAO, HTTG, Hannover Medical School, Germany
Mertens, Mira - LEBAO, HTTG, Hannover Medical School, Germany
Martin, Ulrich - LEBAO, HTTG, Hannover Medical School, Germany
Zweigerdt, Robert - LEBAO, HTTG, Hannover Medical School, Germany

Human pluripotent stem cell (hPSCs) derivatives have great potential
for advanced drug screening, in vitro disease modelling and regener-
ative therapies. However, the envisioned routine application of these
cells will require robust and economically viable production processes,
compatible with industry and regulatory standards. Instrumented
stirred tank bioreactors (STBR) are routinely applied for mammalian cell
lines cultivation in the biopharmaceutical industry. This platform has
also been adapted to the matrix-free suspension culture of hPSCs and
recently enabled advanced high density bioprocessing of hPSCs by
metabolic control and in silico modelling by our group. To further close
the gap between the research state and industry-compliance, we here
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demonstrate a seed train approach to ensure straightforward process
upscaling. Chemical, STBR-controlled dissociation of the matrix-free
cell-only hPSC aggregates was established; this crucially supported
efficient single cell recovery and process control at each upscaling
step. In contrast to prior suspension culture processes, which relied

on conventional monolayer culture (2D) for process inoculation, our
advanced strategy enabled the uninterrupted maintenance of exponen-
tial hPSC cell growth for 8 passages (4 days per passage; 32 days in
total) in serial suspension culture. Furthermore, we show the applica-
bility for intermediate high density cryopreservation of suspension-de-
rived hPSCs followed by the direct re-inoculation of 3D suspension
culture in STBRs, thereby entirely excluding the requirement of 2D cul-
tivation. Gene expression profiling reveals novel insights into molecular
mechanisms associated with continuous hPSCs 3D culture compared
to conventional 2D controls; importantly, hPSCs’ karyotype stability and
differentiation potential was fully maintained after long-term suspen-
sion culture. By completely omitting the need for conventional 2D
matrix-dependant cultivation of hPSC, the novel culture strategy fosters
process automation and facilitates the development of GMP-compliant
closed system manufacturing, paving the way for hPS cells expansion
and differention at clinically relevant conditions and quantities.

Keywords: stirred tank bioreactor, hPSC bioprocessing, Serial
passaging
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BREAKING THE LIMITS OF 2D: REVOLUTIONIZING
STEM CELL CULTIVATION IN STIRRED-TANK
BIOREACTORS FOR CELL THERAPY SCALE-UP

Nold, Phillipp - Eppendorf Bioprocess, Germany

Human induced pluripotent stem cells (hiPSCs) are a powerful tool
for innovative approaches, such as drug discovery, in vitro disease
modelling, or regenerative therapies. However, such procedures
require high cell numbers to be sufficiently applicable, a criterion that
is hard to satisfy with traditional 2D culture methods. Stirred-tank
bioreactors on the other hand offer a 3D culture environment suitable
to provide, control, and maintain optimal growth conditions for the
cell of choice. In this study, stirred-tank bioreactors were utilized to
systematically optimize process parameters of a hiPSC culture in a
step-by-step process. This approach led to a more than 10x increase
in cell density (almost 35 x 1076 cells/mL) compared to uncontrolled
conditions while stem cell features and viability were retained.

Keywords: high-density stem cell bioprocessing, process optimization,
industrial and therapeutic applications
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INTEGRATIVE VARIANT CALLING USING RNA
SEQUENCING FOR COMPREHENSIVE RISK
ASSESSMENT OF ATMPS

Buzatu, Rafaella - Leiden Academic Centre for Drug Research Centre,
Division of Drug Discovery and Safety, Leiden University, Netherlands
Arkhipova, Ksenia - Leiden Academic Centre for Drug Research Centre,
Division of Drug Discovery and Safety, Leiden University, Netherlands
van den Hoorn, Tineke - Pharmacology, Toxicology and Kinetics, CBG-
MEB (Medicine Evaluation Board), Netherlands

Hoefnagel, Marcel - Quality Department, CBG-MEB (Medicine
Evaluation Board), Netherlands

Drukker, Micha - Leiden Academic Centre for Drug Research Centre,
Division of Drug Discovery and Safety, Leiden University, Netherlands

Risk assessment for Advanced Therapeutic Medicinal Products
(ATMPs), which include gene and cell therapies, is a longstanding chal-
lenge in medical innovation. We developed a bioinformatics pipeline to
analyze potentially hazardous genetic changes from RNA-sequencing
data for this purpose. Utilizing a combined database of disease-associ-
ated variants, comprised of ClinVar, COSMIC, and intoGen annotations,
along with AlphaMissense-predicted pathogenicities, we evaluated two
variant calling software tools, GATK and Monopogen. Our analysis of
single-cell and bulk RNA-seq data from human pluripotent stem cells
revealed that combining GATK and Monopogen for single-cell RNA-seq
provides the most comprehensive identification of variants. Importantly,
this included mutations in risk-associated genes such as TP53, TET1,
and OCT4 which. In bulk RNA-seq, however, we identified approxi-
mately 20% less genetic variances. This platform will be leveraged for
the risk assessment of ATMPs.

Keywords: ATMPs, variant calling, risk assessment
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OVER 1,000-FOLD EXPANSION OF HIGH-QUALITY,
GENETICALLY STABLE IPSCS IN A BIOREACTOR
FOR CLINICAL APPLICATIONS

Murray, Kathryn - Development, Takara Bio Europe, Sweden

Rajamani, Karthi - Marketing, Takara Bio Europe, France

Laan, Loora - Marketing, Takara Bio Europe, Sweden

Brandsten, Catharina - Research and Development, Takara Bio Europe,
Sweden

Human pluripotent stem cells (hPSCs) are attractive tools for drug
screening and disease modelling, as well as promising candidates

for cell therapy applications. A key requirement for cell therapies

is high-quality and genetically stable starting material to produce
hPSC-derived cells. However, long expansion times along with
increased passage numbers to reach the high number of cells required
results in many cycles of mitosis and potential accumulation of genetic
abnormalities. Here we present Cellartis® DEF-CS™ 500 Xeno-Free
Culture Medium (DEF-CS XF) a chemically defined, feeder-free medium,
without human- or animal-derived components for scaled-up hiPSC



culture. In initial 2D culture, the medium supported expansion and cul-
ture of eight different hiPSC lines, where the cells remained over 98%
positive for TRA-1-60 and SSEA-4 and lacked expression of differentia-
tion markers for up to 20 passages. In addition, no karyotype abnormal-
ities were reported for any of the tested cell lines. 3D culture was initi-
ated by aggregate formation in the medium, which led to the formation
of homogenous spheroids with robust proliferation rates in a perfused
bioreactor system. By optimizing perfusion rates and dissolved oxygen
levels, hiPSC could be expanded 1,100-fold within 3 passages over 11
days to a final concentration of 5 million cells per millilitre. Throughout
the expansion, cells maintained their pluripotency, with over 80% of
the population positive for Oct-4 and 90% for SSEA4, whilst lacking
differentiation markers. Finally, expanded hiPSCs were differentiated
into beta cells using a directed differentiation protocol, achieving a cell
concentration of at least 1076 cells/mL throughout the differentiation
process. Beta cells produced from 3D-expanded hiPSCs were at least
51% positive for insulin expression, demonstrating the utility of this
medium to produce large quantities of therapeutically relevant cells. In
summary, our xeno-free culture system allows for efficient, robust, and
scalable production of hiPSCs, thus facilitating the use of hiPSCs for
research and large-scale 3D suspension for clinical applications.

Keywords: scale-up, 3D expansion, robust proliferation
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SCALING UP PLURIPOTENT CELLS: EXPANSION
OF IPSCS IN A HOLLOW FIBER BIOREACTOR

Blazquez, Patricia J. - TerumoBCT, Belgium

Nathan, Frank - TerumoBCT, France

Vargas-Hurtado, Diana - Field Applications, TerumoBCT, France
Miller, Mindy - Research and Development, TerumoBCT, USA

The number of applications for expanded induced pluripotent stem
cells (iPSCs) have increased notably in recent years. iPSCs can provide
the raw material required for differentiated cell types, a tailored sub-
strate for drug development and testing, or produce the therapeutic
agent themselves in the case of iPSCs derived exosomes. As the range
of applications for iPSCs grows, so does the need for reliable methods
for large-scale expansion of this versatile cell type. The Quantum Flex
hollow fiber bioreactor (HFB) provides such an option for the scale-up
and manufacture of iPSCs for a range of applications. In this work,
human iPSCs from a single donor were expanded in the small (2000
square cm) HFB of Quantum Flex. HFBs were coated with either 1 mg
recombinant laminin (LN; 17pug/mL; 0.5pug/square cm) or 2 mg recombi-
nant vitronectin (VN; 34pg/mL; 1.0ug/square cm) prior to cell seeding
using a method designed specifically for the small bioreactor system to
maximize the evenness of cell distribution in that system. Regardless
of coating, iPSCs were seeded at 7500 iPSCs/square cm (1.5E+07 total
cells/HFB) and expanded for ¥4 days following methods that were kept
as aligned as possible with typical manual culture methods to facilitate
ease of process transfer. In that time, iPSCs expanded on LN coated
HFBs yielded a mean of 5.0E+08 iPSCs (n=4; SD=7.1E+07) and iPSCs
expanded on VN coated HFBs yielded a mean of 2.5E+08 iPSCs (n=3;
SD=9.4E06). Of those yields, an average of 12% (LN) or 10% (VN) were
lost to the system washout that occurs prior to the introduction of 60
mL Accutase that was used to harvest the cells. Mean iPSC viability
upon harvest was 96.8% (LN) or 97.9% (VN). Cells recovered from the

system were assayed via flow cytometry for 4 common iPSC markers
(SOX2, OCT4, TRA-1-60, SSEA4) and all cells from the system harvest
displayed all 4 markers at rates >90%. Interestingly, when cells recov-
ered from the pre-harvest washout were also interrogated for the same
markers, these cells displayed those markers at frequencies that were
10-19% (LN) or 4-8% (VN) lower than that seen in the cells recovered
from the harvest only. This may indicate that the preharvest washout
can help prune less desirable (potentially more differentiated) iPSCs
prior to harvest and leave a less differentiated population behind for
the final harvest.

Keywords: iPSC, bioreactor, manufacture
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SAFETY AND EFFICACY EVALUATION OF INTRA-
ARTICULAR KNEE TRANSPLANTATION OF THREE
CONSECUTIVE DOSES OF HUMAN UMBILICAL
CORD BLOOD PLATELET-RICH PLASMA IN KNEE
OSTEOARTHRITIS PATIENTS: PHASE I/l1IA
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Knee osteoarthritis (OA) is a chronic degenerative disorder that affects
about 370 million people around the world. Although autologous
Platelet-Rich Plasma (PRP) has shown beneficial therapeutic effects

on Knee osteoarthritis, its efficacy depends on some patient-related
factors such as age, gender, or patient’ comorbidities. Due to these
limitations, application of allogenic PRP has been proposed as an
alternative approach. This study aims to investigate the safety and effi-
cacy of human Umbilical Cord Blood Platelet-Rich Plasma (hUCB-PRP)
utilization in Knee osteoarthritis. Based on the study’s eligibility criteria,
six patients with knee OA enrolled in a pilot phase-l open-labeled
clinical trial assessing the safety and efficacy of triple intra-articular
injection of allogenic hUCB-PRP at intervals of O, one, and two months
and followed for 12 months after the first injection. The safety and
efficacy were assessed based on the Common Terminology Criteria for
Adverse Events version-5 and Visual Analog Scale (VAS) and Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC),
36-item Short Form (SF-36) and the cartilage volume of the knee joint.
Six participants with an average age of 63+3.74 years old were enrolled
in this study. After cell-infusion, no Serious Adverse Events (SAEs) were
identified. Pain was the most prevalent complaint of participants after
the injection which was mostly resolved by 24 hours. The average

(e D)
&

SSCR




THE GLOBAL STEM CELL EVENT

>

W
D

POSTER ABSTRACTS

score of WOMAC was 55.33 (+22.6), 35.50 (+16.7), and 33.33 (+14.7)
respectively at the initial, first, and second visits. A repeated measure
ANOVA test was performed and all subscales of WOMAC including
pain, stiffness, and physical activity were significantly improved (P-val-
ues< 0.05) between the initial visit and follow-ups. The VAS score was
not significantly changed during the intervention. The SF-36 signifi-
cantly improved after the interventions (P-value< 0.05). The cartilage
volume is going to be assessed as the clinical improvement outcome
at 12-month follow-up. This study showed the safety and efficacy of
hUCB-PRP during a phase-I clinical trial during a 6-month follow-up as
an alternative treatment for autologous PRP for knee osteoarthritis.

Funding Source: Royan Stem Cell Technology Company.

Keywords: knee osteoarthritis, Umbilical Cord Blood Platelet-Rich
Plasma, clinical trial
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A SINGLE-STEP PROCESS FOR ENGINEERING
HYPOIMMUNOGENIC PLURIPOTENT STEM CELLS
WITH THE PIN-POINT PLATFORM

Blassberg, Robert - Base Editing Research and Development, Horizon
a Perkin ElImer Company, UK

Thomas, Leigh-Anne - Cell and Gene Therapy, Revvity, Inc., UK
Loesch, Robin - Cell and Gene Therapy, Revvity, Inc., UK

Mielczarek, Olga - Cell and Gene Therapy, Revvity, Inc., UK
Stombaugh, Jesse - Cell and Gene Therapy, Revvity, Inc., USA
Hemphill, Kevin - Cell and Gene Therapy, Revvity, Inc., USA

Porreca, Immacolata - Cell and Gene Therapy, Revvity, Inc., UK

Pluripotent stem cells (PSCs) hold great promise for the manufactur-
ing of numerous advanced cell therapies. Off-the-shelf allogeneic
products derived from PSCs engineered to be compatible with large
cohorts of patients have the potential to dramatically broaden access
to these therapies, however their sensitivity to DNA damage presents
challenges for efficiently performing the complex genome editing
operations necessary to realise much of their potential. Base edi-

tors represent a potential solution to these challenges due to their
reduced genotoxicity compared to nuclease-based technologies. We
have developed the Pin-point™ platform, which enables the modular
assembly of base editors composed of DNA binding Cas and DNA
modifying deaminase components associated via an aptamer encoded
in the sequence-targeting guide RNA (gRNA). Owing to the aptam-
er-dependent recruitment of the deaminase component to target DNA
sequences, the Pin-point platform uniquely allows multi-purposing

of a single Cas nickase component for simultaneous multiplexed

base editing and targeted transgene knock-in. Transient delivery of
mRNAs encoding a Pin-point base editor composed of Rat APOBEC1
and SpCas9 nickase in combination with synthetic aptamer-encod-

ing gRNAs achieved durable target protein knockout, and substan-
tially improved cell viability, editing efficiency, and genome integrity
following multiplexed base editing compared to CRISPR-Cas9 with no
adverse impacts on pluripotency. To demonstrate the utility of the Pin-
point platform for the engineering of allogeneic PSCs we generated a
panel of clonal hypoimmunogenic iPSC lines with a range of genotypes
using an automated clone tracking and picking workflow. Hypoimmu-
nogenic iPSC lines generated via both multiplexed base editing and
simultaneous base editing with targeted transgene integration retained

N %

pluripotency and exhibited the expected human leukocyte antigen
(HLA) phenotypes when differentiated to therapeutic cell products. The
Pin-point platform therefore represents a safe and efficient solution to
simultaneously perform multiple genome engineering operations via

a novel single step process compatible with downstream automation,
offering the opportunity to dramatically streamline the development of
allogeneic iPSC-derived cell therapies.

Keywords: base editing, multiplexed knockout, targeted knock-in
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INTEGRATION OF STEM CELL-DERIVED
PANCREATIC AGGREGATES INTO FN-SILK
NETWORK FOR IN VITRO MATURATION

Blust, Kelly - Department of Protein Science, The Royal Institute of
Technology, Sweden

Hedhamar, My - Department of Protein Science, The Royal Institute of
Technology, Sweden

Astrand, Carolina - Spiber Technologies, Sweden

Wou, Siqin - Spiber Technologies, Sweden

Diabetes type 1is a life-threatening disease that accompanies a life-
long insulin dependency and limits the quality of life. A potent way to
treat diabetes is pancreatic islet transplantation. However, pancreatic
islet transplantation has significant challenges, e.g., donor shortage
and massive loss of islets. These problems could be solved by using
insulin-producing pancreatic aggregates differentiated from human
pluripotent stem cells, combined with a scaffold to protect the pancre-
atic aggregates during the transplantation. FN-silk is a recombinantly
produced silk protein, functionalized with a fibronectin motif to promote
cell adhesion, that has the unique ability to form a 3D network that
supports cell growth in an environment mimicking the extracellular
matrix. Incorporation of pancreatic aggregates derived from pluripotent
stem cells FN-silk networks may support a novel cell therapy to treat
type 1 Diabetes. We analysed the viability of pancreatic aggregates
incorporated in FN-silk networks during a cultivation period of 3 weeks,
and compared the functionality of incorporated versus free pancreatic
aggregates by measuring the expression of c-peptide (insulin) and
glucagon expression. Moreover, the transcriptome was analyzed on a
single-cell level to compare gene expression profiles and heterogene-
ity. We observed high viability of pancreatic aggregates incorporated in
FN-silk networks over 3 weeks of cultivation, and enhanced pancre-
atic islet function with increased insulin and glucagon expression. In
particular, the maturation of beta cells seems to be improved in FN-silk
networks. Overall, the single-cell transcriptome analysis revealed deep
insight into the different cell types within the pancreatic aggregates,
and the changes in gene expression profile when cultivating pancreatic
aggregates in a 3D environment. FN-silk is an excellent biomaterial to
incorporate pancreatic aggregates and could potentially be used for
transplantation to diabetic patients.

Funding Source: The project has received funding from the European
Union’s Horizon 2020 framework programme for research and
innovation under the Marie Sklodowska-Curie grant agreement No
813453.

Keywords: biomaterial, diabetes, human pluripotent stem cells
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ENRICHMENT OF STEM-CELL ISLETS USING
DENSITY GRADIENT SEPARATION METHOD

Rajaei, Bahareh - Internal Medicine, Leiden University Medical Center,
Netherlands

Mufioz Garcia, Amadeo - Internal Medicine, Leiden University Medical
Center, Netherlands

Doppenberg, Jason - Transplantation Center, Leiden University Medical
Center, Netherlands

Engelse, Marten - Internal Medicine, Leiden University Medical Center,
Netherlands

De Koning, Eelco - Internal Medicine, Leiden University Medical Center,
Netherlands

Carlotti, Francgoise - Internal Medicine, Leiden University Medical
Center, Netherlands

Pluripotent stem cell-derived pancreatic islets (SC-islets) hold great
promise for B cell replacement therapy in patients with type 1 diabetes.
Despite significant progress in the differentiation protocols, current
SC-islet preparations contain non-target (non-islet) cells, which raises
the safety risk and increases the transplant volume. Here, we describe
a clinically-compliant, full 3D differentiation protocol that includes a
purification step relying on the principle of isopycnic centrifugation
(density gradient separation) for the generation of the final cell product
enriched in SC-islet cell clusters. Before gradient separation, the cell
clusters contained on average 52.5 + 5.4% SC-f3 cells (C-peptide pos-
itive), 8.4 £+ 2.7% SC-a cells (glucagon positive), and 4.0 + 1.7% bihor-
monal cells. Importantly, these cells were organized in islet cell-rich and
endocrine cell-poor clusters, as assessed by dithizone (DTZ) staining.
During density gradient separation, islet cell-rich clusters appeared at
a density of 1.053-1.088 g/ml, which is similar to primary human islets.
Pooled enriched SC-islet fractions consisted of 93.9 + 0.8% DTZ-posi-
tive tissue, while the tissue volume for transplantation was reduced by
22 £13% after purification. Enriched SC-islets displayed improved func-
tionality both in vitro and in vivo. In vivo, stimulated human C-peptide
was increased by 25.6 fold 6 months post transplantation in enriched
SC-islet transplants, while non-purified SC-islet transplants showed

a 9.5 fold increase as compared to day 14 post transplantation. We
propose density gradient separation as a GMP-compliant purification
method that is fast, easily scalable, and cost-effective to enrich SC-is-
lets in the final cell product. In contrast to antibody-based single-cell
sorting approaches, this method does not destroy the islet cytoarchi-
tecture, which is associated with alteration of islet function and cell
loss. This method raises the safety of the final cell product and provides
a smaller transplant volume without adverse effects on the biological
activity of the cells.

Funding Source: RegMedXB consortium DON Foundation The Dutch
Diabetes Research Foundation Bontius Foundation Novo Nordisk
Foundation Center for Stem Cell Medicine reNEW (NNF21CC0073729).

Keywords: diabetes, PSC-derived cell therapy, density gradient
separation method
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EVALUATION OF THE ROLE OF
NANOTOPOGRAPHY CUES IN INDUCED-
PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTE DIFFERENTIATION

Chiew, Men Yee - Center for Regenerative Medicine and Cellular
Therapy, National Yang Ming Chiao Tung University, Taiwan

Wang, Erick - Department of Biological Science and Technology,
National Yang Ming Chiao Tung University, Taiwan

Lan, Kuan-Chun - Center for iPS Cell Research and Application (CiRA),
Kyoto University, Japan

Lin, Yan-Ren - Department of Emergency and Critical Care Medicine,
Changhua Christian Hospital, Taiwan

Chen, Po-Chun - Institute of Materials Science and Engineering,
National Taipei University of Technology, Taiwan

Lu, Huai-En - Center for Regenerative Medicine and Cellular Therapy,
National Yang Ming Chiao Tung University, Taiwan

Chen, Wen-Liang - Department of Biological Science and Technology,
National Yang Ming Chiao Tung University, Taiwan
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Nanotopography (physical) cues have been reported to regulate bio-
logical processes such as proliferation, tumor metastasis, and stem cell
differentiation via multiple cascade mechanisms. The nanodots chip, as
defined with name of nanoscale dots of topography, has been used on
several cell types including cancer cells, normal cells, and stem cells for
the understanding of topology-dependent behaviors. Studies of stem
cell-topography interactions have been focused on maintenance of
pluripotency, yet, little is known about the effects on stem cell differ-
entiation specifically in cardiomyocytes (CMs) differentiation. In this
study, we aimed to investigate the roles of a set of nanodots chip (with
gradually increment dot size) on iPSC-derived CM differentiation. Firstly,
homogenous nanodots were fabricated and characterized. iPSC lines
were seeded on sets of nanodots chips following by CMs differentia-
tion. The CMs differentiated cells were characterized using immunoflu-
orescence (IF) staining and gene expression profiling. The gene expres-
sion profile was analyzed using bioinformatics approaches to identify
gene ontology (GO) and targeted drug candidates. Cell assays were
carried out to validate the effects of the drugs on CM differentiation effi-
ciency. In short, we identified two statistical significance gene expres-
sion trends via CM differentiation on nanodots. According to the trends,
four drug candidates were identified. Cell assays revealed that addition
of the drugs candidates enhanced CM differentiation efficiency. This
finding suggested that nanodots chip could be served as a screening
platform to identify potential enhancers for CM differentiation.

w
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Keywords: nanotopography, iPSC-derived cardiomyocyte
differentiation, drug screening
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HYPERTROPHIC CARDIOMYOPATHY AND
PROTAC THERAPY IN CARDIOIDS

Wang, Jun - Medical Genetics, University of British Columbia, Canada
Lee, Junseong - Medical Genetics, University of British Columbia,
Canada

Jiao, Jie - Medical Genetics, University of British Columbia, Canada
Quintard, Clement - Medical Genetics, University of British Columbia,
Canada

Lee, Christopher - Michael Smith Laboratories, University of British
Columbia, Canada

An, Meilin - Medical Genetics, University of British Columbia, Canada
Tibbits, Glen - Biomedical Physiology and Kinesiology, Simon Fraser
University, Canada

Rao, Yu - School of Pharmaceutical Sciences, Tsinghua University,
China

Mendjan, Sasha - Institute of Molecular Biotechnology, Austrian
Academy of Sciences, Austria

Penninger, Josef - Centre for Infection Research, Helmholtz, Germany

Hypertrophic cardiomyopathy (HCM) is characterized by abnormal
thickening of the heart muscle, leading to impaired cardiac function.
Despite multifactorial influences, the specific factors triggering hyper-
trophic responses in cardiomyocytes remain elusive, with a lack of
pharmaceuticals tailored for HCM treatment. In our study, we utilized
three-dimensional cardioids derived from induced pluripotent stem
cells (iPSCs) as an ex vivo model to explore potential hypertrophic
factors, including endothelin-1 (ET-1), isoproterenol (ISO), and angioten-
sin-2 (Ang Il). Following a 7-day exposure, only ET-1induced significant
morphological changes in cardioids, notably reducing cavity size and
increasing cell size and wall thickness of cardioids, particularly pro-
nounced in those carrying the TnnT2 I79N variant, manifesting severe
hypertrophy. Immunoblotting confirmed elevated expression of hyper-
trophic markers, such as atrial natriuretic peptide (ANP), exclusively in
ET-1treated cardioids. Bulk RNA sequencing unveiled that ET-1-induced
HCM is associated with modifications in sarcomere components, the
disruption of microtubules, along with activation of the MAPK pathway.
Moreover, we evaluated the efficacy of a PROTAC targeting JNK1in
attenuating ET-1-induced hypertrophy. A significant over 50% reduction
in ANP expression has been shown after PROTAC treatment within 2
days, highlighting its promising therapeutic potential in relieving HCM
through degradation of JNK1. Overall, our study explores various fac-
tors that may induce HCM, confirms ET-1as a direct hypertrophic factor
in cardiomyocytes, and the innovative use of PROTAC to reduce HCM.

Keywords: cardioids, ET-1-induced HCM, PROTAC
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DEVELOPING NEXT-GENERATION IN VITRO
MODELS OF DUCHENNE MUSCULAR DYSTROPHY
BY GENETIC- AND TISSUE-ENGINEERING HUMAN
IPS CELLS AND THEIR MYOGENIC DERIVATIVES

Torun, Tugce - Department of Cell and Developmental Biology,
University College London and The Francis Crick Institute, UK

Khedr, Moustafa - Department of Cell and Developmental Biology,
University College London and The Francis Crick Institute, UK

Dastidar, Sumitava - Department of Cell and Developmental Biology,
University College London, UK and The Francis Crick Institute, UK
Moyle, Louise - Department of Cell and Developmental Biology,
University College London, UK

Hoshiya, Hidetoshi - Department of Cell and Developmental Biology,
University College London, UK

Neumann, Katrin - Technische Universitédt Dresden, Germany

Muntoni, Francesco - Dubowitz Neuromuscular Centre, UCL Great
Ormond Street Institute of Child Health and Great Ormond Street
Hospital for Children, UK

Anastassiadis, Konstantinos - Technische Universitédt Dresden, Germany
Tedesco, Francesco Saverio - Department of Cell and Developmental
Biology, University College London, The Francis Crick Institute and
Dubowitz Neuromuscular Centre, UCL Great Ormond Street Institute of
Child Health and Great Ormond Street Hospital for Children, UK

Muscular dystrophies, a heterogeneous group of genetic disorders
characterised by skeletal muscle wasting and weakness, often exhibit
concurrent cardiac involvement, such as Duchenne muscular dystrophy
(DMD). While less prominent in infants, this cardiac pathology worsens
with age and significantly contributes to mortality due to dysfunctional
dystrophin protein. However, progress in cardiac research is restricted
by limited access to heart tissue from living patients and inadequate
DMD animal models. To date, while in vitro platforms for modelling
DMD have been developed across both 2D and 3D formats, none have
been designed to recapitulate the phenotypic presentation of both
striated muscle tissues jointly. Therefore, we propose a patient specific
strategy utilizing human iPSC derived cardiac and skeletal muscle

cells within 3D engineered biomimetic tissues. By elucidating disease
mechanisms and establishing DMD specific readouts in this platform,
we aim to accelerate therapeutic development. To fulfil these pur-
poses, isogenic DMD and healthy control hiPSC lines, engineered with
a reporter cassette for real-time monitoring of dystrophin expression
and localisation, were differentiated to cardiac and skeletal myogenic
lineages and combined with biomaterials into engineered heart or skel-
etal muscle tissues (EHTs and ESMTs, respectively). Molecular analyses
of maturation markers (cTNI, MHY6/7) revealed enhanced tissue matu-
ration in EHTs compared to conventional monolayer cultures. Notably,
DMD EHTs exhibited a reduction in the cardiomyocyte population (cTNT
& cTNI positive), accompanied by an increase in the fibrogenic cell pop-
ulation, reminiscent of the fibrosis observed in vivo. Analysis of exci-
tation-contraction coupling demonstrated contraction abnormalities in
DMD EHTSs also resembling disease associated defects described in
vivo. These EHTs and ESMTs were used to assess toxicity and efficacy
of mutation specific DMD therapeutics: pilot findings indicate increased
time-resolved dystrophin expression in 3D tissues engineered with the
aforementioned reporter cassette. This study will now leverage a plat-
form integrating EHTs and ESMTs to comprehensively investigate DMD



disease biomarkers and further assess the efficacy of novel therapeutic
approaches in both tissue systems.

Funding Source: TT. acknowledges support from the Ministry of
National Education of the Republic of Turkiye. This work is funded by
UKRI under the UK government’s Horizon Europe funding guarantee
(MAGIC-Horizon), ERC, MDUK, AFM-Telethon and the NIHR.

Keywords: Duchenne muscular dystrophy, 3D cultures-engineered
muscle tissues, hiPSC-derived myogenic cells
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MULTIDOSE AUTOLOGOUS UMBILICAL CORD
BLOOD-DERIVED MONONUCLEAR CELL
THERAPY ENHANCES CARDIAC FUNCTION AND
CARDIOMYOCYTE PROLIFERATION IN A PORCINE
SINGLE VENTRICLE MODEL

Odogwu, Nkechi Martina - Program for Hypoplastic Left Heart
Syndrome, Mayo Clinic, USA

Albertson, Sabrina - Program for HLHS, Mayo Clinic, USA
Anderson, Jason - Pediatric Cardiology, Mayo Clinic, USA
Cantero, Susana - Program for HLHS, Mayo Clinic, USA

Golla, Naresh - Program for HLHS, Mayo Clinic, USA

Hagen, Clinton - Program for HLHS, Mayo Clinic, USA

Heyer, Christina - Program for HLHS, Mayo Clinic, USA

Nelson, Timothy - Program for HLHS, Mayo Clinic, USA
Oommen, Saji - Program for HLHS, Mayo Clinic, USA

Single ventricle congenital heart diseases (SV-CHDs) requiring surgical
palliation mandate novel therapeutic approaches to optimize long-term
outcomes. Multiple data sets have shown some promising beneficial
effects of stem cell-based therapies in functional cardiac repair. In
particular, umbilical cord blood mononuclear cells (UCB-MNCs) are

a source of multipotent stem cells with regenerative capacity and

have been evaluated for augmenting cardiac remuscularization and
enhancing cardiomyocyte proliferation. However, whether the prolif-
eration of cardiomyocytes potentiated by UCB-MNCs guarantees the
restoration of cardiac function is not known. Here, we assessed a novel
approach for heart function restoration using multi-dose UCB-MNC
therapy. Cesarean delivery of the piglets allowed for UCB collection.
Deploying established safety protocol, UCB was processed to the final
product—UCB-MNCs, administered as test therapy. A right ventricular
pressure overload porcine model was created by pulmonary artery
binding (PAB). Piglets were grouped into; Placebo (PAB +DMSO), Single
Dose (PAB + 3 million MNC cells/kg), and Multidose (PAB + 3 million/

kg MNCs and additional UCB-MNCs cell injection 3 weeks after the
first dose). All cell injections were administered intramyocardially
across all groups and each group followed for 12 weeks. Multidose
intramyocardial administration of UCB-MNCs promoted a significant
increase in Ki-67-positive cells and a rise in cardiomyocyte proliferative
activity, as demonstrated by a high incorporation of BrdU in cardiomyo-
cyte nuclei compared to single dose and placebo-treated group. An
increase in RV-free wall thickness and decreased RV chamber size was
observed in the cell-treated groups compared to placebo. Fick cardiac
output measurements revealed an improvement in cardiac index in the
multidose-treated group compared to other groups. We found more
CD31-positive microvessel density across the multidose-treated group

compared to the single and placebo group. This result depicts that mul-
tidose administration of UCB-MNCs may favorably affect dysfunctional
RV performance by simultaneously enhancing cardiac proliferation and
function. This portends significant advancement in managing single
ventricle-CHD utilizing stem cell regenerative therapy.

Funding Source: Todd and Wanek Program for Hypoplastic Left Heart
Syndrome

Keywords: single-ventricle congenital heart disease, umbilical cord
blood mononuclear cell therapy, cardiac function restoration
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AUTOMATED ANALYSIS OF
ELECTROPHYSIOLOGICAL EFFECTS IN
AUXOTONICALLY CONTRACTING HIPSC-CM
ENGINEERED HEART TISSUE

Reinsch, Marina Christin - Institute of Experimental Pharmacology and
Toxicology, University Medical Center Hamburg-Eppendorf, Germany
Hasani, Elisa - Institute of Experimental Pharmacology and Toxicology,
University Medical Center Hamburg-Eppendorf, Germany

Saleem, Umber - Institute of Experimental Pharmacology and
Toxicology, University Medical Center Hamburg-Eppendorf, Germany
Braren, Ingke - Institute of Experimental Pharmacology and Toxicology,
University Medical Center Hamburg-Eppendorf, Germany

Klampe, Birgit - Institute of Experimental Pharmacology and Toxicology,
University Medical Center Hamburg-Eppendorf, Germany

Schulze, Thomas - Institute of Experimental Pharmacology and
Toxicology, University Medical Center Hamburg-Eppendorf, Germany
Eschenhagen, Thomas - Institute of Experimental Pharmacology and
Toxicology, University Medical Center Hamburg-Eppendorf, Germany
Hansen, Arne - Institute of Experimental Pharmacology and Toxicology,
University Medical Center Hamburg-Eppendorf, Germany

Cardiomyocytes derived from human induced pluripotent stem cell are
an interesting model to study compound effects on cardiac electro-
physiology in contracting heart tissue. Assay format and protocol
details are not well established. We differentiated hiPSC-CM from a
control hiPSC line and produced adeno-associated virus serotype 6
containing the genetically encoded voltage sensor ArcLight driven by
cardiomyocyte-specific troponin T promoter. We generated auxotoni-
cally contracting strip-format engineered heart tissue (EHT) between
flexible polydimethylsiloxan (PDMS) posts and transduced hiPSC-CM
during EHT casting with AAV6 ArcLight. We developed an advanced
test system to allow for simultaneous analysis of auxotonic contraction
by video-optical recording and ArcLight fluorescence intensity detec-
tion by photomultiplier. AAV6 ArcLight-transduced hiPSC-CM show
characteristic decline in fluorescence intensity during depolarization/
contraction in 2D and EHT format. ArcLight signals were detectable
for several weeks. The test system allowed for automated, sterile, and
manipulation-free recording. Motion artefacts in EHT analysis were
controlled by whole tissue recording. For simultaneous electrophysiol-
ogy and force analysis in EHT reveal characteristic time delay between
start of depolarization and contraction. Indicator compounds inhibiting
repolarizing hERG channels revealed characteristic changes in voltage
and force recording. We have established a prototype for simultaneous
automated and sterile analysis of voltage and force in auxotonically con-
tracting EHTs and validated the test system with indicator compounds.
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Funding Source: This project was funded by BMBF - PRAEDIKARD

Keywords: engineered heart tissues, genetically encoded voltage
sensors — GEVIs, drug screening
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SCALE OUT AND UP OF HIPSC-DERIVED
CARDIOMYOCYTE PRODUCTION USING
DIFFERENT KINDS OF BIOREACTORS

Bauer, Dominic - Project Center for Stem Cell Process Engineering,
Fraunhofer IBMT, Germany

Kettenhofen, Ralf - Project Center for Stem Cell Process Engineering,
Fraunhofer Institute for Biomedical Engineering IBMT/ Project Center for
Stem Cell Process Engineering, Germany

Hariharan, Krithika - Project Center for Stem Cell Process Engineering,
Fraunhofer IBMT, Germany

Frank, Stefan - iPSC Platform Strategy, Pharmaceuticals, Bayer,
Germany

Zimmermann, Heiko - Headquarter, Fraunhofer IBMT, Germany
Neubauer, Julia - Project Center for Stem Cell Process Engineering,
Fraunhofer IBMT, Germany

Cardiovascular diseases, the world’s leading cause of death, necessi-
tate reliable in vitro models for testing the efficacy and safety of numer-
ous drug candidates. The availability of primary human heart cells is
limited in both quality and quantity, and they lack standardization. On
the other hand, animal experiments often fail to provide reliable human
predictions. However, cardiomyocytes derived from induced pluripotent
stem cells (hiPSC-CMs) hold immense potential to fulfill these require-
ments. In vitro models based on hiPSC-CMs offer new avenues to
replicate both physiological and pathophysiological conditions. Already
validated in safety pharmacology, hiPSC-CMs are a promising model
for drug development and a potential replacement for animal testing.
We have devised a cost-effective, reliable method for the concurrent
production of hiPSC-CMs from various hiPSC lines in impeller-free,
small-scale bioreactors. This protocol has been successfully applied to
a range of cell lines, including healthy and diseased hiPSC lines from
the EBiISC (European Bank for induced pluripotent Stem Cells). The
process was later scaled up to an automated, monitored bioreactor
system, resulting in a standardized, reproducible cardiac differentiation
procedure. The capability to produce one billion hiPSC-CMs, and even
larger quantities within a single batch, is now achievable within 8 days
of differentiation. Over 90% expression of cardiac Troponin T in these
cells signifies their high purity and quality. Consequently, no further
downstream processing for purification is required, but an extended
2D culture of the hiPSC-CM is necessary to ensure assay readiness.
We are now capable of concurrently producing hiPSC-CM from various
hiPSC lines e.g. for variation studies on a disease line and its corrected
isogenic counterpart, as well as amplifying output to generate billions
of hiPSC-CM from a single line. This progress is particularly benefi-

cial for applications such as tissue engineering and large-scale drug
screening that require substantial cell quantities.

Funding Source: This work has received support from the EU / EFPIA
/ Innovative Medicines Initiative 2 Joint Undertaking (EBiSC2 grant
n°821362, see www.ihi.europa.eu).

Keywords: human induced pluripotent stem cells, cardiomyocytes,
bioreactor
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PCBP1 REGULATES ALTERNATIVE SPLICING OF
AARS2 IN CONGENITAL CARDIOMYOPATHY

Wang, DaZhi - Center for Regenerative Medicine, University of South
Florida, USA

Lu, Yao Wei - Cardiology, Boston Children’s Hospital, USA

Mably, John - Center for Regenerative Medicine, University of South
Florida, USA

Alanyl-transfer RNA synthetase 2 (AARS2) is a nuclear encoded
mitochondrial tRNA synthetase that is responsible for charging of
tRNA-Ala with alanine during mitochondrial translation. Homozygous

or compound heterozygous mutations in the Aars2 gene, including
those affecting its splicing, are linked to infantile cardiomyopathy in
humans. However, how Aars2 regulates heart development, and the
underlying molecular mechanism of heart disease remains unknown.
Here, we found that poly(rC) binding protein 1 (PCBP1) interacts with

the Aars2 transcript to mediate its alternative splicing and is critical

for the expression and function of Aars2. Cardiomyocyte-specific
deletion of Pcbp1in mice results in defects in heart development that
are reminiscent of human congenital cardiac defects. Loss of Pcbp1
leads to an aberrant alternative splicing and a premature termination of
Aars2 in cardiomyocytes. Indeed, Aars2 mutant mice recapitulate heart
developmental defects observed in Pcbpl mutant mice. Mechanistically,
we found dysregulated gene and protein expression of the oxidative
phosphorylation pathway in both Pcbp1 and Aars2 mutant hearts; these
data provide further evidence that the infantile hypertrophic cardiomy-
opathy associated with the disorder oxidative phosphorylation defect
type 8 (COXPDS8) is mediated by Aars2. Our study therefore identifies
Pcbp1and Aars2 as critical regulators of heart development and creates
novel animal models to reveal important molecular insights into infantile
mitochondrial cardiomyopathy.

Funding Source: This research is supported by National Institutes of
Health (RO1HL149401 and RO1HL138757) and Additional Ventures.

Keywords: heart development, mitochondrial cardiomyopathy, RNA
splicing
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METFORMIN IN STEM CELL MODELS OF
MITOCHONDRIAL DISEASE

Ryytty, Sanna - Virtanen -Institute, University of Eastern Finland,
Finland

Nurminen, Katriina - A. I. Virtanen -Institute, University of Eastern
Finland, Finland

Martikainen, Riikka - A. I. Virtanen -Institute, University of Eastern
Finland, Finland

Mitochondrial diseases are the heterogeneous group of diseases
characterized by dysfunction in oxidative phosphorylation. The

most typical manifestations in patients include neuronal disorders,
diabetes and cardiomyopathy. There are no curative treatments for
mitochondrial diseases. Metformin is the most widely prescribed oral
drug for the treatment of type 2 diabetes with blood sugar lowering



effect in patients. Furthermore, multiple studies have suggested that in
addition to diabetes, metformin also has beneficial effects on several
other diseases including neuronal and cardiovascular diseases. Thus,
metformin has been observed beneficial for several of the symptoms
most common in mitochondrial patients. However, the use of metformin
in mitochondrial patients is controversial due to the increased risk of
lactic acidosis, which is also one symptom of mitochondrial disease.
The mechanism of action of metformin is still unclear, and needs to

be investigated further, especially in mitochondrial diseases patients.
In our project we have studied the effects of metformin in induced
pluripotent stem cells (iPSC) and iPSC derived cardiomyocytes from
patients with primary mitochondrial disease.

Keywords: cardiomyocytes, mitochondrial disease, metformin
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THE USE OF STEMRNA IPSC DERIVED HUMAN
VENTRICULAR CARDIAC TISSUE (IHCT) FOR
CLINICAL APPLICATIONS

Eminli-Meissner, Sarah - Stem Cells, REPROCELL USA, Inc., USA
Pham, Minh Duc - Research, Genome Biologics, Germany

Ward, Jonathan - Research, Genome Biologics, Germany
Bunton, David - Reprocell Europe Ltd., UK

Krishnan, Jaya - Research, Genome Biologics, Germany

The generation of synthetic human tissue necessitates mimicry of
native tissue cell composition, architecture, and molecular fidelity. Here
we detail the establishment of developmentally staged iPSC-derived
human ventricular cardiac tissue (iHCT) from various clinically relevant
StemRNA iPSCs. StemRNA iPSCs are generated from ethically sourced
starting material, are integration-free as created by mRNA reprogram-
ming, are eligible for further GMP manufacturing, and therefore provide
an ideal starting point for cardiac organoid creation for future clinical
applications. StemRNA iHCTs comprised of all cell-types of native
human cardiac ventricles with their concordant molecular, metabolic,
structural, and physiologic characteristics. iHCTs exhibit vasculariza-
tion, necessary for physiologic nutrient and oxygen distribution within
the organoid proper, and for effective distribution of drugs and test
compounds. By virtue of its self-organized nature and its composition of
all relevant cardiac cell types, StemRNA iHCTs allows for more precise
modeling and interrogation of drug effects on the heart compared to
2D monoculture systems typically containing only one relevant cardiac
cell type. We assessed StemRNA iHCT response to a selection of
reference cardiovascular drugs, for which drug effects and function

are well established. In these studies, we successfully recapitulated
the expected cardiac responses for 95% of compounds tested. Thus,
cardiac tissue generated from StemRNA iPSC provides a clinically rele-
vant method for reliable testing and detection of potential beneficial or
cardiotoxic effects of new pharmaceutical compounds on the heart and
its functionality. We have further established disease models for indi-
cations including myocardial infaction (M), heart failure with preserved
ejection fraction (HFpEF), diabetic cardiomyopathy and cardioinflam-
matory disease for later indication-specific efficacy assessment. Taken
together, StemRNA iHCTs can facilitate accurate and precise drug
testing to increase screening efficiency and better streamline drug
development workflows.

Funding Source: REPROCELL, Inc. and Genome Biologics

Keywords: cardiac organoids, drug discovery, GMP
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CHARACTERISATION OF PROLIFERATION AND
HYPERTROPHIC RESPONSE OF HYPOPLASTIC
LEFT HEART SYNDROME PATIENT-DERIVED
HIPSC-CMS BY HIGH-CONTENT AND GENE
EXPRESSION ANALYSIS

Varela, Margarida - University of Helsinki, Finland
Ampuja, Minna - University of Helsinki, Finland
Helle, Emmi - University of Helsinki, Finland
Talman, Virpi - University of Helsinki, Finland

Hypoplastic Left Heart Syndrome (HLHS) stands as a rare yet impactful
condition, characterised by underdevelopment of the left side of the
heart, resulting in an inability to adequately support systemic circula-
tion. While HLHS is primarily oligogenic in nature, its precise aetiology
remains elusive, and surgical intervention stands as the sole treatment
option. Our research intends to understand the convergence of the
genetic heterogeneity of HLHS in cellular processes driving heart
development; how these cellular processes are altered, and how such
alterations contribute to the disease phenotype. By leveraging human
induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs), we
circumvent the limitations of animal models, which have failed to repro-
duce the disease phenotype. In the present study, we aim to elucidate
how patient-derived hiPSC-CMs differ from those derived from healthy
donors in terms of proliferation and stress response by subjecting
hiPSC-CMs to either proliferation-inducing compounds or pro-hypertro-
phic stimuli. Briefly, hiPSC-CMs, derived from two healthy donors (con-
trol CMs) and two HLHS patients (HLHS CMs), were exposed to either
endothelin-1(ET-1) at 100nM to induce pathological hypertrophy, or
proliferation-inducing compounds, CHIR99021 at 5uM and SB203580
at 10pM for 24 hours. We analysed the effects of ET-1 using quantitative
PCR for hypertrophic gene expression, high-content analysis (HCA) for
pro-B-type natriuretic peptide (proBNP) expression, and bromodeoxy-
uridine (BrdU) incorporation for cell proliferation. Our results revealed

a heightened sensitivity of HLHS CMs to pro-hypertrophic stimuli, as
evidenced by significantly increased proBNP expression compared to
control. Moreover, while both groups responded similarly to prolifera-
tive stimuli, HLHS CMs exhibited a trend towards a higher basal prolifer-
ation rate, indicating intrinsic differences. Further studies are underway
to determine if these differences extend to other cellular processes
and within 3D models. Our findings contribute to the understanding of
HLHS disease mechanisms and lay the groundwork for future research
including the development of more effective treatments.

Funding Source: Research Council of Finland (projects 321564, 353109)
Sigrid Jusélius Foundation The Finnish Foundation for Cardiovascular
Research

Keywords: Hypoplastic Left Heart Syndrome, disease modeling, hiPSC
cardiomyocytes
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SELF-ASSEMBLING HUMAN HEART
ORGANOIDS AS A PLATFORM FOR STUDYING
CARDIOMYOCYTE REGENERATION

Ullah, Imran - Pharmacology, University Medical Center Géttingen,
Germany

Sikandar, Muhammad Atif - Pharmacology and Toxicology, University
Medical Center Géttingen, Germany

Heinke, Paula - CRTD, TU-Dresden, Germany

Wouter, Derks - CRTD, TU-Dresden, Germany

Bergmann, Olaf - Pharmacology and Toxicology, University Medical
Center Géttingen, Germany

Heart disease is a leading cause of morbidity worldwide. A hallmark
of heart disease is the loss and insufficient regeneration of cardiomy-
ocytes. Recently, human self-forming cardiac organoids (HCOs) have
been developed from induced pluripotent stem cells (hiPSCs) that
partially mimic the tissue composition and complexity of the heart,
making HCOs a powerful model system to study regeneration of the
maturing human heart. Human cardiac organoids were generated using
hiPSCs modified with a cardiomyocyte-specific fluorescent ubiquitina-
tion-based cell cycle indicator (FUCCI) that visualizes different phases
of the cell cycle in living cardiomyocytes (TNNT2-FUCCI). HCOs were
differentiated for 7 days and maintained in culture for at least 20 days.
HCOs contained the three major cell lineages of the heart, including
cardiomyocytes (67.0%), endothelial cells (10.4%), mesenchymal cells
(14.1%) and epicardial-like cells (8.5%). We demonstrated a decrease

in cell cycle activity in TNNT2-FUCCI HCOs by real-time recordings

at multiple time points during HCO differentiation and maturation.
Multicellular cardiac organoids derived from TNNT2-FUCCI hiPSC are
a powerful tool for studying cardiomyocyte proliferation in a complex
3D microenvironment. In the future, this platform can be used for
high-throughput live approaches using any type of screening library.

Keywords: cardiomyocyte renewal, organoid, cell cycle

5:45 PM - 6:45 PM
265

THE ROLE OF TELOMERE BIOLOGY IN CARDIAC
DIFFERENTIATION AND FUNCTION

Chatterjee, Shambhabi - IMTTS, Hannover Medical School, Germany
Leach-Mehrwald, Megan - IMTTS, Hannover Medical School, Germany
Huang, Cheng-Kai - IMTTS, Hannover Medical School, Germany

Xiao, Ke - IMTTS, Hannover Medical School, Germany

Lu, Dongchao - IMTTS, Hannover Medical School, Germany

Thum, Thomas - IMTTS, Hannover Medical School, Germany

Baer, Christian - IMTTS, Hannover Medical School, Germany

Telomere attrition is a key driver of aging and short telomeres are
tightly associated with aging-related disorders including cardiovascu-
lar disease. The telomere-synthesizing enzyme telomerase (TERT) is
downregulated after birth, leading to progressive telomere shortening
throughout life. We previously showed that therapeutic reactivation

of TERT, via its non-canonical role in mitochondria, is cardioprotective
in mouse models (myocardial infarction (Ml) and doxorubicin cardio-
toxicity) and in human induced pluripotent stem cell (hiPSCs) derived
cardiomyocytes (CMs). Thus, we hypothesized that CMs with short
telomeres could be more susceptible to stress conditions and exhibit
poor regenerative capacity. Hence, we generated an in vitro platform
of human CMs with either long or short telomeres to delineate the role
of TERT and telomere length status for CM health. To do so, we utilized
human induced pluripotent stem cells (hiPSCs) in a dish and further
combined it with differentiation techniques to derive human CMs in
vitro. We employed the state-of-the-art inducible CRISPRi technology
in hiPSCs to modulate the TERT gene, which enabled us to shorten the
telomere lengths at will as validated by TRAP assay and telomere gFISH
respectively. Despite an increasing deficit in the CM differentiation
potential of hiPSCs with short telomeres, we successfully generated
CMs with long and short telomeres. We performed detailed analysis

of cardiomyocyte differentiation efficiency using flow cytometry and
single cell RNA sequencing to establish how short telomere length
status diminishes cardiac differentiation efficiency for the hiPSCs.
Metabolic activity, viability and contractility parameters of the resulting
CMs were measured using mito stress test, caspase activity and multi
electrode array respectively. CMs with shorter telomeres exhibited
drastically impaired mitochondrial function, strikingly higher levels of
basal caspase activity and significantly reduced contraction profile.
Collectively, our data suggests that intact telomeres are essential for
development and maintenance of healthy CMs. The CRISPRi TERT
hiPSC system represents an excellent platform to investigate telomere
driven disorders, potentially beyond cardiomyocytes.

Keywords: telomere disease modelling, cardiac development,
telomerase
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A HIPSC-DERIVED CARDIOVASCULAR MODEL
FOR THE ANALYSIS OF OXIDATIVE STRESS IN
HYPERTENSION

Sarafian, Raquel - Department of Genetics, Institute of Bioscience,
University of SGo Paulo, Brazil

Montezano, Augusto - Research Institute of the McGill University Health
Centre, McGill University, Canada

Rios, Francisco - Research Institute of the McGill University Health
Centre, McGill University, Canada

Touyz, Rhian - Research Institute of the McGill University Health Centre,
McGill University, Canada

da Veiga Pereira, Lygia - Institute of Bioscience, Universidade de S&o
Paulo, Brazil

Hypertension is an important risk factor for various cardiovascular
diseases, such as stroke, acute myocardial infarction and chronic
kidney disease. It is a complex, multifactorial disease whose molecular
mechanisms are not well understood. Recently, several studies have
focused on the role of oxidative stress in the development of hyperten-
sion. Reactive oxygen species (ROS) are essential for cellular physiol-
ogy, but in an unbalanced situation, an exacerbated production of ROS
can damage cellular components and trigger pathological processes.
Among the different ROS sources present in the cardiovascular system,
NADPH oxidases (NOXs) are particularly important because they are
involved in many features of cardiovascular dysfunctions. In the context
of hypertension, clarification is needed regarding redox signalling
regulation and the role of Noxs in cardiovascular pathologies. In this
scenario, human induced pluripotent stem cells (hiPSC), which model
various diseases in vitro, can be a powerful tool for understanding
molecular mechanisms in response to oxidative stress in hypertension—
induced cardiovascular dysfunction. Here we used hiPSC-derived car-
diomyocytes, endothelial and vascular smooth muscle cells from both
normotensive and hypertensive subjects to dissect the redox mech-
anisms through which Nox regulates cardiovascular function. Human
iPSC lines were derived from 6 hypertensive (3 responsive and 3 not
responsive to medication) and 3 normotensives subjects, and differenti-
ated into cardiomyocytes, endothelial and vascular smooth muscle cells
(VSMCs), Cell-type identities were confirmed through immunofluores-
cence staining for a-actinin, CD31, CD144, a-SMA, CNN, and TAGLN. We
analyzed the pattern of Ca2+ influx in hiPSC-derived VSMCs. VSMCs
from the hypertensive group exhibited increased Ca2+ influx in the
presence of Angiotensin Il and Endothelin-1 stimuli compared to those
of the normotensive group. We are currently completing this analysis
with gene and protein expression, as well as ROS measurement. Our
initial results indicate that these cells can maintain the hypertension-
related phenotype in vitro after nuclear reprogramming during hiPSC
generation.

Funding Source: Fundacdo de Amparo a Pesquisa do Estado de S&o
Paulo - FAPESP, CNPq - Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico
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FUNCTIONAL ANALSYSIS OF ANTHRACYCLINE
INDUCED CARDIOTOXICITY IN VITRO

Stolper, Julian - Cell Biology, Murdoch Children’s Research Institute,
Australia

Venkat, Pooja - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

lau, Peter - AGRF, Peter MacCallum Cancer Centre, Australia
Beetham, Henry - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

Butera, Frankie - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

Martinez, Thomas - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

Fardi Golyan, Elham - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

Hidalgo-Gonzalez, Alejandro - Stem Cell Biology, Murdoch Children’s
Research Institute, Australia

Rossello, Fernando - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

Porrello, Enzo - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

Elliott, David - Stem Cell Biology, Murdoch Children’s Research Institute,
Australia

Anthracyclines, such as doxorubicin, are commonly used in chemother-
apy for the treatment of several cancers but can be cardiotoxic, leading
to severe cardiovascular complications. In this study, we aimed to inves-
tigate the mechanisms of doxorubicin using an in vitro model of doxo-
rubicin-induced cardiotoxicity in human pluripotent stem cell-derived
cardiac cells. The spatiotemporal mechanisms of doxorubicin-induced
cardiotoxicity were investigated using high-throughput live imaging.
With this technology, we assessed doxorubicin kinetics, focusing on
cellular viability, uptake, and excretion profiles, as well as cell-type-
specific toxicity. Subsequently, molecular profiling via single-nuclei RNA
sequencing was performed at multiple time points following doxoru-
bicin exposure. These investigations highlight the potential of in vitro
models to study doxorubicin-induced cardiotoxicity and will provide a
foundation of mechanistic data that may be used to develop therapies
for the prevention of doxorubicin-induced cardiotoxicity.

Funding Source: The Novo Nordisk Foundation Center for Stem Cell
Medicine, reNEW, is supported by a Novo Nordisk Foundation grant
number NNF21CC0073729

Keywords: cardiotoxicity, anthracycline, disease modelling
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ENGINEERED HEART TISSUE MODEL OF
PEDIATRIC RESTRICTIVE CARDIOMYOPATHY
WITH TNNI3 MUTATION EXHIBITS IMPAIRED
RELAXATION

Hasegawa, Moyu - Cardiovascular Surgery, Osaka University Graduate
School of Medicine, Japan

Miki, Kenji - Premium Research Institute for Human Metaverse Medicine,
Osaka University, Japan

Kawamura, Takuji - Cardiovascular Surgery, Osaka University Graduate
School of Medicine, Japan

Tsuchida, Masaru - Communication Science Laboratory, NTT
Corporation, Japan

Kashino, Kunio - Communication Science Laboratory, NTT Corporation,
Japan

Ishida, Hidekazu - Pediatrics, Osaka University Graduate School of
Medicine, Japan

Higo, Shuichiro - Osaka University Graduate School of Medicine,
Medical Therapeutics for Heart Failure, Japan

Sakata, Yasushi - Cardiovascular Medicine, Osaka University Graduate
School of Medicine, Japan

Miyagawa, Shigeru - Cardiovascular Surgery, Osaka University
Graduate School of Medicine, Japan

Restrictive cardiomyopathy (RCM) is a rare cardiomyopathy charac-
terized by ventricular diastolic dysfunction. Genetic mutations in the
sarcomere proteins have been implicated in RCM, among which TNNI3
mutations are the most common and result in poor prognosis. TNNI3

is a protein involved in myocardial relaxation and is believed to play an
important role in the diastolic dysfunction of RCM. However, no studies
have used human induced pluripotent stem cells (iPSC) derived from
patients with RCM harboring TNNI3 mutations. The present study inves-
tigated whether iPSC-derived cardiomyocytes (CMs) and engineered
heart tissue (EHT) from an RCM patient with a TNNI3 mutation exhib-
ited diastolic dysfunction. Whether correction of the TNNI3 mutation

or overexpression of normal TNNI3 would ameliorate the phenotype
was also assessed. An iPSC line from a pediatric patient with severe
RCM harboring the TNNI3 R170W mutation (R170W-iPSC) was gener-
ated. The properties of R1T70W-iPSC-CMs and -EHTs were evaluated
and compared with an isogenic iPSC line in which the mutation was
corrected by genome editing technology, and a TNNI3 overexpression
R170W-iPSC (TNNI3-iPSC) line in which normal TNNI3 was consistently
expressed. Evaluation of calcium (Ca2+) dynamics revealed that R1770W-
iPSC-CMs exhibited a decrease in maximum fluorescence intensity and
a prolongation of time to maximum fluorescence intensity, which are
characteristics of failing heart tissue. The Ca2+ tau, a time for signal
decreased from 100% to 20%, which represents Ca2+ reuptake efficacy
during relaxation, was also significantly prolonged in R1770W-iPSC-CMs.
These results suggest that R170W-iPSC-CMs reflect diastolic dysfunc-
tion in RCM. Additionally, significant improvement in Ca2+ dynamics
was observed in isogenic- and TNNI3-CMs. Subsequently, EHTs were
generated to investigate contractile dynamics. Force of the EHTs

was calculated from the movement of pillars using video microscopy.
R170W-EHTs showed a prolonged time to relaxation and an increase in
force during relaxation, suggesting relaxation impairment. These con-
tractile kinetics were improved in isogenic- and TNNI3-EHTs. In conclu-
sion, R170W-iPSC-CMs and -EHTs were useful as in vitro pathological

N %

models, capturing the phenotype of diastolic dysfunction characteristic
of RCM.

Funding Source: Japan Agency for Medical Research and Development
(22bm0804008h0006, 22bm0804035h0001 and 23ek0109684h0001)

Keywords: restrictive cardiomyopathy, induced pluripotent stem cells,
engineered heart tissue
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EVALUATING CARDIOTOXICITY THROUGH A
HUMAN LIFE CYCLE MIMICRY MODEL BASED ON
PLURIPOTENT STEM CELLS

Park, Yun Gwi - Animal Science and Technology, Chung-Ang University,
Korea

Park, Soon-Jung - Research Center, Biosolvix, Korea

Kim, Mi-jeong - Animal Science and Technology, Chung-Ang University,
Korea

Hyeon, Cholong - Animal Science and Technology, Chung-Ang
University, Korea

Moon, Sung-Hwan - Animal Science and Technology, Chung-Ang
University, Korea

Kang, Sun-Woong - Research Group for Biomimetic Advanced
Technology, Korea Institute of Toxicology, Korea

During the human life cycle, the risk of exposure to potentially harmful
substances such as drugs and chemicals is gradually increasing. There-
fore, there is a need to develop in vitro models for toxicity assessment
that can accurately predict the adverse effects of these xenobiotics.
Human pluripotent stem cells (hPSCs) have emerged as a cell source
for such models with their ability to reflect human physiology. In particu-
lar, hPSC-derived cardiomyocytes (hPSC-CMs) have been developed as
a model to detect electrophysiological cardiotoxicity of various chemi-
cals. In this study, we investigated the possibility of hPSCs as an in vitro
model to simulate the whole human life cycle for toxicology tests with
xenobiotics. We assessed the toxicity from hPSCs to 3D cultured hPSC-
CMs by bisphenol A (BPA) treatment, one of the most commonly known
toxic substances. As a result, the BPA showed cytotoxicity at all stages.
This result demonstrates that human pluripotent stem cells are a proper
cell resource that can be used for cytotoxicity evaluation. In conclusion,
hPSC-based cytotoxicity assessment could be an evaluation system for
xenobiotics-induced cytotoxicity across the entire human lifespan.

Funding Source: This work was supported by the Bio&Medical
Technology Development Program of the National Research
Foundation (NRF) (No. RS-2023-00220207) and (No.
2022R1A2C1006622) of Korea grant funded (MSIT, Republic of Korea).

Keywords: human pluripotent stem cell, human pluripotent stem cell-
derived cardiomyocytes, cytotoxicity
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CARDIOVASCULAR DISEASES IN 3D: HUMAN
ORGANOIDS AS MULTIPURPOSE TOOL TO
RECAPITULATE CARDIAC PATHOPHYSIOLOGY IN
VITRO

Mohr, Elisa - Institute of Molecular and Translational Therapeutic
Strategies, Hanover Medical School, Germany

Hunkler, Hannah - Institute of Molecular and Translational Therapeutic
Strategies (IMTTS), Hanover Medical School, Germany

Riedel, Isabelle - Institute of Molecular and Translational Therapeutic
Strategies (IMTTS), Hanover Medical School, Germany

Gietz, Anika - Institute of Molecular and Translational Therapeutic
Strategies (IMTTS), Hanover Medical School, Germany

Schmidt, Kevin - Institute of Molecular and Translational Therapeutic
Strategies (IMTTS), Hanover Medical School, Germany

Gruber, Jonas - Institute of Molecular and Translational Therapeutic
Strategies (IMTTS), Hanover Medical School, Germany

Weber, Natalie - Institute of Molecular and Translational Therapeutic
Strategies (IMTTS), Hanover Medical School, Germany

Kraft, Theresia - Institute for Molecular and Cell Physiology, Hanover
Medical School, Germany

Thum, Thomas - Institute of Molecular and Translational Therapeutic
Strategies (IMTTS), Hanover Medical School, Germany

Bar, Christian - Institute of Molecular and Translational Therapeutic
Strategies (IMTTS), Hanover Medical School, Germany

The prevalence of cardiovascular diseases (CVDs) is expected to
increase in the coming decades. Therefore, there is an urgent need for
sustainable and complex in vitro models to sufficiently recapitulate the
physiology of the human heart. This is especially important regarding
drug discovery and development, leading towards translatable in vitro
testing of safe and potent drug candidates. Here, three-dimensional
(3D) cultivation has emerged as a broad and versatile field utilizing
multiple cell types within a 3D environment. We established a multi-
cellular human cardiac organoid (hCO) platform whereby hiPSC-car-
diomyocytes (CMs) are combined with fibroblasts, endothelial cells
and adipose tissue derived stem cells and organize into a functional
hCO structure that contracts spontaneously or induced by electro-
stimulation. In disease modelling approaches, we generated HCM
hCOs based on patient-derived hiPSC-CMs. Initially, we treated these
hCOs with Mavacamten which is the first-in-class small inhibitor of the
cardiac myosin ATPase approved for treatment of HCM patients with
hyper contractility. Chronic and acute treatment of the hCOs affected
the contractile performance, leading e.g. to a reduction in contraction
amplitude. Apart from genetic heart diseases, these hCOs can be used
to model CVDs such as a myocardial infarction (Ml). Here, a post-MI
resembling hCO is induced by cultivation under low oxygen concen-
tration and norepinephrine stimulation. Combined, this leads to altered
fibrosis associated gene expression and changes in calcium handling
gene expression that is further reflected in impaired contractile func-
tion after reoxygenation. Moreover, we stimulated healthy hCOs with
phenylepinephrine-isoprenaline and endothelin-1 (ET1) to induce a
hypertrophic phenotype. Both altered the contractile function, leading
to an increased beating frequency. ET1treated hCOs further showed an
upregulation of ANP and BNP expression indicating their potential to
study cardiac hypertrophy. In summary, our preliminary data highlight

the versatility of the multicellular hCOs to serve as a functional drug
screening platform and to study cardiovascular pathophysiology.

Keywords: cardiac organoids, disease modelling, cardiac hypertrophy
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HUMAN MULTI-TISSUE ORGANOIDS AS AN
ADVANCED TERATOGENICITY MODEL

Wilson, Liam - Leibniz Research Laboratories for Biotechnology and
Artificial Organs, MH-Hannover, Germany

Dreger, Julia - Leibniz Research Laboratories for Biotechnology and
Artificial Organs, Hannover Medical School, Germany

Kleemiss, Felix - Leibniz Research Laboratories for Biotechnology and
Artificial Organs, Hannover Medical School, Germany

Lang, Dorina - Leibniz Research Laboratories for Biotechnology and
Artificial Organs, Hannover Medical School, Germany

Dardano, Miriana - Leibniz Research Laboratories for Biotechnology
and Artificial Organs, Hannover Medical School, Germany

Drakhlis, Lika - Leibniz Research Laboratories for Biotechnology and
Artificial Organs, Hannover Medical School, Germany

Zweigerdt, Robert - Leibniz Research Laboratories for Biotechnology
and Artificial Organs, Hannover Medical School, Germany
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Infamous history such as the thalidomide disaster combined with an
increasing number of women taking pharmaceuticals during pregnancy
presents a pressing need for a reliable and ethically sound teratoge-
nicity assay. Human pluripotent stem cell (hPSC)-based organoids
allow developmental recapitulation in a scalable manner. We recently
described a hPSC-derived multi-tissue organoid model termed
“heart-forming organoids” (HFOs), properly recapitulating patterns of
early heart, vasculature and foregut development, including anterior
foregut endoderm (AFE; early lung anlagen) and posterior foregut
endoderm (PFE; liver anlagen). HFOs pose an exciting potential to
assay teratogenicity. In addition, the developmental mimicry allows
the identification of specific teratogenic cell type susceptibly, and the
affect this has on developmental patterning. This enables a mechanistic
understanding of teratogenic pharmaceuticals currently on the market
in a scalable manner, and, based on this validation, promotes the safe
development of new drugs. The organoids were exposed to FDA-cate-
gorized teratogens Valproic acid (V) and Thalidomide (T). Flow cytom-
etry (FC) and immunofluorescence staining (IF) revealed the expected
anti-angiogenic properties of T and V as well as the cardio-toxic effect
of T, suggesting HFOs capability to recapitulate the in vivo teratogenic
phenotype of these compounds. Moreover, FC revealed a decrease

in the endodermal (EPCAM+/CD117+) population of V and T HFOs.
Notably, following whole-mount IF, V HFOs showed a relative increase
of AFE (FOXA2+/SOX2+) over PFE (FOXA2+/HNF4a+) and a concom-
itant increase in cardiac progenitors (NKX2.5+/FOXA2+) suggesting

a coupled delay in development and an anterior bias. In contrast, T
treatment resulted in disruption of the endodermal patterning, juxta-
posing AFE and PFE. These results highlight HFOs potential to shed
light on teratogenic mechanisms in a quantitative and morphological
context, an ability previously difficult with in vitro models. Furthermore,
this provides a proof-of-concept to establish a higher throughput assay
capable of not only identifying teratogenicity but also understanding
the cellular mechanisms that cause them.
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ESTABLISHMENT OF DSG2 MUTATION
ARRHYTHMOGENIC RIGHT VENTRICULAR
DYSPLASIA (ARVD) HUMAN INDUCED
PLURIPOTENT STEM CELL-DERIVED CARDIAC
DISEASE MODEL

Huang, Chenyu - Medical Laboratory Science and Biotechnology,
National Cheng Kung University, Taiwan

Lee, Chi Yen - Medical Laboratory Science and Biotechnology, National
Cheng Kung University, Taiwan

Arrhythmogenic right ventricular dysplasia (ARVD) is a rare familial
heart muscle disease in which the cardiac muscle in the right ventri-
cle is damaged, leading to fibro-fatty myocardial scarring, ventricular
arrhythmias, and sudden cardiac death. Mutations in desmosomal
proteins, including desmoglein-2 (DSG2), can cause ARVD. In this
study, we used human-induced pluripotent stem cells (hiPSCs) from

an ARVD patient with a heterozygous DSG2 mutation (c.2358delA)

to establish hiPSC-derived cardiac tissues (hiPSC-CMTs) as a disease
model. Human amniotic fluid-derived stem cells (AFSCs) and embry-
onic stem cells (ESCs) were used as healthy controls to differentiate
cardiomyocytes (CMs). Flow cytometry data confirmed a purity of

over 75% in CMs, as evidenced by the expression of cardiac markers,
including Troponin T (TNNT2) and Signal-regulatory protein a (SIRPa)
on day 20. CMs were mixed with fibroblasts and endothelial cells in

a collagen/fibrinogen extracellular matrix (ECM) and then added to a
microfabricated tissue gauge (UTUG) to create hiPSC-CMTs. Maturation
media (TDI), consisting of thyroid hormone, dexamethasone, and IGF-1,
were used to promote the maturation of CMTs. CMs treated with TDI
displayed a more mature phenotype with an elongated spindle shape,
larger contraction, a faster electrical pacing frequency, and a proper
adrenergic response. DSG2-mutated CMTs exhibited a longer sarco-
mere length, a decline in CASQ2, and changes in desmosome (PKP2/
DSG2/JUP) genes, as well as slower calcium kinetics. They were highly
sensitive to isoproterenol testing and showed electrical alternants com-
pared to the AFSC and ESC CMTs. In conclusion, this study suggests
that hiPSC-CMT models recapitulate and provide insight into ARVC
pathophysiology, and they can be used to identify potential treatment
methods for future therapeutic development.

Funding Source: NSTC 112-2636-M-006 -010

Keywords: arrhythmogenic right ventricular dysplasia, microfabricated
tissue gauge, hiPSC-derived cardiac tissues (hiPSC-CMTs)
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REDUCING MICROTUBULE DETYROSINATION
IMPROVES CONTRACTILITY AND PROLIFERATION
AND PREVENTS HYPERTROPHY IN HUMAN-
INDUCED PLURIPOTENT STEM CELL
CARDIOMYOCYTES

Pietsch, Niels - Experimental Pharmacology and Toxicology, University
Medical Center Hamburg-Eppendorf, Germany

Meyer-Jens, Moritz - Experimental Pharmacology and Toxicology,
University Medical Center Hamburg-Eppendorf, Germany

Kramer, Elisabeth - Experimental Pharmacology and Toxicology,
University Medical Center Hamburg-Eppendorf, Germany

Apicella, Clara - Institut fiir Humangenetik, University of Miinster,
Germany

Witten, Anika - Institut fiir Humangenetik, University of Mlinster,
Germany

Mearini, Giulia - Experimental Pharmacology and Toxicology, University
Medical Center Hamburg-Eppendorf, Germany

Hammer, Elke - Interfakultdres Institut fiir Genetik und Funktionelle
Genomforschung, University Greifswald, Germany

Stoll, Monika - Institut fiir Humangenetik, University of Miinster,
Germany

Carrier, Lucie - Experimental Pharmacology and Toxicology, University
Medical Center Hamburg-Eppendorf, Germany

The microtubule (MT) network density and detyrosination (dTyr) is
increased in heart failure. Reduction of dTyr by overexpression of the
tyrosinating enzyme tubulin tyrosine ligase (TTL) or knockdown of
vasohibin 1, which catalyzes dTyr with its chaperone small vasohibin
binding protein (SVBP), improved contractility of failing cardiomyocytes
(CMs). However, the effects of chronic modulation of dTyr-MT are yet

to be investigated. Human iPSC lines deficient in SVBP or TTL (KO)
were generated with CRISPR-Cas9 and differentiated into CMs and
engineered heart tissues (EHTSs). Transcriptomics were performed by
NanoString for 2D CMs and RNAseq for EHTs, while mass-spectrometry
was employed for proteomic analyses in EHTs. EHT data were collected
after 60d in culture. For assessment of proliferation, we employed
immunofluorescence for KI-67 and flow cytometry of cells incubated
with EdU (5-Ethynyl-2’-deoxyuridine). MTs were destabilized with noco-
dazole (500 nM/10 pM) or stabilized with taxol (10 pM). Hypertrophy of
hiPSC-CMs was induced with 100 nM endothelin-1 (ET1) and cell area
assessed via confocal imaging. TTL overexpression was achieved with
AAV9. SVBP-KO EHTs exhibited lower dTyr-MT levels, higher force and
faster relaxation WT EHTs, while TTL-KO EHTs showed enrichment of
dTyr-MTs accompanied by lower force development and impaired relax-
ation. SVBP-KO EHTs presented a marked increase in cell cycle mark-
ers, while TTL-KO EHTs exhibited enrichment in hypertrophic markers,
motor and cytoskeleton proteins. SVBP-KO CMs showed higher levels
of cell cycle related transcripts at both d7 and d30, while TTL-KO CMs
showed higher levels of hypertrophic markers ACTA1, NPPB and FHL1 at
d7 but not d30. SVBP-KO CMs showed significantly more KI-67+ nuclei
at d12 and d28 but not d4 in culture than WT and TTL-KO. EdU incor-
poration was significantly higher in SVBP-KO than in WT and TTL-KO
CMs at d12-16 but not d2-6. Both nocodazole in low or high dosage and
taxol lowered EdU incorporation rates. Furthermore, taxol induced CM
elongation without increasing cell area. Finally, TTL overexpression

and SVBP-KO both prevented ET1-induced hypertrophy in hiPSC-CMs.



This study provides evidence that chronic activation of MT tyrosination
improves contractility, induces proliferation and reduces hypertrophy in
hiPSC-CMs.

Keywords: microtubule detyrosination, cardiomyocyte proliferation,
cardiomyocyte hypertrophy
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CHARACTERISATION OF HYPERTROPHIC
RESPONSE AND THE EFFECT OF A GATA4-
TARGETING COMPOUND ON THE PHENOTYPE OF
DILATED CARDIOMYOPATHY PATIENT-DERIVED
HIPSC-CARDIOMYOCYTES

Pohjavaara, Saana Annika - Division of Pharmacology and
Pharmacotherapy, University of Helsinki, Finland

Kinnunen, Sini - Pharmacology and Pharmacotherapy, Faculty of
Pharmacy, University of Helsinki, Finland

Ruskoaho, Heikki - Pharmacology and Pharmacotherapy, Faculty of
Pharmacy, University of Helsinki, Finland

Valimaki, Mika - Cancer Cell Circuitry Laboratory, Translational Cancer
Medicine, Faculty of Medicine, University of Helsinki, Finland

Talman, Virpi - Pharmacology and Pharmacotherapy, Faculty of
Pharmacy, University of Helsinki, Finland

Dilated cardiomyopathy (DCM) is a prevalent cause of heart failure and
is characterised as left ventricle enlargement and systolic dysfunction.
Over 30 different genes are implicated in causing the genetic form of
DCM, with the LMNA gene being the second most mutated. Several
mouse models have been established to study the pathophysiology

of LMNA-related DCM. However, patient-derived human induced
pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) provide a
superior system for comprehending the genetic basis of human DCM.
Our study aimed to determine the phenotypic differences between
hiPSC-CMs derived from DCM patients with a mutation in the LMNA
gene and hiPSC-CMs derived from healthy donors. In addition, we
aimed to investigate the effect of the GATA4-targeting small molecule
3i-1262 on cell phenotype and response to mechanical and hormonal
stimuli. We subjected hiPSC-CMs to mechanical stretch for 24 or 72
hours or endothelin-1 (ET-1) for 24 h to induce hypertrophic response. To
investigate the effects of 3i-1262, we added the compound or vehicle to
the cells 1 h before stimuli. We investigated the expression of hyper-
trophic markers and cytoskeletal proteins with gPCR. Furthermore, we
subjected hiPSC-CMs to ET-1for 24 h, and quantified proBNP expres-
sion using high-content analysis (HCA). Control and DCM hiPSC-CMs
displayed differential expression of cytoskeletal genes. Moreover, when
subjected to mechanical stretch, they showed different gene expres-
sion responses of hypertrophy marker genes (e.g., NPPB) and cyto-
skeletal genes (e.g., MYH®6). HCA results indicate that ET 1increased
proBNP-positive hiPSC-CMs, but there was no difference between

the DCM and control cells. In addition, 3i-1262 affected the baseline
levels of cytoskeletal genes (e.g., ACTN2) after 72 h. Finally, 3i-1262
inhibited stretch-induced NPPB expression after 72 h of stretching in
control hiPSC-CMs. Our results indicate that DCM hiPSC-CMs show
differential gene expression and respond differently to hypertrophic
stimuli compared to the control hiPSC-CMs. Moreover, 3i-1262 may
have anti-hypertrophic effects in hiPSC-CMs, as shown by the down-
regulation of NPPB expression. However, further studies are required to

fully comprehend the mechanisms underlying DCM and the effects of
3i-1262 on the hiPSC-CM phenotype.

Funding Source: The Finnish Cultural Foundation The Finnish
Foundation For Cardiovascular Research Research Council of Finland

Keywords: hiPSC-derived cardiomyocytes, dilated cardiomyopathy,
GATA4
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TOWARD A IN VITRO MODEL FOR CARDIAC
DISEASE MODELLING: CHARACTERISATION OF
UHV-ALGINATE HYDROGELS

Nenninger, Beate-Sophie - Fraunhofer Project Center for Stem Cell
Process Engineering, Fraunhofer Institute for Biomedical Engineering,
Germany

Fischer, Benjamin - Fraunhofer Project Center for Stem Cell Process
Engineering, Fraunhofer Institute for Biomedical Engineering IBMT,
Germany

Fey, Christina - Translational Center Regenerative Therapies TLC-RT,
Fraunhofer Institute for Silicate Research ISC, Germany

Gessner, Petra - Alginatec GmbH, Germany

Zimmermann, Heiko - Fraunhofer Project Center for Stem Cell Process
Engineering, Fraunhofer Institute for Biomedical Engineering IBMT,
Germany

Gepp, Michael - Fraunhofer Project Center for Stem Cell Process
Engineering, Fraunhofer Institute for Biomedical Engineering IBMT,
Germany

Neubauer, Julia - Fraunhofer Project Center for Stem Cell Process
Engineering, Fraunhofer Institute for Biomedical Engineering IBMT,
Germany
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In vitro models are used to model diseases and to develop novel ther-
apies. To mimic in vivo-like conditions, hydrogels must be considered
to model defined cell environments and to enable cell-matrix-interac-
tions. Especially in cardiac tissue cell-matrix-interactions play a crucial
role (e.g., in case of cardiac fibrosis). These interactions are lacking in
current available cardiac in vitro models, such as cardiac organoids or
microtissues. There are different types of hydrogel materials classified
by their origin (natural, synthetic and hybrid). UHV-alginate combines
necessary biomimetic properties (typical for natural source) with
mechanical controlment (typical for synthetic source) due to a qual-
ity-controlled harvesting and purification process. In addition, it has
already been shown that alginate as a growth surface has a positive
influence on the contractility of cardiomyocytes. Beside stiffness and
viscoelasticity, the diffusion properties are a crucial parameter, since
e.g., bioprinted cells are immobilised in the hydrogel and the nutrient
supply must be guaranteed via the diffusion properties of the hydrogel.
Detailed studies of diffusion characteristics of UHV-alginate are lacking.
In this work, a diffusion study was conducted to determine the acces-
sibility of cell-relevant molecule sizes. To find a meaningful correlation,
a variation of UHV-alginate viscosities and crosslinking densities was
investigated. In detail: UHV-alginate was prepared as membrane.
FITC-Dextran solutions were used as model substances on basal side.
The range of used molecule sizes represent nutrients for cell cultivation
(e.g. hormones and growth factors). After distinct time intervals, sam-
ples of apical side were quantified via fluorescence signal intensity. The
data highlights that all relevant molecule sizes can pass all hydrogel
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compositions. By changing UHV-alginate viscosity the diffusion rate
and the pore formation can be controlled. In summary, this study shows
that UHV-alginate ensures the supply of nutrients and can be used to
control the availability of molecules to immobilised cells. This forms the
basis for future development of an in vivo-like cardiac model, which
allows a correlation to be established with the diffusion properties in
addition to the mechanical correlation of the biomaterial.

Funding Source: This work was supported by the Bavarian Ministry of
Economic Affairs, Regional Development and Energy.

Keywords: hydrogel, immobilisation of cells, cell-based models
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MATURING IMPRINTING STATUS OF HIPSC-
CARDIOMYOCYTES IN CARDIAC MICROTISSUES
TO MODEL LONG QT SYNDROME TYPE 1

Campostrini, Giulia - Department of Anatomy and Embryology, Leiden
University Medical Center, Netherlands

Ward-van Oostwaard, Dorien - Department of Anatomy and
Embryology, Leiden University Medical Center, Netherlands

Verkerk, Arie - Department of Clinical and Experimental Cardiology,
Amsterdam University Medical Center, Netherlands

Mummery, Christine - Department of Anatomy and Embryology, Leiden
University Medical Center, Netherlands

Bellin, Milena - Department of Anatomy and Embryology, Leiden
University Medical Center, Netherlands

Long QT syndrome type 1(LQT1) is a cardiac arrhythmia caused by
mutations in one specific gene, KCNQ1, encoding an ion channel
contributing to action potential duration. For this simple genotype-phe-
notype link, LQT1 was one of the first arrhythmias modelled with human
iPSC-derived cardiomyocytes (hiPSC-CMs), supporting the use of

this model for in vitro preclinical studies. Notably however, KCNQ1 is
developmentally regulated by genomic imprinting in the heart, with the
paternal allele initially repressed and both alleles expressed postna-
tally. Here we used hiPSC-CMs from a LQT1 patient carrying a mutation
in KCNQ1 paternal allele and compared functional properties with the
isogenic corrected line. Contrary to what typically observed in LQT1
CMs, patch clamp analysis showed no prolongation of action potential
duration (APD). We then checked KCNQ1 imprinting status by ddPCR in
different hiPSC-CM lines and found unbalanced KCNQT1 allelic expres-
sion with repression of paternal allele. To investigate whether maturing
hiPSC-CMs could remove abnormal KCNQ1 imprinting, we included
hiPSC-CMs in cardiac microtissues (MTs) with hiPSC-derived cardiac
fibroblasts and endothelial cells, a system previously shown to promote
overall CM maturation and upregulation of KCNQ1. In MTs, we observed
an increase in KCNQ1 paternal allele expression accompanied by
changes in the epigenetic regulation. LQT1 hiPSC-CMs dissociated
from MTs showed prolonged APD compared to the corrected line and

a reduced potassium ionic current mediated by KCNQ1, thus revealing
the mutation causative effect. In conclusion, we showed that imma-
ture hiPSC-CMs carry an abnormal KCNQ?1 imprinting status, leading

to under- or overestimate effects of mutations associated with LQT1.
Maturation of hiPSC-CMs in tri-cellular MTs promotes KCNQ1 bi-allelic
expression, showing the utility and importance of using matured hiPSC
models for preclinical evaluations.

N %

Funding Source: Novo Nordisk Foundation Center for Stem Cell
Medicine (reNEW) supported by a Novo Nordisk Foundation grant
number NNF21CC0073729

Keywords: hiPSC-cardiomyocytes maturation, imprinting, LQT1
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STRAIGHT-IN: A RAPID AND EFFICIENT
PLATFORM FOR TARGETED LARGE GENE
INSERTIONS IN HUMAN PLURIPOTENT STEM
CELLS

Davis, Richard P. - Anatomy and Embryology, Leiden University Medical
Center, Netherlands

Blanch Asensio, Albert - Anatomy and Embryology, Leiden University
Medical Center, Netherlands

Martins Grandela, Catarina - Anatomy and Embryology, Leiden
University Medical Center, Netherlands

Mummery, Christine - Anatomy and Embryology, Leiden University
Medical Center, Netherlands

In mammalian cells, such as human induced pluripotent stem cells
(hiPSCs), integrating large DNA payloads (e.g. >10 kb) into specific
genomic sites or replacing genomic segments, presents a significant
technical challenge. To overcome this, we developed STRAIGHT-IN
(Serine and Tyrosine Recombinase Assisted Integration of Genes for
High-Throughput INvestigation), a platform that leverages the strengths
of different site-specific recombinases, along with CRISPR-Cas9-me-
diated homologous recombination. STRAIGHT-IN enables stringent,
site-specific integration or replacement of large genomic fragments
(=50 kb), while minimizing the inclusion of unwanted DNA remnants that
could lead to post-integrative silencing. We have successfully applied
STRAIGHT-IN in various projects, such as: i) creating a multi-parameter
biosensor hiPSC line for reporting cardiomyocyte excitation-contraction
coupling; ii) developing inducible gene expression systems for disease
modelling and gene editing, among other applications, and iii) simulta-
neously generating multiple isogenic hiPSC lines with specific disease
variants for research. Recent developments include upgraded versions
of the STRAIGHT-IN platform which facilitates the rapid generation of
genetically modified hiPSC lines with “100% efficiency within a two-
to-three-week timeframe, and the orthogonal integration of dual DNA
payloads. These advancements further improve the platform’s utility for
synthetic biology, disease modelling, and lineage tracing applications.

Funding Source: The Novo Nordisk Foundation Center for Stem
Cell Medicine reNEW through a Novo Nordisk Foundation grant
(NNF21CC0073729)

Keywords: site-specific recombination, disease modeling, synthetic
gene circuit
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PERP MUTATION CAUSED CARDIOMYOPATHY
THROUGH ALTERING NOTCH SIGNALING
PATHWAY AND CARDIAC METABOLISM

Chen, Wen-Pin - Graduate and Institute of Pharmacology, National
Taiwan University, Taiwan

Li, You-Yi - Graduate and Institute of Pharmacology, National Taiwan
University, Taiwan

PERP (P53 apoptosis effector related to PMP-22) is a tetraspan mem-
brane protein implicated in desmosome assembly, facilitating adhe-
sive junction formation between cells, and in the modulation of P53
phosphorylation for maintaining epithelial integrity. Its association with
erythrokeratodermia and Olmsted syndrome has been documented.
Recent clinical findings also link PERP defects to cardiomyopathy. This
study aims to characterize cardiac omics in cardiomyocytes harboring
mutant Perp and to elucidate the signaling pathways underlying car-
diomyopathy. Orthologous mutant PERP knock-in mice (muPerp mice)
were generated using the CRISPR/Cas9 method for omics analysis via
RNAseq, phosphoproteome, and proteome profiling in ventricular car-
diomyocytes. Human cardiomyocytes derived from the proband’s iPSCs
(hiPSC-CM) were utilized for functional validation. Transcriptomic analy-
sis revealed a significant upregulation of genes associated with cardiac
ventricle morphogenesis, particularly in the Notch signaling pathway
(JAG2, HEYL, HEY1), in muPerp ventricular cardiomyocytes. This coin-
cided with increased cell proliferation in human myocytes derived from
the proband’s iPSCs. Conversely, downregulation of genes involved

in Notch signaling (DLL4, SPEN, HEY2), negative regulation of cardiac
muscle cell apoptosis, and heart development was observed. E15.5
muPerp mice exhibited pronounced ventricular hypertrabeculation. Fur-
thermore, examination of energy metabolism-related pathways, includ-
ing glycolysis, the tricarboxylic acid cycle (TCA), fatty acid metabolism,
and oxidative phosphorylation, revealed divergent trends in muPerp
ventricular cardiomyocytes. Additionally, alterations in OCR/ECAR,
stress response and reactive oxygen species (ROS) metabolism were
evident in hiPSC-CM. In conclusion, this study highlights the contribu-
tion of Perp mutation to cardiomyopathy pathogenesis by modulating
Notch gene expression and protein phosphorylation cascades involved
in mitochondrial metabolism.

Funding Source: National Science and Technology Council in Taiwan
(NSTC-111-2320-B-002 -027 -MY3).

Keywords: cardiomyopathy, PERP, Notch
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THE EFFECT OF RN-1734 ON LMNA-RELATED
DCM PATIENT SPECIFIC IPSC-CMS

Wu, Xinyi - Medicine, The University of Hong Kong, Hong Kong

Lau, Yee Man - Department of Medicine, The University of Hong Kong,
Hong Kong

Lee, Yeeki - Department of Medicine, The University of Hong Kong,
Hong Kong

Tse, Hung Fat - Department of Medicine, The University of Hong Kong,
Hong Kong

LMNA-related dilated cardiomyopathy (DCM) is characterized by
early-onset atrioventricular (AV) block, supraventricular and ventricular
arrythmia (VA) and progressive DCM. A defect in nuclear lamina caused
by mutation in LMNA gene could impaired nuclear stability and disrupts
cardiac muscle mechanical signalling. Studies revealed cytoskele-

tal, such as actin and tubulin colocalized with the transient receptor
potential vanilloid-4 (Trpv4) non-selective cation which regulate cellular
volume and calcium (Ca2+) influx. Trpv4 has recently been showed in
relation to cardiomyocyte Ca2+ overload following stretch that may
contribute to cardiac senescence and cardiac fibrosis. Although the
role of LMNA and trpv4 in cell function have been widely investigated,
the pathophysiological mechanisms of cardiac senescence and fibrosis
caused by LMNA mutation are not yet fully understood. Research

is ongoing to evaluate the effect of RN1734, Trpv4 antagonism in
LMNA-related DCM patient specific iPSC-CMs for LMNA and Trpv4-spe-
cific pathways. We generated iPSCs (R225X/WT) from one patient with
documented LMNA-related cardiomyopathy arising from one nonsense
mutations in UGA at loci R225X for disease modelling. We differenti-
ated those iPSCs into cardiomyocytes to evaluate RN-1734 on apop-
tosis in cardiomyocytes and nucleus, lamin A/C protein expression,
transcriptome expression and chromatin expression among R225X/WT,
R225X/WT and WT/WT in presence of stress. The condition of nuclear
blebbing is also ameliorated with RN 1734 treatment under electrical
stress. Moreover, RN1734 treatment not only lowered apoptosis, but
also reduced senescence-associated secretory phenotypes (SASP)

in presence of mechanical stress. We hypothesis that the increase in
SASP in mutant due to the instability of nuclear membrane which may
affect the calcium influx and induce cell apoptosis. Our results allow

us to differentiate RN1734 responder from non-responder to enter the
clinical trials though attenuation of cardiac senescence and cardiac
fibrosis.
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MYOFILAMENT HYPERSENSITIVITY MEDIATED
STRETCH-RESPONSIVE TRANSIENT RECEPTOR
POTENTIAL VANILLOID 2 IN HYPERTROPHIC
CARDIOMYOPATHY PATIENTS BEARING CARDIAC
SARCOMERIC MUTATION IN TROPONIN |

Chan, Lok Man - Medicine, The University of Hong Kong, Hong Kong
Ran, Xinru - Medicine, The University of Hong Kong, Hong Kong

Lee, Yee-Ki - Medicine, The University of Hong Kong, Hong Kong
Tse, Hung-Fat - Medicine, The University of Hong Kong, Hong Kong

The patients bearing sarcomeric mutations have been well charac-
terized with HOCM phenotypes. In recent decades, the causal link of
sarcomeric dysfunction to the presentation of HOCM has not been

well investigated. Cardiac myofilament has been well known to play a
role in calcium buffering. Any alteration of its structural organization

or calcium binding affinity will adversely affect intracellular calcium
homeostasis, thus causing arrhythmia, impaired electrical-contraction
(EC) coupling and structural remodeling of myocardium. Combined with
CRISPR/Cas9 technology and iPSC-based platform, here we reported
the human induced pluripotent stem cell (hiPSC) model of a novel
HCM-associated cTnIR186Q/WT mutation to study the cellular mech-
anisms result in increased susceptibility of diastolic heart failure. Our
study demonstrated induced pluripotent stem cell derived cardiomy-
ocytes (iPSC-CMs) with cTnIR186Q/WT mutation recapitulated many
key aspects of HCM, including enlarged cell size, sarcomere disarray,
abnormal electrophysiological properties and irregular Ca2+ transients
and compromised contractility. Correction of the mutation reversed the
phenotypic abnormalities, which verified the causal relationship that
the disease phenotypes were caused by cTnIR186Q/WT mutation. Our
results revealed calcium overload in cTnIR186Q/WT iPSC-CMs possibly
leads to activation of NFAT hypertrophy pathway causing NPPB upreg-
ulation. Pilot screening of stretch-responsive receptor type showed

a significant elevated level of TRPV2 in two cTnIR186Q/WT lines. We
hypothesize that the hyperactivation of stretch-responsive receptor,
Transient receptor potential vanilloid type 2 (TRPV2), contributes to the
HCM phenotype by the overstretched myofilament hypersensitive to
calcium binding. Treatment by blockade of the hyperactivated TRPV2 in
HCM could resumed diastolic Ca2+ homeostasis and restored diastolic
function, which shed lights on TRPV2-channel based therapeutics for
cardiomyopathy.

Keywords: hypertrophic cardiomyopathy, TRPV2, calcium homeostasis
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EVALUATING LONG-TERM CARDIOTOXICITY
USING HUMAN HIPSC-DERIVED
CARDIOMYOCYTES

Kettenhofen, Ralf - Project Center for Stem Cell Process Engineering,
Fraunhofer Institute for Biomedical Engineering IBMT, Germany
Hariharan, Krithika - Project Center for Stem Cell Process Engineering,
Fraunhofer IBMT, Germany

Bauer, Dominic - Project Center for Stem Cell Process Engineering,
Fraunhofer IBMT, Germany

Pierson, Jennifer - Program Development and Resourcing, Health and
Environmental Science Institute HESI, USA

Smith, Godfrey - School of Cardiovascular and Metabolic Health,
College of Medical, Veterinary and Life Sciences, University of
Glasgow, UK

Zimmermann, Heiko - Headquarter, Fraunhofer IBMT, Germany
Neubauer, Julia - Project Center for Stem Cell Process Engineering,
Fraunhofer IBMT, Germany

Cardiomyocytes derived from human induced pluripotent stem cells
(hiPSC-CM) were already validated as an in vitro model for evaluating
acute, proarrhythmic cardiotoxicity in 2018. Consequently, electrophys-
iological assays using hiPSC-CM were incorporated into the existing
ICH S7B/E14 regulatory guidelines in 2022. To date, there are no
regulatory authority guidelines for evaluating long-term cardiotoxicity.
This is a concern as numerous drug treatments, including chemother-
apy drugs like anthracyclines and certain protein kinase inhibitors,

are known to capable of causing significant cardiomyopathy via toxic
actions on the myocardium. Members of the Cardiac Safety Committee
Stem Cell Work Group of HESI (USA) have conducted a multi-site study
designed to test a standardized chronic assay protocol. 12 compounds
were tested, with known cardiotoxicity mechanisms in humans (doxo-
rubicin, erlotinib, sunitinib, pentamindine, BMS-986094, milrenone,
nilotinib, endothelin-1, vinblastine, vincristine, vinorelbine), in a blinded
study examining chronic actions (up to 6 days exposure) on human
iPSC-derived cardiomyocytes while assaying a range of biomarkers .
This abstract shows the data from one participating laboratory using
microelectrode array (MEA) recordings from human induced pluripotent
stem cell-derived cardiomyocytes (hiPSC-CM) (iCell2 Fujifiim CDI) for
their suitability to assess drug-induced long-term cardiotoxicity. Over-
all, 9 of 12 compounds were assessed correctly with clear long-term
cardiotoxic effects on hiPSC-CMs and erlotinib showed no effects as
expected. One compound appeared to be false negative, namely the
PDE-3 blocker milrenone, which is known to have a low sensitivity on
hiPSC-CM cardiomyocytes. Arsenic trioxide revealed no cardiac toxicity
in the concentration range tested. MEA recordings on hiPSC-CM are a
powerful in vitro assay system to detect long-term cardiotoxic actions.

Keywords: hiPSC-derived cardiomyocytes, long-term cardiotoxicity,
microelectrode array recording



5:45 PM - 6:45 PM
299

BIOENGINEERING FOR MATURE CARDIAC
DISEASE MODELS USING HUMAN INDUCED
PLURIPOTENT STEM CELLS

Suto, Akihiro - Pharmacy and Bioengineering, Keele University, UK
Barlow, Jonathan - Mitochondrial Profiling Centre, University of
Birmingham, UK

Verkerk, Arie - Medical Biology (AMC), Amsterdam UMC, Netherlands
Jabbarpour, Zahra - Pharmacy and Bioengineering, Keele University, UK
Yang, Ying - Pharmacy and Bioengineering, Keele University, UK
George, Vinoj - Pharmacy and Bioengineering, Keele University, UK

HiPSC-Cardiomyocytes (hiPSC-CMs) have translational potential,

yet following differentiation, these cardiomyocytes (CMs) are akin

to neonatal rather than adult CMs. Whilst conventional methods for
maturing hiPSC-CMs in culture exist (like Engineered Heart Tissues), a
bioengineered approach to producing in situ mature cardiomyocytes
without extensive manipulation or duration and by mimicking a native
microenvironment, has not yet been explored. In this study, for the first
time, we have adapted our hiPSC-CM differentiation protocol for use
on 3D aligned electrospun poly(e-caprolactone) (PCL) nanofiber (NF)
plates, and developed a maturation media that functions synergistically
to mature hiPSC-CMs metabolically, structurally and electrophysiolog-
ically, while maintaining scalability and compatibility with a variety of
assays. Cardiac differentiation of NCRM5-hiPSCs in 2D (tissue culture
polystyrene, TCPS) and 3D (NF) plates produced CMs with >70% purity,
and NF CMs progressed to a sustainable mature phenotype when sub-
jected to an accelerated media regime containing small molecules in a
galactose-supplemented fatty acid-rich medium (Maturation Medium,
MM) for 14 days. Assessments considered structural, functional and
metabolic maturity. Briefly, MM-treated NF CMs showed a significant
ratiometric shift from TNNI1 (neonatal isoform) to TNNI3 (adult isoform)
gene expression (8-fold) by qPCR; greater Maximum Diastolic Potentials
(MDP) compared to TCPS CMs, at-80.4 + 2.5 mV (p=0.0005); faster
calcium kinetics in MM-treated NF CMs (time to peak amplitude in MM
treated NF-CMs was 113 + 31 ms versus 161+ 39 ms in control TCPS
CMs) (p < 0.0001); a neutral/positive force-frequency relationship and

a dose dependant response to standard cardiac ion channel blockers.
These CMs also showed a shift from glycolysis to oxidative phosphor-
ylation for ATP production. Validation of maturity was performed on an
adult-onset disease model for Arrhythmogenic Cardiomyopathy (ACM)
using CRISPR-edited isogenic mutants (mutant for PKP2 gene), with
consistency across multiple phenotyping approaches as a result of the
maturation strategy. Data presented supports a novel combined bioen-
gineering approach to accelerate maturity of hiPSC-CMs for bonafide
cardiac disease models.

Funding Source: British Heart Foundation

Keywords: cardiac maturation, bioengineering, hiPSC disease
modelling
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PRECLINICAL EVALUATION OF CRISPR-BASED
THERAPIES FOR NOONAN-SYNDROME CAUSED
BY DEEP-INTRONIC LZTR1 VARIANTS

Knauer, Carolin - Clinic for Cardiology and Pneumology, Stem Cell Unit,
University Medical Center Goettingen, Germany

Haltern, Henrike - Clinic for Cardiology and Pneumology, Stem Cell Unit,
University Medical Center Gé6ttingen, Germany

Schoger, Eric - Pharmacology and Toxicology Géttingen, University
Medical Center Géttingen, Germany

Kigler, Sebastian - Neurology, Georg-August Universitét Géttingen,
Germany

Roos, Lennart - Clinic for Cardiology and Pneumology, Stem Cell Unit,
University Medical Center Gé6ttingen, Germany

Zelarayan, Laura - Department of Pharmacology and Toxicology,
University Medical Center Géttingen, Germany

Hasenfuss, Gerd - Clinic for Cardiology and Pneumology, University
Medical Center Géttingen, Germany

Zimmermann, Wolfram-Hubertus - Department of Pharmacology and
Toxicology, University Medical Center Géttingen, Germany

Wollnik, Bernd - Institute of Human Genetics, University Medical Center
Gottingen, Germany

Cyganek, Lukas - Clinic for Cardiology and Pneumology, Stem Cell Unit,
University Medical Center Géttingen, Germany

Gene variants in LZTR1 are implicated to cause Noonan syndrome
associated with a severe and early-onset hypertrophic cardiomyopa-
thy. Mechanistically, LZTR1 deficiency results in accumulation of RAS
GTPases and, as a consequence, in RAS-MAPK signaling hyperactivity,
thereby causing the Noonan syndrome-associated phenotype. Despite
its epidemiological relevance, pharmacological as well as invasive ther-
apies remain limited. Here, personalized CRISPR/Cas9 gene therapies
might offer a novel alternative for a curative treatment in this patient
cohort. In this study, by utilizing a patient-specific screening platform
based on iPSC-derived cardiomyocytes from two Noonan syndrome
patients, we evaluated different clinically translatable therapeutic
approaches using small Cas9 orthologs targeting a deep-intronic LZTR1
variant to cure the disease-associated molecular pathology. Despite
high editing efficiencies in cardiomyocyte cultures transduced with
lentivirus or all-in-one AAVs, we observed crucial differences in editing
outcomes in proliferative iPSCs versus non-proliferative cardiomyo-
cytes. While editing in iPSCs rescued the phenotype, editing using the
same approaches did not robustly restore LZTR1 function in cardiomyo-
cytes, indicating critical differences in the activity of DNA double-strand
break repair mechanisms between proliferative and non-proliferative
cell types and highlighting the importance of tissue-specific screens for
testing CRISPR/Cas9 gene therapies.

Keywords: gene therapy, CRISPR/Cas9, iPSC-Cardiomyocytes, Noonan
syndrome, LZTR1
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INVESTIGATION OF TRIM55-ASSOCIATED
HYPERTROPHIC CARDIOMYOPATHY IN HIPSC-
CMSs

Zech, Antonia T. L. - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

McNamara, James - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

Morris, Rachel - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

Keen, Ellen - Stem Cell Biology, Murdoch Children’s Research Institute,
Australia

Pointer, Hayley - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

Parker, Benjamin - Department of Anatomy and Physiology, University
of Melbourne, Australia

Porrello, Enzo - Stem Cell Biology, Murdoch Children’s Research
Institute, Australia

Elliott, David - Stem Cell Biology, Murdoch Children’s Research Institute,
Australia

Hypertrophic cardiomyopathy (HCM) is the most common human
inherited cardiomyopathy with no curative treatment available. HCM

is commonly associated with variants in genes encoding sarcomeric
proteins that compromise cellular homeostasis, thereby highlighting the
importance of the protein degradation machinery in disease develop-
ment and progression of HCM. TRIM55 is part of the Ubiquitin-Protea-
some System (UPS), the major proteolytic system within cells, that has
been shown to be altered in HCM. A number of variants in TRIM55 have
been associated with HCM but the underlying disease mechanism is
still unknown, limiting treatment or identification of novel therapeutic
interventions. This project directly addresses this knowledge gap as
TRIM55 Knockout (KO) and patient-derived TRIM55 variant hiPSC lines
were generated using CRISPR/Cas9 gene editing. Our preliminary

data revealed an HCM-like phenotype in 3D cardiac organoids with a
higher force, lower beating rate, a longer activation and relaxation time
for TRIM55 KO compared to healthy control organoids, indicating an
alteration of contractile function. High-content image-based analysis
was performed to unravel disease hallmarks of TRIM55 related HCM

by confocal imaging, including cell size, sarcomere organisation and
aggregation of sarcomeric proteins. Immunofluorescence staining

was performed to validate TRIM55 localisation along the M-band of

the sarcomere, as well as to verify the absence of TRIM55 protein in
TRIM55-KO hiPSC-CMs. TRIM55 absence was confirmed by mass
spectrometry analysis, and gene ontology analysis revealed alteration
of sarcomere organisation and muscle contraction in TRIM55-KO hiP-
SC-CMs, suggesting a regulatory role of TRIM55 in sarcomere forma-
tion. This study establishes a suite of cell lines that will facilitate a better
understanding of TRIM55 function as a basis for the development of
novel therapeutic approaches for HCM.

Funding Source: This work is funded by the Novo Nordisk Foundation
Center for Stem Cell Medicine, reNEW, supported by a Novo Nordisk
Foundation grant (grant number NNF21CC0073729).

Keywords: hypertrophic cardiomyopathy, disease modeling,
proteopathy
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MELATONIN-INSPIRED 3D STROMAL CELLS
WITH ROBUST PGE2 PRODUCTION DRIVE
FETAL REPROGRAMMING IN THE INTESTINAL
EPITHELIUM

Ahn, Ji-Su - Department of Oral Biochemistry, Pusan National
University, Korea

Seo, Yoojin - Department of Oral Biochemistry, Pusan National
University, Korea

Oh, Su-Jeong - Department of Oral Biochemistry, Pusan National
University, Korea

Kang, Min-Jung - Department of Oral Biochemistry, Pusan National
University, Korea

Park, Hee-Jung - Department of Oral Biochemistry, Pusan National
University, Korea

Kim, Seong Hui - Department of Oral Biochemistry, Pusan National
University, Korea

Yu, Jeong Hyun - Department of Oral Biochemistry, Pusan National
University, Korea

Lee, Yunji - Department of Oral Biochemistry, Pusan National
University, Korea

Jeong, Jee-Heon - Department of Precision Medicine, Sungkyunkwan
University, Korea

Kim, Hyung-Sik - Department of Oral Biochemistry, Pusan National
University, Korea

The intestinal epithelium exhibits remarkable regenerative capabilities
following damage. Crypt-base-columnar stem cells (CBCs) are easily
lost upon injury, such as irradiation or dextran sulfate sodium. However,
the intestinal epithelium cells initiate a regenerative response through
fetal reprogramming to repair the damaged tissue. Revival stem cells
(RevSCs) express fetal genes like Clu and Sca-1, existing in a quiescent
state under normal conditions and becoming activated in response

to injury. To enhance the regenerative capacity mediated by revSCs,
we employed a strategy of combining melatonin-loaded microspheres
with 3D mesenchymal stem cells (3D-MSCs). 3D-MSCs exhibit high
levels of Prostaglandin E2 (PGE2), which has been reported to act as
an inducer of RevSCs. In the results from testing melatonin on intes-
tinal organoids, it suppressed growth and budding without causing
apoptosis, suggesting melatonin induces a reversible quiescence in
organoids. Gene set enrichment analysis revealed an upregulation of
gene signatures associated with fetal/regenerative state and yes-asso-
ciated protein (YAP) activation in melatonin-treated organoids. Notably,
the combined treatment of PGE2 and melatonin, compared to PGE2
only, led to an increase of Ly6a+ cells and significantly activated YAP
signaling. Melatonin-incorporated 3D-MSCs (heterospheroid) were
more effective in generating Ly6a+ cells in organoids compared to both
2D and 3D-MSCs. Furthermore, the administration of heterospheroids
demonstrated the most pronounced protective effect against DSS-in-
duced colitis in mice. In conclusion, these findings suggest a therapeu-
tic strategy using heterospheroid, to induce cellular reprogramming
towards a fetal-like state, thereby facilitating epithelial regeneration
during tissue injury.



Funding Source: Korean Fund for Regenerative Medicine (KFRM,
22A0205L1-11) grant funded by the Korea government
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GENERATION OF SKIN ORGANOIDS FROM
MULTIPLE INDUCED PLURIPOTENT STEM CELL
LINES

Iwanaga, Tomoyuki - Frontier Research Center, POLA Chemical
Industries, Inc., Japan

Yoshizawa, Misa - Frontier Research Center, POLA Chemical Industries,
Inc., Japan

Yokota, Jun - Frontier Research Center, POLA Chemical Industries, Inc.,
Japan

Mochizuki, Mayu - Frontier Research Center, POLA Chemical Industries,
Inc., Japan

Nakano, Mizuho - Frontier Research Center, POLA Chemical Industries,
Inc., Japan

Induced pluripotent stem cells (iPSCs) are reprogrammed into an
embryonic-like pluripotent state. Organoids differentiated from iPSCs
are expected to be used in regenerative medicine, such as new

drug development and tissue replacement through transplantation.
We previously reported a minimally invasive method for generating
iPSCs using cells isolated from plucked hair and urine. Recently, a
new method has been developed to generate facial skin organoids by
inducing differentiation of pluripotent stem cells to surface ectoderm
and cranial neural crest cells. By combining these methods, we gener-
ated skin organoids from nine iPS cell lines (one Caucasian, one Euro-
pean-African, and seven Asian) to confirm their applicability. All iPS cell
lines differentiated into skin organoids containing hair. Histological and
molecular analyses revealed that the organoids comprised epidermis,
dermis, and subcutaneous tissues, including epidermal keratinocytes,
dermal fibroblasts, nerve cells, melanocytes, Merkel cells, and adipo-
cytes, as well as skin appendages such as sebaceous glands and hair
follicles. In addition, similar to human skin, UV irradiation induced skin
inflammation in the skin organoids. This study shows that the method
for generating skin organoids can be applied to multiple iPS cell

lines, and may be used for drug screening. We believe that this study
contributes to the discovery of new findings for the expansion and
development of regenerative medicine.

Keywords: skin organoids, induced pluripotent stem cells (iPSCs), UV
irradiation
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ADVANCING DRUG DISCOVERY: LEVERAGING
CRISPR-READY MICROGLIA FOR FUNCTIONAL
GENOMICS STUDIES

Schmidt, Clara - bit.bio discovery, Austria
Grabner, Lisa - bit.bio discovery, Austria
Ceylan, Huriye - bit.bio discovery, Austria

Arat, Kemal - bit.bio discovery, Austria

Papai, Nora - bit.bio discovery, Austria
Gamperl, Magdalena - bit.bio discovery, Austria
Konye, Tamas - bit.bio discovery, Austria
Perlova, Tatyana - bit.bio discovery, Austria
Byrne, Ann - bit.bio, UK

Raman Srivastava, Malathi - bit.bio, UK
Patell-Socha, Farah - bit.bio, UK
Buerckstuemmer, Tilmann - bit.bio discovery, Austria
Salic-Hainzl, Sejla - bit.bio discovery, Austria
Kotter, Mark - bit.bio, UK

Functional genomics screening plays a crucial role in drug target dis-
covery by systematically assessing the impact of genetic perturbations
on cellular functions. Methods such as CRISPR knockout screening
enable both the identification of potential therapeutic targets, and the
validation of these targets by elucidating their role in disease pathways.
The use of physiologically relevant model systems is critical in these
screening approaches to ensure the future clinical success of identi-
fied targets. Human induced pluripotent stem cell (hiPSC) derived cell
types have emerged as a powerful tool to advance our understanding
of complex human biology and accelerate drug discovery programs.
Leveraging bit.bio’s hiPSC derived ioMicroglia, we introduce CRIS-
PR-Ready ioMicroglia for CRISPR/Cas9-based knockout screening.
CRISPR-Ready ioMicroglia have been engineered to constitutively
express Cas9, which is functional from day 1 post thaw. Using a guide
RNA targeting beta-2 microglobulin (B2M), we demonstrate high knock-
out efficiency at protein level by flow cytometry analysis. Importantly,
CRISPR-Ready ioMicroglia share the same features as ioMicroglia,
expressing key markers including CD45, CD14, P2RY12, CX3CR1, CD11b
and IBA1, and have comparable cytokine secretion profiles. Constitu-
tive Cas9 expression does not impact the reprogramming potential,
transcriptional profile, or functionality of CRISPR-Ready ioMicroglia. We
performed a pooled single-cell CRISPR knockout screen targeting 110
genes involved in the modulation of innate immune signalling and the
phenotypic consequences were profiled using a targeted single-cell
RNA sequencing readout. Through subsequent bioinformatic analysis,
17 genes were identified that, when knocked out, altered responses

to LPS stimulation and led to a reduction in microglial activation. Top
screening hits will be brought forward for further validation using func-
tional assays for cytokine secretion and phagocytosis activity. In con-
clusion, CRISPR/Cas9-based knockout screening using CRISPR-Ready
ioMicroglia enables researchers to systematically interrogate healthy
and diseased cell states for target identification and validation using
physiologically relevant human cell types.
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BIOENGINEERED GUT PERFUSABLE ORGANOIDS
WITH IN-VIVO-LIKE COMPLEXITY AND FUNCTION
FOR PRECISION MEDICINE APPLICATIONS

Brandenberg, Nathalie - Management, DOPPL SA, Switzerland
Sirugue, Pascaline - Research and Development, DOPPL SA,
Switzerland

Anstett, Victor - Research and Development, DOPPL SA, Switzerland
Roch, Aline - Research and Development, DOPPL SA, Switzerland
Piraino, Francesco - Product Management, DOPPL SA, Switzerland
Meyer, Marine - Product Management, DOPPL SA, Switzerland
Hoehnel, Sylke - Management, DOPPL SA, Switzerland

Organoids and microphysiological systems have emerged as pow-
erful tools for modeling human gut physiology and diseases in-vitro.
However, although physiologically relevant, these systems often lack
spatial organization, cell-type diversity, and maturity necessary for
mimicking intestinal mucosa. We integrated organoid and organ-on-
a-chip technologies to develop a primary human stem—cell-derived
perfusable organoid model closely resembling the in-vivo cell-type
composition and the native architecture of the intestine. This innovative
platform facilitates access to both luminal and basal sides, promoting
tissue longevity by removing shed cells and promoting enhanced
cellular differentiation. Here we introduce a reproducible approach to
generate a physiologically mature, human perfusable intestinal organ-
oid system, cultured for up to 15 days. We confirm the cellular hetero-
geneity of the native intestine as well as the presence of a prominent
brush border using immunofluorescence while our standardised barrier
integrity assay show leak-tight and stable barrier. Our model can be
used for a wide range of applications encompassing studies on nutrient
absorption, disease modelling, gut microbia and drug screening. Our
technology could be expanded to generate microtissues derived from
other organs and incorporate additional microenvironmental compo-
nents, thus emulating the intricate complexity of the native organ in an
in-vitro setting. These bioengineered perfusable organoids provide a
highly accurate, and functional platform to systematically study human
organ physiology and pathology, and for the development of novel
therapeutic strategies.

Keywords: organoids, perfusable organoid, 3D cell culture
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TOWARDS IMMUNITY ON CHIP - IMMUNE CELL
PERFUSION OF AN IPSC-DERIVED INTESTINAL
MODEL

Stolberg, Rosanna Naomi - Research and Development, TissUse
GmbH, Germany

Dehne, Eva-Maria - Contract Development, TissUse GmbH, Germany
Hellwig, Anja - Contract Development, TissUse GmbH, Germany

Understanding the complexities of the human intestinal epithelium and
its interaction with the immune system is crucial to advance biomedical
research. In this context, the development of a microfluidic chip-based
intestinal model derived from induced pluripotent stem cells (iPSCs)
holds immense significance. This study aimed to create an innovative
model to closely mimic the intestinal epithelium, assess its charac-
teristics and functionality and integrate immune cells to simulate the
microenvironment of Peyer’s patches. Following organoid differentia-
tion, cells were dissociated and seeded onto transwells to establish a
functional monolayer. Barrier integrity was evaluated via trans-epithelial
electrical resistance (TEER) measurements and functional assays. To
replicate Peyer’s patches, a three-dimensional model was constructed,
integrating a hydrogel between the epithelium and a leukocyte permis-
sive membrane. B-cells were incorporated to simulate B-cell follicles
within this 3D setup. Immunohistochemical characterization validated
the similarity of the derived organoids to native intestinal epithelium.
The monolayer demonstrated robust barrier integrity, confirmed by
TEER measurements. The development of the 3D model successfully
integrated B-cells within a simulated Peyer’s patch microenvironment.
Incorporation into a microphysiological system enabled immune cell
migration from circulation into the model, facilitating interactions with
the B-cells. This study presents the successful establishment of an
immune-competent intestinal model derived from iPSCs. The model
effectively replicates the native intestinal epithelium, exhibits barrier
functionality, and recreates a specialized setup including simulated
Peyer’s patches. This advanced model holds promise for advancing
our understanding of intestinal physiology, immune responses, and its
potential applications in drug development and personalized medicine.

Funding Source: Funded by the European Union under Grant
Agreement Nr. 101057438

Keywords: microphysiological systems, intestine, immunity
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MODELLING VIRAL INFECTION IN AN
ENGINEERED WHOLE-LUNG

Pellegata, Alessandro Filippo - Department of Chemistry, Materials
and Chemical Engineering “Giulio Natta”, Politecnico di Milano, Italy
Tommasini, Fabio - UCL Great Ormond Street Institute of Child Health,
UCL, UK

Benoist, Thomas - UCL Great Ormond Street Institute of Child Health,
UCL, UK

Shibuya, Soichi - UCL Great Ormond Street Institute of Child Health,
UCL, UK

Woodall, Maximillian NJ - UCL Great Ormond Street Institute of Child
Health, UCL, UK

Naldi, Eleonora - UCL Great Ormond Street Institute of Child Health,
UCL, UK

Palor, Machaela - UCL Great Ormond Street Institute of Child Health,
UCL, UK

Orr, Jessica C. - UCL Respiratory, Division of Medicine, UCL, UK
Giobbe, Giovanni Giuseppe - UCL Great Ormond Street Institute of
Child Health, UCL, UK

Maughan, Elizabeth F. - UCL Great Ormond Street Institute of Child
Health, UCL, UK

Saleh, Tarek - UCL Great Ormond Street Institute of Child Health, UCL,
UK

Gjinovci, Asllan - UCL Great Ormond Street Institute of Child Health,
UCL, UK

Hutchinson, J. Ciaran - UCL Respiratory, Division of Medicine, UCL, UK
Arthurs, Owen J. - UCL Great Ormond Street Institute of Child Health,
UCL, UK

Janes, Sam M. - UCL Respiratory, Division of Medicine, UCL, UK
Elvassore, Nicola - UCL Great Ormond Street Institute of Child Health,
UCL, UK

Hynds, Robert E. - UCL Great Ormond Street Institute of Child Health,
UCL, UK

Smith, Claire M. - UCL Great Ormond Street Institute of Child Health,
UCL, UK

Michielin, Federica - UCL Great Ormond Street Institute of Child Health,
UCL, UK

De Coppi, Paolo - UCL Great Ormond Street Institute of Child Health,
UCL, UK

To date, airways infections are one of the leading causes of death.
Furthermore, the COVID-19 pandemic represented an unexpected
exacerbation within these pathologies. This situation calls for the need
of complex in-vitro model that can mimic viral infection and predict
therapeutic outcomes, however, current modelling relies on standard
2D cell cultures which cannot recapitulate the three-dimensional lung
structure and the interaction between cells and extracellular-matrix.
To overcome these limitations, here we propose a tissue engineered
lung model, based on decellularized whole-organ matrix, epithelial
cells and an automated bioreactor system. The rationale is to provide
an in-vitro model that features human cells in contact with the extracel-
lular matrix within an anatomically correct three-dimensional structure.
We developed an innovative and automated system able to deliver
both decellularization and recellularization of the tissue by mean of a
controlled and pulsatile flow which mimics natural breathing. Rat organ
decellularization produced a scaffold which maintained the macro and

micro-structure of the tissue. Whole rat lungs were re-epithelialized
using Human Bronchial Epithelial Cells. Dynamic, bioreactor-based
recellularization delivered an even and polarized coverage of the alve-
oli. To proof the feasibility of modelling viral infection, we administered
into the re-epithelialized lungs RSV and treatment with Remdesivir.
Results showed infection of cells and formation of the typical syncytial
clusters. Supernatant collection showed drug effect on plaque-form-
ing assays. Finally, we performed an assessment of immune response
modelling by administering neutrophils in the infected engineered
lungs and results showed migration and activation by IL-8 production.
Overall, our engineered whole-lung model represents a powerful tool
as drug-screening platform or as a gene therapy model, allowing mod-
elling of human cells in a three-dimensional tissue specific environment

Keywords: tissue engineering, disease modelling, whole-organ
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ADVANCING MELANOMA RESEARCH USING
HUMAN SKIN ORGANOIDS FOR IN VITRO
MODELLING AND PRECLINICAL DRUG TESTING

Zophel, Saskia - Interdisciplinary Centre for Clinical Research IZKF,
University Hospital Wiirzburg, Germany

Reigl, Amelie - Translational Centre for Regenerative Therapies TLC-RT,
Fraunhofer-Institute for Silicate Research ISC, Germany

K&der, Nina - Institute of Biomedical Engineering, University Tiibingen,
Germany

Gundel, Shanice - University Wiirzburg, Institute of Medicine and
Biology, Germany

Wussmann, Maximilian - Translational Centre for Regenerative
Therapies TLC-RT, Fraunhofer-Institute for Silicate Research ISC,
Germany

Houben, Roland - Department of Dermatology, Venerology und
Allergology, University Hospital Wiirzburg, Germany

Groeber-Becker, Florian - Translational Centre for Regenerative
Therapies TLC-RT, Fraunhofer-Institute for Silicate Research ISC,
Germany

Schrama, David - Department of Dermatology, Venerology und
Allergology, University Hospital Wtirzburg, Germany
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Malignant melanoma is the leading cause of skin cancer-related deaths.
Therefore, it is crucial to understand its pathogenesis and explore

new therapeutic approaches. Although model systems such as animal
models and human in vitro melanoma cell cultures have been useful

in clarifying the complexities of this disease, challenges persist in
translating findings to human pathology and replicating an appropri-
ate microenvironment in vitro. To address these challenges, we have
successfully generated skin organoids from human pluripotent stem
cells that closely mimic the characteristics of native human skin. These
hair-bearing organoids provide a physiologically relevant platform for
studying the progression of melanoma. Using this system, we aim to
establish a comprehensive in vitro melanoma model. In order to create
a model that accurately reflects the intricacy of the tumour microenvi-
ronment, we are currently investigating the co-cultivation of melanoma
cells. This method allows for the examination of melanoma progression
and the interactions between tumour cells and surrounding stromal
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components. As part of our approach, we conducted tests using eight
different melanoma cell lines with varying genetic defects. These cell
lines were characterised and tested for tumour spheroid generation
as part of our screening process. These tumour cell lines were then
co-cultured with 80-day-old organoids. Immunofluorescence staining
was performed on the resulting tumour skin organoids to elucidate
the expression of tumour markers. This was combined with an analy-
sis of microenvironmental changes, in particular the manifestation of
cancer-associated fibroblasts. In conclusion, this work introduces a
novel approach to melanoma research utilising stem cell generated
human skin organoids, to create a physiologically relevant melanoma
model. This model addresses existing limitations and enables the
exploration of interaction between tumours and surrounding stroma.
Findings from this translational investigation, involving human stem
cells, are expected to advance the development of more potent mela-
noma therapies through the possible preclinical evaluation of medicinal
compounds.

Keywords: melanoma, skin organoids, preclinical drug testing
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FROM BREAKTHROUGH TO BEDSIDE:
HARNESSING HUMAN INTESTINAL ORGANOIDS
FOR REGENERATIVE THERAPY

Jasra, lla Tewari - Centre of Stem Cell and Organoid Medicine,
Cincinnati Children’s Hospital Medical Centre, USA

Aquino, Grace - Centre of Stem Cell and Organoid Medicine, Cincinnati
Children’s Hospital Medical Centre, USA

Boylin, Katherine - Department of Biomedical Engineering, University of
Cincinnati, USA

Brown, Nicole - Centre of Stem Cell and Organoid Medicine, Cincinnati
Children’s Hospital Medical Centre, USA

Janakiram, Vinothini - Centre of Stem Cell and Organoid Medicine,
Cincinnati Children’s Hospital Medical Centre, USA

Nattamai, Kalpana - Centre of Stem Cell and Organoid Medicine,
Cincinnati Children’s Hospital Medical Centre, USA

Sundaram, Nambirajan - Centre of Stem Cell and Organoid Medicine,
Cincinnati Children’s Hospital Medical Centre, USA

Helmrath, Michael - Centre of Stem Cell and Organoid Medicine,
Cincinnati Children’s Hospital Medical Centre, USA

Kasendra, Magdalena - Centre of Stem Cell and Organoid Medicine,
Cincinnati Children’s Hospital Medical Centre, USA

The recent breakthrough in human organoid technologies represents

a pivotal moment in personalized regenerative medicine, unlocking the
potential to generate complex tissues from a patient’s own stem cells
for autologous transplantation. Among these advancements, Human
Intestinal Organoids (HIOs) derived from pluripotent stem cells offer a
significant promise for regenerative medicine by providing laborato-
ry-grown tissues that faithfully replicate the intricate complexities of the
human intestine. Our recent studies have demonstrated the remarkable
regenerative potential of human intestinal organoid (HIO) fragments in
a pre-clinical rat model subjected to mechanical and chemical damage.
These HIOs, when introduced into the gut lumen, exhibited engraft-
ment, proliferation, migration, and differentiation, effectively restoring
both the epithelial and mesenchymal layers of damaged bowel tissue
in an immunosuppressed rat model. To translate this exciting discovery

N %

into clinical application, we have assembled a multidisciplinary study
team comprising gastroenterology experts, transplant surgeons, basic
and clinical research scientists, and cell therapy manufacturing experts.
The preclinical phase of our project has been dedicated to: (1) defining
the specific indications for therapy and identifying the appropriate
patient population (2) translating research protocols into cGMP-com-
pliant manufacturing procedures for the large -scale production of clin-
ical-grade material and (3) assessment of the product’s safety in vivo
animal models. Preliminary results have demonstrated the feasibility of
generating clinical-grade HIOs, cryopreserving the final product, and
establishing its safety profile in animal models. These findings pave
the way for further advancements in regenerative therapy. Moreover,
our work contributes significantly to the field by establishing a unique
infrastructure for regenerative therapies and outlining a roadmap for
the clinical translation of iPSC-derived organoids. The broader impli-
cations of this research extend beyond intestinal rejection, providing

a foundation for efficient and safe organoid therapies across various
organ systems.

Keywords: intestinal organoids, differentiation, translational medicine
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UNCOVERING THE PATHOGENESIS AND
THERAPY FOR P63-RELATED STEM CELL
DEFICIENCY

Misherki, Rabea Farid - Genetics, Technion - Israel Institute of
Technology, Israel

Aberdam, Daniel - INSERM U976, France

Amitai-Lange, Aya - Genetics, Technion, Israel

Bhattacharya, Swarnabh - Genetics, Technion, Israel

Missero, Caterina - CEINGE Biotecnologie Avanzate, Italy

Savir, Yonatan - Department of Physiology, Biophysics and System
Biology, Technion, Israel

Shalom-Feuerstein, Ruby - Genetics, Technion, Israel

Willoughby, Colin - Department of Eye and Vision Science, Institute of
Ageing and Chronic Disease, UK

Altshuler, Anna - Genetics, Technion, Israel

Dimri, Shalini - Genetics, Technion, Israel

Nasser, Waseem Nasser - Genetics, Technion, Israel

Strinkovsky, Lior - Department of Physiology, Technion, Israel

The impact of disease-causing mutations on stem cell (SC) function and
cellular dynamics is poorly understood. This gap of knowledge mainly
stems from the technical limitation to follow adult SC function for long-
term in their native niche in vivo. Here we utilized the cornea as a tissue
model, as it allows monitoring of individual SCs and their progeny in
real time. The corneal epithelium is constantly replenished by SCs

that reside in the limbus niche. Limbal stem cell (LSC) self-renewal and
proliferation is firmly controlled by the transcription factor p63. LSC loss
or dysfunction results in LSC deficiency (LSCD), a devastating pathol-
ogy accompanied by corneal opacification and blindness. However,

the impact of p63 mutations on LSC dynamics in vivo is unknown and
therapeutic options for the patients are limited. Here, we report that

a single point mutation in p63 coding genes leads to ectodermal dys-
plasia accompanied by LSCD in human. We established a conditional
mouse model carrying the same mutation and discovered that it reca-
pitulates the LSCD phenotypes of patients. Quantitative lineage-tracing



reveals that mutated LSCs and corneal progenitor cells display abnor-
mal activity and perturbed radial tissue renewal orientation. Computer-
ized modeling of corneal tissue renewal suggests that mutated active
LSC population is hyper activated and potentially linked with exhaus-
tion. However, treatment of mutated animals with the small molecular
weight compound, APR-246, substantially prevents LSCD development
under different treatment modalities. In conclusion, we propose that
APR-246 restores the activity of mutated P63 and LSC function, thereby
maintaining and corneal tissue boundary intact. Future studies should
further investigate the therapeutic potential of APR-246 in clinical trials.

Keywords: stem cell function, cellular dynamics, corneal epithelium
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NF-kB-MEDIATED HAIR FOLLICLE DAMAGE IN
SOLAR UV-INDUCED PHOTODAMAGED SKIN
ORGANOID

Kim, Minji - College of Veterinary Medicine, Seoul National University,
Korea

Kang, Kyung-Sun - College of Veterinary Medicine, Seoul National
University, Korea

Solar ultraviolet (sUV) exposure is known to cause skin damage.
However, the pathological mechanisms of sUV on hair follicles have not
been extensively explored. Here, we established a model of sUV-ex-
posed skin and its appendages using human induced pluripotent
stem cell-derived skin organoids with planar morphology containing
hair follicles. Our model closely recapitulated several symptoms of
photodamage, including skin barrier disruption, extracellular matrix
degradation, and inflammatory response. Specifically, sUV induced
structural damage and catagenic transition in hair follicles. As a poten-
tial therapeutic agent for hair follicles, we applied exosomes isolated
from human umbilical cord blood-derived mesenchymal stem cells

to sUV-exposed organoids. As a result, exosomes effectively allevi-
ated inflammatory responses by inhibiting NF-kB activation, thereby
suppressing structural damage and promoting hair follicle regenera-
tion. Ultimately, our model provided a valuable platform to mimic skin
diseases, particularly those involving hair follicles, and to evaluate the
efficacy and underlying mechanisms of potential therapeutics.

Funding Source: - This study was partially supported by the Research
Institute for Veterinary Science, Seoul National University, - Korean
Fund for Regenerative Medicine(KFRM) grant (No. 23A0101L1)
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APICAL-OUT AIRWAY ORGANOIDS AND AIRWAY-
IMMUNE CO-CULTURES ARE SUITABLE MODELS
FOR ANTIVIRAL COMPOUND SCREENINGS AND
INFECTIOUS DISEASES RESEARCH
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Tabatabaei-Zavareh, Nooshin - Research and Development, STEMCELL
Technologies Inc., Canada

Eaves, Allen - President and CEO, STEMCELL Technologies Inc.,
Canada

Louis, Sharon - Research and Development, STEMCELL Technologies
Inc., Canada

Chang, Wing - Research and Development, STEMCELL Technologies
Inc., Canada

Moraes, Theo - Program of Translational Medicine, Hospital for Sick
Children Research Institute, Canada

Simmini, Salvatore - Research and Development, STEMCELL
Technologies Inc., UK

Advanced cell culture systems, such as airway organoids and co-cul-
tures of epithelial cells with immune cells, could serve as a powerful
platform to study viral infection and pathogenesis. Towards this goal,
we describe the development of two new human lung culture sys-
tems and their use in host-pathogen interaction studies and in drug
screening applications. In the first culture system, co-cultures of human
bronchial epithelial cells (HBECs) and blood-derived macrophages
were established in a complex air-liquid interface model in either
PneumaCult™-ALI or ImmunoCult™-SF Macrophage Medium containing
stimulating factors to specifically derive MO-, M1- or M2-like macro-
phages. Macrophages maintained their phenotype for the co-culture
assay length of 72 hours, and the HBECs were unaffected by the
specialized macrophage media. Subsequently, this system was used
to determine the role of different macrophage phenotypes (MO, M1,
and M2) following respiratory syncytial virus infection. Macrophage
subtypes were shown to be influenced by their microenvironment,
with M1-like macrophages considerably decreasing the initial infection,
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whereas MO- and M2-like macrophages helped potentiate it. In the
second culture system, HBECs were used to generate apical-out airway
organoids (AOAOs) in an extracellular matrix (ECM)-free, serum-free,
and easily scalable workflow. This novel 3D organoid culture model
exposes the apical side of the epithelium to the environment. Infection
of AOAOs with influenza A, influenza B, rhinovirus-A16, or enterovi-
rus-D68 produced high viral RNA titers (approximately 5.5 1og10 copies
per sample) and strong cytopathogenic effects, whereas administration
of two antivirals, Rupintrivir, and Itraconazole, significantly rescued the
infection effects. In summary, we describe the generation and use of
two new models to study infectious disease pathogenesis in vitro and
assess antiviral drug effects.

Funding Source: The work described in this abstract was funded by
Mitacs through the Mitacs Accelerate programme (Project Number
IT11399) and OrganoVIR (Grant 812673) in the European Union’s Horizon
2020 programme.

Keywords: apical-out airway organoids, lung epithelial cell-immune cell
co-culture, infectious diseases
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PRENATAL MODELING OF CONGENITAL
DIAPHRAGMATIC HERNIA USING AMNIOTIC AND
TRACHEAL FLUIDS-DERIVED LUNG ORGANOIDS
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De Coppi, Paolo - Great Ormond Street Institute of Child Health,
University College London, UK

Gerli, Mattia Francesco Maria - Division of Surgery and Interventional
Science, University College London, UK

Congenital diaphragmatic hernia (CDH) is a rare condition associated
with devastating fetal lung defects. The underlying disease mecha-
nisms remain poorly understood due to the lack of patient-specific in
vitro models. Fetal stem cell-derived organoids may provide a reliable
tool to study CDH fetal lungs; however, they can currently only be
generated after the termination of pregnancy. This work aimed to
develop a human fetal lung organoid system to model CDH before
birth, while allowing the continuation of pregnancy. Amniotic (AF) and
tracheal fluids (TF) were collected from CDH fetuses pre- and post fetal
surgery (FETO), and GA-matched healthy controls. Fetal fluid-derived
lung organoids were expanded clonally and characterized by bulk and
single-cell RNA-seq, as well as immunofluorescence and functional
assays. We generated lung organoids from 16 CDH AFs and 7 CDH TFs.
CDH organoids expanded for multiple passages and expressed lung
epithelial stem/progenitor cell markers. SOX9 expression was down-
regulated in CDH organoids generated post-FETO, indicating enhanced
tissue maturation. Notably, comparative analysis revealed a reduc-

tion in the number of differentially expressed genes (DEGs) between
organoids generated before (380 DEGs) and after (102 DEGs) FETO
when compared to controls. scRNAseq unveiled substantial differences
in the cellular composition of CDH vs. control organoids, highlighting
the unique characteristics of CDH patient-derived organoids. Lung
organoids derived from fetal fluids successfully capture CDH features,
offering potential for disease modeling, outcome prediction, and per-
sonalized prenatal drug testing.

Keywords: organoids, amniotic fluid, fetal stem cells
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VIROLOGICAL ANALYSIS OF RESPIRATORY
SYNCYTIAL VIRUS USING HUMAN IPS CELL-
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and Faculty of Medicine, The University of Tokyo, Japan

Matsumura, Yasufumi - Department of Clinical Laboratory Medicine,
Graduate School of Medicine, Kyoto University, Japan

Takeda, Makoto - Department of Microbiology, Graduate School of
Medicine and Faculty of Medicine, The University of Tokyo, Japan
Nagao, Miki - Department of Clinical Laboratory Medicine, Graduate
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Research and Application (CiRA), Kyoto University, Japan

The number of respiratory syncytial virus (RSV)-infected patients

is rapidly increasing after the coronavirus disease 2019 (COVID-19)
pandemic. There is an urgent need to elucidate the pathophysiology
of RSV disease and conduct its pharmaceutical research. Therefore,



model development for conducting RSV research and its application

in pharmaceutical discovery are essential. In this study, our human iPS
cell-derived respiratory tissue model was infected with RSV, and then
performed scRNA-seq analysis to analyze host responses. Our respira-
tory tissue model includes not only respiratory epithelial cells includ-
ing ciliated cells, but also immune cells such as macrophages. After
infecting a respiratory tissue model with 0.1 multiplicity of infection
(MOI) RSV genotype A, scRNA-seq analysis was performed at 4 days
post-infection (dpi). The high expression level of the RSV NS1gene in
ciliated cells and goblet cells suggests that RSV tends to infect ciliated
cells and goblet cells. In addition, RSV infection increased the propor-
tion of goblet cells from 14.4% to 23.1%. GO term analysis of genes with
increased expression in RSV-infected alveolar macrophages showed
that genes related to defense response to virus were enriched. To
confirm the validity of the scRNA-seq data, we also reanalyzed scRNA-
seq data using broncho-alveolar lavage fluid (BALF) collected from
RSV-infected patients. In BALF of RSV-infected patients, we confirmed
RSV infection tropism toward ciliated cells and goblet cells, an increase
in the proportion of goblet cells, and increased expression of genes
related to defense response to virus in alveolar macrophages. These
results suggest that we were able to demonstrate the usefulness of the
respiratory tissue model in RSV infection through a comparative analy-
sis of the human iPS cell-derived respiratory tissue model and BALF. In
the future, we will use respiratory tissue models to elucidate the patho-
physiology of RSV disease and conduct pharmaceutical research.

Funding Source: This research was supported by the iPS Cell Research
Fund and the Japan Agency for Medical Research and Development
(AMED) (Grant Number: JP21gm1610005).
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MODELING OF SPONTANEOUS PULMONARY
FIBROSIS VIA CELLULAR SENESCENCE IN TYPE
2 ALVEOLAR EPITHELIAL CELLS DERIVED FROM
HUMAN PLURIPOTENT STEM CELLS

Tsutsui, Yusuke - Department of Drug Discovery for Lung Diseases,
Graduate School of Medicine, Kyoto University, Japan

Gotoh, Shimpei - Center for iPS Cell Research and Application (CiRA),
Kyoto University, Japan

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive interstitial
lung disease that is more likely to occur in the elderly. Although the
pathogenesis of IPF is not completely understood, telomere dysfunc-
tion in type Il alveolar epithelial (AT2) cells causes pulmonary fibrosis in
a subset of patients. TRF2 is a key component of the shelterin complex
(SC) which prevents abnormally shortened and uncapped telomeres
and genetic variants of SC were reported in some familial cases of

IPF. Since it is difficult to culture AT2 cells derived from patients with
such rare genetic variants, we conceived that in vitro senescence
model of AT2 cells derived from human induced pluripotent stem

cells (iPSCs) would be beneficial for elucidating the mechanism of IPF
progression. Here, we generated an iPSC line using a doxycycline (dox)
-inducible lentiviral vector encoding the dominant negative variant

of TRF2 (TRF2-DN). We differentiated this iPSC line into AT2 (iAT2)
cells and expressed TRF2-DN protein in a dox-inducible manner. The

TRF2-DN-expressing iAT2 (TRF2-DN-iAT2) cells showed lower alveolo-
sphere formation efficiency and smaller alveolospheres than the control
iAT2 cells did in a colony-forming assay. TRF2-DN-iAT2 cells showed
an increase in SA-B-gal activity. Consistent with the SA-B-gal activity,
expression of CDKN1A, CDKN2A and markers of senescence associ-
ated secretory phenotype were upregulated in TRF2-DN-iAT2 cells.
Bulk RNA sequencing suggested activation of p53 and NF-kB signaling
in TRF2-DN-IiAT2 cells. Alveolar organoids consisting of TRF2-DN-iAT2
cells and human fetal lung fibroblasts showed organoid contraction and
presence of alveolar epithelial cells in abnormal differentiation states.
In conclusion, we developed a new human in vitro model of sponta-
neous pulmonary fibrosis caused by dysfunction of a SC protein which
serves telomere capping. This model could be useful for clarifying the
pathogenesis of pulmonary fibrosis and thereby discovering the novel
therapeutic agents.

Funding Source: Funded by Kyorin Pharmaceutical Co. Ltd
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SKIN CELL SELF ORGANOIZATION IS GUIDED BY
PROTEIN CORONA-BEARING EXTRACELLULAR
VESICLES
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Transport of functional protein cargo via extracellular vesicles (EVs)
is an important mechanism in cell communication. We aim to under-
stand the distribution of active cargo proteins between EV’s inside
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and outside and the implication for therapeutic applications in wound
healing. Here we used skin organoids and a human-on-mouse skin
model to investigate the contribution of EVs to this process. EVs from
placenta-derived stromal (PLX) cell-conditioned medium or from human
platelet lysate were enriched by tangential flow filtration (TFF) option-
ally followed by ultracentrifugation or size exclusion chromatography
(SEC) to obtain EV preparations with different degree of protein corona
preservation. Self organization capacity in presence or absence of
different EV preparations was analyzed in a high throughput organoid
assay. Contribution of EVs to wound healing was assessed in an in

vivo model transplanting human skin cells on NSG mice. Skin organoid
formation by keratinocytes together with endothelial cells and keratino-
cyte or spheroid formation of human skin fibroblasts was significantly
superior in the presence of TFF-purified EVs bearing a functional
protein corona. Soluble factors alone or corona-depleted EVs after SEC
did not initiate 3d organization. In vivo, TFF-purified EVs were essential
for proper stratified organization of human skin cells in wound areas
and provided sufficient vascular suport. These findings allowed us

to develop a self-organizing human skin model in mice and show the
important role of corona proteins for EV function. The surface-to-bulk
partition of EV cargo for small EVs <180 nm is in favor of surface cargo
loading supporting the new concept of a functional EV corona.

Funding Source: This work was supported by funding from the
European Union’s Horizon Europe research and innovation program
(101095635 PROTO, 101080267 NEXGEN-PD and 101056712 HEAL to
DS and by Land Salzburg 20102-F2100572-FPR “EV-Quant” to DS
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DEVELOPMENT OF A NOVEL CYSTIC FIBROSIS
LUNG DISEASE MODEL BASED ON PATIENT-
SPECIFIC HUMAN INDUCED PLURIPOTENT STEM
CELLS
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Berlin, Germany
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Telethon Institute of Genetics and Medicine (TIGEM), Italy
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Cystic fibrosis (CF) is caused by mutations of the epithelial chloride
channel CFTR and results in a severe lung disease that is characterised
by mucus accumulation, chronic infection and inflammation, and even-
tual lung failure. In vitro modelling of CF lung disease currently relies on
the utilisation of primary respiratory epithelial cells and immortalised
cell lines. However, these model systems show significant drawbacks
due to altered physiology and accessibility, wherefore development of
novel CF models is still needed. Recently, human induced pluripotent
stem cells (hiPSCs) are emerging as a model system of CF. hiPSCs

can easily be generated from healthy or diseased donors by repro-
gramming of somatic cells, show a virtually unlimited proliferation,
support complex genome engineering and most importantly can be
differentiated into various disease-relevant cell types. In our study, we
developed a novel CF lung disease model based on CF patient-specific
hiPSCs and demonstrated its utility as a tool in CF research. A multistep
differentiation protocol was applied to WT and CF hiPSCs to generate
respiratory epithelial cells in air-liquid-interface cultures (iALI cultures).
Molecular and functional analyses verified the airway specification of
iALI cultures and revealed high similarities compared to primary derived
respiratory epithelial cells (pALI cultures). Moreover, we confirmed the
manifestation of a CF-like disease phenotype in CF iALI cultures that
was characterised by: an impaired CFTR protein expression, reduced
transepithelial chloride conductance, reduced ciliary beating and an
altered mucous layer ultrastructure shown by electron microscopy. Fur-
thermore, the application of CFTR modulator drugs enabled to partially
rescue the disease phenotype of CFiALI cultures. Our study provides a
detailed description of our iALI cultures as a novel tool in pre-clinical CF
research. A versatile set of analyses validated that iALI cultures closely
resemble the established model system of pALI cultures and enable
modelling of the CF lung phenotype. In the future, iALI cultures will
support novel study approaches through complex genome engineering
and innovative functional assessments that will augment the develop-
ment of CF therapy approaches and facilitate clinical translation.

Funding Source: We are thankful for the funding by the Mukoviszidose
e.V. (EFFECT/1807), the German Center for Lung Research (DZL;
82DZL002A1) and the German Research Foundation, Cluster of
Excellence REBIRTH (DFG EXC62/3).
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AN IN VITRO CANINE COLONOID MODEL TO
STUDY INTESTINAL INFLAMMATION AND DRUG
RESPONSE
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Drug development is a lengthy and expensive process in human

and veterinary medicine. The current paradigm in drug research and
development is to use 2D cell cultures, which are typically first used to
screen compounds. Products then move into live animal testing before
human clinical trials. Despite undergoing rigorous and costly studies

in the drug discovery and preclinical stage, most drug candidates fail

in Phase Il clinical trials. Only approximately 5% of the drugs that are
tested are ultimately approved by the Food and Drug Administration
(FDA), highlighting the critical need for a more reliable in vitro model.
Inflammatory bowel disease (IBD), which refers to chronic inflammatory
disorders of the gastrointestinal tract, is becoming increasingly diag-
nosed in both humans and dogs. Our laboratory has established canine
colonoids that contain Goblet cells that produce mucin (Alcian Blue+) on
their apical surface (lumen). 3D organoids were dissociated and seeded
onto Transwell inserts to replicate cellular polarity. 2D monolayers took
~8 days to become confluent with Transepithelial Electrical Resistance
(TEER) values increasing from 19 Q.cm2 on Day 3 to 2,809 Q.cm2 on
Day 9. On the day of the experiment, 4 hours after TEER values were
measured, 5 ng/mL of canine TNF-a was added to the basal chamber
and incubated for an additional 6 hours. A significant drop in TEER
(mean + SD) was observed after TNF treatment (1898.4 + 340.9 Q.cm2
p< 0.05) compared to pre-treatment (3035.3 £ 265.5 Q.cm2). Further-
more, there was a significant increase in secreted IL-8 (measured using
a canine-specific ELISA) after addition of TNF in both the apical (Control
1318.4 pg/mL + 130.6; TNF 1989.6 pg/mL + 241.1) and basal (Control 128.7
pg/mL +18.1; TNF 2605 pg/mL * 184.5) supernatants. RNA-sequencing
of transwells revealed a global effect of TNF treatment on the canine
colonoids, with a variety of inflammatory cytokines and regulators of
barrier function (e.g., IL-7, IL-8, CXCL10, IL-17C, CCL20, IL-23A, ROCK]1,
ROCK?2) being significantly upregulated. To conclude, canine colonoids
displayed a pro-inflammatory response and altered barrier function to
TNF-q, as confirmed by TEER, IL-8 ELISA, and mRNA expression which
can be used to accelerate in vitro screening of anti-inflammatory drug
candidates in both veterinary and human medicine.

Funding Source: University of lllinois at Urbana-Champaign - internal,
unrestricted funds
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HIPSC-DERIVED SKIN ORGANOIDS: A NEW
APPROACH TO MIMIC VASCULARIZED COMPLEX
SKIN STRUCTURES AND PATHOLOGIES
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Reproducing the complex vascular architecture of human skin in vitro
remains a major challenge in tissue engineering and regenerative
medicine. Human skin, an intricate organ comprising the epidermis,
dermis and hypodermis, exhibits a sophisticated arrangement of
different cell types and structures. One promising approach is to use
human induced pluripotent stem cells (hiPSCs) to create skin organoids
that mimic the multi-layered complexity of native human skin. These
hiPSC-derived organoids provide a platform for modelling various skin
pathologies and developmental processes. By integrating additional
elements such as the vasculature and immune components such as
macrophages. Our efforts have resulted in the cultivation of skin organ-
oids that exhibit cystic structures with an inside-out orientation, mim-
icking certain aspects of native skin morphology. To create a suitable
in vitro testing environment, these organoids were precisely sectioned
and placed on different structure to allow air-liquid interphase. In col-
laboration with the Organ-on-a-Chip (OOAC) technology developed by
Peter Loskill’s laboratory, we successfully transferred these organoids
onto a perfusable platform. This advance enabled dynamic perfusion,
allowing more physiologically relevant nutrient exchange and waste
removal within the organoid structure. Our comparative analyses
between the cystic organoids with an air-liquid interphase and those
integrated into the chip revealed nuanced differences, particularly in
the maturation of the epidermal layers. In conclusion, the integration
of various techniques, including hiPSC technology, innovative culture
methods and OOAC platforms, has led us to more advanced and phys-
iologically relevant skin models. These sophisticated skin organoids
not only provide insights into basic skin biology, but also hold great
promise for drug testing, personalised medicine and the development
of novel therapeutic interventions for skin-related diseases.
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EVALUATION OF NANOFOBRIOUS ELECTROSPUN
POLYCAPROLACTONE AS A SCAFFOLD FOR
HUMAN IMMORTALIZED AIRWAY PROGENITOR
CELL LINE TO MODEL ACUTE RESPIRATORY
DISTRESS SYNDROME

Wendi, Indra Putra - Experimental Medical Science, Lund University,
Sweden

Wagner, Darcy - Experimental Medical Science, Lund University,
Sweden

Acute Respiratory Distress Syndrome (ARDS) is a clinical syndrome
involving classical constellation of acute onset of dyspnea, severe
hypoxemia, diffuse lung infiltrates, and decreased respiratory system
compliance. Clinically two-third of mild to moderate cases progress

to severe with mortality rate up to 40%. The heterogeneous nature of
the syndrome hinted that precision medicine approach is needed, and
humanized in vitro bronchioalveolar model will be indispensable to
reach that outcome. One challenge to design such a model is to ensure
that the envisioned construct is compatible with pulmonary bronchial
and alveolar epithelial, endothelial, and immune cells. Furthermore,
such models need to have mechanical properties like a human lung,
and poro-fibrous architecture to recapitulate the native lung extracel-
lular matrix (ECM) condition. A lung-on-a-chip model from previously
designed 3D-printed mold by the lab with few modifications was

used as a starting point. Electrospun membrane of polycaprolactone
(PCL) was explored given its favorable properties. We tested different
surface modification methods through protein adhesion and found
that 1% atelocollagen | coatings resulted in airway cell attachment and
monolayer formation. Furthermore, fourier-transform infrared spectros-
copy (FTIR) analysis on the treated membranes shows that lengthening
treatment duration of protein coatings up to 12 hours is needed before
protein deposition is detected despite already showing change on
water-contact angle. Next, seeding of A549 or Calu-3 cells, a human
immortalized cell line model for alveoli and airway cells respectively,
on the pretreated scaffold is described with successful monolayer
formation confirmed using FITC-dextran assay. In the future, compro-
mised barrier function, which is a chief event in ARDS pathophysiology
will be tested using LPS treatment with pre-and post-barrier function
recorded using FITC assay, and coculturing with endothelial cells and
macrophages will be considered.

Keywords: airway progenitor cells, electrospun scaffold, ARDS
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PATIENT-DERIVED CONJUNCTIVAL ORGANOIDS
AS A MODEL FOR THE FRONT-OF-THE-EYE
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In the context of ocular research, dry eye disease (DED) poses a sig-
nificant clinical challenge, affecting millions of patients worldwide. The
conjunctiva, a vital tissue of the ocular surface, plays a critical role in
maintaining ocular surface homeostasis and protection, contributing to
the production of the aqueous and mucous components of the tear film.
As a result, conjunctival damage causes instability of the tear film and
sets off a cascade of processes, ultimately resulting in the develop-
ment of DED, ocular discomfort, and, in more severe instances, vision
impairment and blindness. Recent advances in stem cell research and
three-dimensional (3D) in vitro culture have enabled the development
of conjunctival organoids. Unlike traditional conjunctival epithelial cell
monolayers, organoids have a 3D architecture, include multiple cell
types, an extracellular matrix, and better recapitulate the physiology
and function of the native conjunctiva. In addition, organoids provide

a sustainable and reproducible platform for research as they can be
cultured long-term and over multiple passages, which is not the case
with primary cells or ex vivo tissue explants. Here, we initially focus on
establishing organoids from mouse conjunctival tissue. By embedding
mouse conjunctival stem cells into a niche-like extracellular matrix

we developed organoids that express the conjunctival marker KRT19,
the main transcription factor of eye development PAX6, the cellular
marker for proliferation Ki67, the basal cell markers p63 and KRT14
and cytoplasmic mucus marker MUC5AC. Preliminary data reveal the
presence of the main cell populations found in the mouse conjunctiva
including conjunctival epithelial cells, proliferative basal cells and
some mucus-producing goblet cells. Current work is ongoing to apply
similar methods to generate conjunctival organoids from human tissue.
Comprehensive characterization of the mouse and human conjunctival
organoids, including molecular transcriptomic and structural analyses,
will be applied to understand variability between species and among
patients. By mimicking the human ocular environment, conjunctival
organoids will enable better understanding of disease mechanisms,
and hold promises for targeted therapies and personalized medicine
in ophthalmology.

Keywords: organoids, ocular surface 3D model, conjunctiva
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HIGH-THROUGHPUT SINGLE ORGANOID
SWELLING ASSAY FOR PERSONALIZED
EVALUATION OF CFTR MODULATORS IN PATIENT-
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Cystic fibrosis (CF) is a genetic disorder characterized by impaired
water and electrolyte transport resulting from malfunctioning cystic
fibrosis transmembrane regulator (CFTR) channels. Over the past
decade, CF has experienced a significant transformation in its standard
of care, due to access to novel molecular entities that directly target
the CFTR protein, known as CFTR modulators. Despite these advances,
accurately representing CF disease states at the tissue level in-vitro
remains a challenge. To address this, we developed optimal assay
conditions for culturing patient-derived rectal organoids. Combined
with an image-based high-throughput single organoid swelling assay,
our approach allows the direct measurement of CFTR-dependent tran-
sepithelial fluid transport, overcoming the recurrently reported lack of
sensitivity of the state-of-the art Forskolin-induced Swelling (FIS) assay
used in CF. This novel method facilitates the study and prediction of
treatment responses in CF patients to different CFTR modulators. Our
results demonstrate that in-vitro analysis using this system enhances
our understanding of the impact of various treatments on organoid
epithelia, enabling the precise tailoring of therapies and supporting
treatment decisions for complex CF phenotypes. Notably, our in-vitro
results correlate with clinical responses for patients with various muta-
tions, showing the potential to significantly improve patient outcomes
and contribute to the ongoing transformation of CF care. We believe
that our innovative approach will provide the CF community with new
tools to establish robust functional assays using organoids and catalyze
their establishments as routine tools in the clinics.

Keywords: organoids, cystic fibrosis, personalised medicine
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SINGLE CELL-GUIDED PRENATAL DERIVATION OF
PRIMARY FETAL EPITHELIAL ORGANOIDS FROM
THE HUMAN AMNIOTIC AND TRACHEAL FLUIDS
TO MODEL DEVELOPMENT AND DISEASE

Gerli, Mattia Francesco Maria - Department of Surgical Biotechnology,
University College London, UK

Cala, Giuseppe - Department of Surgical Biotechnology, University
College London, UK

Beesley, Max - Great Ormond Street Institute of Child Health, University
College London, UK

Sina, Beatrice - Politecnico di Milano, Italy

Tullie, Lucinda - The Francis Crick Institute, UK

Sun, Kylin Yunyan - Great Ormond Street Institute of Child Health,
University College London, UK

Panariello, Francesco - Armenise/Harvard Laboratory of Integrative
Genomics, Telethon Institute of Genetics and Medicine, Italy

Michielin, Federica - Great Ormond Street Institute of Child Health,
University College London, UK

Davidson, Joseph - Great Ormond Street Institute of Child Health,
University College London, UK

Russo, Francesca - Clinical Department of Obstetrics and Gynaecology,
UZ Leuven, UK

Jones, Brendan - Great Ormond Street Institute of Child Health,
University College London, UK

Lee, Dani Do Hyang - Great Ormond Street Institute of Child Health,
University College London, UK

Xenakis, Theodoros - Great Ormond Street Institute of Child Health,
University College London, UK

Straatman-lwanowska, Anna - Department of Respiratory Sciences,
University of Leicester, UK

Hirst, Robert - Department of Respiratory Science, University of
Leicester, UK

David, Anna - Elizabeth Garrett Anderson Institute for Women’s Health,
University College London, UK

O’Callaghan, Christopher - Great Ormond Street Institute of Child
Health, University College London, UK

Olivo, Alessandro - Department of Medical Physics and Biomedical
Engineering, University College London, UK

Eaton, Simon - Great Ormond Street Institute of Child Health, University
College London, UK

Loukogeorgakis, Stavros - Great Ormond Street Institute of Child
Health, University College London, UK

Cacchiarelli, Davide - Armenise/Harvard Laboratory of Integrative
Genomics, Telethon Institute of Genetics and Medicine, Italy

Deprest, Jan - Clinical Department of Obstetrics and Gynaecology, UZ
Leuven, Belgium

Li, Vivian - The Francis Crick Institute, UK

Giobbe, Giovanni - Great Ormond Street Institute of Child Health,
University College London, UK

De Coppi, Paolo - Great Ormond Street Institute of Child Health,
University College London, UK

Despite advances in prenatal diagnosis, it is still difficult to predict
severity and outcomes of many congenital malformations. To this
aim, isolation of tissue-specific fetal stem cells and derivation of
primary organoids is limited to samples obtained from termination of
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pregnancies. This hampering prenatal investigation of fetal develop-
ment and congenital diseases. Therefore, novel patient-specific in vitro
models are needed. To this aim, isolation and expansion of fetal epithe-
lial stem cells during pregnancy, without the need for tissue samples

or reprogramming, would be advantageous. The amniotic fluid (AF) is a
source of cells shed from multiple developing organs. Using single cell
analysis, we characterised the cellular identities in amniotic fluid (AF)
and created a first atlas of the unperturbed human AF cells. While doing
this, we identified and isolated viable epithelial stem/progenitor cells

of fetal gastrointestinal, renal and pulmonary origin. With relevance

for prenatal disease modelling, we investigated if these cells could be
cultured to form primary clonal epithelial amniotic fluid-derived organ-
oids (AFO) autologous to the fetus. Upon 3d culture these cells formed
clonal epithelial organoids, manifesting small intestine, kidney tubule
and lung identity. In this work we derived 423 AFO lines from 42 AF
samples (16-34 GA weeks). AFO exhibits transcriptomic, protein expres-
sion differentiation potential, enzymatic activity and morphological
hallmarks of their tissues of origin. Importantly, significant phenotypical
alterations were detected in AFOs derived from congenital malforma-
tion cases recapitulating some pathological features of the conditions.
This highlighted the potential use of our platform for disease modelling.
This work shows the prenatal derivation of primary fetal organoids.
AFO are autologous to the fetus, and derived with minimally invasive
methods, in a timeline compatible with prenatal intervention. This
paves the way for the investigation of therapeutic tools and regenera-
tive medicine strategies personalised to the fetus at clinically relevant
developmental stages.

Funding Source: MFMG held a H2020 Marie Sktodowska-Curie
Fellowship (843265, AmnioticID). PDC received support by the NIHR
(NIHR-RP-2014-04-046), H2020 (668294, INTENS) and NIHR GOSH
BRC.

Keywords: primary organoids, amniotic fluid, fetal organoids
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DECIPHERING DRUG RESISTANCE IN ORAL
SQUAMOUS CELL CARCINOMA USING PATIENT-
DERIVED ORGANOIDS

Harnischfeger, Nadja - MSNZ, University Hospital Wiirzburg, Germany
Szabo, Lili - MSNZ, University Hospital Wiirzburg, Germany

Mader, Anna-Lena - Medical Biochemistry and Microbiology, Uppsala
University, Sweden

Krafft, Marion - Mildred-Scheel Early Career Centre for Cancer
Research Wiirzburg, University Hospital Wiirzburg, Germany
Boschert, Verena - Oral and Maxillofacial Plastic Surgery, University
Hospital Wiirzburg, Germany

Schleyer, Margit - Oral and Maxillofacial Plastic Surgery, University
Hospital Wiirzburg, Germany

Buck, Viktoria - Institute of Pathology, University of Wiirzburg, Germany
Youssef, Almoatazbellah - Institute of Pathology, University of
Wiirzburg, Germany

Haug, Lukas - Institute of Pathology, University of Wiirzburg, Germany
Kibler, Alexander - Oral and Maxillofacial Plastic Surgery, University
Hospital Wiirzburg, Germany

Brands, Roman - Oral and Maxillofacial Plastic Surgery, University
Hospital Wiirzburg, Germany

N %

Hartmann, Stefan - Oral and Maxillofacial Plastic Surgery, University
Hospital Wiirzburg, Germany

Kretzschmar, Kai - Mildred-Scheel Early Career Centre for Cancer
Research Wiirzburg, University Hospital Wiirzburg, Germany

Oral squamous cell carcinoma (OSCC) is the most prevalent type of
head and neck cancer and originates from different sites in the oral
cavity. Half of the patients present to the clinic with advanced meta-
static disease that has spread to regional lymph nodes and/or distant
organs, such as the lungs. The response to therapy for OSCC is highly
variable, and survival rates after first-line treatment remain low com-
pared to other tumour entities. This is due to a lack of understanding of
the molecular mechanisms underlying the inter- and intra-patient het-
erogeneity of OSCC. Therefore, it is crucial to overcome this knowledge
gap to develop new and improved therapeutic options for OSCC, espe-
cially given its increasing incidence. To address this issue, we collected
tissue samples from OSCC patients, including normal oral mucosa

and primary, relapsed, and metastatic OSCC. We then established a
living biobank of organoids and matched fibroblast lines using this
tissue. Patient-derived organoids (PDO) recapitulate the histology of
the tumour epithelium of origin and robustly express biomarkers such
as CDH1, KRT14, MKI67 and P63. In drug screens, we found PDO-spe-
cific responses to inhibitors of key signalling cascades, reflecting
inter-patient tumour heterogeneity. Using the patient-matched PDOs
and fibroblasts, we are currently characterising the intra-patient drug
responses of primary, relapsed, and metastatic OSCC and the influence
of the stromal microenvironment. We aim to use our OSCC biobank to
define inter- and intra-patient heterogeneity and identify potential new
biomarkers and therapeutic targets.

Funding Source: The Kretzschmar group is funded by the German
Cancer Aid (via MSNZ Wirzburg/NG3), and the Interdisciplinary
Centre for Clinical Research at the Medical Faculty of the University of
Wirzburg (IZKF project B-435).

Keywords: oral cancer, organoid technology, drug screening
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N-CARBAMYL GLUTAMIC ACID, A PROBIOTIC
METABOLITE, UNVEILS PROTECTIVE AND
THERAPEUTIC EFFECTS IN INTESTINAL MODELS

Huh, Yubeen - Stem Cell Convergence Research Center, Korea
Research Institute of Bioscience and Biotechnology, Korea

Lee, Hana - Stem Cell Convergence Research Center, Korea Research
Institute of Bioscience and Biotechnology, Korea

Lee, Moo-Seung - Environmental Diseases Research Center, Korea
Research Institute of Bioscience and Biotechnology, Korea

Kim, Dae-Soo - Digital Biotech Innovation Center, Korea Research
Institute of Bioscience and Biotechnology, Korea

Son, Mi-Young - Stem Cell Convergence Research Center, Korea
Research Institute of Bioscience and Biotechnology, Korea

Our comprehension of intestinal maturation and the therapeutic capa-
bilities of microbial metabolites is an ongoing pursuit. This study delves
into various models of intestinal influence, employing human pluripo-
tent stem cell-derived human intestinal organoids (hlOs) as the funda-
mental platform. Building upon previous studies highlighting the robust
maturation promotion by Limosilactobacillus reuteri strain DS0384, our



focus centers on the cell-free supernatant (CFS) of DS0384, enriched in
N-carbamyl glutamic acid (NCG). Our findings illuminate the significant
enhancement of intestinal stem cell (ISC) proliferation and the protec-
tive effect against cytokine-induced epithelial damage in ISC spheroids
and inflamed hlO models attributed to NCG within the CFS. Additionally,
NCG demonstrates its capacity to expedite epithelial wound healing
and stimulate ISC growth in human intestinal epithelial cells (hIECs)

by modulating Wnt signaling. Extending our research, we induced
inflammatory bowel disease in mice, reaffirming the intestinal protec-
tive and therapeutic effects of NCG. Noteworthy is NCG’s potential as
an inflammatory bowel disease treatment, displaying efficacy without
adverse effects such as weight loss at specific concentrations. These
compelling outcomes underscore the potential of NCG as a valuable
therapeutic agent for probiotic applications, not only in preventing
intestinal barrier dysfunction but also offering hope for the
management of inflammatory bowel disease.

Funding Source: This work was supported by the Korean Fund for
Regenerative Medicine (KFRM) grant funded by the Korea government
(21A0404L1), and a grant from the National Research Foundation of
Korea (NRF) funded by NRF-2021M3A9H3016046.

Keywords: human intestinal stem cell, N-carbamyl glutamic acid,
ulcerative colitis
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HIPSC-DERIVED DERMAL FIBROBLASTS
HARBORING A PATIENT MUTATION IN XPA AS A
MODEL TO STUDY XERODERMA PIGMENTOSUM

Raymond, Karine - Anatomy and Embryology, Leiden University
Medical Center, Netherlands

Barette, Caroline - CEA, Inserm, France

Widyastuti, Halida - Department of Anatomy and Embryology, Leiden
University Medical Center, Netherlands

Fauvarque, Marie-Odile - CEA, Inserm, France

Gidrol, Xavier - CEA, Inserm, France

Patients suffering from Xeroderma pigmentosum (XP) — a rare genetic
disorder — are more than 1000 times likelier to develop skin cancers.
This is due to mutations in genes encoding for components of the
Nucleotide Excision Repair (NER) pathway, the predominant system
that repairs DNA damage caused by ultraviolet radiation (UVR) which
is present in sunlight and even some types of artificial lighting. NER

is also responsible for repairing the toxic adducts formed between
DNA and cisplatin — a common chemotherapeutic agent. Detection of
bulky DNA lesions can occur via two distinct mechanisms which later
converge into the same downstream processing and repair steps. The
latter include a DNA excision step in which XPA protein plays a crucial
role. XP is often diagnosed in the clinic by assaying NER capacity in
patient-derived dermal fibroblasts. Here, we report the generation via
CRISPR/Cas9 gene editing, and characterization of a human induced
pluripotent stem cell (hiPSC) line carrying a mutation found in patients
that introduces a premature stop codon in the XPA gene. We show that
this mutation leads to the expression of a truncated yet stable isoform
of the XPA protein lacking the 48 C-terminal amino acids of the full-
length protein. Viability assays in dermal fibroblasts derived from the
mutant XPA hiPSC line and its isogenic wild-type control show that the
truncated XPA mutant protein confers extreme sensitivity to both UVR

and cisplatin treatments compared to its wild-type counterpart. This
hiPSC-derived system serves as an abundant source of disease-rele-
vant cell types which we plan to use for high-throughput drug discov-
ery screens in the near future in search of compounds that rescue the
NER defects caused by the mutation in XPA. Furthermore, our disease
model enables the development of DNA repair functional readouts to
further validate the hits that emerge from the primary screens.

Funding Source: This work is funded by the Novo Nordisk Foundation
Center for Stem Cell Medicine supported by the Novo Nordisk
Foundation, Denmark (grant number NNF21CC0073729.

Keywords: Xeroderma pigmentosum, cancer, human induced
pluripotent stem cells
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GRAFT VERSUS HOST IN A DISH AS AN
ALTERNATIVE TO THE IN VIVO AGVHD MOUSE
MODEL

Pervin, Burcu - Stem Cell Science, Hacettepe University, Turkey

Gizer, Merve - Stem Cell Science, Hacettepe University, Turkey

Gur, Sema Nur - Stem Cell Science, Hacettepe University, Turkey
Seker, Mehmet Emin - Stem Cell Science, Hacettepe University, Turkey
Sari, llke - Molecular Biology and Genetics, Bilkent University, Turkey
Degirmenci Uzun, Bahar - Molecular Biology and Genetics, Bilkent
University, Turkey

Korkusuz, Petek - Histology and Embryology, Hacettepe University,
Turkey

Aerts Kaya, Fatima - Stem Cell Science, Hacettepe University, Turkey

Acute Graft versus Host Disease (aGvHD) is an important complication
of allogeneic hematopoietic stem cell transplantation (allo-HSCT). Cur-
rent aGvHD mouse models use radiation or chemotherapy followed by
allo-HSCT, but are accompanied by high mortality. In order to decrease
the need for large numbers of mice, we aimed to develop an aGvHD
model in a dish using colon organoids (colonoids) that faithfully reca-
pitulate the disease phenotype in vitro. For in vivo induction of aGvHD,
we isolated CD3 T cells from C57BI/6 spleens and stimulated the cells
with CD3€ and CD28 for four days. 1x106 T cells were infused into
MHC-mismatched Balb-c/Rag2-/- mice, pre-treated with Busulfan. Mice
were monitored for 7 seven days and assessed for posture, weight loss
and signs of diarrhea or bloody stool. Gastrointestinal permeability was
assessed using FITC-Dextran. Infusion of T-cells resulted in rapid loss
of intestinal integrity, widespread epithelial and crypt loss throughout
the colon, as well as the presence of ulceration and areas of necrosis.
For in vitro modelling of aGvHD, colonoids from Rag2-/- mice were
co-cultured for 4 days with stimulated C57BI6 T cells. Before and after
T cell co-culture, colonoids were assessed using Hematoxylin/Eosin to
visualize epithelial cell linings, anti-active caspase 3 to assess apopto-
sis, anti-cytokeratin 20 (CK20) to stain colonocytes and anti-MUC2 to
reveal goblet cells. Healthy colonoids displayed CK20+ colonocytes
and Muc2+ goblet cells that covered luminalized intestinal crypt sur-
faces, and low levels of caspase 3 positive cells. After co-culture with

T cells, intestinal permeability increased, as evident from the presence
of FITC-Dextran in colonoid lumens. In addition, culture in presence
of T cells resulted in active destruction of the colonoids. In conclu-
sion, co-culture of colonoids with T cells results in increased intestinal
permeability, severe cellular damage and ultimately destruction of
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colonoids in vitro, closely resembling the intestinal damage observed in
mice after infusion of MHC mismatched T cells. We believe this in vitro

aGvHD model can be used to test novel drugs or therapies for the treat-
ment or alleviation of aGvHD as an alternative to in vivo mouse models.

Funding Source: TUBITAK 1001

Keywords: aGvHD, Rag2-/-, colonoid
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DEVELOPMENT OF A HUMAN IPSC-DERIVED
INTESTINAL EPITHELIAL CELL/MACROPHAGE
CO-CULTURE MODEL SYSTEM FOR DRUG TARGET
IDENTIFICATION AND VALIDATION

Geladaki, Aikaterini - Genomic Sciences, GSK, UK

The homeostatic function of the intestine relies heavily on critical inter-
actions between epithelial cells and the mucosal immune system. Dys-
regulation of these interactions leads to pathologies such the IBD spec-
trum of conditions, which are characterised by chronic inflammation
and a disruption in the barrier function of the intestinal epithelium. This
collaborative project between GSK and the University of Cambridge
aims towards developing a translationally relevant in vitro co-culture
model comprising an intestinal epithelial monolayer and a macrophage
element, with both cell types derived from human iPSCs. As part of this
work, we have developed a robust intestinal epithelial cell/macrophage
co-culture system in which both cell types are derived from the same
human iPSC line (autologous system). We have fully characterised the
epithelial monolayer component in a “healthy” state and demonstrated
that it displays epithelial barrier formation and consistent representa-
tion of various intestinal cell types. We have also successfully optimized
a “diseased” (IBD) state for the epithelial monolayer component, where
the intestinal epithelium exhibits a barrier disruption phenotype upon
treatment with a pro-inflammatory cytokine cocktail. Moreover, we have
validated the intestinal epithelial cell/macrophage co-culture model in
a healthy state and have acquired preliminary data on modelling the
IBD disease phenotype by challenging the co-culture system using

our optimized IBD-associated cytokine cocktail. In future, this modular
in vitro model system will be used by GSK for IBD target identification
using CRISPR/Cas based screening, as well as for IBD target validation
using tailored functional assays.

Keywords: iPSC-derived models for functional genomics, immune-
competent disease models, complex in vitro models for drug discovery

N %
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TOWARDS A HIGH-THROUGHPUT GUT-ON-
CHIP MODEL WITH PATIENT-DERIVED COLON
ORGANOIDS FOR PHENOTYPIC EVALUATION OF
INTESTINAL EPITHELIAL RESPONSES

den Breems, Naomi - Mimetas B.V, Netherlands

Morelli, Moran - Research and Development, Mimetas B.V, Netherlands
van Heusden, Teddie - Research and Development, Mimetas B.V,
Netherlands

Oudshoorn, Jessica - Research and Development, Mimetas B.V,
Netherlands

Bokkers, Marleen - Research and Development, Mimetas B.V,
Netherlands

Kosim, Kinga - Research and Development, Mimetas B.V, Netherlands
van den Broek, Lenie - Research and Development, Mimetas B.V,
Netherlands

The intestine plays a crucial role in nutrient absorption and immune
defense. It consists of highly specialized cells, which form a barrier
between the lumen and the underlying tissue. Traditional in vitro
models often fail to replicate the complex microenvironment and
physiological conditions found in the human gut. Although organoids
have emerged as a promising technology to bridge this gap, several
limitations persist. Matrix-embedded organoids present challenges

in accessing the apical side of the epithelium, which limits sam-

pling, transport studies, drug exposure, or co-culture with microbes.
Moreover, the evaluation of barrier integrity - a key parameter in
intestinal homeostasis - is difficult in such models. Here we addressed
these limitations by using patient-derived colon organoids and the
microfluidic OrganoPlate® platform to generate forty perfused mem-
brane-free intestinal epithelial tubules on a single plate. We exposed
these tubules to several pro-inflammatory triggers and evaluated the
response by using trans-epithelial electrical resistance (TEER), protein
detection, and immunostaining. We found that the different pro-in-
flammatory triggers had distinct effects on the gut tubules, such as
modulation of barrier integrity, varying levels of cytokine release, and
modulation of marker expression with changes in the levels and local-
ization of specific proteins. In addition to addressing current limitations,
our platform is scalable and allows the simultaneous evaluation of mul-
tiple samples, enabling rapid screening of compounds such as drugs or
microbial metabolites. Furthermore, the use of patient-derived organ-
oids opens avenues for personalized medicine. Collectively, these
advancements pave the way for a better understanding of intestinal
physiology and pathology, ultimately contributing to the development
of novel therapies and personalized treatments for intestinal diseases.

Keywords: 3D gut model, high-throughput, intestinal disease modeling
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GASTRO-ESOPHAGEAL IN VITRO MODELLING
WITH MULTI-ORGAN ASSEMBLOIDS

Benedetti, Giada - Stem Cells and Regenerative Medicine Section,
Developmental Biology and Cancer, Great Ormond Street Institute of
Child Health, University College London, UK

De Coppi, Paolo - Stem Cells and Regenerative Medicine Section,
Developmental Biology and Cancer, Great Ormond Street Institute of
Child Health, University College London (UCL), UK

Giobbe, Giovanni Giuseppe - Stem Cells and Regenerative Medicine
Section, Developmental Biology and Cancer, Great Ormond Street
Institute of Child Health, University College London (UCL), UK

Gastrointestinal pathologies such as esophageal atresia, neuromus-
cular disorders, or weak lower esophageal sphincter can contribute to
gastro-esophageal reflux manifestation in pediatric patients. Long-
term esophageal damage due to prolonged acid exposure may result
in esophagitis, esophageal stricture, and Barrett’s esophagus. The
understanding of the mechanisms underlying these conditions caused
by gastric acid exposure is crucial for improving life quality in affected
patients. The aim of this study is to investigate the effect of acute and
pro-longed acid exposure on the esophageal epithelium. To do so,

we produced a novel in vitro multi-organ assembloid composed of
pediatric tissue-derived esophageal and gastric organoids. Adult stem
cells (ASCs) were isolated from the mucosa/submucosa of pediatric
patients’ biopsies of esophagus and stomach (fundus and antrum
regions) to produce organoid lines. These lines were characterized

to verify regional and organ identity. Fully-grown 7-days old whole
organoids from each region were resuspended in extracellular matrix
liquid pre-hydrogels (Collagen | and/or decellularized ECM gels).
Organoids/pre-gel mixtures were seeded in custom-designed silicon
culture wells, in the order of esophagus-fundus-antrum and allowed to
gelate. Embedded organoids were cultured in suspension for 10 days,
allowing the self-assembly and formation of a single assembloid with
shared lumen. The assembloid was thoroughly characterized by whole
mount immunofluorescence and transcriptomic to screen for regional
and tissue specific functional markers. Each region maintained the
identity and function of origin, increasing the level of differentiation
compared to standard organoid culture. Control esophageal cells were
exposed to increasing amount of gastric acid to validate the response
and the level of damage. The assembloid was tested with acridine
orange demonstrating gastric acid secretion. Stress cytokines were
quantified to evaluate the acid-related damage. We successfully obtain
a gastro-esophageal assembloid which are able to mimic a functional
response to acid secretion. This novel in vitro model will be useful to
investigate compromised acid secretion, simulate gastro-esophageal
reflux in vitro, and test anti-reflux treatments.

Funding Source: OAK Foundation Award W1095/OCAY-14-191. NIHR
Great Ormond Street Hospital Biomedical Research Centre (NIHR
GOSH BRC). GOSH Children’s Charity. UCL Therapeutic Acceleration
Support (TAS) LifeArc Fund Rare Diseases Call (184646).

Keywords: gastro-esophageal organoids, assembloid, disease model
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MYO-INOSITOL MITIGATES OXIDATIVE STRESS
AND ENHANCES MITOCHONDRIAL FUNCTION IN
PORCINE BLASTOCYSTS

Jin, Huijin - Veeterinarian Medicine, Chungbuk National University,
Korea

Ali, Jawad - Veterinarian Medicine, Chungbuk National University,
Korea

Sang hwan, Hyun - Veterinarian Medicine, Chungbuk National
University, Korea

Myo-inositol (Myo-Ins), the most abundant type of inositol, serves as

an antioxidant in various tissues and cells. Nonetheless, there is a lack
of studies regarding its antioxidative role in porcine blastocysts during
in vitro development. In this study, we investigated the antioxidative
effect of Myo-Ins on porcine embryos derived from parthenogenetic
activation (PA). We assessed various characteristics, including mito-
chondrial membrane potential (MMP), mitochondrial quantity, mitochon-
drial stress, and genes associated with mitochondrial function. Myo-Ins
was added to the porcine zygote maturation media (pzm3) at different
concentrations (5, 10, and 20 mM) during in vitro culture. The results
demonstrated that Myo-Ins at 10 and 20 mM significantly improved the
mitochondrial dysfunction by enhancing the MMP. Moreover, mito-
chondrial quantity also significantly increased in 20 mM treated group
compared to the control group. In addition, mitochondrial oxidative
stress was dramatically reduced in the 20 mM treated group compared
to the control group. Furthermore, mitochondrial function related genes
such as and solute carrier family 2 member 1(SLC2A1) and ATP synthase
(ATP5F1A) were significantly increased in 10 and 20 mM treated groups
compared to the control group. In short, these results indicate that
Myo-Ins reduces the oxidative stress and improves the mitochondrial
dysfunction in the porcine blastocysts.

Funding Source: Supported by grants from “NRF funded by the Korean
Government (2020R1A2C2008276)” and “Technology Innovation
Program funded by the MOTIE, Korea (20023068)”, Republic of Korea.

Keywords: porcine, blastocyst, oxidative stress
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NICHE-DERIVED STEMNESS SIGNALS ENSURE
FUNCTIONALITY OF OVARIAN GERMLINE STEM
CELLS VIA THE CONTROL OF MITOCHONDRIA

Lin, ChiHung - Institute of Cellular and Organismic Biology, Academia
Sinica, Taiwan
Hsu, Hwei-Jan - Institute of Cellular and Organismic Biology, Taiwan

The stem cell niche, a microenvironment formed by a group of cells,
provides stemness signals to maintain stem cell fate. Changes in
mitochondrial dynamics also influence stem cell fate; however, whether
the stem cell niche controls stem cells’ mitochondria and metabolism
remains unclear. Here, we show that BMP stemness factors synthesized
from the Drosophila ovarian germline stem cell (GSC) niche promote
mitochondrial length and mass. Somatic overexpression of BMPs
causes all germ cells to adopt a GSC fate with elongated mitochondria
and increased mitochondrial mass, while disruption of BMP signaling in
GSCs results in fragmented mitochondria with reduced mass. Strikingly,
elongated mitochondria with increased mass are not observed in the
ectopic GSCs generated by depleting the GSC differentiation factor.
These results indicate that niche-derived BMP signals have a direct role
in regulating mitochondria, regardless of GSC fate. We also report that
BMP stemness signaling in GSCs increases the expression of mitochon-
dria fusion regulator (Marf) and Spargel (Srl, a mammalian PGC1-alpha
ortholog) to promote mitochondrial elongation and mass, respectively.
Overexpression of marf does not impair fertility, while overexpression
of srlincreases the GSC division rate with decreased BMP signaling.
On the other hand, depletion of marf causes fragmented mitochondria
and GSC loss, while srl depletion does not result in obvious changes in
GSC maintenance. We propose that under the control of BMP stemness
signaling, mitochondrial elongation facilitates GSC maintenance, while
mitochondria mass regulates GSC division. Our findings elucidate the
intricate interplay between BMP signaling, mitochondrial dynamics, and
content in regulating GSC fate, shedding light on mechanisms underly-
ing stem cell maintenance and division in the Drosophila ovary.

Keywords: mitochondria, niche, BMP Signaling
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EFFECT OF FIBROBLAST GROWTH FACTOR 8 ON
NUCLEAR AND CYTOPLASMIC MATURATION OF
PORCINE OOCYTES

Ham, Jaehyung - Laboratory of Veterinary Embryology and
Biotechnology, Chungbuk National University, Korea

Heo, Juyoung - Laboratory of Veterinary Embryology and
Biotechnology, Chungbuk National University, Korea

Hyun, Sang-Hwan - Laboratory of Veterinary Embryology and
Biotechnology, Chungbuk National University, Korea

Lee, Joohyeong - Department of Companion Animal Industry, Semyung
University, Korea

Oh, Aram - Laboratory of Veterinary Embryology and Biotechnology,
Chungbuk National University, Korea

N %

Fibroblast growth factor 8 (FGF8), a cytokine directing outgrowth and
patterning in the embryo, secreted from oocyte plays important roles
in murine oocyte maturation. However, it is not yet known whether
FGF8 is involved in porcine oocyte maturation. In this study, we inves-
tigated the effect of FGF8 supplementation during porcine oocyte in
vitro maturation(IVM) via analysis of nuclear maturation, intracellular
glutathione (GSH) and cumulus expansion. During IVM, the defined
medium was supplemented with different concentrations of FGF8 (O,
1,10, and 100 ng/mL). After IVM 42h, the nuclear maturation rate was
significantly (p < 0.05) increased in 100 ng/mL FGF8-supplemented
group compared to the control. The intracellular glutathione levels of
oocytes, which are marker of cytoplasmic maturation, were significantly
(p < 0.05) increased in 100 ng/mL FGF-supplemented group compared
to the control. Additionally, we identified that supplementation of 100
ng/mL FGF8 during IVM significantly (p < 0.05) increased cumulus
expansion, which helps oocyte maturation, compared to the control.
Taken together, FGF8 supplementation during IVM enhances nuclear
and cytoplasmic maturation of porcine oocytes. In further research, we
will explore the mechanisms enhancing oocyte maturation by analyzing
glycolysis and signaling pathways. Additionally, we will assess whether
these mechanisms also improve embryo development rates.

Funding Source: This work was supported by grants from “NRF funded
by the Korean Government (2020R1A2C2008276, 2021R1C1C2013954)”
and “Technology Innovation Program funded by the MOTIE, Korea
(20023068)”, Republic of Korea

Keywords: porcine oocyte, In vitro maturation, FGF8
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STUDYING THE IMPACT OF PLOIDY ON HUMAN
DEVELOPMENT AND TUMORIGENESIS USING
HUMAN EMBRYONIC STEM CELLS

Haim, Guy - Genetics, The Hebrew University, Israel
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Research, The Hebrew University of Jerusalem, Israel

Golan-Lev, Tamar - Genetics, The Hebrew University of Jerusalem,
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Park Cancer Center, USA

Humans are diploid organisms and yet, 1-3% of human pregnancies are
triploid, and triploidy is responsible for “10% of all spontaneous mis-
carriages. Surprisingly, some of these triploid pregnancies proceed to
term, while suffering from many fatal physiological and neuro-develop-
mental disorders. Furthermore, polyploidy arise abnormally in cancer,
and polyploid cancer cells are linked to tumorigenesis, metastasis and
resistance to anti-cancer drugs. To investigate the impact of triploidy
on human development, we generated triploid human embryonic

stem cells (hESCs) by fusing isogenic haploid and diploid hESCs.

A comparison of the transcriptome, methylome and genome-wide
replication-timing show general similarity between diploid and triploid
hESCs. However, triploid cells have a larger volume than diploid cells,
demonstrating decreased surface area to volume ratio. This leads to

a significant downregulation of cell surface ion channel genes, which
are more essential in neural progenitors than in undifferentiated cells,
leading to inhibition of differentiation, and affects the neuronal differen-
tiation ability of triploid hESCs, both in vitro and in vivo. To investigate



the impact of triploidy on human tumorigenesis, we exposed our
isogenic haploid, diploid and triploid hESCs to four different anti-cancer
drugs. We have found that the ploidy of the cells dramatically affects
their response to these agents. Moreover, we suggest that regulation
of DNA damage response is playing a major role in the selective effect
of ploidy, and genetic manipulation of hESCs with different ploidy
supports our hypothesis. Notably, our research raises the possibility
that polyploidy-related phenotypes may emerge due to their physical
dimensions, affecting their initial developmental stages and their sensi-
tivity to genotoxic agents. Overall, our results demonstrate the potential
of our unique platform in studying the effects of ploidy on early human
development and tumorigenicity.

Keywords: human pluripotent stem cells, ploidy, development and
tumorigenicity
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HUMAN PLURIPOTENT STEM CELLS TO STUDY
NEUROBLASTOMA
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The neural crest (NC) is a transient stem cell population during verte-
brate embryogenesis. NC cells are multipotent and have the capacity
to differentiate into a plethora of cell types. The trunk derivative of

NC gives rise to cells constituting sympathetic ganglia and adrenal
gland, tissues where childhood tumor form neuroblastoma (NB) arise.
NB mainly affects young children under the age of 5, is the tumor form
with lowest survival rates of all childhood cancers, and patients with
high-risk tumors present with less than 50% overall survival. The most
prevalent genetic anomaly in NB involves MYCN oncogene amplifica-
tion, present in roughly 25% of cases, significantly influencing tumor
progression. Moreover, there is a lack of embryonic models to study
NB. This project aims to establish a human-chick chimera model, using
human pluripotent stem cell (hPSC)-derived trunk neural crest trans-
plantations with the chick embryo as host to study gene involved in NB
development. Once established, the model will address fundamental
biological inquiries by inducing MYCN oncogene expression at various
stages pre- or post-transplantation to dissect its role in NB initiation.
Human trunk NC cells are implanted on the top of chick embryo in

ovo, at stages before endogenous NC stem cells undergo epitheli-
al-to-mesenchymal transition and start to migrate within the embryonic
body. We use the fluorescent label mscarlet, and staining for HuNu, a
human-specific nucleus marker, to identify the human cells within the
chick embryo. We demonstrate that the transplanted hPSC-derived
trunk NC migrate along with the endogenous chick NC cells, suggest-
ing that these human cells respond to environmental factors present in
the chick. We are now optimizing the protocol by improving implanta-
tion matrix, cell numbers, pre-conditioning and cell survival. The role of

MYCN will be established by downstream analysis including functional
biological and spatial transcriptomics analysis. This human-chick
chimera model is established by a non-invasive method, allows cell
tracking throughout embryo development and provides the possibility
to study any gene-of-interest. Elucidating the mysteries surrounding NB
initiation holds promise for advancing our comprehension of this child-
hood cancer, potentially informing future therapeutic strategies.

Keywords: neuroblastoma, embryonic development, neural crest cells,
human-chick chimera, cancer
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ADVANCED PEPTIDE HYDROGEL FOR
SCALABLE 3D CULTURE OF PHYSIOLOGICAL
RELEVANT HUMAN PLURIPOTENT STEM CELL
ORGANOIDS: MAINTENANCE, EXPANSION, AND
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Monolayer (2D) culture of hPSCs including induced PSCs (hiPSCs) and
hESCs severely limits stem cell capabilities and scalable production.
Here, we reported a scalable peptide hydrogel platform for 3D culture
of physiological relevant human iPSCs and ESCs. Novel 3D system was
also developed for effective differentiation potential evaluations of
three germ layers in early embryo development. Peptide hydrogel was
prepared specifically suitable for PSCs 3D culture. Cell suspensions
(hiPSCs derived from fibroblast and PBMC and hESC (WAOQ09) were
mixed with the peptide hydrogel to form 3D culture conditions. By day
5, 3D cell organoids were either fixed with 10% formalin or isolated by
simple centrifugation. The isolated cell organoids and fixed organoids
were characterized for proliferation, viability, and morphology, pluripo-
tent biomarkers at mMRNA and protein levels by RT-gPCR, immunostain-
ing, flow cytometry, confocal imaging, and H&E staining for pathological
structures. Differentiation potential in 3D system was determined using
Trilineage kit. Aggregated hiPSC spheroids by using existing spher-
oids molding devices were used as comparison. The peptide hydrogel
formed nanoweb networks mimicking the natural 3D extracellular
matrix (ECM). Both hiPSCs and hESCs formed physiological relevant cell
organoids in 3D culture and were easily harvested by centrifugation.
Cell organoids size range was from 30-50 pm by day 5 and proliferated
10-20 folds with viability >95%. With seeding density of 200,000 cells/
ml, about 80-120,000 cell organoids/ml were generated in 5 days. Plu-
ripotency gene markers by RT-gPCR analysis showed stable expression
levels of NANOG, OCT4, SOX2, DNMT3B, DPPA4, Myc, ESG1, hTERT,
and UTF1. Flow cytometry results confirmed nearly 99% cells showed
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Oct4 and SSEA4 expressions. Noteworthy, these hiPSC and hESC cell
organoids possess lumen structure and showed superb differentiation
potentials in three germ-layers. Conversely, the aggregated hiPSC
spheroids formed solid spheres and had very limited differentiation
capability. The nanoweb structure provides structural integrity for
hiPSCs and hESCs forming cell organoids with physiological relevant
lumen structures that sequesters signals for optimal cell performance
and pluripotent integrity for various downstream applications.

Keywords: 3D model, pluripotent stem cells, organoid, phathological
structure of hPSCs in 3D, differentiation efficiency in 3D model
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CHARACTERISATION OF BLOOD-BRAIN BARRIER
FUNCTION IN AN IN VITRO MODEL USING
INDUCED PLURIPOTENT STEM CELLS IN FAMILIAL
ALZHEIMER DISEASE
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Familial Alzheimer disease (FAD) accounts for only 1% to 5% of cases,
typically striking before age 65 and progressing rapidly. The blood-
brain barrier’s (BBB) altered integrity and functionality are common in
age-related neurodegenerative diseases, with endothelial cells playing
a pivotal role. Our aim is to characterize the BBB in FAD, focusing on
identifying specific proteins involved in FAD pathology and understand-
ing associated signaling pathways. Using an established human in vitro
model tailored for simulating FAD conditions, our primary focus is on
understanding the role of amyloid precursor protein mutation in caus-
ing BBB dysfunction. Induced pluripotent stem cells (IPSCs) carrying

N %

an amyloid precursor protein mutation were employed to study BBB
dysfunction. Three control IPSC lines are utilized for comparison. After
differentiation into blood capillary endothelial cells (BCECs), barrier
function is assessed TEER measurement and a sodium fluorescein
assay. Cell maturity and purity are confirmed by morphological analysis,
gene expression analysis, immunofluorescence analysis, and flow
cytometry. As part of BBB examination, cell adhesion and migration

are explored using electric cell-substrate impedance sensing (ECIS),
and changes in tight junction proteins are monitored under cellular
stress conditions with glutathione treatment. Flow cytometry indicated
high BBB marker expression (>99% TJP1), while immunofluorescence
confirmed typical barrier protein localization. TEER assessment showed
stable barriers, with BCECs effectively preventing paracellular transport
(indicated by low sodium fluorescein permeability coefficients). A pilot
study showed altered diseased BCEC migration and adhesion capacity,
enhancing our understanding of their resilience. Proteome analysis reg-
ulated proteins in FAD BCECs, that could support early FAD diagnosis
or therapy development. We can conclude that we have established an
in vitro model of the BBB specific to FAD, conducive to marker studies
utilizing proteome analysis by mass spectrometry.

Funding Source: Haushalt, Klinik fiir Neurologie, Universitatsklinikum
Martin-Luther-Universitdt Halle-Wittenberg, Ernst-Grube-Strake 40,
06120 Halle (Saale)

Keywords: blood-brain barrier in vitro model, endothelial cells, familial
Alzheimer disease
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INCORPORATING IPSC-DERIVED MACROPHAGES
INTO CO-CULTURE SYSTEMS TO ASSESS
IMMUNE-MEDIATED PHENOTYPES ACROSS
ORGAN SYSTEMS
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Macrophages are key players in regulating organ homeostasis, tissue
repair, and waste removal. In response to acute or chronic tissue injury,
macrophages can contribute to tissue injury with diverse outcomes
such cytotoxicity, inflammation, and fibrosis. Immune component
co-culture is critical to understanding the mechanisms of immune-medi-
ated toxicity. Human iPSC-derived iCell Macrophages 2.0 can be used
to model drug-induced livery injury, cardiac fibrosis, and peripheral
neuropathy through co-culture with other iPSC-derived cell types,
including iCell Hepatocytes 2.0, iCell Cardiomyocytes”2 and Cardiac
Fibroblasts, and iCell Sensory Neurons. While the practical application
of incorporating macrophages into toxicology workflows can be tech-
nically and scientifically challenging, iCell Macrophages 2.0 provide an
easy-to-use alternative to immortalized cell lines, without the inherent
variability of sourcing and deriving primary macrophages. iPSC-derived



macrophages offer a consistent, renewable source of functional macro-
phages to interrogate acute and chronic tissue injury.

Keywords: macrophage, kupfer, coculture
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Conventional Hematopoietic Stem/Progenitor Cells (HSPC) harvesting
procedures for clinical applications still present important technical
difficulties for very young patients. Although most HSPC physiologically
reside in the bone marrow (BM), significant numbers of circulating HSPC
(cHSPC) are found in the peripheral blood (PB) during the first years

of life. Nevertheless, no study has investigated the biological features
and the clinical potential of pediatric cHSPC. Applying multi-parametric
immunophenotyping to a cohort of 72 healthy donors (0-65 years-old),
we observed enriched levels of the primitive circulating Hematopoietic
Stem Cells (HSC) and Multi-Potent Progenitors (MPP) in pediatrics,
which are reduced in adults. Moreover, we observed that primitive
cHSPC display higher differentiation efficiency and increased multi-lin-
eage hematopoietic production in pediatrics than in adults through in
vitro multi-lineage differentiation assay on single circulating HSC and
MPP. To investigate cHSPC molecular features, we transcriptionally pro-
filed at single-cell level 32,978 HSPC isolated from different sources of
pediatric donors, including PB (n=8), cord blood (CB, n=2), BM (n=2) and
mobilized PB (mPB, n=2). PB-HSPC show low cell cycle activity com-
pared to HSPC from the other sources. Notably, the fraction of HSC and
MPP is comparable across the different HSPC sources, in line with the
phenotypic characterization. Supervised and unsupervised analyses,
performed on the cluster enriched for primitive HSC, highlighted similar
levels of gene expression of important regulators of HSPC stemness
across sources (CLEC9A, AVP, GPRC5C, MECOM,). Finally, preliminary

data suggest that pediatric cHSPC can be efficiently transduced with
lentiviral vectors and ex vivo expanded at comparable rate with respect
to CB-HSPC. These data will be integrated with in vivo experiments in
mice, to evaluate the BM-homing and the hematopoietic reconstitu-
tion capabilities of pediatric cHSPC. Overall, our project will generate
essential information to assess their potential as novel stem cell source
for ex vivo and in vivo HSPC-GT strategies.
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ENHANCED FUNCTIONALITY TO COMBAT
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Mycobacterium tuberculosis (Mtb), the main pathogen for the cause of
lung tuberculosis (TB), still continues to be a global threat, being the
2nd leading infectious cause of death. Despite the effective standard
treatment using a combination of antibiotics, the constant overuse is
the main driver for antibiotic-resistant strains. Moreover, Mtb developed
evasion strategies to escape the intra-cellular defense mechanisms of
alveolar macrophages. Modern immunotherapeutic approaches aim to
counteract these strategies via macrophage activation. An additional
alternative would be the generation of enhanced macrophages, which
could be used directly as an off-the-shelf cell-based immunotherapy.
In our work, we investigated the immune response and functionality
of primitive macrophages, which are derived from human induced
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pluripotent stem cells (iMacs). Generation of iMacs has been performed
from two healthy individuals and the response post-infection with

the attenuated TB strain Bacillus Calmette-Guérin (BCG), heat-killed
Mtb (HKMT) and Mtb has been analyzed. As comparison, classical
monocyte-derived macrophages (MDMs) have been used as a control.
Herein, we show that both types of macrophages start phagocytosis
of HKMT and BCG shortly after contact, with iMacs demonstrating a
stronger migration and an overall faster phagocytosis rate compared
to MDMs. In addition, for both pathogens, iMacs showed a higher
induction of autophagy as well as an increased production of reactive
oxygen species and lysosomal enzymes, which are known to play a
crucial role in the defense of mycobacterial infections. Furthermore,
iMacs demonstrated a stronger increase of pro-inflammatory cytokine
response upon infection with HKMT, BCG or Mtb compared to MDMs,
including a subsequent downregulation of the pro-inflammatory state,
thus, being able to return much faster to the baseline cell activation.

In addition, iMacs showed a clear localization of BCG and V-ATPases,
indicating a strong phagosome acidification post-infection. In fact,
both types of macrophages were able to kill phagocytosed BCG and
Mtb, with iMacs showing a stronger killing capacity. We here reveal
iMacs of pluripotent origin with enhanced functionality to successfully
eradicate mycobacteria, which may be considered for novel therapeutic
applications.

Keywords: induced pluripotent stem cells, macrophages, tuberculosis
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INVESTIGATING THE ROLE OF APOPTOSIS

IN CANCER THERAPY-INDUCED VASCULAR
TOXICITIES USING HUMAN IPSC-ENDOTHELIAL
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Recent advancements in cancer treatment have improved the survival
rate of patients in the clinic. However, cytotoxic and targeted therapies
can inflict collateral damage on healthy tissues and trigger apoptosis
(programmed cell death), leading to long-term toxicities. Cardiovascular
toxicity is frequently diagnosed in cancer survivors and manifests as
atherosclerosis, heart failure, acute thrombosis, venous thromboembo-
lism, or others. Vascular toxicity is the second most prevalent clinical
consequence for cancer patients and can be caused by chemotherapy
or radiation therapy, yet the causative mechanisms are poorly under-
stood. This is in part due to the lack of suitable in vitro model systems
to study vascular toxicity development. Using human induced plurip-
otent stem cells (hiPSCs), we investigated cancer therapy-induced
vascular toxicities in hiPSC-derived endothelial cells (ECs), and smooth
muscle cells (VSMCs). We hypothesize that cell-type differences in
apoptosis regulation affect their responses to cancer therapies, leading
to a range of vascular toxicities. Using BH3 profiling, we find that ECs
and VSMCs are both primed for apoptosis, which partly explains their
high sensitivity to cancer therapies. Additionally, we treated ECs and
VSMCs with a panel of chemotherapeutics, or radiation therapy, to
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determine drug sensitivity and differential apoptotic response. We
show that treatments such as VEGF inhibitors cause greater toxicity in
ECs than in VSMCs, corroborating previous observations. Interestingly,
certain drugs - especially topoisomerase inhibitors - lead to higher
toxicity in VSMCs, despite ECs being more primed for apoptosis. In
mice treated with cancer therapies, ECs are also the weakest link in
healthy tissues. To combat vascular toxicity, we blocked apoptosis
through siRNA knockdowns, which is sufficient to protect ECs from
undergoing cell death. In an orthogonal approach, we also found the
commonly used drug dexamethasone lowers endothelial cell apoptotic
priming. Altogether, we developed an in vitro human platform to inves-
tigate vascular toxicity, and demonstrate cell-type specific response to
chemotherapy and radiation therapy. These results lay the groundwork
for improved therapy regimens in the clinic, and decrease vascular
toxicities in patients.

Funding Source: NCI Ruth L. Kirschstein F31 Fellowship Award
#1F31CA275321-01
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A COMPARATIVE STUDY OF HUMAN
PLURIPOTENT STEM CELL-DERIVED
MACROPHAGES IN MODELING VIRAL
INFECTIONS
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Macrophages play multiple roles in innate immunity, including phagocy-
tosing pathogens, modulating inflammatory response, presenting anti-
gens, and recruiting other immune cells. Tis-sue-resident macrophages
adapt to the local microenvironment and can exhibit different immune
responses upon encountering distinct pathogens. In this study, we
generated human pluripotent stem cells (hPSCs) derived macrophages
(IMACs) to investigate interactions between macrophages and various
human pathogens, including hepatitis C virus (HCV), severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), or Streptococcus
pneumoniae. IMACs can engulf all three pathogens. A comparison of
the RNA-seq data of IMAC encountering different pathogens revealed
that they activated distinct gene networks related to viral response and
inflammation. Interestingly, in the presence of both HCV and host cells,
iMACs would upregulate different sets of genes involved in immune
cell migration and chemotaxis. Finally, we constructed an im-age-
based high-content analysis system consisting of iIMAC, recombinant
GFP-HCV, and hepatic cells to evaluate the chemical inhibitor’s effect
on HCV infection. In summary, we developed a human cell-based in
vitro model to study macrophage response to human viral infections;
the comparative transcriptome analysis provided a useful resource to
better understand the pathogen-macrophage-tissue microenvironment
interactions.

Funding Source: National Natural Science Foundation of China

grant 32270784, 31970819; National Key Research and Development
Program of China, grant number 2022YFA1103103; Tsinghua University
Spring Breeze Fund, grant number 2021Z99CFY033

Keywords: macrophage, virus infection, human pluripotent stem cells



5:45 PM - 6:45 PM
389

CD19 CAR-EXPRESSING IPSC-DERIVED NK
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AND CYTOTOXICITY INTO GLIOBLASTOMA
BY TARGETING TO THE PERICYTES IN TUMOR
MICROENVIRONMENT
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In cancer immunotherapy, targeting specific antigens with chimeric
antigen receptors (CARs) has emerged as a potent tool for cell-based
therapy. After being accessed by CARs, the selective anticancer lysis
by CAR-natural killer (NK) cells through ‘missing-self’ and ‘induced-
self’ mechanisms can mitigate off-tumor toxicity, a contrast to CAR-T
cells. This specificity can be advantageous in the heterogeneous
milieu of solid tumors. In the tumor microenvironment of glioblastoma
(GBM), pericytes not only support tumor growth but also contribute to
immune evasion, underscoring their potential as therapeutic targets in
GBM treatment. Indeed, we examined and observed the presence of
CD19-positive pericytes derived from GBM in patient samples, particu-
larly within the perivascular niche, highlighting CD19 as a possible ther-
apeutic target. Given this context, our study aimed to target the GBM
tumor microenvironment, with a special focus on pericytes expressing
CD19, to evaluate the potential effectiveness of CD19 CAR-iNK cells
against GBM. In this study, we generated induced pluripotent stem
cell-derived NK (iNK) cells with CD19 CAR. To determine whether CD19
CAR targets the tumor microenvironment pericytes in GBM, we devel-
oped GBM-blood vessel assembloids (GBVA) by fusing GBM spheroids
with blood vessel organoids. When co-cultured with GBVA, CD19 CAR-
iNK cells migrated towards the pericytes surrounding the GBM, induc-
ing tumor lysis through NKp44 upregulation. Using a microfluidic chip,
we observed that post-infused CD19 CAR-iNK cells targeted pericytes
in a perfusion-like setting, facilitating an examination of CD19 CAR-
driven migration and their tumor-specific cytotoxicity on the GBM. Fur-
thermore, GBVAs were vascularized after transplantation into NSG mice
and recapitulated the microenvironment including human CD19-posi-
tive pericytes, thereby enabling the application of an in vivo model for
validating the efficacy of CD19 CAR-iNK cells against GBM. Compared
to GBM spheroids, the presence of pericytes significantly increased the
migration of CD19 CAR-iNK cells towards GBM and reduction of GBM
proliferation. Therefore, we conclude that CD19 CAR-iNK cells may
effectively target the pericytes in the GBM tumor microenvironment,
suggesting their potential therapeutic value for GBM treatment.

Funding Source: This research was supported by the Bio&Medical
Technology Development Program of the National Research
Foundation (NRF) funded by the Korean government (MSIT) (No.
RS-2023-00266110)
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Patients suffering from severe hematological diseases rely, in many
cases, on the replacement of their defective hematopoietic system with
a healthy graft. Finding an HLA-matched donor for hematopoietic stem
cell transplantation can be cumbersome depending on the patient’s
family situation or ethnic origin. Umbilical cord blood (UCB) requires
less stringent rules of HLA matching and causes fewer cases of the
life-threatening graft-versus-host-disease, however, the low number of
HSPCs within one UCB graft delays engraftment. Since pooling mul-
tiple UCB units did not reach sufficient hematopoietic reconstitution,
we pursued the ex vivo expansion of HSPCs. Wataru Ebina from the
Rossi lab reported that the TGF inhibitor A83-01, the Notch activator
pomalidomide, and UM171 (APU) could expand HSPCs in the presence
of SCF, FLT3-L, TPO, and IL-3 (SFT3). We could reproduce their findings
and observed a 900-fold expansion of CD34+CD38-CD45RA-CD90+
cells in APU medium. Additionally, scRNAseq analysis verified the
expression of HSC signature genes such as SPINK2, HLF, and AVP.
Further, we used immune-deficient NBSGW mice, a xenograft mouse
model mimicking transplantation of myeloablated patients, to deter-
mine the engraftment potential of expanded human HSPCs. The 7-day
APU-expanded HSPCs reconstituted the bone marrow of the mice
superior to SFT3-only, while a 14-day expansion in APU reduced the
HSPC’s engraftment potential. We hypothesized an impaired migra-
tion capacity of APU-expanded HPSCs due to a low expression of the
bone marrow homing molecule CXCR4 in the respective scRNAseq
cluster. Indeed, compared to SFT3-expanded HSPCs, we confirmed

a lower CXCR4 expression on the surface of APU-expanded HSPCs
although the LT-HSC marker EPCR is upregulated by APU. Currently,
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we are investigating strategies to restore CXCR4 expression. Moreover,
the presence of APU enhanced the cell modification with clinically
applicable lentiviral vectors and maintained significantly more immune
phenotypical HSPCs during ex vivo cultivation HSPCs compared to the
minimal cytokine composition SFT3. In summary, the ex vivo expansion
of HSPCs with APU could be purposeful for patients with low HSPC
counts before gene therapy, such as Fanconi Anemia, or could facilitate
the use of single UCB units.

Funding Source: This project has received funding from the European
Union’s Horizon 2020 research and innovation programme under grant
agreement n° 755170 and from the German Research Foundation under
the grant number DFG-RO 5102/1-2.

Keywords: hematopoietic stem cell expansion, umbilical cord blood
transplantation, gene therapy
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PRODUCTION OF PATIENT SPECIFIC
MACROPHAGES VIA PLURIPOTENT STEM CELLS

Sandelin, Sanne Saara Sofia - Institute of Biomedicine, University of
Turku, Finland

Hakala, Sofia - Institute of Biomedicine, University of Turku, Finland
Hollmen, Maija - Institute of Biomedicine, University of Turku, Finland
Na&rva, Elisa - Institute of Biomedicine, University of Turku, Finland

Rare patient mutations are extremely difficult to study due to the very
limited sample material available for functional studies. Especially in
the case of monocyte-derived macrophages, which usually cover less
than 10 % of the total white cell count of the blood and lack proliferative
capacity in vitro. Current stem cell techniques allow reprogramming

of almost any somatic cell type back to the pluripotent stem cell state.
Moreover, human induced pluripotent stem cells (hPSCs) can be further
differentiated into various cell types to study the effect of mutations on
the behavior of various cells. Understanding the function of the unique
characteristics of the individual phenotypes enables the development
of patient-specific treatments and may reveal new roles for mutated
proteins. In this study, human peripheral blood mononuclear cells

were reprogrammed with a high-efficiency induction system into a
pluripotent stem cell state. Produced patient-specific hPSCs were
differentiated into monocytes and further into macrophages. Monocyte
differentiation was achieved by mesoderm induction and hematopoietic
differentiation with a STEMdiffTM monocyte Kit. The monocytes were
further differentiated into macrophages by simultaneous stimulation of
hematopoietic differentiation and myeloid specification using hu-IL-3
and hu-M-CSF and further into M1-type and M2-type macrophages. The
resulting pluripotent stem cell-derived immune cells showed typical
morphology and expression of common monocyte and macrophage
markers. The obtained methodology allows extensive functional
investigation of rare patients with dysfunctional macrophages.

Keywords: human pluripotent stem cells, monocytes, macrophages
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BACTERIAL INFECTION INDUCES ELEVATED
VASCULAR INFLAMMATION IN ENDOTHELIAL-
DERIVED DIABETES DONORS

Setyaningsih, Wiwit Ananda Wahyu - The Wellcome-Wolfson Institute
for Experimental Medicine, Queen’s University Belfast, UK
Naderi-Meshkin, Hojjat - The Wellcome-Wolfson Institute for
Experimental Medicine, Queen’s University Belfast, UK

Yacoub, Andrew - The Wellcome-Wolfson Institute for Experimental
Medicine, Queen’s University Belfast, UK

Cornelius, Victoria - The Wellcome-Wolfson Institute for Experimental
Medicine, Queen’s University Belfast, UK

Krasnodembskaya, Anna - The Wellcome-Wolfson Institute for
Experimental Medicine, Queen’s University Belfast, UK

Margariti, Andriana - The Wellcome-Wolfson Institute for Experimental
Medicine, Queen’s University Belfast, UK

Patients with diabetes mellitus have increased risks of developing a
new emerging infectious disease, mainly bacterial infection, and exhibit
a higher risk of respiratory tract, gastrointestinal tract, urinary tract
infections (UTIs), and skin/soft-tissue infections than healthy subjects
in primary care practices. Endothelial cells (ECs) are one of the first
cells in circulation to recognise microbial components, similar to innate
immune system cells. They are equipped with pathogen/danger-asso-
ciated molecular patterns (PAMPs/DAMPs). Because induced-plurip-
otent stem cells (iPSCs) preserve the memory from their generation,
iPSCs-derived ECs (iPS-ECs) have emerged as a modality for studying
disease mechanisms upon diabetes donors. We assessed the under-
lying mechanism involved in the severity outcome in diabetic-derived
iPS-ECs (DBiPS-ECs) due to infection. The iPS-ECs were infected

with E. coli, followed by incubation with antibiotics, and the cells were
monitored for 48 hours. Sequencing and functional analysis revealed
that DBiPS-ECs exhibit higher levels of inflammation, impair endothelial
function as evidenced by less tube formation, and produce more LDH
and ROS than non-diabetic (NDiPS-ECs). These findings suggested that
endothelial dysfunction was exacerbated more damaging by infection.
Furthermore, epigenetic regulation, such as histone post-translational
modification, was potentially involved in this mechanism. Importantly,
we have identified, an epigenetic modulator, which affect the severe
outcome in DBIiPS-ECs such as hyperinflammation and endothelial
dysfunction. Inhibition of the activity and knock down of this epigene-
tic modulator markedly inhibits ROS, LDH production and suppresses
inflammation. Nevertheless, research is ongoing to determine how this
epigenetic modulator controls inflammation in E. coli -infected iPS-ECs.
We conclude that an epigenetic modulator plays a role in inflammation
in iPS-ECs-derived diabetes donors, providing insight into the signalling
pathway underlying hyperinflammation and endothelial dysfunction.
Importantly, our study provides new approach studying the mechanism
of the environmental exposure, such as viral or bacterial infection, may
worsen the clinical outcome of diabetes donors by affecting the
epigenetic modulator.

Keywords: iPS-ECs, bacterial infection, epigenetic modulator
inflammation
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UNRAVELING THE INFLUENCE OF
CARDIOVASCULAR DISEASE ON HEMATOPOIETIC
STEM CELL DYNAMICS THROUGH BONE
MARROW ORGANOIDS

Fairley, Savannah D. - Institute for Cardiovascular Prevention, IPEK,
Ludwig-Maximilian University, University Hospital, Germany
Frenz-Wiessner, Stephanie - Department of Pediatrics, Dr. von Hauner
Children’s Hospital, Ludwig-Maximilian University, University Hospital,
Germany

Parma, Laura - Institute for Cardiovascular Prevention, IPEK, Ludwig-
Maximilian University, University Hospital, Germany

Sobzak, Nikola - Institute for Cardiovascular Prevention, IPEK, Ludwig-
Maximilian University, University Hospital, Germany

Weber, Christian - Institute for Cardiovascular Prevention, IPEK, Ludwig-
Maximilian University, University Hospital, Germany

Klein, Christoph - Department of Pediatrics, Dr. von Hauner Children’s
Hospital, Ludwig-Maximilian University, University Hospital, Germany
Duchéne, Johan - Institute for Cardiovascular Prevention, IPEK, Ludwig-
Maximilian University, University Hospital, Germany

Megens, Remco - Institute for Cardiovascular Prevention, IPEK, Ludwig-
Maximilian University, University Hospital, Germany

Cardiovascular disease (CVD) remains the leading cause of death,
despite expansive advancements in the field. The underlying mecha-
nisms and pathophysiology of CVD are intricate and extend beyond
the manifestations in the heart and vascular system. Indeed, CVD
context was shown to influence bone marrow resident hematopoietic
stem cells (HSCs) and ultimately lead to altered hematopoiesis that
accelerates disease progression. Due to the complex nature of this
specialized microenvironment, studying the role of CVD on human bone
marrow has been limited to animal models and conventional 2D cell
culture. Thus, the development of a human induced pluripotent stem
cell (iPSC)-derived bone marrow organoid (BMO) mimicking the native
human niche, offers a promising approach to investigate the effects

of CVD context on human bone marrow. To determine whether BMOs
are a useful tool for this purpose, the presence of hematopoietic cells
and, in particular, hematopoietic stem and progenitor cells (HSPCs) is
pertinent. Flow cytometry and advanced microscopy confirmed the
presence of HSPCs (CD34+CD11b-) and myeloid cells (CD45+CD11b+) in
BMOs. Moreover, functional hematopoiesis was demonstrated through
colony forming unit assays (CFU) using sorted HSPCs from BMOs. The
presence of CD31+ endothelial cells were also identified via FACS and
microscopy revealed vascular-like structures throughout the organoids.
Next, we tested the ability of BMOs to uptake low density lipoproteins
(LDL), also known as bad cholesterol involved in CVD development.
Live BMOs were treated with pHrodo-fluorescently labeled LDL and
imaged using instant computational clearing fluorescence microscopy
(Thunder). Interestingly, we found that while some CD45+ hematopoietic
cells engulfed LDL, the vast majority of LDL positive cells were actually
CD31+ endothelial cells. Altogether, our findings highlight the presence
of the vascular and hematopoietic system within the BMOs as well as
the uptake of LDL, which suggests that this model can be used to study
changes within the bone marrow in CVD context. Further investigations
will delve into the consequences of atherogenic conditions on HSCs.

Keywords: bone marrow organoids, hematopoietic stem cells,
cardiovascular disease

5:45 PM - 6:45 PM
399

RUNX1 GERMLINE PREDISPOSITION TO MYELOID
CANCERS: THROUGH THE LENS OF PATIENT-
DERIVED IPSCS

Kirchhof, Katharina - Department of Medicine, Huddinge, Karolinska
Institutet, Sweden

Cabrerizo Granados, David - Department of Medicine, Huddinge,
Karolinska Institutet, Sweden

Borate, Sophia - Department of Medicine, Huddinge, Karolinska
Institutet, Sweden

Thier, Jonas - Department of Medicine, Huddinge, Karolinska Institutet,
Sweden

Alici, Evren - Department of Medicine, Huddinge, Karolinska Institutet,
Sweden

Hellstrom-Lindberg, Eva - Department of Medicine, Huddinge,
Karolinska Institutet, Sweden

Lundin, Vanessa - Department of Medicine, Huddinge, Karolinska
Institutet, Sweden

The transcription factor RUNX1 is vital for definitive hematopoiesis. It

is one of the most commonly mutated genes in myeloid malignancies,
where it is usually acquired as a secondary mutation following an

initial disease-driving event. On the contrary, in individuals with RUNX1
germline mutations, primary RUNX1 mutations seem to significantly
increase the risk of acquiring somatic disease-driving mutations and
subsequent hematological malignancies. All RUNX1 germline patients
present with FPDMM (Familial Platelet Disorder with Predisposition

to Myeloid Malignancies), characterized by mild to moderate throm-
bocytopenia and an approximately 50% lifetime risk of developing
hematopoietic malignancies, including myelodysplastic syndrome
(MDS) and acute myeloid leukemia. The molecular mechanisms of the
interactions between specific RUNX1 variants and different secondary
mutations and how these lead to disease are unknown. We hypothesize
that the somatic mutations present strongly influence disease type

and account for the heterogeneity in phenotypes between patients. As
per our knowledge, no comprehensive animal model of FPDMM has
been established. Here, we use patient-derived induced pluripotent
stem cells (iPSC) to investigate how germline RUNX1 variants interact
with secondary mutations, promote malignancy development, and how
RUNX1 deficiency subsequently leads to bleeding abnormalities. We
have established and characterized iPSC lines from two biologically
related individuals with FPDMM. In order to model different develop-
mental and disease stages in vitro, we have successfully differentiated
these iPSCs into hematopoietic stem and progenitor cells as well as
megakaryocytes. Our current work is focused on using these workflows
to investigate how RUNXI1 variants affect hematopoiesis. Modelling

of different disease stages will allow us explore how RUNX1 variants
interact with other somatic mutations and lead to clinical heterogeneity
of the disease. We believe that our system will be a crucial tool in unrav-
eling the mechanism by which germline RUNX1 variants lead to disease
and highlighting new targets to develop treatments and

prevent disease progression.
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HEMATOPOIETIC STEM CELL HEALTH AND
IMMUNE CELL PROFILING OF ASTRONAUTS PRE-,
DURING, AND POST-SPACEFLIGHT

Pham, Jessica - USCD, USA

Balaian, Larisa - Medicine, UC San Diego, USA

Chang, Patrick - Medicine, UC San Diego, Sanford Stem

Cell Institute, USA

Ruiz, Antonio - Medicine, UC San Diego, USA

Klacking, Emma - Medicine, UC San Diego, USA

Sneifer, Jenna - Medicine, UC San Diego, USA

van der Werf, Inge - Medicine, UC San Diego, Sanford Stem Cell
Institute, USA

Nandi, Shuvro - Cellular and Molecular Medicine and Bioengineering,
UC San Diego, USA

Katragadda, Neha - Medicine, UC San Diego, USA

Frias, Thomas - Medicine, UC San Diego, USA

Isquith, Jane - Medicine, UC San Diego, Sanford Stem Cell
Institute, USA

Molina, Elsa - Genomics Core, Salk Institute for Biological Studies, USA
Mesci, Pinar - Axiom Space, USA

Stoudemire, Jana - Axiom Space, USA

Whisenant, Thomas - Center for Computational Biology and
Bioinformatics, UC San Diego, USA

Alexandrov, Ludmil - Cellular and Molecular Medicine and
Bioengineering, UC San Diego, USA

Jamieson, Catriona - Medicine, UC San Diego, Sanford Stem Cell
Institute, USA

The International Space Station (ISS) offers a uniquely accelerating
environment to study micro- and macro-environmental stressors in

the context of modeling human diseases and simulating inflammation,
aging, immune dysfunction, and pre-malignant cellular transformations.
Studies done in low earth orbit (LEO) may offer accelerated insights
into the human body, and specifically, human hematopoietic stem cells
(HSC). HSCs are characterized by their resilience to environmental
stressors: they have the capacity to self-renew without differentiat-

ing, the ability to differentiate into tissue-specific progenitors, and
retain dormancy in protective environments. As a follow-on study for
assessing HSC fitness in 4 iterative 30+ day SpaceX-CRS missions in
ex vivo nanobioreactors, we sought to study these effects in astro-
nauts conducting research in LEO. We designed a time course study

to collect (under an IRB-approved protocol) peripheral blood from
private astronauts on Axiom Missions 2 and 3 (Ax-2x Ax-3) to assess
their HSC health and profile their immune subsets. Timepoints include
2 pre-flight, 1inflight, and 7 post-flight. To investigate the effects of
short-duration spaceflight on HSC health, we enriched for CD34+
hematopoietic stem and progenitor cells (HSPCs) from consenting
astronauts and performed survival and self-renewal functional assays
at each timepoint across the 2 missions. Additionally, HSPCs and total
peripheral blood fractions were sent for whole genome sequencing
(WGS), single cell RNA-sequencing (scRNA-seq) and whole transcrip-
tome sequencing (RNA-seq) to identify pre-, in-, and post-flight genomic
and transcriptomic changes. Results from functional assays suggest
that HSPCs have reduced self-renewal capacity inflight; however, post-
flight, HSPCs regain cloning capacity comparable to pre-flight levels.
scRNA-seq results suggest that HSPC mobilization occurs post-flight.

N %

Results from WGS and RNA-seq are pending analysis. Finally, parallel
analyses were performed on total peripheral blood fractions to profile
the astronauts’ immune cell subsets, which were also corroborated via
FACS analysis. This longitudinal study has the potential to provide valu-
able insights into stem cell health and immune cell profiles associated
with short-duration missions in LEO.

Keywords: hematopoietic stem cells, astronauts, macroenvironment
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TRACKING THE PROGENY OF LEUKEMIA-
INITIATING STEM CELLS IN PRIMARY ADULT
ACUTE LYMPHOBLASTIC LEUKEMIA AND
RELAPSE BY SINGLE-CELL BARCODING

Gessner, Alec - Department of Medicine 2, Hematology/Oncology,
Goethe University Frankfurt, Germany

Fischer, Daniel - Department of Medicine 2, Hematology/Oncology,
Goethe University Frankfurt, Germany

Jolly, Adrien - Department of Medicine 2, Hematology/Oncology,
Goethe University Frankfurt, Germany

Sijmonsma, Tjeerd - Department of Medicine 2, Hematology/Oncology,
Goethe University Frankfurt, Germany

Yu, Weilia - Department of Medicine 2, Hematology/Oncology, Goethe
University Frankfurt, Germany

Abou-El-Ardat, Khalil - Department of Medicine 2, Hematology/
Oncology, Goethe University Frankfurt, Germany

Kaulich, Manuel - Institute of Biochemistry Il, Goethe University
Frankfurt, Germany

Gunther, Stefan - Deep Sequencing Platform, Max-Planck-Institute for
Heart and Lung Research, Germany

Lang, Fabian - Department of Medicine 2, Hematology/Oncology,
Goethe University Frankfurt, Germany

Bittner, Florian - Departments of Medicine and Computer Science,
German Cancer Consortium (DKTK) and German Cancer Research
Center (DKFZ), Heidelberg, Germany

Rieger, Michael - Department of Medicine 2, Hematology/Oncology,
Goethe University Frankfurt, Germany

The long-term prognosis for Acute Lymphoblastic Leukemia (ALL) is
dismal, especially after relapse. Identification of molecular resistance
mechanisms in leukemia-initiating cells (LICs) is a significant medical
need, as LICs may be the source of therapy-resistant cells leading to
relapse. However, there is still a debate about the existence, immuno-
phenotype, and characteristics of LICs in ALL. To combine the analysis
of subclonal architecture developing from LICs and the differentiation
trajectories of single clones, also upon treatment, we created lentivi-
ral barcoding technologies to track LICs and their fate at clonal and
single-cell resolution in vivo. By transplanting our well-characterized
model of patient-derived B-ALL cells (PDLTCs) from several donors,
we showed that a majority of freshly transduced PDLTCs homed and
engrafted in bone marrow and spleen of NSG mice. Dominant sub-
clones demonstrated a strong local expansion accounting for most of
the tumor mass, whereas hundreds of small clones persisted through-
out the disease without expansion. Importantly, only 20% of subclones
were in various organs within one recipient, while 60% of subclones
expanded locally restricted. The clonal composition was highly variable
between recipient mice receiving the same barcoded cells, suggesting



a high selective pressure by the local microenvironment. Nevertheless,
cells with identical barcodes demonstrated consistent molecular pat-
terns across animals, indicating clone intrinsic differentiation proper-
ties. Additionally, single-cell CITE-Seq revealed a proposed cluster of
origin and distinct subpopulations of cells at various stages of differen-
tiation in B-ALL (see abstract by A. Jolly et al.), which could be prospec-
tively isolated based on their cell surface markers and transplanted into
NSGs. Here we functionally demonstrated that stages of differentiation
exist with a stable population of highly enriched LICs in ALL. Next,

we will perform scCITE-Seq before and after treatment with chemical,
immunological, and cell-based therapies to delineate how the subclonal
architecture varies between therapeutic approaches. These results will
allow us to find molecular targets and potential resistance mechanisms
of LICs, to identify vulnerabilities to break resistance.

Keywords: BCP-ALL, barcoding, scCITE-Seq
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BRAIN DELIVERY OF PROTACS: STRATEGIES
EXPLORED IN HUMAN IPSC-DERIVED BLOOD-
BRAIN BARRIER MODELS

Haferkamp, Undine - Discovery Research ScreeningPort, Fraunhofer
ITMP, Germany

Vogel-Kindgen, Sarah - Institute for Pharmaceutical Technology,
Goethe-University Frankfurt am Main, Germany

Gier, Stefanie - Institute for Pharmaceutical Technology, Goethe-
University Frankfurt am Main, Germany

Brettner, Felix - Institute for Pharmaceutical Technology, Goethe-
University Frankfurt am Main, Germany

Schraut, Andreas - Discovery Research ScreeningPort, Fraunhofer
ITMP, Germany

Metzger, Daniel - Quantitative, Translational and ADME Sciences,
AbbVie Deutschland GmbH and Co. KG, Germany

Windbergs, Maike - Institute for Pharmaceutical Technology, Goethe-
University Frankfurt am Main, Germany

Mezler, Mario - Quantitative, Translational and ADME Sciences, AbbVie
Deutschland GmbH and Co. KG, Germany

Pless, Ole - Discovery Research ScreeningPort, Fraunhofer ITMP,
Germany

The constantly increasing global burden of central nervous system
(CNS) diseases is accompanied by a persistent lack of effective treat-
ments. In neurodegenerative diseases, classical drug development
based on small molecule inhibitors encounters limitations as dis-
ease-causing agents involve misfolded proteins and other toxic aggre-
gates. Proteolytic-targeting chimeras (PROTACS) represent a promis-
ing therapeutic approach capable of addressing proteins previously
considered as undruggable targets. In contrast to classical inhibitors

of enzyme function, PROTACs facilitate the degradation of the target
protein by harnessing the ubiquitin-proteasome system. However,

the development of an effective medication for CNS diseases faces a
considerable obstacle — permeation of the selective blood-brain barrier
(BBB). This task is particularly challenging for PROTACS, given their
complex physicochemical properties and higher molecular weight. To
systematically assess BBB permeability of PROTACs, we established an
in vitro platform composed of human-induced pluripotent stem cell-de-
rived brain capillary endothelial cells (hiPSC-derived BCECs). Unlike

conventional BBB models, these cells exhibit in vivo-like barrier prop-
erties, characterized by the expression of a broad spectrum of relevant
marker proteins, limited transcellular transport, and high transendothe-
lial electrical resistance. A robust workflow was developed to classify
BBB permeability of various PROTACs by comparing them to reference
substances and data obtained from conventional Caco-2 permeability
assays. Further, our model serves as a valuable tool to explore novel
strategies to improve brain delivery of PROTACSs, such as encapsulation
with cyclodextrin- or lipid-based nanoparticles. In conclusion, our hiP-
SC-based platform and systematic evaluation of BBB transport not only
advances our understanding of PROTACs’ BBB permeability but also
contributes valuable insights for optimizing their delivery to the brain,
offering new possibilities for the treatment of CNS diseases.

Keywords: PROTAC, blood-brain barrier, human induced pluripotent
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School, Germany

Selich, Anton - Experimental Hematology, Hannover Medical School,
Germany

Dziadek, Violetta - Experimental Hematology, Hannover Medical
School, Germany

Schambach, Axel - Experimental Hematology, Hannover Medical
School, Germany

Rothe, Michael - Experimental Hematology, Hannover Medical School,
Germany

Due to the occurrence of severe adverse events in some clinical trials
using retroviral (RV) gene therapy, including gamma-retroviral (YRV) and
lentiviral (LV) vectors, appropriate preclinical genotoxicity assessment
is necessary to ensure patient safety. Our institute developed the In
Vitro Immortalization Assay (IVIM) and Surrogate Assay for Genotox-
icity Assessment (SAGA) to assess insertional oncogenesis risk. Here,
murine hematopoietic stem and progenitor cells (MHSPCs) are trans-
duced with RV vectors, and genotoxicity can be detected by a prolifera-
tion advantage under limiting dilution conditions (IVIM) or the activation
of genes associated with oncogenesis and stem cell-like properties
(SAGA). However, as mechanisms of insertional mutagenesis remain
poorly understood, further investigation is required. We examined the
role of genotoxicity predictors, identified as genes deregulated during
transformation (SAGA genes), by inducible overexpression with LV vec-
tors, resulting in a proliferation advantage of mHSPCs. The relevance of
the SAGA genes in immortalization was further validated with SAGA-Q:
a faster, simpler quantitative ddPCR readout as an alternative to the
costly, time-consuming microarray-based SAGA. Preliminary results
showed increased expression of the SAGA genes in samples trans-
duced with mutagenic YRV and LV vectors, and immortalized clones
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derived from these samples exhibited an even higher expression (2- to
6-fold over the parent sample). Also, SAGA-Q allowed us to detect
transforming samples before the replating endpoint of our standard
IVIM, providing a potential new readout. Moreover, we aimed to transfer
the IVIM assay to human cord blood-derived HSPCs (hHSPCs), better
reflecting the clinical stem cell source used in gene therapies for mono-
genic diseases and further supporting the 3Rs principle. The small
molecules A83-01 and pomalidomide enabled a 4- to 8-fold expansion
of hHSPCs while preserving their stem cell phenotype, reducing the
required amount of cord blood. Despite achieving high transduc-

tion rates with yRV and LV, detecting immortalized samples remains
challenging. The optimization of the preclinical genotoxicity assays will
lead to more feasible and reproducible results, ensuring safer clinical
translation of viral vector gene therapy products.

Funding Source: This project has received funding from the European
Union’s Horizon 2020 research and innovation programme under grant
agreement n° 755170’

Keywords: genotoxicity assay, gene therapy, hematopoietic stem and
progenitor cells
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IPSC-DERIVED OSTEOCLASTS: A NEW TOOL
TO STUDY MULTIPLE MYELOMA INDUCED
OSTEOLYSIS

Wang, Jiaxian - Hematology, Vrije Universiteit Amsterdam, Netherlands
Groen, Richard - Hematology, Vrije Universiteit Amsterdam,
Netherlands

Themeli, Maria - Hematology, Vrije Universiteit Amsterdam, Netherlands
Zweegman, Sonja - Hematology, Vrije Universiteit Amsterdam,
Netherlands

Multiple myeloma (MM) is the second most common hematological
malignancy in adults characterized by clonal proliferation of plasma
cells. The use of novel therapeutic drugs has led to a substantial
improvement in the overall survival of MM patients during the last 15
years. This extension of life expectancy has revealed the impact of sec-
ondary cancer-induced pathologies. More specifically, up to 90% of MM
patients develop cancer-induced bone lesions throughout the course
of their disease due to excessive bone resorption and suppression

of bone formation, which is a major cause of morbidity and mortality.
Whereas an increase in osteoclast (OC) numbers and activity has been
identified to be responsible for the osteolysis in MM, the mechanisms
resulting from the OC and MM cell interactions are very poorly under-
stood. This is partly due to the difficulty to isolate and culture primary
OCs, as well as the highly variable differentiation of OCs from CD14+
monocytes. Here we present induced pluripotent stem cells (iPSCs) as
a valuable tool to efficiently and reliably generate OCs (iOCs), allowing
to investigate the bidirectional interactions between OCs and MM cells.
These iOCs are multinucleated, stain for TRAP by immunocytochemis-
try, and express typical genes, like NFATC1, CTSK, MMP9, CALCR, CA2,
and TCIRG1, resembling primary OCs. Moreover, testing their resorption
capacity, using bovine bone slices, they clearly show the ability to gen-
erate both pits and trenches in the bone surface. Next, we tested these
iOCs in the context of MM and show that co-culture of iOCs with MM
cells, using a wide variety of MM cell lines, results in increased MM cell
proliferation, as well as drug resistance. In turn the MM cells promote

N %

the bone resorption mediated by iOCs when cultured on bone slices.
Finally, we investigated whether interleukin 6 (IL-6), a key cytokine in
the pathogenesis of MM, is regulated through this interaction. Indeed
coculture with MM cells results in an increase in the expression of IL6,
both mMRNA and protein, in iOCs. Taken together, we demonstrate that
iPSC-derived OCs can serve as an reliable platform to study the interac-
tions between MM cells and OCs that result in osteolysis in more detail.

Keywords: iPSC, osteoclast, multiple myeloma
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PLASTICITY OF MACROPHAGES FROM
HUMAN INDUCED PLURIPOTENT STEM CELLS
FACILITATES THEIR USE IN DRUG-SCREENING
AND-SAFETY BIOASSAYS

Schinke, Maximilian - Division of Cardiovascular Research, Fraunhofer
ITEM, Germany

Ackermann, Mania - Division of Cardiovascular Research, Fraunhofer
ITEM, Germany

Abdin, Shifaa - Department of Pediatric Pneumology, Allergology and
Neonatology, Hannover Medical School, Germany

Saleh, Fawaz - Department of Pediatric Pneumology, Allergology and
Neonatology, Hannover Medical School, Germany

Gensch, Ingrid - Division of Cardiovascular Research, Fraunhofer ITEM,
Germany

Golgath, Julia - Division of Cardiovascular Research, Fraunhofer ITEM,
Germany

Rafiei Hashtchin, Anna - Department of Pediatric Pneumology,
Allergology and Neonatology, Hannover Medical School, Germany
Carvalho Oliveira, Marco - Department of Pediatric Pneumology,
Allergology and Neonatology, Hannover Medical School, Germany
Happle, Christine - Department of Pediatric Pneumology, Allergology
and Neonatology, Hannover Medical School, Germany

Spreitzer, Ingo - Federal Institute for Vaccines and Biomedicines, Paul-
Ehrlich-Institute, Germany

Hansen, Gesine - Department of Pediatric Pneumology, Allergology and
Neonatology, Hannover Medical School, Germany

Lachmann, Nico - Department of Pediatric Pneumology, Allergology
and Neonatology, Hannover Medical School, Germany

Over the last decade, tremendous progress has been made in harness-
ing the immune system to fight a variety of diseases, introducing immu-
notherapies as innovative and highly promising medications. Among
immune cells, macrophages are a key cell type that acts as important
pro- and anti-inflammatory mediator in the onset and progression

of various diseases, including fibrosis, cancer or autoimmunity. The
availability of a reliable supply of macrophages is therefore a crucial
point for the development of suitable disease modelling systems and
new cell therapeutic approaches. We developed a GMP-compatible
platform, that allows the production of human induced pluripotent
stem cell (hiPSC)-derived macrophages (hiPSC-Mac) at different scales
ranging from tissue culture plates to intermediate scale or industry
compatible bioreactors. The cells exhibited convenient phenotypic
properties, classical phagocytotic functionality and showed a tran-
scriptional profile like blood-derived macrophages, though with a more
primitive fingerprint. Given the importance of macrophages in various
diseases, iPSC-Mac demonstrate a flexible adaptation into several



immunologic states in vivo and in vitro, enabling studies to investigate
their impact on numerous disease-relevant processes. Of note, human
hiPSC-Mac adopt towards an alveolar macrophage-like phenotype post
intra-pulmonary transfer, demonstrating the suitability for cell-therapy
studies. Using different cytokines, the hiPSC-Mac can be modulated to
pro- or anti-inflammatory phenotypes, highlighting their immunogenic
plasticity. IFNy-treated hiPSC-Mac demonstrated an enhanced inflam-
matory response after lipopolysaccharide (LPS) stimulation, whereas
IL-4-primed iPSC-Macs maintained their stage of activation profile post
inflammatory trigger. To further explore novel bioassays to evaluate
drug safety or efficacy of novel immunomodulatory drug candidates,
we have proven the use of these cells in regulatory approved assays
and confirmed a suppressive effect of Dexamethasone in LPS-treated
hiPSC-Mac. In summary, we present a scalable and efficient method to
generate standardized human macrophages from hiPSC that can be
used as therapeutic compound itself or for screening, identification or
validation of new immunotherapeutic strategies.

Keywords: hiPSC, macrophages, polarization
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A HIGH THROUGHPUT AUTOMATED PLATFORM
FOR DRUG SENSITIVITY SCREENING TO
OPTIMIZE THERAPY IN RELAPSE ACUTE MYELOID
LEUKEMIA

Vandersluis, Sean Mark - Biochemistry, McMaster University, Canada
Shull, Caylie - Biochemistry and Biomedical Sciences, McMaster
University, Canada

Lu, Justin - Biochemistry and Biomedical Sciences, McMaster
University, Canada

Xenocostas, Dimitri - Biochemistry and Biomedical Sciences, McMaster
University, Canada

Minaidar, Aida - Biochemistry and Biomedical Sciences, McMaster
University, Canada

Collins, Tony - Biochemistry and Biomedical Sciences, McMaster
University, Canada

Boyd, Allison - Biochemistry and Biomedical Sciences, McMaster
University, Canada

Berg, Tobias - Biochemistry and Biomedical Sciences, McMaster
University, Canada

Xenocostas, Anargyros - Department of Medicine, University of Western
Ontario, Canada

Bhatia, Mickie - Biochemistry and Biomedical Sciences, McMaster
University, Canada

Acute myeloid leukemia (AML) is a cancer defined by an accumulation
of immature and non-functional myeloid progenitors. The largest prob-
lem facing successful clinical management is the inability to decipher
which combination of drugs will best treat a patient resulting in poor
treatment responses and unacceptably low 5-year survival rates of <
20%. Genetic characterization only helps guide clinicians with use of
targeted therapies such as FLT3 inhibitors and provides no information
about chemotherapies or drug combinations that will be effective in
the patient. We hypothesize that phenotypic ex vivo drug responses on
primary tumour cells will provide a more robust approach for identify-
ing effective clinical combinations in a concept called drug sensitivity
screening (DSS). AML forms as a cellular hierarchy where the bulk of the

tumour is sustained through the rare self-renewing leukemic stem and
progenitor cells (LSCs & LPCs). LPCs are detected in >80% of patients
using the in vitro colony forming unit (CFU) assay. Each CFU that forms
originate from a single cell (i.e. clonal start) and harbor patient’s leuke-
mic mutations allowing us to define them as LPCs. We have previously
demonstrated that LPC presence is a powerful predictor of overall
survival indicating the powerful value the LPC assay holds as a tool for
DSS. To date this assay has been limited in utility due to low throughput
constrained by laborious protocols. We have overcome the limita-

tions in handling viscous methylcellulose, drug incubation, and LPC
quantification to develop a high-throughput LPC assay (HT-LPC) at 96
well density using fluorescent imaging and automated liquid handling
allowing robust dose response profiling of drugs and combinations.
Initial testing demonstrates it can retrospectively predict which patients
would achieve remission or be refractory to AraC chemotherapy with
90% accuracy. Furthermore, resistance and sensitivity to targeted ther-
apies and synergistic combinations can be identified. In two real-time
studies, our assay was able to provide clinically actionable DSS data to
clinicians within 8 days of diagnosis and provided more accurate results
than genetic characterization. Based on these results we believe the
HT-LPC platform can be utilized to immediately improve patient
management in relapsed AML.

Funding Source: This work is supported by CIHR and the David Braley
Stem Cell Library.

Keywords: personalized medicine, leukemia, functional assay
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AN HIPSC REPORTER PANEL FOR ORGAN-
SPECIFIC CHEMICAL SAFETY EVALUATION

Lymperi, Elpida - Division of Drug Discovery and Safety, Leiden
Academic Center for Drug Research, Leiden University, Netherlands
Danilyuk, Tamara - Division of Drug Discovery and Safety, Leiden
University, Netherlands

Xu, Linglu - Division of Drug Discovery and Safety, Leiden University,
Netherlands

Davidse, Sam - Division of Drug Discovery and Safety, Leiden
University, Netherlands

Wijaya, Lukas - Division of Drug Discovery and Safety, Leiden
University, Netherlands

Snijders, Kirsten - Department of Molecular Biotechnology and Health
Sciences, Universita degli Studi di Torino, Italy

ter Braak, Bas - Division of Drug Discovery and Safety, Leiden
University, Netherlands

Schmidt, Bela - Stem Cell Institute Leuven and Department of
Development and Regeneration, KU Leuven, Belgium

van Rossom, Rob - Stem Cell Institute Leuven and Department of
Development and Regeneration, KU Leuven, Belgium

Verfaillie, Catherine - Stem Cell Institute Leuven and Department of
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van de Water, Bob - Division of Drug Discovery and Safety, Leiden
University, Netherlands

The assessment of chemical toxicity has historically relied on animal
studies and the use of human cell lines, both of which have limitations
in accurately predicting adversities. Thus, there is a need for advanced

in vitro testing platforms to effectively assess chemical-induced toxicity.

Human-induced pluripotent stem cells (hiPSCs) provide a valuable
resource for studying chemical-induced toxicities while maintain-

ing a consistent genetic background. Here, we aimed to develop an
advanced in vitro test system for chemical safety assessment using
human induced pluripotent stem cells. Using CRISPR/Cas9-assisted
protein tagging a panel of hiPSC reporter lines was generated for
inflammatory signaling, DNA damage response, ER stress response,
and oxidative stress response. Through endogenous tagging with
enhanced green fluorescent protein, we monitored the activation of
these pathways in hiPSCs differentiated into the major target organs
of chemical toxicity, namely: hepatocyte-like cells, cardiomyocytes,
and renal proximal tubule-like cells. Immunofluorescence staining
confirmed the successful differentiation and maturity of the three cell
types: CYP3A4 in hepatocyte-like cells, megalin and ZO-3 in proximal
tubule-like cells, and troponin in cardiomyocytes. Upon exposure to
reference compounds, our hiPSC reporter lines exhibited dose-depen-
dent and stress-specific activation, detectable 24 hours later via con-
focal imaging. The different cell types exhibited varying sensitivities to
chemical exposure. Since hiPSCs can be differentiated into various cell
types and multicellular organoids, our iPSC-based reporter system can
be used for disease modeling and drug screening in a wider context.
This versatile system can help us identify early and late stress signals
associated with many acute and chronic conditions. Additionally, our
platform offers a valuable tool for unraveling the mechanisms underly-
ing carcinogenesis and identifying novel causal factors contributing to
poorly understood cancers.

Funding Source: This project receives funding from the European
Union’s Horizon 2020 project RISK-HUNT3R (Grant Agreement No.
964537) and the Horizon Europe project DISCERN (Grant Agreement
No 101096888).

Keywords: induced pluripotent stem cells reporters, in vitro test
systems for risk assessment, proximal tubule-like cells
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REVOLUTIONIZING RENAL RESEARCH:
MICROFLUIDIC KIDNEY TUBULOIDS-ON-A-CHIP
FOR IMPROVED DRUG TRANSLATION

Nour, Emad - Marketing, MIMETAS B.V, Netherlands

Kurek, Dorota - Research and Development, MIMETAS B.V, Netherlands
Caro Torregrosa, Manuel - Research and Development, MIMETAS B.V,
Netherlands

Gijzen, Linda - Research and Development, MIMETAS B.V, Netherlands
Lanz, Henriette - Research and Development, MIMETAS B.V,
Netherlands

Current 2D in vitro models of renal epithelium lack the key features of
the in vivo setting, such as tubular structure and perfusion, resulting in
low translatability to human situations and failure in clinical translation.
Microfluidic techniques are becoming increasingly recognized as a
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valuable tool for adding physiologically relevant cues to traditional cell
cultures. These cues include long-term gradient stability and continu-
ous perfusion. Microfluidic technology also allows for the patterning of
cell layers as stratified co-cultures that are free from artificial mem-
branes, enabling the capture of complex tissue architectures found

in vivo. Here, we introduce the OrganoPlate microfluidic platform,
which can accommodate up to 64 independent microfluidic chips in a
microtiter plate format, allowing the growth of 64 independent kidney
tubuloid-derived barrier tissues in the form of perfused tubules. These
renal tubules can be formed in just four days of culture in the device
showing rapid and reproducible cell polarization, tight junction for-
mation and proper expression of renal markers. When integrated into
an OrganoPlate system, kidney tubuloids form leak-tight, perfusable
tubes with stable Trans Epithelial Electrical Resistance (TEER), and are
suitable for high-throughput screening of compound effects through
assessment of barrier integrity by use of OrganoTEER and by real-time
imaging of transport. OrganoPlate grown kidney tubes treated with Pgp
inhibitor Verapamil show significant reduction of Rhodamine123 trans-
port through kidney tubule barrier which confirms show stable activity
of Pgp transporter and usability of the model in studying renal drug
clearance. Our results demonstrate the suitability of our in vitro micro-
fluidic kidney tubuloid-on-a-chip model in mimicking key physiological
aspects of the kidney and offer new ways for studying organ physiology
and renal disease mechanisms and drug toxicity.

Keywords: 3D disease modeling, kidney tubuloids, renal disease
mechanisms
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KIDNEY ORGANOID TRANSPLANTATION
PROMOTES ENDOTHELIAL CELL SPECIFICATION
TOWARD A FETAL KIDNEY ARTERIAL PHENOTYPE

Koning, Marije - Internal Medicine - Nephrology, Leiden University
Medical Center (LUMC), Netherlands

Dumas, Sébastien - Nephrology, Leiden University Medical Center,
Netherlands

Meta, Elda - Department of Oncology and Leuven Cancer Institute, KU
Leuven, Belgium

Lievers, Ellen - Nephrology, Leiden University Medical Center,
Netherlands

Borri, Mila - Department of Oncology and Leuven Cancer Institute, KU
Leuven, Belgium

Luo, Yonglun - Biomedicine, Aarhus University, Denmark

van den Berg, Bernard - Nephrology, Leiden University Medical Center,
Netherlands

Carmeliet, Peter - Department of Oncology and Leuven Cancer
Institute, KU Leuven, Belgium

van den Berg, Cathelijne - Nephrology, Leiden University Medical
Center, Netherlands

Rabelink, Ton - Nephrology, Leiden University Medical Center,
Netherlands

Kidney organoids (KORs) derived from human induced pluripotent stem
cells hold promise for regenerative medicine and disease modeling.
However, their applicability is hampered by the lack of a proper vascu-
lature. During culture in vitro, progressive loss of endothelial cells (ECs)
occurs, whereas in vivo transplantation promotes EC development,



enables chimeric vascularization and blood perfusion. This study aimed
to characterize the molecular effects of KOR transplantation on endog-
enous ECs. KORs were transplanted into chicken embryos for 1or 8
days, or cultured in vitro for the same time period. SCRNA-seq of FACS-
sorted human CD31+ KOR ECs revealed that transplantation induced a
response to hypoxia, associated with a metabolic transcriptome switch
from oxidative phosphorylation to glycolysis in the ECs at day 1. After 8
days, ECs from transplanted KORs upregulated antigen presentation,
angiogenesis, and blood coagulation/circulation genesets, indicating
response to blood perfusion. Consistent with angiogenesis, EC prolifer-
ation was increased in this condition, as confirmed by Ki67 staining. In
addition, ECs underwent a major vein-to-arterial phenotypic transition
upon transplantation, with the emergence of arterial ECs. These arterial
ECs, characterized by laminar shear stress response and Notch signal-
ing, showed a similar transcriptome as human fetal kidney arterial/affer-
ent arteriolar ECs. Transplantation-induced EC reprogramming involved
proangiogenic and arteriogenic SOX7 transcription factor upregulation
and regulon enrichment. In conclusion, KOR transplantation led to the
development of arterial ECs resembling human fetal kidney arterial ECs,
likely via SOX7 upregulation and blood flow exposure. These findings
provide insights for the development of KOR vascularization strategies.

Funding Source: The Novo Nordisk Foundation Center for Stem Cell
Medicine (reNEW, supported by Novo Nordisk Foundation grants
(NNF21CC0073729))

Keywords: kidney organoid, vascularization, scRNAseq
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CORRECTION OF AN APDKD POINT MUTATION
USING ADENINE BASE EDITORS IN HIPSCS AND
KIDNEY VESSEL ORGANOIDS

Huang, Junjiu - School of Life Sciences, Sun Yat-sen University, China
Wang, Jingwen - School of Life Sciences, Sun Yat-sen University, China
Qiu, Yanling - School of Life Sciences, Sun Yat-sen University, China
Zhang, Lei - Center of Reproductive Medicine, Children’s Hospital of
Shanxi and Women Health Center of Shanxi, China

Wou, Xueqing - Center of Reproductive Medicine, Children’s Hospital of
Shanxi and Women Health Center of Shanxi, China

Autosomal dominant polycystic kidney disease (ADPKD) is a dominant
genetic disorder caused primarily by mutations in the PKD1 gene, result-
ing in the formation of numerous cysts and eventual kidney failure.
However, there are currently no gene therapy studies aimed at correct-
ing PKD1 gene mutations. In this study, we identified two ADPKD muta-
tion sites on the PKD1 gene, ¢.1198 (C>T) and ¢.8311 (G>A), in patients.
The correction efficiencies of different adenine base editors (ABEs)
were tested using the HEK293T-PKD1 c.1198 (C>T) and HEK293T-PKD1
€.8311 (G>A) reporter cell lines. The results showed that the ABE system
can effectively repair the ¢.8311 (G>A) point mutation, but not the c.1198
(C>T) site, and that ABEmax has higher efficiency and minimal predicted
off-target effects. We then generated induced pluripotent stem cells
(iPSCsmut/WT) from the peripheral blood mononuclear cells (PBMCs)
of the heterozygous patient to develop a disease cell model. Since the
iPSCsmut/WT did not show a typical disease phenotype in stem cell
status, we subsequently differentiated the iPSCs into kidney organoids
in vitro, which expressed renal organ specific marker proteins, such as
CDH1 and LTL. The addition of forskolin could stimulate cAMP signaling

and lead to cystic expansion of renal epithelial tissue in iPSCmut/WT
differentiated kidney organoids, similar to the vesicle phenotype in the
kidney of ADPKD patient. However, the kidney organoids differentiated
from ABE-corrected iPSCs did not show the cystic phenotype. Herein
we tried to use this organoid to test the possibility of AAV-mediated
ABE editing as a therapeutic strategy. The dual AAV split-ABEmax
system was used to deliver ABEmax into the kidney organoids and the
average editing efficiency was approximately 6.56%. Overall, this study
lays the foundation for gene therapy targeting ADPKD using the ABE
single-base editing tool.

Funding Source: The National Natural Science Foundation of China
(31971365), the Guangdong Basic and Applied Basic Research
Foundation (2020B1515120090)

Keywords: gene editing, hiPSC, ADPKD kidney organoid
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UTILIZING KIDNEY TUBULOID MODEL TO STUDY
COLLECTING DUCT (PATHO)PHYSIOLOGY

Dilmen, Emre - Medical BioSciences, Radboud University Medical
Center, Netherlands

Olde Hanhof, Charlotte - Medical BioSciences, Radboud University
Medical Center, Netherlands

Latta, Femke - Medical BioSciences, Radboud University Medical
Center, Netherlands

Orhon, Idil - Medical BioSciences, Radboud University Medical Center,
Netherlands

Jansen, Jitske - Department of Internal Medicine, Nephrology, and
Transplantation, Department for Renal and Hypertensive Diseases,
Erasmus Medical Center, Uniklinik RWTH Aachen, Germany
Hoenderop, Joost - Medical BioSciences, Radboud University Medical
Center, Netherlands
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The kidney consists of different segments that are essential in
maintaining homeostasis throughout the body, including regulating
electrolyte and water balance. The last segment of the kidney tubules
is the collecting duct (CD), where finetuning of sodium and water reab-
sorption occurs. A dysfunction of this process can lead to nephrogenic
diabetes insipidus (NDI) that causes the inability to concentrate urine
which can lead to severe dehydration. It is known that NDI is caused by
dysfunction of the water channel aquaporin 2 (AQP2) or the vasopres-
sin 2 receptor (V2R) in the CD. Despite promising results of pre-clinical
experiments, clinical trials often fail due to ineffectiveness or side-ef-
fects. Recent developments in organoid research promise to study
kidney (patho)physiology with increased translational value compared
to conventional in vitro research models. Tubuloids are kidney organoid
models that are derived from adult stem cells and consists of epithelial
cells from different segments of the kidney tubules. By utilizing these
tubuloid models, our lab previously demonstrated functional CD-spe-
cific sodium regulation. In this study, we show that tubuloids are capa-
ble of physiological CD-specific water transport regulation by AQP2
and V2R. Results show that tubuloids can be differentiated towards
the distal tubules, including CD. Further experiments revealed that the
endogenously expressed AQP2 and V2R can be regulated shown by
significantly increased expression of AQP2. Physiological stimulation
of tubuloids resulted in phosphorylation of AQP2, which is an essential
aspect of water homeostasis in CD. Furthermore, the upregulation and
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phosphorylation of AQP2 resulted in the translocation towards the
apical membrane where it increases water permeability. Finally, we
performed 3D swelling assays which confirmed that CD tubuloids are
indeed capable of increasing water transport and thereby respond to
stimuli by swelling. These results show that kidney tubuloids endoge-
nously express relevant markers for CD-specific water transport, and
AQP2 signaling can be regulated through physiological stimuli which
is measurable in 3D functional assays. These results further confirm
that kidney tubuloid models hold great promise to study kidney (patho)
physiology including NDI.

Funding Source: E.D. is supported by Radboudumc PhD fellowship. J.J
by The Netherlands Organisation for Scientific Research Veni grant,
Dutch Kidney Foundation, the European Research Council. J.H. by the
IMAGEN project and Dutch Kidney Foundation

Keywords: kidney, tubuloids, organoids
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KIDNEY-COLLECTING DUCT ORGANOIDS
DERIVED FROM HUMAN PLURIPOTENT CELLS
FOR DISEASE MODELLING OF HNF1B-MUTATION-
INDUCED KIDNEY DYSFUNCTION

Almuwallad, Shuruq Shaia - Division of Cell Matrix Biology and
Regenerative Medicine, The University of Manchester, UK

Kimber, Susan - Division of Cell Matrix Biology and Regenerative
Medicine, The University of Manchester, UK

Woolf, Adrian S. - Division of Cell Matrix Biology and Regenerative
Medicine, The University of Manchester, UK

Bantounas, loannis - Division of Psychology and Mental Health, The
University of Manchester, UK

Lopes, Fillipa - Division of Cell Matrix Biology and Regenerative
Medicine, The University of Manchester, UK

The development of human collecting ducts from the ureteric bud
during fetal development is a finely orchestrated process. Congenital
anomalies of the kidney and urinary tract (CAKUT) often result from
genetic mutations. Heterozygous (monoallelic) mutations in the HNF1B
gene is a common cause without correlation between the type of
mutation and patient phenotype. Conventional mouse models of human
congenital diseases, while informative, often require bi-allelic mutation
and have inherent limitations. A human model that shows promise for
studying such developmental disorders of the kidney is pluripotent
stem cell-derived organoids. Indeed, we have started to dissect the
defects in the nephron caused by HNF1B mutation using such a model).
However, this model though enriched for glomeruli and proximal
tubules, lacks the collecting duct, known also to be affected in patients.
Understanding the mechanistic underpinnings of these mutations in
collecting ducts is vital for drug development and therapeutics. In this
study, we utilise an alternative organoid model to evaluate the pheno-
type of gene-edited hESCs carrying a monoallelic HNF1B mutation in
exon1, (het knockout) and patient-derived hiPSC with different HNF1B
mutations. We create and characterise a collecting duct organoid
model for kidney dysfunction induced by HNF1B gene mutation. The
hESCs are guided through stages that mimic the development of UB
and collecting duct using growth factors and small molecules, resulting
in the successful generation of branching epithelia. Immunohistochem-
istry and gene expression analysis confirmed the presence of principal
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cells mirroring the in vivo collecting duct composition. Comparative
analysis of the non-mutated and HNF1B gene-mutated organoid models
provided critical insights into the role of HNF1B gene mutations in renal
development and HNF1B pathogenesis. Our aim is to use this model

for drug target discovery to facilitate the development of therapies for
diseases caused by HNF1B- mutation and related conditions.
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STEPWISE DEVELOPMENTAL MIMICRY
GENERATES PROXIMAL NEPHRON PRECURSORS
IN ORGANOIDS

Schnell, Jack M. - Development, Stem Cells, and Regenerative
Medicine, University of Southern California, USA

Achieng, MaryAnne - Stem Cell Biology and Regenerative Medicine,
University of Southern California, USA

Fausto, Connor - Stem Cell Biology and Regenerative Medicine,
University of Southern California, USA

Wang, Victoria - Stem Cell Biology and Regenerative Medicine,
University of Southern California, USA

Grubbs, Brendan - Department of Obstetrics and Gynecology,
University of Southern California, USA

Thornton, Matthew - Department of Obstetrics and Gynecology,
University of Southern California, USA

Lindstrom, Nils - Stem Cell Biology and Regenerative Medicine,
University of Southern California, USA

The kidney maintains blood composition and body fluid homeostasis
by reabsorbing essential compounds and excreting waste. Proximal
tubule cells, crucial for renal nutrient reabsorption, are highly suscep-
tible to damage, leading to pathologies that often necessitate dialysis
and kidney transplants. Despite the use of human pluripotent stem
cell-derived kidney organoids as platforms for modeling renal devel-
opment, disease, and injury, the formation of proximal nephron cells in
these 3D structures is inefficient. Here, we describe how to induce the
uniform expression of proximal tubule precursors, utilizing developmen-
tal benchmarks to accurately model human nephrogenesis. Activating
brief Notch signaling steers nascent organoid nephrons toward an early
proximal state. Having been programmed to a nascent proximal state,
these “proximalized” organoid nephrons proceed to generate prox-
imal precursor cells. Single-cell transcriptomics across the organoid
nephron differentiation timeline, comparing control and proximalized
types, confirm the ability of transient Notch signaling driving proximal
developmental trajectories. Proximalized organoids demonstrate dex-
tran and albumin uptake, indicative of functional maturity akin to in vivo
proximal tubules. Moreover, proximalized organoids are highly sensitive
to nephrotoxic agents, display injury response, and drive expression of
HAVCR1, a key proximal-specific marker of kidney injury. This response
confirms the functional relevance of our model and underscores its
potential for modeling mechanisms underpinning nephron injury and
recovery. These advances strengthen the utility of iPSC-derived kidney
organoids as a versatile tool for nephrology research, disease model-
ing, therapeutic testing, and for understanding human renal physiology.

Keywords: kidney, nephron, organoid
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A SCALABLE, COMPLEX MODEL OF ALIGNED
KIDNEY PROXIMAL NEPHRONS

Vanslambrouck, Jessica M. - Kidney Regeneration, Cell Biology Theme,
Murdoch Children’s Research Institute, Australia

Tan, Ker Sin - Stem Cell Biology Theme, The Novo Nordisk Foundation
Center for Stem Cell Medicine (reNEW), Murdoch Children’s Research
Institute, Australia

Mah, Sophia - Stem Cell Biology Theme, The Novo Nordisk Foundation
Center for Stem Cell Medicine (reNEW), Murdoch Children’s Research
Institute, Australia

Gallozzi, Serena - Stem Cell Biology Theme, The Novo Nordisk
Foundation Center for Stem Cell Medicine (reNEW), Murdoch Children’s
Research Institute, Australia

Little, Melissa - Stem Cell Biology Theme, The Novo Nordisk Foundation
Center for Stem Cell Medicine (reNEW), Murdoch Children’s Research
Institute, Australia

With limited treatment options, chronic kidney disease (CKD) is a
leading cause of death globally, arising from common conditions such
as diabetes, hypertension, drug exposure, and genetic disorders that
can damage the kidneys’ critical blood filtration units (nephrons). While
recent advances in generating kidney organoids from human pluripo-
tent stem cells (hPSCs) have attracted attention as a disease model and
a potential approach to supplement kidney function in CKD patients,
applications remain challenged by the immaturity and spatial disorga-
nization of the hPSC-derived tissue. This is particularly problematic for
the proximal tubule (PT) segment of the nephrons. PT function is critical
for maintaining body homeostasis, as well as hormone, vitamin, and
energy production, making it a key target of disease research and treat-
ment approaches. We recently refined hPSC differentiation to kidney
progenitors by more accurately recapitulating the temporal signaling
events occurring during embryonic kidney development. This resulted
in kidney tissue with enhanced PT maturity and function, as well as
nephron spatial organization that was influenced by localized WNT
inhibition. Capitalising on this enhanced model, here we use CRIS-
PR-tagged fluorescent reporter lines combined with 3D bioprinting,
novel 3D tissue culture platforms, high-content confocal imaging, and
transcriptional analyses to further regulate the maturation and spatial
organization of proximal nephrons within bioengineered kidney tissue.
Our results provide a comprehensive insight into the complex subdivi-
sion of engineered proximal nephrons into PT cell subtypes (S1/S2 — S3)
and indicate improved metabolic identity when tissues are exposed to
PT-relevant metabolic substrates. Additionally, the transferability of this
model to organ-on-a-chip platforms was complemented by its amena-
bility to scale-up approaches, both through 3D cellular bioprinting and
cryopreservation of PT progenitors with retained differentiation capac-
ity. Collectively, these developments have significantly refined current
organoid technologies, improving our control of engineered tissue
growth and organization, while enhancing the translational potential of
stem cell-derived kidney proximal nephrons.

Funding Source: The Novo Nordisk Foundation Center for Stem Cell
Medicine (Novo Nordisk Foundation grant NNF21CC0073729)

Keywords: kidney organoid, proximal tubule, bioengineering
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IPSC-DERIVED HEPATOCYTES AS A NOVEL TOOL
FOR PROGRESSIVE FAMILIAL INTRAHEPATIC
CHOLESTASIS 2 (PFIC2) MODELING AND DRUG
SCREENING

Chung, Samuel - DefiniGEN Ltd., UK
Kasioulis, loannis - DefiniGEN Ltd., UK
Heslop, James - DefiniGEN Ltd., UK
Nikolaou, Nikolaos - DefiniGEN Ltd., UK
Panman, Lia - DefiniGEN Ltd., UK

Progressive familial intrahepatic cholestasis (PFIC) is a heterogeneous
group of autosomal recessive liver diseases, characterized by muta-
tions in genes involved in hepatocellular bile acid secretion. Amongst
these, PFIC2, caused by mutations in the ABCB11 gene, represents

half of the total PFIC cases, and patients with PFIC2 present a range of
symptoms, including liver failure, cirrhosis, and hepatocellular carci-
noma. Despite the importance of the disease, there are currently no
licensed treatments, mainly due to the lack of appropriate pre-clinical
models in drug discovery. We developed a human hepatocyte model
recapitulating the PFIC2 phenotype in-a-dish. In healthy induced
pluripotent stem cells (iPSCs), the ABCB11 mutation D482G was
introduced by CRISPR/Cas9 gene editing. Upon iPSC differentiation,
hepatocytes (Opti-HEP) were cultured in transwell culture system to
induce Opti-HEP polarization. Genotype confirmation was performed
by Sanger sequencing, whilst iPSC pluripotency and differentiation of
iPSCs towards Opti-HEP by gPCR and immunocytochemistry. ABCB11
expression and protein localization were determined by western blot-
ting and immunocytochemistry, and alterations in bile acid transport
by liquid chromatography-mass spectrometry. Both wild-type and
ABCB11-mutant iPSCs were successfully differentiated towards Opti-
HEP as evident by comparable mRNA levels of the hepatocyte maturity
markers albumin, alpha-1-antitrypsin, and hepatocyte nuclear factor 4A
to those seen in primary human hepatocytes. mRNA and protein levels
of ABCB11 were lower in ABCB11-mutant Opti-HEP accompanied by dis-
rupted ABCB11 membrane localization compared to wild type. Consis-
tent with these data, bile acid transport was impaired in ABCB11-mutant
Opti-HEP as shown by significantly lower secretion levels of taurocholic
acid in the apical side of the transwell culture compared to wild-type.

In conclusion, we have developed an iPSC-derived hepatocyte model
that recapitulates human PFIC2 phenotype in vitro. This technology
provides a framework for the development of liver disease-focused
models and highlights the superiority of iPSCs as an effective platform
for disease modeling and hit-lead drug screening.

Keywords: liver, hepatocytes, in vitro
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MOLECULAR MECHANISMS DRIVING
CHOLANGIOCYTE ACTIVATION DURING
PROGRESSION OF CHRONIC LIVER DISEASE AND
LIVER CANCER

Frau, Carla - B/H, Berlin Institute of Health-Charité, Campus Virchow
Klinikum, Max Planck Institute for Molecular Genetics, Germany
Gribben, Christopher - Wellcome-MRC Cambridge Stem Cell Institute,
University of Cambridge, UK

Galanakis, Vasileios - Wellcome-MRC Cambridge Stem Cell Institute,
University of Cambridge, UK

Deshayes, Tom - BIH, Berlin Institute of Health-Charité, Campus
Virchow Klinikum, Max Planck Institute for Molecular Genetics,
Germany

Pustow, Katja - BIH, Berlin Institute of Health-Charité, Campus Virchow
Klinikum, Max Planck Institute for Molecular Genetics, Germany
Williams, Eleanor - Wellcome-MRC Cambridge Stem Cell Institute,
University of Cambridge, UK

Avila Rondon, Laura - BIH, Berlin Institute of Health-Charité, Campus
Virchow Klinikum, Max Planck Institute for Molecular Genetics,
Germany

Haep, Nils - Experimental Surgery and Regenerative Medicine
Department, Campus Virchow Klinikum-Charité, Germany

Sauer, Igor - Experimental Surgery and Regenerative Medicine
Department, Campus Virchow Klinikum-Charité, Germany

Morianu, Irina - Wellcome-MRC Cambridge Stem Cell Institute,
University of Cambridge, UK

Vallier, Ludovic - BIH, Berlin Institute of Health-Charité, Campus
Virchow Klinikum, Max Planck Institute for Molecular Genetics,
Germany

Liver disease claims over two million lives annually, counting 4% of
global mortality. Central to the pathobiology of chronic liver disease

is Ductular Reaction (DR), a dynamic process consisting in the acti-
vation of intra-hepatic cholangiocytes following injury. Despite its
association with liver fibrosis, liver cancer, and liver regeneration, the
precise nature of DR—whether it represents a reparative response or
exacerbates disease—remains enigmatic. The dearth of knowledge is
especially notable in human, as most insights have been derived from
animal models with limited translatability to chronic disease. Here, we
describe new mechanisms driving DR in humans which elucidate in part
the relationship between cholangiocytes and fibrosis in the context of
disease progression and cancer development. To study DR in humans,
we first generated the largest single-cell map of the human liver during
Fatty Liver Disease progression, unraveling new markers for DR. Nota-
bly, we found that several receptors for ECM proteins are up-regulated
by cholangiocytes in end-stage cirrhosis which prompted us to hypoth-
esize that the interaction of cholangiocytes with ECM could be a pivotal
mechanism for their activation. To test this hypothesis, we derived
patient-derived cholangiocyte organoids and then grew the resulting
cells in defined hydrogels to modulate the ECM composition. Using this
approach, we were able to replicate DR in vitro and found that specific
ECM proteins are necessary and sufficient for cholangiocyte activa-
tion. We then examined the downstream mechanisms and identified
key signaling pathways as pivotal mediators. In addition, inhibition of
ECM receptors blocks cholangiocyte growth and reverses DR in vitro
thereby confirming the functional importance of these interactions.

N %

Finally, we found that a specific ECM-rich matrix can accelerate the
growth of liver cancer organoids reinforcing the possibility that activa-
tion of cholangiocytes through DR could contribute to tumorigenesis.
Our results validate that ECM modification during fibrosis and cancer
serves as a permissive component for cholangiocyte growth. With
these findings we shed light for the first time on the biology of DR in
humans, providing potential avenues for therapeutic interventions.

Keywords: cholangiocytes, extracellular-matrix, liver disease
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CONSTRUCTION OF A LIVER TISSUE MODEL
FOCUSING ON LIVER SINUDOIDAL ENDOTHELIAL
CELLS

Tamura, Shiori - School of Life Science and Technology, Tokyo Institute
of Technology, Japan

Tsukamoto, Kodai - School of Life Science and Technology, Tokyo
Institute of Technology, Japan

Idota, Nao - School of Life Science and Technology, Tokyo Institute of
Technology, Japan

Tagawa, Yoh-ichi - School of Life Science and Technology, Tokyo
Institute of Technology, Japan

Liver-on-a-chip is a system that enables reproduction of some liver
functions by seeding cell types that constitute liver tissue on a
microfluidic device to allow dynamic culture and reproduction of the
microenvironment. The use of this system is expected to accelerate
drug discovery by making drug metabolism and toxicity testing more
predictive than conventional testing methods performed on single
cells. Although several liver-on-a-chip systems have been developed in
recent years, there are few systems that uses liver sinusoidal endothe-
lial cells (LSECs), which are the first cell types to encounter many xeno-
biotics, are used. This is because they are sensitive to ischemia, and it
is difficult to construct culture systems that guarantee their functions.
Therefore, we attempted to differentiate human iPS cells into LSECs
and hepatocytes. Using these cells, we aimed to construct a sinusoidal
liver tissue model that recapitulates the sinusoids. In endothelial cells
differentiated from human iPS cells, LSEC-specific gene expression
and function, which were not observed in HUVECs, were identified.
Therefore, we named these differentiated endothelial cells LSEChiPSC.
Hepatocytes differentiated from human iPS cells were designated as
HepatocytehiPSC, since hepatocyte-specific genes were identified.
When LSEChiPSC and HepatocytehiPSC were co-cultured in two layers
using cell culture inserts, specific gene expression of both cells was
maintained for several days. To clarify the importance of the microenvi-
ronment, we used a membrane-based two-layered microfluidic device
that can mimic the structure of liver sinusoidal tissue. Endothelial cells
were seeded on the membrane and hepatocytes were seeded on the
backside of the membrane and the bottom of the lower channel to
reproduce the sinusoids in the upper channel and bile canaliculus in
the lower channel. LSEChiSPC cultured in a flow environment on this
microfluidic device showed different gene expression trends than in a
static environment. This liver sinusoidal tissue model that mimics the
hepatic sinusoidal structure is expected to have applications in drug
metabolism research and antiviral drug screening.

Keywords: microfluidic device, hiPSC-derived cells, liver sinusoidal
endothelial cells
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IDENTIFICATION OF NEUTROPHILIC AND
FIBROGENIC INJURY PATHWAYS IN LIVER
ORGANOIDS WITH INNATE MYELOID IMMUNITY
MADE FROM HUMAN INDUCED PLURIPOTENT
STEM CELLS

Quach, Susanna - Department of Pediatric Gastroenterology,
Nephrology and Metabolic Medicine, Charite - Universitaetsmedizin
Berlin, Germany

Lewis, Kyle - Division of Gastroenterology, Hepatology and Nutrition,
Cincinnati Children’s Hospital Medical Center, USA

Ait Ahmed, Yeni - Department of Hepatology and Gastroenterology,
Charité - Universititsmedizin Berlin, Germany

Kimura, Masaki - Division of Gastroenterology, Hepatology and
Nutrition, Cincinnati Children’s Hospital Medical Center, USA

Iwasawa, Kentaro - Division of Gastroenterology, Hepatology and
Nutrition, Cincinnati Children’s Hospital Medical Center, USA

Milton, Yuka - Division of Gastroenterology, Hepatology and Nutrition,
Cincinnati Children’s Hospital Medical Center, USA

Behncke, Rose Yinghan - Institute of Medical Genetics and Human
Genetics, Charité - Universitédtsmedizin Berlin, Germany

Yaman, Ferhat Ali - BIH Center flir Regenerative Therapien (BCRT),
Charité - Universititsmedizin Berlin, Germany

Chaturved, Praneet - Division of Gastroenterology, Hepatology and
Nutrition, Cincinnati Children’s Hospital Medical Center, USA

Thomer, Konrad - Division of Gastroenterology, Hepatology and
Nutrition, Cincinnati Children’s Hospital Medical Center, USA

Weihs, Julian - Department of Pediatric Gastroenterology, Nephrology
and Metabolic Medicine, Charité UniversitGtsmedizin Berlin, Germany
Hagerling, René - Institute of Medical Genetics and Human Genetics,
Charité - Universititsmedizin Berlin, Germany

Guillot, Adrien - Department of Hepatology and Gastroenterology,
Charité - Universititsmedizin Berlin, Germany

Bufler, Philip - Department of Pediatric Gastroenterology, Nephrology
and Metabolic Medicine, Charité - Universititsmedizin Berlin, Germany
Takebe, Takanori - Division of Gastroenterology, Hepatology and
Nutrition, Cincinnati Children’s Hospital Medical Center, USA

Rezvani, Milad - Department of Pediatric Gastroenterology, Nephrology
and Metabolic Medicine, Charité - Universitdtsmedizin Berlin, Germany

The human liver primarily consists of hepatocytes, but nearly all
chronic liver diseases involve myeloid innate immune cells, espe-
cially macrophages and neutrophil granulocytes, along with non-pa-
renchymal cells (NPCs) — relevant in fibrogenesis — namely hepatic
stellate cells (HSCs), biliary epithelial cells (BECs), and endothelial
cells (ECs). Current human organoids lack a myeloid immune system,
particularly neutrophils, which are the most abundant leukocyte.
Here, we developed an integrated liver organoid system from human
induced pluripotent stem cells, inclusive of syngeneic neutrophils,
macrophages, hepatocytes, and NPCs (MyHLOs), as a platform to
unveil innate immune-fibrogenic pathways. We co-developed endo-
derm and hemogenic mesoderm and observed the organization of
AFP+ ALB+ ECAD+ hepatocytes, a self-organized reticular CD31+ EC
system, CK19+ CK7+ EPCAM+ luminal BECs, PDGFRA+ aSMA+ HSCs,
CD68+ IBA-1+ macrophages, and neutrophil-myeloid progenitors. The
addition of IL34 and GM-CSF — modeling tissue-resident and bone
marrow-derived signaling — completed macrophage polarization and

yielded CD45+CD14-CD16+CD66b MPO+ segmented, reactive oxygen
species-releasing bona fide neutrophil granulocytes. Under lipotoxic
milieu conditions, MyHLOs exhibited a 5-fold decrease in HNF4a
expression - indicating hepatocyte injury - and a 1.3-fold neutrophil cell
expansion, along with a 2-fold increase in IL8 secretion. Blocking IL8
signaling with Reparixin mitigated HNF4a loss to 1.8-fold, suggesting
that IL8-mediated neutrophil recruitment contributes to inflammatory
hepatocyte injury. MyHLO-encapsulating fibrogenesis was observed
after inflammatory cytokine provocation testing, further intensified

by Notch-agonism via DLL1. In contrast, Notch-antagonism with DAPT
prevented fibrogenesis. Inferring intercellular pathways from sin-
gle-cell transcriptomic analyses supported Notch signaling across
hepatocytes-to-NPCs, primarily HSCs, and ECs, in addition to autocrine
NPC-signaling. Thus, MyHLOs are an innate immune organoid system
recapitulating cell types relevant in most chronic liver diseases. Our
findings highlight Notch as a key regulator in fibrogenesis and the
druggable IL8 pathway for recruiting hepatocyte-injurious neutrophils.

Keywords: liver organoids, innate immune system, non parenchymal
cells

5:45 PM - 6:45 PM
439

THE CRUCIAL INTERPLAY BETWEEN
PARENCHYMAL AND MESENCHYMAL CELLS IN
LIVER DISEASE

Wu, Xianfang - Infection Biology, Cleveland Clinic, USA
Bian, Lu - Infection Biology, Cleveland Clinic, USA

Zhang, Fan - Infection Biology, Cleveland Clinic, USA
Zhao, Yuanyuan - Infection Biology, Cleveland Clinic, USA

The complex interplay between parenchymal and mesenchymal

cell populations within the liver microenvironment exerts significant
influence over liver homeostasis, regenerative capacities, and immune
modulation. Dysregulations in these intercellular communications have
been implicated across a spectrum of liver pathologies, encompass-
ing viral hepatitis, metabolic fatty liver disease, fibrosis, cirrhosis, and
hepatocellular carcinoma. In pursuit of deciphering these intricate
communication networks, we have developed a multicellular liver
culture platform incorporating human induced pluripotent stem cells
(hiPSCs)-derived parenchymal and mesenchymal cells, such as hepato-
cytes, hepatic stellate cells, and macrophages. Furthermore, our inno-
vative configuration allows for the integration of additional immune-re-
lated cell types, including neutrophils, endothelial cells, and natural
killer cells. Leveraging this adaptable system, we have successfully
modeled nonalcoholic fatty liver disease (NAFLD), alcohol-associated
liver disease (ALD), and viral hepatitis induced by hepatitis B and hepa-
titis C viruses (HBV and HCV). Our investigations into NAFLD, ALD, and
viral hepatitis have elucidated the significant contribution of macro-
phages, via soluble factors, to disease development and progression
in NAFLD and ALD, as well as their roles in the interaction between
HBV and HCV in the context of coinfection and HBV reactivation
following HCV cure. This platform therefore offers a versatile tool for
elucidating disease mechanisms and developing targeted therapeutic
interventions for liver disease.

Keywords: liver disease, multicellular liver model, fatty liver disease and
viral hepatitis
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EXOSOMES FROM HUMAN INDUCED
PLURIPOTENT STEM CELL-DERIVED
MESENCHYMAL STEM CELLS ALLEVIATE LIVER
FIBROSIS IN A MOUSE MODEL OF WILSON’S
DISEASE

Hu, Yang - Medicine, The University of Hong Kong, China

Li, Na - Medicine, The University of Hong Kong, China

Li, Fei - Medicine, The University of Hong Kong, China

Au, Ka-Wing - Medicine, The University of Hong Kong, China
Tse, Yiu-Lam - Medicine, The University of Hong Kong, China
Ng, Kwong-Man - Medicine, The University of Hong Kong, China
Tse, Hung-Fat - Medicine, The University of Hong Kong, China

Mesenchymal Stem Cells (MSCs) are increasingly used as cell-based
therapies in liver diseases. Previous works have demonstrated that
MSCs administration could restore the hepatic function and amelio-
rate liver fibrosis by immunomodulation or via paracrine effects. And
many studies reported that compare to MSC transplantation, exosome
alone may exert similar therapeutic effects, while the potential risks are
much lower. As such, in this study, we aimed to investigate the in vivo
therapeutic potential of exosomes isolated from human induced plurip-
otent stem cell derived -MSCs (hiPSC-MSCs-Ex) in a Wilson’s Disease
mouse model with hepatic dysfunctions. In brief, Wilson’s Disease is

a rare hereditary disorder due to ATP7B gene mutation, which causes
hepatic copper accumulation and progressive liver fibrosis. This was
accompanied by injecting hiPSC-MSCs-Ex to the ATP7B Knockout mice
every two weeks for 8 weeks. Our results showed that DiR-labeled
hiPSC-MSCs-Ex was successfully targeted to the injured liver and main-
tained in the liver after systematic administration. Functionally, com-
pared to the PBS-treated control, hiPSC-MSCs-Ex-treated mice showed
reduced liver fibrosis as indicated by a decrease in collagen accumu-
lation, enhanced liver functionality, and alleviation of inflammation.
The gene expression of major contributors to fibrosis (Colla, TIMP-1,
and Fn-1) significantly decreased in the liver of hiPSC-MSCs-Ex treated
mice. And the histopathological analysis revealed significant reduced
collagen area and Ishak fibrosis score. The serum level of alanine ami-
notransferase (ALT) also significantly reduced in the hiPSC-MSCs-Ex-
treated groups. Furthermore, increased secretion of anti-inflammatory
cytokines (IL-10) and decreased pro-inflammatory cytokines (TNFa, IL-6
and IL-1B) were also detected in the hiPSC-MSCs-Ex treatment group.
These results demonstrated that hiPSC-MSCs-Ex could reduce inflam-
mation and ameliorate hepatic fibrosis in a liver disease mouse model,
which may provide an allogeneic cell-free MSC therapy for chronic
liver fibrosis.

Keywords: exosomes, mesenchymal stem cells, liver fibrosis
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LIVER-ON-CHIP PLATFORM REPRODUCING
METABOLIC ZONATION FOR STUDYING
RECRUITMENT AND DIFFERENTIATION OF
CIRCULATING MONOCYTES

Krauss, Stefan - Hybrid Technology Hub, Institute of Basic Medical
Science, University of Oslo, Norway

Busek, Mathias - Hybrid Technology Hub, Institute of Basic Medical
Science, University of Oslo, Norway

@ynebraten, Inger - Department of Pathology, Oslo University Hospital,
Norway

Konstanse Steen, Jeanette - Hybrid Technology Hub, Institute of Basic
Medical Science, University of Oslo, Norway

Corthay, Alexandre - Department of Pathology, Oslo University
Hospital, Norway

The spatial heterogeneity of liver cells, known as liver metabolic zona-
tion, allows hepatocytes to execute diverse metabolic functions, crucial
for liver homeostasis. Moreover, metabolic zonation is an important
factor of liver disease development. However, in current protocols,

the distinctive functions, metabolic traits, and phenotypes specific

to each zone swiftly diminish during in vitro culture of primary human
hepatocytes (PHH) and are hardly present in iPSC-derived hepatocytes
like cells generated by published protocols. This represents significant
limitations for drug testing and the use of in vitro human liver disease
modelling. We developed a new scalable protocol allowed generating
hiPSC-derived liver organoids with zone 3 (Z3-HLO)- and zone 1 (Z1-
HLO)- specific phenotype and functionalities. Z1-HLO were charac-
terized by albumin secretion and urea synthesis at the level of PHHSs,
as well as gluconeogenesis. Z3-HLO exhibited phase | metabolism
(approaching the activity of PHHs), higher glucose uptake, glycogen
accumulation and showed decreased expression of E-cadherin, when
compared to control and Z1-HLO. Z3-HLO and Z3-HLO had a different
oxygen consumption rate and B-oxidation. Z3-HLO were shown to be
more susceptible to the hepatoxic effect of treatment with acetamino-
phen (APAP). Next, using a recently developed by our group pump-less
recirculate on Organ-on-a-Chip (rOoC) platform, healthy and diseased
zonated HLOs were co-cultured with human primary CD14+ monocytes.
The functional interaction between zonated HLOs and circulating
monocytes was analyzed in control and disease-mimicking condi-
tions in presence and absence of endothelial barrier. We observed

an increased migration of monocytes toward APAP-treated HLOs
compared to untreated HLOs. The multiplex analysis of cytokines, in
situ immunophenotyping and scRNAseq enabled a thorough character-
ization of deployment and disease-dependent alterations of monocytes
and liver cells “on chip”. In summary, presented here zonated HLO with
post-natal zone-specific metabolic activity (as benchmarked to PHHSs) in
combination with immune component on a scalable rOoC platform can
improve in vitro disease modeling, and offer a new tool for predictive
toxicology studies.

Keywords: liver-on-chip, liver macrophages, liver metabolic zonation
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ESTABLISHMENT OF A LARGE-SCALE
ORGANOIDS BIOBANK FROM LIVER CANCER
PATIENTS

Avila Rondon, Laura Valentina - BCRT, Berlin Institute of Health (BIH),
Germany

Pustow, Katja - BIH Center for Regenerative Therapies, Berlin Institute
of Health at Charité, Germany

Sauer, Igor - Department of Surgery, Experimental Surgery, Charité-
Universitdtsmedizin Berlin, Germany

Haep, Nils - Department of Surgery, Experimental Surgery, Charité-
Universitdtsmedizin Berlin, Germany

Frau, Carla - BIH Center for Regenerative Therapies, Berlin Institute of
Health at Charité, Germany

Vallier, Ludovic - BIH Center for Regenerative Therapies, Berlin Institute
of Health at Charité, Germany

Liver cancer ranks as the sixth most prevalent cancer and the fourth
leading cause of global cancer-related deaths. There is currently no
cure against end-stage liver disease and new treatments are urgently
needed for the most predominant types of liver cancer: hepatocellular
carcinoma (HCC), cholangiocarcinoma (CCA), and mixed HCC/CCA. To
address this major challenge, our group at the Berlin Institute of Health
is creating a unique biobank of liver tumoroids generated from cancer
patients from the Charité — Universitatsmedizin Berlin, one of Europe’s
largest hospitals. The biobank is currently built by establishing “paired
organoids” from each patient’s tumoral and adjacent non-tumoral
region, and by collecting the liver tissue in both snap-frozen and fixed
samples. The resulting organoid lines are characterized using geno-
typing/karyotyping, RT-gPCR, and immunofluorescence and compared
to the original tumors. For that, we aim to conduct single-nuclei RNA
sequencing studies to further define the expression profiles of organ-
oid cells with those of their corresponding parental tissues, providing
an in-depth look at the molecular patterns driving tumorigenesis. This
approach will underscore similarities and divergences between the cel-
lular composition of organoids grown in vitro and the heterogeneity of
their tumoral counterpart. We are particularly interested in defining the
mechanisms by which cellular plasticity is established and maintained
in liver cancer cells. Our liver tumoroids collection provides a unique
platform for studying liver cancer and discovering new therapeutic
agents. This living biobank not only represents a methodological
breakthrough for tumor modeling in vitro but also provides a new
resource to understand the molecular mechanisms underlying liver
cancer development and progression.

Keywords: patient-derived-organoids, liver cancer, biobank
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GENERATION OF IPS-DERIVED HUMAN LIVER
AND INTESTINAL ORGANOIDS WITHIN DEFINED
EXTRACELLULAR MATRICES

Ayyagari, Sriramya - Biomedical Engineering, University of lllinois at
Chicago, USA

Kimura, Masaki - Division of Gastroenterology, Hepatology and
Nutrition, Cincinnati Children’s Hospital Medical Center, USA
Tornabene, Patrizia - Division of Developmental Biology and Center
for Stem Cell and Organoid Medicine, Cincinnati Children’s Hospital
Medical Center, USA

Palamuthy, Shreenithi - Department of Biomedical Engineering,
University of lllinois at Chicago, USA

Erukulla, Rohith - Department of Biomedical Engineering, University of
lllinois at Chicago, USA

Aneesh, Anagha - Department of Biomedical Engineering, University of
lllinois at Chicago, USA

Jeon, Oju - Department of Biomedical Engineering, University of lllinois
at Chicago, USA

Cai, Yuqi - Division of Gastroenterology, Hepatology and Nutrition,
Cincinnati Children’s Hospital Medical Center, USA

Lewis, Philip - Division of Developmental Biology and Center for Stem
Cell and Organoid Medicine, Cincinnati Children’s Hospital Medical
Center, USA

Kang, Soo-Yeon - Department of Biomedical Engineering, University of
North Texas, USA

Shrestha, Sunil - University of North Texas, Department of Biomedical
Engineering, USA

Reddy Lekkala, Vinod - University of North Texas, Department of
Biomedical Engineering, USA

Lee, Minseong - University of North Texas, Department of Biomedical
Engineering, USA

Acharya, Prabha - University of North Texas, Department of Biomedical
Engineering, USA

Lee, Moo-Yeal - University of North Texas, Department of Biomedical
Engineering, USA

Wells, James - Division of Developmental Biology and Center for Stem
Cell and Organoid Medicine, Cincinnati Children’s Hospital Medical
Center, USA

Takebe, Takanori - Division of Gastroenterology, Hepatology and
Nutrition, Cincinnati Children’s Hospital Medical Center, USA

Alsberg, Eben - Department of Biomedical Engineering, University of
lllinois at Chicago, USA

Human organoids are three dimensional structures that can reca-
pitulate native cell architecture and functionality and have immense
potential for evaluating new therapies for conditions such as Type 2
Diabetes (T2D). Liver and intestinal tissue, which are affected by T2D,
can be generated in vitro by delivering a series of bioactive signaling
molecules to guide the differentiation of induced pluripotent stem cells
(iPSCs) in the presence of Matrigel, a gelatinous protein extract derived
from mouse Engelbreth-Holm-Swarm tumor basement membrane. This
process leads to the generation of iPSC-derived human liver organoids
(HLO) and human intestinal organoids (HIO). Although Matrigel sup-
ports formation and maturation of both organoid types, it has several
limitations. Matrigel’s ill-defined composition of various extracellular
(ECM) proteins and growth factors makes it difficult to determine what
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matrix biosignaling cues are required to specifically form HLO and HIO.
Furthermore, organoid generation relies on de novo iPSC differenti-
ation, which can be manually intensive and costly. These limitations
affect the implementation of organoids for wider use. In this study, we
assessed the role that ECM biochemical signals have on the formation
of both iPSC-derived liver and intestinal organoids. To further enable
organoid generation, we have utilized cryopreserved endoderm inter-
mediates that can directly be used at the start of the three-dimensional
culture stage of organoid differentiation. By applying this strategy, we
have shown that 3D ECMs containing only laminin/entactin or collagen
type IV can be used to generate HLO with similar morphology to those
generated in Matrigel. Furthermore, by controlling the concentration of
these signals, we can control HLO yield and functionality. These matri-
ces can also be used to generate HIO with comparable morphology
and yield to those differentiated within Matrigel. We have also found
that ECMs with no biochemical signals can also be used to form HIO
with non-cyst like morphology. Together, this information can be used
to guide the development of defined biomaterials to reliably generate
organoids for high throughput screening applications.

Keywords: extracellular matrix, organoid, intestine
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NEEDLE BIOPSY-DERIVED LIVER ORGANOIDS
ENABLE ALCOHOL-ASSOCIATED LIVER DISEASE
MODELLING AND DRUG RESPONSE

Arifo, Silvia - Liver Cell Plasticity and Tissue Repair Lab, Institut
d’Investigacions Biomédiques August Pi i Sunyer, Spain

Zanatto, Laura - Liver, Digestive System and Metabolism, Institut

d’ Investigacions Biomédiques August Pi i Sunyer, Spain
Martinez-Garcia De la torre, Raquel A. - Liver, Digestive System and
Metabolism, Institut d’,Investigacions Biomediques August Pi i Sunyer,
Spain

Ferrer-Lorente, Raquel - Liver, Digestive System and Metabolism,
Institut d’,Investigacions Biomediques August Pi i Sunyer, Spain
Cantallops-Vila, Paula - Liver, Digestive System and Metabolism, Institut
d’ Investigacions Biomeédiques August Pi i Sunyer, Spain
Sererols-Vifias, Laura - Liver, Digestive System and Metabolism, Institut
d’ Investigacions Biomeédiques August Pi i Sunyer, Spain
Gratacds-Ginés, Jordi - Liver Unit, Hospital Clinic, Spain

Rubio, Ana Belén - Liver Unit, Hospital Clinic, Spain

Pérez, Martina - Liver Unit, Hospital Clinic, Spain

Rill, Aina - Cellular Systems Genomics Group, Carreras Leukaemia
Research Institute, Spain

Lozano, Juan José - Instituto de Salud Carlos Ill, Centro de
Investigacion Biomédica en Red Enfermedades Hepdticas y Digestivas
(CiberEHD), Spain

Xu, Zhenggqing - Liver, Digestive System and Metabolism, Institut d’
Investigacions Biomeédiques August Pi i Sunyer, Spain

Coll, Mar - Liver, Digestive System and Metabolism, Institut d’
Investigacions Biomeédiques August Pi i Sunyer, Spain

Affo, Silvia - Liver, Digestive System and Metabolism, Institut d’
Investigacions Biomeédiques August Pi i Sunyer, Spain

Mereu, Elisabetta - Cellular Systems Genomics Group, Carreras
Leukaemia Research Institute, Spain

N %

Pose, Elisa - Liver Unit, Hospital Clinic, Spain
Sancho-Bru, Pau - Liver, Digestive System and Metabolism, Institut d’
and Investigacions Biomediques August Pi i Sunyer, Spain

Alcohol-associated liver disease (ALD) is a major cause of liver disease
worldwide. Despite its prevalence, the available therapeutic options
are limited, and molecular mechanisms underlying the disease remain
poorly defined. Organoids have emerged as a powerful human-based
in vitro tool in the biomedical field. However, patient-derived liver
organoids present a biliary phenotype and its generation still requires
hepatic resections, thus limiting their use for ALD modelling. Here, we
develop a method for needle biopsy-derived liver organoids (b-Orgs)
generation to model ALD and drug response. b-Orgs were generated
with an efficiency of 80% from both early and advanced stages of

ALD. Moreover, b-Orgs showed an enriched liver-like phenotype and
enhanced hepatocyte features when compared to the widely estab-
lished standard organoids from liver resections, as assessed by immu-
nofluorescence, functional studies, and bulk transcriptomics. Single
cell RNA-sequencing revealed a heterogeneous composition com-
prising the different hepatobiliary populations found in ALD patients
(i.e. cell populations with biliary, progenitor and hepatocyte features).
Moreover, b-Orgs preserved disease-stage features at transcriptomic
level, as b-Orgs derived from advanced patients showed increased
genes related to epithelial-mesenchymal transition (EMT), angiogen-
esis or inflammation. Finally, b-Orgs recapitulated ALD features when
stimulated with an ALD medium containing ethanol and pro-inflamma-
tory mediators, showing upregulated ROS production, lipid accumula-
tion, inflammation and decreased proliferation. Furthermore, b-Orgs
responded to prednisolone, showing a reversion in oxidative stress pro-
duction and cell cycle arrest. Overall, we have successfully developed a
new methodology allowing the generation of patient-derived organoids
from different stages of ALD. B-Orgs exhibit enhanced hepatocyte fea-
tures and a cellular heterogeneity mirroring the epithelial composition
of the liver tissue in ALD. Importantly, b-Orgs can mimic ALD features
and respond to drugs, thus underscoring their potential as a person-
alized human-based in vitro tool to study the mechanisms of ALD and
explore novel treatments.

Keywords: organoids, ALD, biopsy
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MODELLING SEX DIFFERENCES IN METABOLIC
DYSFUNCTION-ASSOCIATED STEATOHEPATITIS
USING STEM CELL DERIVED-LIVER TISSUE

Kasarinaite, Alvile - Institute for Regeneration and Repair, University of
Edinburgh, UK

Jimenez-Ramos, Maria - Institute for Regeneration and Repair,
University of Edinburgh, UK

Beltran-Sierra, Mariana - Institute for Regeneration and Repair,
University of Edinburgh, UK

Sutherland, Elena - Institute for Regeneration and Repair, University of
Edinburgh, UK

Arede Rei, Pedro - Institute for Regeneration and Repair, University of
Edinburgh, UK

Kendall, Timothy - Institute for Regeneration and Repair and Edinburgh
Pathology, University of Edinburgh, UK



Henderson, Neil - Institute for Regeneration and Repair, University of
Edinburgh, UK

Saunders, Philippa T. K. - Institute for Regeneration and Repair,
University of Edinburgh, UK

Fallowfield, Jonathan - Institute for Regeneration and Repair, University
of Edinburgh, UK

Hay, David - Institute for Regeneration and Repair, University of
Edinburgh, UK

Metabolic dysfunction-associated steatotic liver disease (MASLD)
affects more than a third of the world’s population. MASLD encom-
passes a range of diseases characterized by the excessive fat accu-
mulation within the liver (steatosis) that can develop into metabolic
dysfunction-associated steatohepatitis (MASH). There are currently no
specific therapeutics to treat MASLD/MASH. MASLD development is
influenced by different factors such as obesity, insulin resistance and
metabolic age. Sex hormones, notably estrogens and androgens, reg-
ulate liver function and disease development. Sex and age dependent
hormone balance reduces the risk of developing insulin resistance,
hyperlipidemia and cardiovascular disease. However, the mechanisms
of the sex steroids in MASH remain under-explored. To study this we
have developed male and female 3D liver models using human plurip-
otent stem cells (PSCs). Self-assembled liver spheres were comprised
of hepatocytes, endothelial and stellate cells derived from PSCs. We
used those to assess the sphere resemblance of that in human liver. We
observed the time dependent increase in human serum albumin levels
and the activity of cytochrome P450 enzymes, and decrease in alpha
fetoprotein secretion, demonstrating the maturation of spheres. Then,
we investigated our 3D model capacity to recapitulate the macrovesic-
ular steatosis in vitro. After supplying the liver spheres with the high
energy diet, we observed a significant increase in the lipid droplet size
within the fat loaded liver spheres compared to the control. We further
demonstrated the significant increase in intracellular and extracellu-
lar 3-hydroxybutyrate and pyruvate levels compared to the control,
contributing to a dysregulated TCA cycle and saturation of B-oxidation
pathway. Lastly, we assessed the effect of sex hormone signalling

in disease progression using transcriptomics. The results of those
studies were compared to a human database (SteatoSITE) covering
the full spectrum of human liver fibrosis. Sex specific hormone addition
showed a protective role against the development of cirrhosis ‘in the
dish’ versus control spheres. We have since deconvoluted the gene
regulatory networks and cell type dependent interactions important in
MASH development and regression and those will be discussed at the
meeting.

Funding Source: MRC Precision Medicine iCASE

Keywords: sex hormones, MASLD, MASH, metabolism, 3D PSC-derived
liver model
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SCALABLE XENO-FREE BIOREACTOR
PRODUCTION OF MSC-DERIVED 3D
MICROTISSUES

Egger, Dominik - Institute of Cell Biology and Biophysics, Leibniz
University Hannover, Germany

Dreger, Julia - Institute of Cell Biology and Biophysics, Leibniz
University Hannover, Germany

Moldaschl, Julia - Department of Biotechnology, University of Natural
Resources and Life Sciences, Austria

Nebel, Sabrina - Department of Biotechnology, University of Natural
Resources and Life Sciences, Austria

Cornelia, Kasper - Department of Biotechnology, University of Natural
Resources and Life Sciences, Austria

The increasing demand for 3D in vitro models that replicate human
tissues for studying physiological mechanisms, disease progression,
and drug target validation, necessitates advanced manufacturing
approaches. Although human mesenchymal stem/stromal cells (MSCs)
offer a promising solution due to their ethical advantages and multi-
potency, the automated, standardized, and reproducible creation of
MSC-derived 3D tissues that mimics human anatomy and function
remains a significant obstacle. Therefore, we present a scalable,
xeno-free 3D differentiation process tailored for generating microtis-
sues derived from MSCs, specifically adipocytes, chondrocytes, and
osteoblasts. Our approach involved utilizing micro-structured culture
plates for high-throughput spheroid generation and establishing robust
differentiation protocols for each lineage within physioxic conditions
and xeno-free medium. Additionally, we encapsulated MSCs in alginate
liquid-core shell capsules (LCSCs), inducing the formation of multiple
spheroids within each capsule. These loaded LCSCs were cultured in a
rotating wall vessel (RWV) bioreactor where differentiation was initiated
under conditions established during preliminary static experiments.
Differentiation was confirmed by histological sections, immunohisto-
chemistry, and secretome analysis. Viability and proliferation of MSCs
in the RWV was confirmed through viability assays, while ongoing
efforts focus on evaluating the differentiation process using immuno-
histochemistry and secretome analysis. Our study introduces a robust,
physiologic, xeno-free 3D differentiation protocol within physioxic con-
ditions, seamlessly transferable to a scalable bioreactor. The innovative
use of LCSCs for microtissue production allows for the generation of
miniaturized adipogenic, chondrogenic, or osteogenic tissues derived
from MSCs. This integrated system holds promise for high-throughput
production of patient-specific microtissues, serving as tissue building
blocks for 3D bioprinting or tissue models for drug discovery.

Funding Source: This project was supported by the Doctoral School
“Biomaterials and Biointerfaces” of the BOKU Vienna and the program
“zukunft.niedersachsen” by the Lower Saxony Ministry for Science and
Culture.

Keywords: mesenchymal stem/stromal cells, microtissues, hypoxia
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PROTEOMIC ANALYSIS OF MESENCHYMAL

STEM CELLS AND THEIR EXTRACELLULAR
VESICLES FROM FERTILE AND INFERTILE WOMEN
MENSTRUAL BLOOD

Vaiciuleviciute, Raminta - Department of Regenerative Medicine, State
Research Institute Centre for Innovative Medicine, Lithuania

Uzieliene, llona - Department of Regenerative Medicine, State Research
Institute Centre for Innovative Medicine, Lithuania

Brennan, Kieran - School of Biomolecular and Biomedical Science,
Conway Institute, University College Dublin, Ireland

McGee, Margaret - School of Biomolecular and Biomedical Science,
Conway Institute, University College Dublin, Ireland

Pachaleva, Jolita - Department of Regenerative Medicine, State
Research Institute Centre for Innovative Medicine, Lithuania
Kasilovskiene, Zaneta - Medicine Centre Maxmeda, Lithuania
Piesiniene, Lina - Nanodiagnostika, Limited, Lithuania

Bironaite, Daiva - Department of Regenerative Medicine, State
Research Institute Centre for Innovative Medicine, Lithuania
Bernotiene, Eiva - Department of Regenerative Medicine, State
Research Institute Centre for Innovative Medicine, Lithuania

Unexplained or idiopathic infertility accounts for 30 percent of couples
with fertility problems worldwide and the diagnosis is confirmed if
female is not able to get pregnant after at least 12 cycles of unprotected
intercourse. But the pathogenesis is still poorly understood. In our
study we were looking for differences in proteome of menstrual blood
mesenchymal stem cells (MenSCs) and their extracellular vesicles (EVs)
from fertile and infertile women menstrual blood and possible biomark-
ers of unexplained infertility. MenSCs were isolated from menstrual
blood of 8 fertile female volunteers and 8 patients with unexplained
infertility. Mesenchymal and other surface markers of MenSCs were
detected using flow cytometry. Cell EVs were isolated using ultracen-
trifugation with density gradient. Cytosolic EV protein TSG101 and
lipoprotein markers were analysed by Western blot. Proteins in both
cells and their EVs were detected using mass spectrometry. Surface
biomarkers CD9, CD10, CD13, CD14, CD44, CD54,CD63, CD73, CD90,
CD105, CD146 and Notch1 were detected in MenSCs. Morphology of
EVs population was confirmed using TEM, surface biomarkers CD9,
CD63, CD81and CD147 and cytosolic marker TSG101 were detected
using flow cytometer Cytoflex LX and Western blot. Proteomic analysis
showed that the highest number of proteins was detected in cells (3262
proteins in fertile group and 3236 in infertile), lower in cell EVs (1142 in
fertile and 1119 proteins in infertile), while EV-free supernatant had the
lowest number of proteins (343 in fertile and 287 proteins in infertile).
The highest number of statistically significant differences in protein
levels between fertile and infertile were detected in EV samples (47
high in fertile samples and 22 in infertile). Bioinformatic gene ontology
analysis revealed different pathways that are regulated by significantly
expressed proteins but cell adhesion proteins and collagens are the
most abundant groups of proteins which differs in fertile and infertile
groups. We demonstrated that MenSC EVs might appear a good source
of infertility related biomarkers, and that altered cell adhesion might
contribute to etiopathology of unexplained infertility.

Keywords: proteomics, fertility, mesenchymal stem cells
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MODULATION OF NAIVE MESENCHYMAL/
STROMAL STEM CELLS BY EXOSOMES DERIVED
FROM INSULIN-PRODUCING CELLS

Gabr, Mahmoud - Biotechnology, Mansoura University, Egypt
El-Halawani, Sawsan - Biotechnology, Mansoura University, Urology
and Nephrology Center, Egypt

Refaie, Ayman - Nephrology, Mansoura University, Urology and
Nephrology Center, Egypt

Ghoneim, Mohamed - Urology, Mansoura University, Urology and
Nephrology Center, Egypt

The potential of MSC-derived exosomes for the treatment of diabetes
has been explored in several experimental studies since they can avoid
several problems associated with cell therapy. On this basis, an inquiry
to determine the prospect of modulation of human naive (undifferenti-
ated) MSCs by exosomes derived from human iPCs was explored.
Methods. Mesenchymal stem cells (MSCs) were isolated from lipo-
suction aspirates obtained during elective cosmetic surgeries. MSCs
were differentiated into iPCs. Exosomes were then collected from the
culture media of undifferentiated and differentiated MSCs (uneducated
and educated, respectively) and co-cultured with naive MSCs. The
spherical morphology of MSC-derived exosomes was confirmed by
TEM. Their size ranged between 60-160 nm. The expression of specific
associated proteins, CD9, and CD63 was verified by flow cytometry and
Western blotting. Internalization of the isolated exosomes into MSCs
was confirmed by the Exoria labelling. iPCs were positive for insulin
(21.2%) and C-peptide (18.2%). The MSCs co-cultured with educated
exosomes, also expressed insulin (16.15%) and C-peptide (14.25%) while
those co-cultured with uneducated exosomes were 2.05% and 0.77%
respectively. C-peptide nanogold, silver-enhanced immunolabelling
revealed that iPCs contained-labelled C-peptide in the cytoplasm.
Undifferentiated MSCs co-cultured with uneducated exosomes were
negative. Undifferentiated MSCs co-cultured with educated exosomes
showed labelled C-peptide in the cytoplasm. All pancreatic endocrine
genes were expressed by the differentiated iPCs and the naive MSCs
co-cultured with educated exosomes. Gene expression among naive
MSCs co-cultured with uneducated exosomes was marginal. Their was
an enormous increase in insulin and C-peptide in response to increas-
ing glucose concentrations. This research demonstrates that educated
exosomes can induce the differentiation of naive MSCs into insulin-pro-
ducing cells, while uneducated exosomes have no effect. This offers a
potential alternative to traditional cell therapy, which can be limited by
issues such as necrosis and immune rejection.

Keywords: diabetes, stem cells, exosomes
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IMMUNOMODULATION OF OCULAR SURFACE
INFLAMMATION BY SUBCONJUNCTIVAL
INJECTION OF ADIPOSE-DERIVED
MESENCHYMAL STEM CELLS

Rusch, Robert - Department of Clinical Regenerative Medicine, Fujita
Health University, Japan

Inagaki, Emi - Physiology, Keio University, Japan

Taniguchi, Hiroko - Ophthalmology, Keio University, Japan

Sakakura, Saki - Ophthalmology, Keio University, Japan

Tamai, Rie - Research, ROHTO Pharmaceutical Co., Ltd., Japan
Nonaka, Hidenori - Research, ROHTO Pharmaceutical Co., Ltd., Japan
Shimizu, Shota - Ophthalmology, Keio University, Japan

Sato, Shinri - Ophthalmology, Keio University, Japan

Ogawa, Yoko - Ophthalmology, Keio University, Japan

Hirayama, Masatoshi - Ophthalmology, Keio University, Japan
Negishi, Kazuno - Ophthalmology, Keio University, Japan

Okano, Hideyuki - Physiology, Keio University, Japan

Shimmura, Shigeto - Clinical Regenerative Medicine, Fujita Health
University, Japan

Ocular graft-versus-host disease (GVHD) is a post-transplantation
complication, impacting approximately 90% of individuals with chronic
GVHD. Despite its common occurrence, available treatments are
limited. Mesenchymal stem cells (MSCs), known for their low immuno-
genicity and immunoregulatory properties, have shown promise in the
treatment of various inflammatory diseases, including systemic GVHD.
In the pursuit of innovative therapies, we investigated the application of
adipose-derived mesenchymal stromal cells (adMSCs) through subcon-
junctival injection within a murine model of chronic GVHD. At the onset
of disease human adMSCs were injected, and the subsequent obser-
vation of disease progression spanned over three weeks. Our findings
unveiled a significant enhancement in corneal integrity, marked by a
reduction in epithelial damage, opacity, and maintaining of thickness.
Intriguingly, adMSCs exhibited a distinct capacity to modulate immune
responses, exemplified by the infiltration of regulatory T cells and the
concurrent downregulation of TH1/TH17 cells in the ocular area. Sup-
plementary in vitro wound healing assay experiments underscored the
therapeutic potential of adMSCs in facilitating wound closure through
their paracrine effects, further highlighting the multifaceted thera-
peutic capabilities of adMSCs. This dual impact suggests adMSCs as
promising candidates for the treatment and mitigation of ocular chronic
GVHD, offering a novel and potent approach to the very limited existing
therapeutic ones. The observed enhancements in corneal integrity and
immune modulation signify the potential of subconjunctival adMSC
treatment in chronic ocular GVHD.

Keywords: adipose-derived stromal cells, graft-versus-host disease
(GVHD), immunomodulation
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TRANSPLANTATION OF SCHWANN CELL-
LIKE CELLS DIFFERENTIATED FROM HUMAN
MESENCHYMAL STEM CELLS FOR DIABETIC
NEPHROPATHY

Jung, Sung-Chul - Biochemistry, Ewha Womans University, Korea

Park, Saeyoung - Biochemistry, Ewha Womans University, Korea

Yum, Yoonji - Biochemistry, Ewha Womans University, Korea

Nam, Yu Hwa - Biochemistry, Ewha Womans University, Korea

Kim, Ho Jin - Research and Development, Cellatoz Therapeutics Inc.,
Korea

Lim, Jaeseung - Research and Development, Cellatoz Therapeutics Inc.,
Korea

Diabetic neuropathy (DN) is the most common complication of diabe-
tes, and approximately 50% of patients with this disease suffer from
peripheral neuropathy. Nerve fiber loss in DN occurs due to myelin
defects and is characterized by symptoms of impaired nerve function.
Schwann cells (SCs) are the main support cells of the peripheral ner-
vous system and play important roles in several pathways contributing
to the pathogenesis and development of DN. We previously reported
that human tonsil-derived mesenchymal stem cells differentiated

into SCs (TMSC-SCs), named neuronal regeneration-promoting cells
(NRPCs), which cells promoted nerve regeneration in animal models
with peripheral nerve injury or hereditary peripheral neuropathy. In this
study, NRPCs were injected into the thigh muscles of BKS-db/db mice,
a commonly used type 2 diabetes model, and monitored for 26 weeks.
Von Frey test, sensory nerve conduction study (SNCS), and staining of
sural nerve, hind foot pad, dorsal root ganglia (DRG) were performed
after NRPCs treatment. Von Frey test and SNCS results showed that
the NRPC treatment group (NRPC group) showed faster responses to
less force than the Vehicle group. Additionally, remyelination of sural
nerve fibers also increased in the NRPC group. After NRPCs treatment,
an improvement in response to external stimuli and pain sensation
was expected through increased expression of PGP9.5 in the sole and
TRPV1in the DRG. Human NRPCs treatment may alleviate DN through
the remyelination and the recovery of sensory neurons, could provide a
better life for patients suffering from complications of this disease.
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EFFICACY AND SAFETY OF MESENCHYMAL STEM
CELL THERAPY FOR OVARIAN AGING IN MOUSE
MODEL

Fu, Lin - Department of Obstetrics and Gynecology, Peking University
Third Hospital, China

Pei, Wendi - Department of Obstetrics and Gynecology, Peking
University Third Hospital, China

Guo, Wenhuan - Department of Obstetrics and Gynecology, Peking
University Third Hospital, China

Wang, Yibo - Department of Obstetrics and Gynecology, Peking
University Third Hospital, China

Fan, Yong - Key Laboratory for Major Obstetric Diseases of Guangdong
Province, The Third Affiliated Hospital of Guangzhou Medical University,
China

Yang, Rui - Department of Obstetrics and Gynecology, Peking
University Third Hospital, China

Li, Rong - Department of Obstetrics and Gynecology, Peking University
Third Hospital, China

Qiao, Jie - Department of Obstetrics and Gynecology, Peking University
Third Hospital, China

Yu, Yang - Department of Obstetrics and Gynecology, Peking University
Third Hospital, China

Ovarian aging is one of the major issues that impact female fertility
potential. Mesenchymal stem cell (MSC)-based therapy has been
making impressive progress in recent years. However, as a non-autol-
ogous component, before MSCs can be used as a routinely available
clinical treatment, the efficacy and safety of MSC ovarian therapy
remain to be adequately and systematically evaluated. In this study,
clinical-grade adipose tissue derived MSCs (AD-MSCs) and umbilical
cord derived MSCs (UC-MSCs) were cultivated under GMP-grade con-
ditions in compliance with production and safety regulations. The cells
were then injected into different mouse models to execute efficacy and
safety verification. For validity verification, estrus cycle, ovarian weight,
total/split follicle number and ratio, proliferation status and neovascular-
ization assay were monitored for 3 weeks via a naturally-aging mouse
model of 10-12 months old. And for safety, the tests of tumorigenicity
(female BALB/c nude mice of 4-6 weeks old) for 16 weeks, as well as
acute toxicity (body weight, organ pathology, etc.), immunogenicity
(cellular and molecular), and in vivo migration for 1 week were per-
formed. Furthermore, RNA sequencing of mouse ovaries after MSC
transplantation was performed. After orthotopic transplantation of
MSCs into the ovary, the estrous cycle, ovarian weight, the number

and proportion of primary follicles, granulosa cell proliferation, and
angiogenesis were improved. The effects of AD-MSCs were superior to
that of UC-MSCs on several indexes, such as post-transplant granulosa
cell proliferation, ovarian weight and angiogenesis. Moreover, safety
validation experiments confirmed that both AD-MSCs and UC-MSCs
were not tumorigenic, with no acute toxic reactions, low immunogenic-
ity, and a small amount of non-deterministic distribution. Through RNA
sequencing analysis, the enhancement of MAPK cascade was observed
and long-term effects were mainly linked to the activation of immune
function. In conclusion, orthotopic transplantation of MSC displays
significant efficacy and high safety for the treatment of ovarian aging in
mice. Our findings further demonstrate the feasibility and potential of
MSC for ameliorating ovarian aging and advance the use of MSC for the
treatment of clinical diseases.

N %

Funding Source: This work was supported by the National Key R&D
Program of China (2021YFC2700303) and the National Natural Science
Foundation of China (82225019, 82192873, 82288102).
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THERAPEUTIC APPLICATION OF APOPTOTIC
STEM CELLS IN RENAL INJURY MOUSE MODEL

Hwang, SaeByeok - Cell Therapy Center, Department of Biomaterials
Engineering, CHA Advanced Research Institute, CHA University, Korea
Hong, Chayoon - Cell Therapy Center, CHA Advanced Research
Institute, Korea

Kang, Soonsuk - Cell Therapy Center, CHA Advanced Research
Institute, Korea

Lee, Yeonmi - Cell Therapy Center, Department of Biomedical Science,
CHA Advanced Research Institute, CHA University, Korea

Junguk, Ju - AniCom Medical Center, Korea

Kang, Eunju - Cell Therapy Center, Department of Biomedical Science,
CHA Advanced Research Institute, CHA University, Korea

Feline is prone to kidney disease due to a lower number of nephrons.
Several studies have explored the use of mesenchymal stem cells
(MSCs) for treating chronic kidney disease in feline. Recently, apop-
totic cells were highlighted for therapeutic effects in various animal
models. In this study, feline apoptotic MSCs were applied to a renal
injury mouse model to demonstrate their therapeutic effects. The MSCs
were isolated from the feline amniotic membrane (AM) and apoptotic
cells were generated using the self-developed freezing solution. The
renal injury mouse model was induced by intraperitoneal (IP) injection
of cisplatin and lipopolysaccharide. Viable or apoptotic cells were
administered by IP or intravenous (V) injection and the histological
and hematological analysis, cell distribution, and gene expression

in the kidney were evaluated. AM-MSCs showed high expression of
MSC-specific markers and demonstrated differentiation into mesen-
chymal lineages. Apoptotic AM-MSCs exhibited high expression levels
of apoptotic-related proteins, annexin V and cleaved caspase-3. Both
apoptotic and viable cells displayed comparable global gene expres-
sion, including inflammation and fibrosis-related genes. However, the
protein level of IL-10 was significantly higher in apoptotic cells. The

IV and IP injection of viable or apoptotic cells in the mouse model
restored histological damage and fibrosis in the kidney, further serum
BUN (blood urea nitrogen) level was decreased to normal range. The
localization of apoptotic bodies originating from the injected cells in
kidney was confirmed by detecting NIR815- or PKH26-stained cells and
the presence of mitochondrial genome. The injection of cells resulted
in decreased expression of pro-inflammatory and pro-fibrosis genes
and increased expression of anti-inflammatory factors in the kidney. In
summary, apoptotic bodies were generated through IV or IP injection
of viable or apoptotic AM-MSCs, and they were localized in the kidney
of renal injury mouse model. The presence of apoptotic bodies induced
an anti-inflammatory response, subsequently leading to inhibition of
fibrosis and recovery of the kidney. These findings suggest that the
application of apoptotic cells offers the potential for restoring renal
function in treating renal disease, similar to viable cells.

Keywords: renal injury mouse model, mesenchymal stem cells (MSCs),
apoptotic cell therapy
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INSULIN RECEPTOR BINDING TO GENE
REGULATORY ELEMENTS ALTERS METABOLISM
OF HPSC-ADIPOCYTES IN DIABETES

Friesen, Max - Biology, Whitehead Institute for Biomedical Research,
USA

Liu, Yi - Biology, Whitehead Institute, USA

Jaenisch, Rudolf - Biology, Whitehead Institute, USA

Adipocytes are key regulators of body metabolism, and they play

a central role in metabolic disease such as type Il diabetes (T2D).
However, the molecular progression of insulin resistance (IR) towards
symptomatic T2D is still poorly understood. Traditional IR models fail
to recapitulate the physiology of human insulin signaling, which has
hampered our collective progress in therapeutically targeting IR mech-
anisms. We produced hPSC-adipocytes that mimic in vivo function,

by creating a milieu resembling human physiology. Exposing these
adipocytes to T2D patient insulin levels leads to IR, as demonstrated
by reduced insulin response in protein phosphorylation, glucose
uptake, lipolysis, and altered metabolic gene expression. Here we
sought to understand how IR mechanistically affects the transcription
and metabolism of diabetic adipocytes. Previous studies have shown
that the insulin receptor (INSR) localizes to the nucleus and interacts
with transcriptional machinery. In our hPSC-adipocytes, the INSR also
localizes to promoters of active genes. It preferentially binds to highly
expressed and insulin-responsive genes. Intriguingly, the INSR binding
signal was exceptionally strong in the oxidative phosphorylation, gly-
colysis, and fatty acid metabolism gene sets; groups of genes we found
to be transcriptionally dysregulated in insulin resistance. In accordance
with all these findings, IR-inducing conditions also dysregulated the
adipocyte metabolite composition. In our diabetes mimicking condi-
tions, glycolytic metabolites are globally depleted, and there is a shift
towards desaturation of fatty acids. However, while depleted TCA cycle
metabolites had their corresponding enzyme’s promoter bound by the
INSR, elevated metabolites did not. This suggests that INSR promoter
binding has repercussions on resultant metabolite levels. Additionally,
our IR hPSC-adipocyte model mimicked metabolite findings of clinically
used diabetes biomarkers. Altogether our findings indicate the INSR
directly regulates the transcription of diabetes-relevant genes. Our
hPSC-adipocyte model recapitulates physiological signaling and IR,
and uncovered new insulin signaling biology. This demonstrates signif-
icant future potential for advancing therapeutic approaches targeting
metabolic disease.

Keywords: adipocytes, diabetes, insulin
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EXTRACELLULAR VESICLES DERIVED FROM
MESENCHYMAL STEM CELLS CURE MEMORY
IMPAIRMENT CAUSED BY NEUROINFLAMMATION
IN YOUNG BUT NOT AGED MICE

Deryabina, Olena - Gene Technologies, Institute of Genetic and
Regenerative Medicine, M. D. Strazhesko National Scientific Center
of Cardiology, Clinical and Regenerative Medicine, NAMS of Ukraine,
Ukraine

Lykhmus, Olena - Department of Molecular Imnmunology, Palladin
Institute of Biochemistry, NAS of Ukraine, Ukraine

Kalashnyk, Olena - Department of Molecular Immunology, Palladin
Institute of Biochemistry, NAS of Ukraine, Ukraine

Skok, Maryna - Department of Molecular Inmunology, Palladin Institute
of Biochemistry, NAS of Ukraine, Ukraine

Gorbatiuk, Oksana - Department of Gene Technologies, Institute

of Genetic and Regenerative Medicine, M. D. Strazhesko National
Scientific Center of Cardiology, Clinical and Regenerative Medicine,
NAMS of Ukraine, Ukraine

Toporova, Olena - Department of Cell Regulatory Mechanisms,
Department of Cell Regulatory Mechanisms, Institute of Molecular
Biology and Genetics, NAS of Ukraine, Ukraine, Ukraine

Tochilovski, Albert - BioTexCom LLC, BioTexCom LLC, Ukraine
Kordium, Vitalii - Department of Cell Regulatory Mechanisms, Institute
of Molecular Biology and Genetics, Ukraine
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Mesenchymal stem cells (MSCs) isolated from various sources are
extensively studied as potential therapeutic tools for many pathological
states including neuroinflammation and neurodegenerative diseases,
but the possibility to avoid using the live cells is attractive, as it helps to
prevent potential immune rejection. In this regard, a promising solution
is the use of exosomes - secreted membrane-enclosed vesicles 30-100
nm in diameter containing proteins, lipids, and nucleic acids. The aim

of our study was to compare the effects of MSCs and exosomes they
produce on the brains of young and aged mice. Comparison of the
therapeutic effect of exosomes and conditioned medium (CM) on young
mice injected with LPS revealed that exosomes introduced simultane-
ously with LPS prevented memory impairment caused by LPS while CM
provided a weaker effect which lasted two weeks only. In the second
set of the experiments young (3months) and old (12 months) mice
received 3 and 1i.p. injections of LPS, respectively. Both MSCs and
MSC-derived exosomes transplanted on the 14th day after the last LPS
injection in young animals improved the memory of mice in two weeks
and it remained good up to the end of experiment. In aged mice either
MSCs, or exosomes slightly improved their memory after two weeks,
but the effect was transient and went down one week after. Repeated
injection of MSCs or exosomes performed five weeks after the first one
improved the mice memory again in two weeks and, again, the effect
lasted for one week only. The brains of LPS-treated young mice did not
contain elevated amounts of IL-1B or IL-6 at the end of experiment (more
than 100 days after LPS injection); however, both MSCs and exosomes
decreased IL-6 levels in their brains. In contrast, the brains of aged mice
treated with LPS still contained elevated amounts of IL-1f and IL-6, and
MSCs as well as exosomes decreased them significantly. The results
obtained demonstrate that a single injection of MSCs or exosomes
stably improved the state of young mice chronically treated with LPS.

In contrast, even repeated injections of MSCs or exosomes in aged
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mice, which had obtained a single injection of LPS, provided a transient
effect, lasting for about a weak only.

Keywords: MSCs, exosomes, memory impairment
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UNDERSTANDING SKELETAL DEVELOPMENT AND
DISEASE USING HUMAN PLURIPOTENT STEM
CELLS AND SINGLE-NUCLEI RNA SEQUENCING

Woods, Steven - Faculty of Biology, Medicine and Health, University of
Manchester, UK

Lawrence, John - Cellular Genetics, Wellcome Sanger Institute, UK
Aguero Burgos, Brenda - Division of Cell Matrix Biology and
Regenerative Medicine, University of Manchester, UK

Bates, Nicola - Division of Cell Matrix Biology and Regenerative
Medicine, University of Manchester, UK

Humphreys, Paul - Division of Cell Matrix Biology and Regenerative
Medicine, University of Manchester, UK

Teichmann, Sarah - Cellular Genetics, Wellcome Sanger Institute, UK
Kimber, Susan - Faculty of Biology, Medicine and Health, University of
Manchester, UK

The study of human growth plate cartilage is crucial for understanding
and treating a spectrum of skeletal growth conditions. Here we use
human pluripotent stem cells (hPSCs) and single-nuclei RNA sequenc-
ing (snRNAseq) technology to create a model that closely mirrors the
complex processes of human embryonic cartilage development. Using
snRNAseq we show our in vitro hPSC model successfully replicates
human chondrogenic differentiation, providing insights into the cellular
and molecular dynamics of the human growth plate. The resultant in
vitro cartilage ‘organoids/pellets’ display typical cartilage structures
and extracellular matrix composition. Furthermore, to uncover patho-
genic mechanisms effecting the cartilage growth plate of skeletal
growth conditions, we generated hPSCs with MATN3, COMP, KIF22 and
PDE4D mutations using patient cells and CRISPR-Cas9 gene editing.
Employing CRISPR-Cas9 gene editing to develop genetic reporters for
key dysregulated signalling pathways, enabled ‘medium-throughput’
(96 well plate format) screening for future identification of compounds
that promote differentiation and correct mutant phenotypes. Our
findings reveal essential transcriptional regulators and pathways in
chondrocyte differentiation and skeletal disease mechanisms, offering
novel insights into skeletal growth conditions. The integration of
pathway-specific reporters into our hPSC model represents a prom-
ising approach to drug discovery and new therapeutic interventions.
This work significantly advances skeletal development and disease
research, by focusing on disease mechanisms, it paves the way for
more effective targeted therapies.

Keywords: human pluripotent stem cells, single-nuclei RNA
sequencing, cartilage development
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ENGINEERING ORGANOID 3D STRUCTURE USING
MULTIMATERIAL FRESH 3D BIOPRINTING

Moss, Samuel - Biomedical Engineering, Carnegie Mellon University,
USA

Coffin, Brian - Materials Science and Engineering, Carnegie Mellon
University, USA

Feinberg, Adam - Biomedical Engineering, Carnegie Mellon University,
USA

Shiwarski, Daniel - Biomedical Engineering, Carnegie Mellon University,
USA

Organoids have emerged as a powerful way to combine stem cell
differentiation and self-assembly to form 3D tissue-like structures for in
vitro studies. However, the size and complexity of organoids is limited
in part by the lack of spatial cues that help control this organization,
ultimately constraining the functional repertoire of these tissue models.
Organoids often assume a spherical shape, which is dictated by
cell-generated compaction forces and can differ from the internal spa-
tial patterning in the native tissue. We asked if it is possible to achieve
more complex organoid structure and function by guiding the magni-
tude and direction of compaction forces. Specifically, we hypothesized
that an internal 3D extracellular matrix (ECM) scaffold could provide
resistance to cellular compaction, as well as cell-ECM binding sites to
control geometry. To create an internal organoid scaffold, we utilized
the FRESH 3D bioprinting platform to simultaneously fabricate an
internal ECM scaffold within a surrounding cell aggregate. A collagen
bioink was used for internal ECM scaffold fabrication while surrounding
this we printed a fibrinogen based C2C12 mouse myoblast cell bioink.
Cell bioinks were printed in multiple geometries around internal rod
shaped collagen scaffolds on the scale of 1-4 millimeter scale (diameter:
3408 + 52 pm) and over time compacted to a size of <1 mm (diameter:
952 + 62 pm). The internal collagen scaffold was able to initially resist
cell compaction forces and promote anisotropy in cell aggregates

(Day 5 perpendicular diameters: 1800 + 100 & 972 + 95 pym) before

cell compaction forces drove the aggregate towards a more isotropic,
spherical geometry by Day 10 of culture. These results demonstrate
that organoids can be 3D bioprinted using multiple bioinks and that an
internal collagen scaffold can control cell aggregate or organoid geom-
etry. Control over aggregate geometry can be further tuned through
adjusting collagen concentrations to increase resistance to compaction
or lowering the cell number to decrease the compaction force. Future
works will focus on how the internal collagen scaffold affects cell pat-
terning and the resulting physiological function, laying the groundwork
to regulate physiologic structures within organoids.

Funding Source: Research was sponsored by the Army Research Office
and was accomplished under Cooperative Agreement Number WO1INF-
23-2-013

Keywords: organoids, tissue engineering, 3D bioprinting
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IDENTIFYING NEW THERAPIES FOR
FACIOSCAPULOHUMERAL MUSCULAR
DYSTROPHY USING A PHENOTYPIC SCREENING
APPROACH

Tuano, Natasha K. - Stem Cell Medicine, Murdoch Children’s Research
Institute, Australia

McElroy, Rebecca - Stem Cell Medicine, Murdoch Children’s Research
Institute, Australia

Watt, Kevin - Stem Cell Medicine, Murdoch Children’s Research Institute,
Australia

Mills, Richard - Stem Cell Medicine, Murdoch Children’s Research
Institute, Australia

Facioscapulohumeral muscular dystrophy (FSHD) is the most common
autosomal-dominant neuromuscular disorder, with an estimated
prevalence of up to 1in 8,000 individuals. FSHD is characterised by

a progressive degeneration and weakness of skeletal muscle in the
neck, head and shoulders followed by lower extremities. Whilst the life
expectancy of patients with FSHD is normal, the deterioration of muscle
mass and function limits independent mobility, reduces quality of life
and significantly increases the risk of secondary health complications.
Epigenetic mechanisms control the expression of the transcription
factor double homeobox 4 (DUX4) which is normally expressed during
development and repressed in adult somatic tissue. Transcriptional
reactivation of DUX4 in skeletal muscle is the primary cause of FSHD.
The identification of targeted therapeutics for FSHD remain elusive.
We have recently developed a model of FSHD via activation of the
DUX4 transcription factor in bioengineered skeletal muscle. Expression
of DUX4 in human micro-muscles produced a striking degenerative
phenotype, evidenced by a functional decrease, and the disruption

of myofiber integrity and viability. Using this model, we aim to identify
treatments that will inhibit or prevent the functional decline in skeletal
muscle after DUX4 expression.

Keywords: skeletal, muscle, dystrophy
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GENERATION OF POSITION-SPECIFIC
NEUROMUSCULAR ORGANOIDS TO MODEL
HUMAN DEVELOPMENT AND DISEASE (GPS
ORGANOIDS)

Nebol, Aylin - Medical Biology and Genetics Graduate Program,
Istanbul Medipol University, Institute of Health Sciences, Turkey
Gouti, Mina - Max Delbriick Center for Molecular Medicine in the
Helmholtz Association (MDC), Germany

During embryonic development, spinal cord motor neurons organize
along the anterior-posterior (AP) axis, crucial for coordinating volun-
tary movement through connections with skeletal muscles. Single-cell
lineage analysis on developing embryos has revealed a common axial
stem cell population known as neuromesodermal progenitors (NMPs),
capable of giving rise to both neural and mesodermal lineages. NMPs

can be efficiently differentiated from induced pluripotent stem cells
(iPSCs) in vitro, offering a valuable tool for studying neural devel-
opment. Building on this work, our lab has recently pioneered the
generation of human neuromuscular organoids (NMOs) from iPSC-de-
rived NMPs. NMOs represent the first in vitro model where spinal

cord neurons and skeletal muscle cells develop simultaneously and
self-organize to form functional neuromuscular junctions (NMJ) in 3D.
Notably, NMOs are enriched for motor neurons corresponding to the
lumbar segment of the spinal cord. Here we focus on establishing posi-
tion-specific NMOs corresponding to more anterior spinal cord levels.
Administration of extracellular signals at specific time points allows us
to reconstruct aspects of the AP patterning occurring during human
trunk development within an organoid framework. Through detailed
molecular characterizations at both transcriptional and translational
levels, we seek to elucidate the timing and dynamics of critical events
such as muscle innervation and neural maturation within these organ-
oids. Additionally, we conduct contraction and Multi-Electrode Array
(MEA) recordings for functional analysis, aiming to elucidate potential
variations in contraction patterns and NMJ functionality across different
organoid models. Ultimately, our comprehensive approach aims to
unravel the complexities of spinal cord development and neuromuscu-
lar circuit formation. These insights will not only enhance our under-
standing of developmental processes in the human spinal cord but
also pave the way for translational research addressing axial-specific
manifestations of neuromuscular diseases. Finally, our study holds
great promise for advancing therapeutic interventions in the domains of
human tissue engineering and regenerative medicine.
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NERVE GROWTH FACTOR INDUCE CELL FIBROSIS
AND HYPERTROPHY IN INDUCED PLURIPOTENT
STEM CELL DERIVED CHONDROGENIC PELLETS

Jung, Se In - Department of Biomedicine and Health Sciences, Catholic
iPSC Research Center, Catholic University of Korea, Korea

Choi, Si Hwa - Catholic iPSCs Research Center (CiRC), CiSTEM
Laboratory, Department of Biomedicine and Health Sciences, Catholic
University of Korea, Korea

Kim, Jang-Woon - Catholic iPSCs Research Center (CiRC), CiSTEM
Laboratory, Department of Biomedicine and Health Sciences, Catholic
University of Korea, Korea

Rim, Yeri Alice - Catholic iPSCs Research Center (CiRC), CiSTEM
Laboratory, Department of Biomedicine and Health Sciences, Catholic
University of Korea, Korea

Ju, Ji Hyeon - Department of Internal Medicine, Division of
Rheumatology, Department of Internal Medicine, Seoul St. Mary’s
Hospital, Catholic University of Korea, Korea

Nerve growth factor (NGF) is a neurotrophic factor involved in the
survival, differentiation, and growth of sensory neurons and noci-
ceptive function. Additionally, it has been suggested to play a role in
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osteoarthritis (OA) and chondrocyte hypertrophy. Previous studies
have suggested a relationship between NGF and OA; however, the
underlying mechanisms remain unknown. Therefore, we investigated
the relationship between cartilage characteristics and NGF expression
in the pathology of OA using human induced pluripotent stem cells
(hiPSCs)-derived chondrogenic pellets. NGF treatment decreased the
expression of chondrogenic markers (SOX9, aggrecan, and collagen
type Il) in chondrogenic pellets, whereas, the expression of hypertro-
phy (osteogenic) markers (collagen type X and vascular endothelial
growth factor A) and fibrotic markers (collagen type Ill and a -SMA) was
increased. The expression of inflammatory cytokines and matrix metal-
lopeptidases was also increased in NGF-treated chondrogenic pellets.
These findings suggest that increased NGF levels may induce cartilage
hypertrophy and fibrosis, which might be responsible for chondrocalci-
nosis and osteophyte formation during OA progression.

Funding Source: This work was supported by the National Research
Foundation of Korea grant funded by the Korea government
(NRF-2020R1A2C3004123, NRF-2019R1A5A2027588, and NFR-
2021R1C1C2004688) and the Catholic Institute of Cell Therapy in 2024.

Keywords: nerve growth factor, induced pluripotent stem cell,
osteoarthritis
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THE ROLE OF PRIMARY CILIA IN CHONDROCYTE
HYPERTROPHY UNDER INFLAMMATION
EXPOSURE

Han, Jaehyuk - Department of Biomedicine and Health Sciences,
Catholic iPSC Research Center, Catholic University of Korea, Korea
Choi, Si Hwa - Department of Biomedicine and Health Sciences,
Catholic iPSC Research Center, Catholic University, Korea

Jung, Se In - Department of Biomedicine and Health Sciences, Catholic
iPSC Research Center, Catholic University, Korea

Rim, Yeri Alice - Department of Biomedicine and Health Sciences,
Catholic iPSC Research Center, Catholic University, Korea

Ju, Ji Hyeon - Department of Biomedicine and Health Sciences,
Catholic iPSC Research Center, Catholic University, Korea

Primary cilia are single, slender extensions that emerge from the cell
membrane of various mammalian cells. Structurally, a primary cilium
consists of a microtubule-based axoneme (9+0), which is an extension
of the cell’s cytoskeleton. The axoneme is surrounded by a special-
ized membrane, and the ciliary base is anchored to the cell through

a structure called the basal body. Initially, it was known as a vestigial
organ created during the evolution of eukaryotic cells, but now, through
various studies, its functions such as sensing and signal transmission

in cells are being revealed. Osteoarthritis (OA) is a common degener-
ative joint disorder characterized by the progressive deterioration of
the cartilage. OA progresses due to pro-inflammatory cytokines such
as IL-1B, TNF, and IL-6. In previous studies, when IL-18 was treated in
chondrocytes, it increased the length of Primary cilia and mediated

the inflammatory response caused by IL-1B treatment. IL-1B is also
known to induce chondrocyte hypertrophy, which can lead to cartilage
destruction. However, there is limited information on the relationship
between the changes in the primary cilia and chondrocyte hypertrophy
when treated with IL-1B. In this study, we differentiated chondrogenic
pellets using induced pluripotent stem cells (iPSCs) in the presence

N %

IL-1B and the changes in the cilia was observed during differentiation.
The expression of hyaline cartilage markers (e.g. Collagen type Il),
hypertrophic cartilage markers (e.g. Collagen type X) and primary
cilia-specific markers (e.g. ARL13B) were confirmed in the cells during in
vitro chondrogenesis. This study further reveals the role of primary cilia,
which has been insufficient to date, in chondrogenesis and OA-related
inflammation. Also, the results suggest the primary cilia as a potential
candidate for the development of an OA therapeutic.

Keywords: primary cilia, osteoarthritis (OA), induced pluripotent stem
cells (iPSCs)
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USING BIOENGINEERED SKELETAL MUSCLE
TO MODEL ATROPHY AND INFLAMMATION
MEDIATED DYSFUNCTION ASSOCIATED WITH
SARCOPENIA

Cree, Tabitha - Stem Cell Medicine, Murdoch Children’s Research
Institute, Australia

Bibby, Kaitlyn - Stem Cell Medicine, Murdoch Children’s Research
Institute, Australia

Philp, Andrew - Biology of Ageing Program, Centenary Institute,
Australia

Mills, Richard - Stem Cell Medicine, Murdoch Children’s Research
Institute, Australia

Age-related loss of skeletal muscle mass, strength, and function is
referred to as sarcopenia. Sarcopenia is a progressive muscle wasting
condition that affects the lives of many elderly people, putting them at
increased risk of frailty and falls. The pathophysiology of sarcopenia is
multifaceted and can be accelerated by a variety of factors, including
extensive bed rest, chronic inflammation, poor nutrition, and age-re-
lated hormonal changes. Despite its prevalence in the community,
there are no treatments for managing or preventing sarcopenia. Using
novel in vitro modelling techniques, we aim to examine the impacts of
mechanical unloading and inflammation on skeletal muscle biology.
Using our bioengineered skeletal muscle system, we are able to gen-
erate miniaturised muscles tissues which can be assessed for strength
and endurance. In this study, we aim to design and refine an in vitro
model of mechanical unloading. This will mimic disuse atrophy that is
typically seen with bed rest in the aged population. We will character-
ise this system by investigating the molecular and physical markers of
skeletal muscle atrophy including, reduced fibre size, reduced protein
synthesis, and induction of protein degradation pathways. Additionally,
we will utilise a 2D screening platform using iPSC derived myoblasts to
examine various cytokine cocktails that are able to mimic the inflam-
matory phenotype seen in sarcopenic adults. A larger scale pairwise
cytokine screen will be undertaken to examine which combinations of
cytokines are able to impair fibre formation and structure. Cytokines
that induce atrophy will be taken forward into our 3D screening plat-
form for functional and biochemical assessment. The merging of these
two models will allow us to recapitulate sarcopenic stimuli in vitro and
through multi-omics approaches, we aim to understand the molecular
mediators of sarcopenia.

Keywords: sarcopenia, skeletal muscle, bioengineering
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INDUCED PLURIPOTENT STEM CELLS
GENERATED FROM CALPAINOPATHY PATIENTS
HARBOURING THE CAPN3 C.1746-20C>G
VARIANTS

Goluba, Karina - Pharmaceutical Sciences Centre, Faculty of Medicine,
University of Latvia, Latvia

Parfejevs, Vadims - Pharmaceutical Sciences Centre, Faculty of
Medicine, University of Latvia, Latvia

Lace, Baiba - Faculty of Medicine, University of Latvia and Riga East
Clinical University, Latvia

Inashkina, Inna - Medical Genetics and Mitochondrial Research Group,
Biomedical Research and Study Centre, Latvia

Riekstina, Una - Pharmaceutical Sciences Centre, Faculty of Medicine,
University of Latvia, Latvia

Calpainopathy is a progressive autosomal recessive calpain-3-related
limb-girdle muscular dystrophy (LGMD) R1 caused by mutations in

the calpain 3 (CAPN3) gene. We have shown that the hypomorphic
intronic mutation ¢.1746-20C>G, which is common in Latvia (MAF
0.237), causes incorrect splicing of the CAPN3 protein. Our project
aims to establish calpainopathy patient-derived induced pluripotent
stem cells (iPSCs) and create a disease model that recapitulates unique
CAPNB3 variants. Patients provided informed consent, and experimental
procedures were approved by the Central Medical Ethics Committee of
Latvia. Fibroblasts were isolated from a skin biopsy by explant-based
dissociation technique. 2nd passage fibroblasts were transduced with
CytoTuneTM-iPS 2.0 Sendai reprogramming kit. Emerging colonies
were propagated in Essential 8 Flex medium and passaged manually
until passage five. The continuing passages were lifted with 0.5 mM
EDTA. At passage 10, iPSC clones were screened for Sendai virus (SeV)
clearance. SeV-cleared iPSC clones were analysed for stem marker
Oct-4, Nanog, Sox2, SSEA-4, and Tra-1-60 expression by fluorescence
microscopy. The pluripotency of iPSC clones was assessed by directed
trilineage differentiation. The expression of ectoderm, mesoderm, and
endoderm markers was analysed by immunofluorescence analysis and
TagMan hPSC scorecard assay. Additionally, the genotype stability was
assessed by CMA assay, and STR profiling was performed on hiPSCs
and original fibroblast lines. Three iPSC clones from each patient were
established showing PSC-like morphology with densely packed and
round colonies with smooth edges. iPSC clones expressed Oct-4,
Nanog, Sox2, SSEA-4, and Tra-1-60 markers. The trilineage differen-
tiation confirmed the pluripotency of the iPSC clones. STR analysis
showed matching STR profiles of hiPSCs and parental fibroblasts. Next,
myoblast differentiation will be initiated to establish a model system for
screening of novel calpainopathy therapies. LGMD R1 patient-derived
induced pluripotent stem cells (iPSCs) will serve as a disease model

to study the molecular mechanisms of the disease and facilitate the
discovery of personalized therapies.

Funding Source: National Research programme Innovation
Fund — Sectoral Research Programme Agreement No. VPP-EM-
BIOMEDICINA-2022/1-0001. We thank COST CA20140 project
CorEuStem for protocol assistance.

Keywords: iPS cells, CAPN3, disease model
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FUNCTIONAL CHARACTERIZATION OF A NOVEL
GENETIC VARIANT IN DESMIN (P.GLU353DUP)
CAUSING MYOFIBRILLAR MYOPATHY AND
GENERATION OF PATIENT DERIVED INDUCED
PLURIPOTENT STEM CELLS FOR DISEASE
MODELING
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Argentina
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Argentina

Renes, Sol - LIAN, FLENI-INEU, Argentina

Fernandez, Agata - Departamento de Neuropatologia, FLENI, Argentina
Rosa, Alberto Luis - IFEC-CONICET, Universidad Nacional de Cordoba,
Argentina

Cejas, Claudia - Departamento de Diagndstico por Imdgenes, FLENI,
Argentina

Pastor Rueda, Jose Manuel - Departamento de Neurologia, FLENI,
Argentina

Ferreiro, Diego - Departamento de Quimica Bioldgica, Universidad de
Buenos Aires, Argentina

Waisman, Ariel - LIAN, FLENI-INEU, Argentina

Sevlever, Gustavo - LIAN, FLENI-INEU, Argentina

Miriuka, Santiago - LIAN, FLENI-INEU, Argentina
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Desmin (DES) is a major intermediate filament protein crucial for the
structural integrity and function of striated muscles. Mutations in DES
have been associated with various forms of myopathies collectively
known as “desminopathy.” In this study, we identified a novel heterozy-
gous mutation (c.1059_1061dupGGA) in exon 6 of DES in an Argentine
family with myofibrillar myopathy. This mutation leads to the duplication
of a glutamic acid residue at position 353 (p.Glu353dup) of the DES
protein. Clinical and myo-pathological evaluations of the index patient
(IP) revealed characteristic features of myofibrillar myopathy, including
muscle weakness, atrophy, and muscle fatty replacement. In-silico
analysis of DES dimer assembly revealed alterations in the coiled-coil
structure and a more stable complex conformation when one or both
monomers contain the mutation. In addition, functional experiments
over-expressing the mutated DES gene (DES_dupGGA) or the wild-type
DES gene in HEK cells, revealed the formation of DES and vimentin
(VIM) protein aggregates only in the presence of DES_dupGGA. Both
results suggest that p.Glu353dup mutation impairs the formation of

a normal DES network after affecting its polymerization. Moreover,
patient-derived induced pluripotent stem cells (iPSCs) were generated
from the IP and his two siblings (one sibling has the mutation and the
other not) by peripheral blood mononuclear cells reprogramming using
STEMCCA lentiviral system. Characterization of these iPSCs demon-
strated normal pluripotency, karyotype and the ability to differentiate
into cell types representing the three germ layers. Finally, we generated
a DES_dupGGA homozygous iPSCs line derived from the IP-iPSCs
using homologous recombination mediated by CRISPR/Cas9 edition. In
summary, our study contributed to the understanding of the molecu-
lar basis of myofibrillar myopathy caused by the novel DES mutation
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€.1059_1061dupGGA. The next step will be to differentiate these iPSCs
lines into cardiomyocytes and skeletal myocytes in order to model the
disease in vitro. The combination of clinical, molecular, and iPSC-based
approaches offers insights into the pathogenesis of desminopathies
and opens new possibilities for therapeutic development and precision
medicine strategies.

Keywords: desminopathy, cell reprogramming, disease modeling
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THE OLIGODENDROCYTE BRAIN ORGANOID
MODELS CHILDREN WITH LEUKODYSTROPHY
AND ENABLES GENE THERAPY

Shaker, Mohammed R. - Australian Institute for Bioengineering and
Nanotechnology, The University of Queensland, Australia
Al-mhanawi, Bahaa - Australian Institute for Bioengineering and
Nanotechnology, The University of Queensland, Australia
Gupta, Pallavi - Australian Institute for Bioengineering and
Nanotechnology, The University of Queensland, Australia
Morrison, Sean D. - Australian Institute for Bioengineering and
Nanotechnology, The University of Queensland, Australia

Pars, Selin - Australian Institute for Bioengineering and
Nanotechnology, The University of Queensland, Australia
Slonchak, Andrii - Australian Institute for Bioengineering and
Nanotechnology, The University of Queensland, Australia
Wolvetang, Ernst - Australian Institute for Bioengineering and
Nanotechnology, The University of Queensland, Australia

Leukodystrophies are genetic, neurological, degenerative disorders
affecting myelin, associated with significant morbidity and mortality,
primarily impacting children and occurring in approximately 1in 7,663
live births. Mutations in aminoacyl-tRNA synthetases are responsi-

ble for these disorders, with particular mutations in DARS leading to
Hypomyelination with Brain Stem and Spinal Cord Involvement and
Leg Spasticity, or HBSL. Proposed molecular mechanisms contributing
to HBSL pathology include variability in cell tolerance to the loss of
aspartyl-tRNA synthetase, accumulation of misfolded proteins resulting
in a toxic gain of function leading to ER stress, and subsequent activa-
tion of inflammatory and immune pathways. Despite studies on these
molecular processes, evidence suggests that astrocytes and neurons,
in addition to oligodendrocytes, actively contribute to HBSL patho-
genesis. However, the sequence of events by which these specific cell
types contribute to disease pathology remains largely unknown, hin-
dering the development of rational treatments and early interventions
to mitigate disease severity. We generated brain organoids enriched
with oligodendrocytes from 4 iPSC lines derived from HBSL patients
carrying different DARS mutations with varying disease severity. We
observed differences in the growth rate of these organoids compared
to control groups. Transcriptomic and cellular analysis revealed alter-
ations in cortical neuronal layer specification and functional defects in
these neurons as assessed by multi-electrode array (MEA), alongside
enriched inflammation and arrested maturation of MBP-positive oligo-
dendrocytes. Notably, brain organoids from HBSL2 patients exhibited
reactive astrocytes. Delivering DARS using an AAV virus to MBP-pos-
itive cells promoted the maturation and further myelination of these
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cells. Collectively, these data indicate that different DARS mutations
affect various neural cells in the brain, leading to HBSL pathology and
hypomyelination; and secondly, that oligodendrocyte brain organoids
are a validated approach to model leukodystrophy in children and
enable gene therapy.

Funding Source: M.R.S. is supported by the Children Hospital
Foundation (PCC0252021). E.J.W. is supported by the MRFF
Leukodystrophy Flagship — Massimo’s Mission (EPCD000034).
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HYALURONIC ACID GEL WITH PROTEOGLYCAN
MIMICKS BRAIN CELL ORGANIZATION IN VIVO

Mizuno, Kazunori - Nippi Research Institute of Biomatrix, Nippi, Japan
Murasawa, Yusuke - Nippi Research Institute of Biomatrix, Nippi, Japan
Sakurai, Mitsuko - Nippi Research Institute of Biomatrix, Nippi, Japan
Fujita, Kazumasa - Nippi Research Institute of Biomatrix, Nippi, Japan
Sasaki, Takako - Faculty of Medicine, Oita University, Japan

In recent years, it has become necessary to reproduce the complex
network of the brain. To accurately model neuron-astrocyte interaction,
there is a need for a model that contains both neurons and astro-

cytes and mimics the three-dimensional architecture of the brain. The
purpose of this study is to construct a 3D culture gel, which induces a
model containing neurons, astrocytes, and microglia, mimicking the

3D architecture of the brain. The importance of the ECM in the brain

is well known as the perineuronal net (PNN), which exists at the relay
point of the neural transmission pathway. In this study, we revealed that
a hyaluronic acid-rich gel made from a combination of versican and
neurocan (proteoglycans that are PNN components) induces in vivo
similar differentiation of neurons and astrocytes when used as a 3D
culture substrate. Tissue samples of developing brains (E12-P0O) were
extracted with 6 mol/L guanidine hydrochloride buffer, pH 7.5. Extracts
were subjected to SEC using Sepharose CL-2B equilibrated and eluted
with 4 M guanidine hydrochloride, and 50 mM Tris-HCI, pH 7.5. Dot blot
analyses were performed. Hyaluronan-containing extracellular matrix
(ECM) aggregates from the brain sample were characterized. Based

on the analysis, promising proteins were determined. We made these
recombinant proteins and a culture substrate prototype was created

by changing these ECM composition, concentration, hyaluronic acid
molecular weight, and hyaluronic acid concentration. Using prototype
substrates, we investigated each substrate in the 3D culture of nerve
progenitor cells derived from the developmental period of mice and
human iPSC-derived neural progenitor cells. Culture data revealed
that the hyaluronan-binding proteoglycans have a significant effect on
inducing differentiation of brain neurons. Versican induces neuronal
differentiation, and neurocan induces astrocyte differentiation. We
made a prototype of a 3D culture substrate for brain cells. Astrocytes
developed foot processes with S100B-positive perisynaptic astrocytic
processes (PAP) in this gel shows the gel induces in vivo mimicking cul-
ture in vitro. Furthermore, in recent years, B27 supplements have been
essential for most brain organoid cultures, but with this media system,
in vivo mimic culture is achieved with a B27-free medium.

Keywords: hyaluronic acid, 3D culture, collagen
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MOLECULAR RESPONSE TO GLUCOCORTICOID
ACTIVATION IN ASTROCYTES FROM HUMAN IPSC

Ahmad, Ruhel - Department Genes and Environment, Max Planck
Institute of Psychiatry, Germany

liang, Jianan - Department Genes and Environment, Max Planck
Institute of Psychiatry, Germany

Calderon, Florencia - Department Genes and Environment, Max Planck
Institute of Psychiatry, Germany

Sportell, Vincenza - Department Genes and Environment, Max Planck
Institute of Psychiatry, Germany

Kodel, Maik - Department Genes and Environment, Max Planck Institute
of Psychiatry, Germany

Binder, Elisabeth - Department Genes and Environment, Max Planck
Institute of Psychiatry, Germany

In-utero dysregulation of glucocorticoid receptors (GR) or stress
hormone receptors due to glucocorticoid exposure has been linked to
long-lasting effects on brain development and a high risk for psychiat-
ric disorders. Therefore, it is important to decipher factors influencing
glucocorticoid exposure at molecular and cellular levels that will enable
us to identify stress-related pathological mechanisms of psychiatric dis-
orders. In this project, we study the astrocyte-specific effect of GR acti-
vation by synthetic glucocorticoids like dexamethasone (Dex). Human
iPSCs were used to derive in vitro astrocytes. Astrocytes differentiated
for 30 days expressed astrocyte-specific markers Vimentin, GFAP, and
S100B. Further, iPSC-derived astrocytes performed astrocytic functions
like adult human astrocytes. For instance, the production of pro-inflam-
matory cytokines when treated with inflammatory cytokines TNF-a and
iL1-B exhibiting astrocyte’s activated state. Furthermore, Astrocytes
exhibited intrinsic fluctuations of calcium signaling in response to ATP
stimulation measured by calcium Fluo-4-based calcium-imaging. On
day 30 of differentiation, astrocytes were exposed to 100 nM Dex or
vehicle control (ethanol). Astrocytes were treated with dex at 3 different
time points: (1) Day 30 astrocytes were exposed to dex for 24 hours or
7 days. (2) Glial precursor cells (GPCs) were also exposed to dex for 24
hours and further differentiated into astrocytes and at day 30 astro-
cytes were again exposed to dex for 24 hours or 7 days. (3) On Day

30 astrocytes were exposed to dex for 24 hours or 7 days and kept in
culture for 14 more days in Astrocyte media. Then, we performed whole
transcriptome RNA sequencing analysis on all the conditions. We also
performed methylation sequencing. By RNA sequencing we observed
differential expression of the known GR target genes such as FKBP5,
ZBTB16, TSC22D3, and SGK1 after Dex treated compared to the vehicle
control. These results show that our iPSC-derived astrocytes stress
model system is robust and responds to the cortisone exposure shown
by gene expression changes and the GR-responsive genes’ methyla-
tion pattern. These results will also aid us in identifying GR-responsive
genes after cortisone exposure in an astrocyte-specific manner.

Keywords: iPSC-derived astrocytes, glucocorticoid receptor,
dexamethasone (Dex)
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ANALYSIS OF CELL PROGRAM INDUCTION
COMPARING BETWEEN “ENDOGENOUS” AND
“FAST” DIFFERENTIATION TECHNIQUES ON
HUMAN INDUCED PLURIPOTENT STEM CELL
(IPSC)-DERIVED GABAERGIC NEURONS
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Chung, Kyung Min - Neurodegeneration, Merck Sharp and Dohme, USA
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Usenovic, Marija - Lysosomal Biology, Merck Sharp and Dohme, USA
Wolman, Aaron - Neurolmmunology, Merck Research Laboratories, USA
Musial, Nicola - Neuroscience, MSD in the UK, UK

Advances in human cell differentiation and reprogramming have
opened up many new avenues for neuroscience research. The gen-
eration of induced pluripotent stem cells (iPSCs) and the subsequent
development of complex human cell culture systems in particular have
improved the translation of research from mouse models to human clin-
ical trials. In order to maximize on the research being conducted with
human iPSC technology, it is important to understand the advantages
and disadvantages of the variety of differentiation methods that are
being used. For example, “endogenous” differentiation techniques use
chemical treatment, such as growth factors, to drive the iPSCs toward
a specific cellular lineage. In contrast, “fast” differentiation techniques
alter the iPSCs at the genetic level by transcriptionally activating a
particular cellular program. We explored the effect of the “endoge-
nous” versus “fast” differentiation method on GABAergic neuronal
(iGABA) cell program induction. These iGABAs were analysed across
morphological, transcriptomic and functional parameters. The purity of
the cell cultures and the subtype specificity were examined using bulk
RNA-sequencing and immunocytochemistry analysis. The functionality
and maturation of the iGABA neurons was investigated by calculat-

ing neurite outgrowth, synaptic density and using calcium imaging.
The batch-to-batch variability of the two differentiation methods was
assessed by testing two separate Lots per cell line. In addition, two
different time points were examined to provide information regarding
the rate of maturation of the iGABAs. Differential gene expression anal-
ysis revealed that the “fast” differentiation method greatly reduced the
inter-Lot, as well as Lot-to-Lot, variability of the iGABAs. The neuronal
purity of the cell cultures was also greatly increased with the “fast”
technique; however, the subtype specificity of the resulting neurons
was not obtained. This in-depth comparison of cell program induction
between the two main differentiation techniques provides essential
information regarding the purity, as well as the functionality, of the
iGABA cultures and has important implications for research on epilepsy
and tauopathy models.
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CELL TRANSPLANTATION OF INDUCED NEURAL
STEM CELLS INTO MULTIPLE SCLEROSIS MODEL
ANIMALS

Hyun, Donghun - Department of Integrated Biomedical and Life
Science, Korea University, Korea

Myung, Junhyung - Department of Integrated Biomedical and Life
Science, Korea University, Korea

Lee, Hyerin - Department of Integrated Biomedical and Life Science,
Korea University, Korea

Nam-Kung, Yong - Department of Integrated Biomedical and Life
Science, Korea University, Korea

Hong, Sunghoi - Department of Integrated Biomedical and Life Science,
Korea University, Korea

Multiple Sclerosis (MS) is an autoimmune-related inflammatory CNS
demyelinating disorder that affects multiple white matter tracts.

The goal of current MS treatment is primarily to prevent recurrence
without regenerating the affected nerve cells. The aim of this study is
to investigate whether a novel cell-based therapy protects neurons
from inflammation and replaces neurons lost in MS. We developed an
induced neural stem cells (iNSCs) from human fibroblasts using the
Sendai virus delivery system containing four Yamanaka factors in our
neural induction medium. The iNSCs were induced in approximately 14
days and further expanded 3 weeks more for cell transplantation into
the Experimental Autoimmune Encephalomyelitis (EAE) model mice.
The iINSCs demonstrated immunopositivity against NSC markers and
expressed NSC-associated genes such as Sox1, Sox2, Nestin and MSI1.
These cells proliferated beyond 10 passages, maintaining a normal
karyotype. After transplantation of the iNSCs, the therapeutic effects
were observed in EAE model animals. In the experimental groups trans-
planted with the iINSCs, the EAE mice showed a superior ability of motor
function recovery compared to control group, with recovery degree
assessed through an established EAE scoring protocol. Immunostaining
assays, H&E staining, LFB staining of spinal cord sections from EAE
model mice showed that INSC transplantation enhanced myelination
and suppressed inflammation in both brain and spinal cord compared
to control mice. In addition, quantitative RT-PCR results of spinal cord
tissues showed that the expression levels of inflammatory cytokines
decreased, while the expression levels of anti-inflammatory cytokines
increased. Taken together, these results show that transplantation of
the iINSCs dramatically improved the motor functions and exerted an
anti-inflammation effect in the MS model animals, which suggests that
the INSCs may be feasible as a promising therapeutic cell source for MS
treatment.

Funding Source: This work was supported by the Ministry of Science
and ICT (2019M3E5D5065399) and the Ministry of Health and Welfare
(RS-2022-00060247) of the government of the Republic of Korea.

Keywords: multiple sclerosis, induced neural stem cell, cell
transplantation
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SCALABLE AND WELL DEFINED HUMAN
GLUTAMATERGIC AND GABAERGIC CO
CULTURE PLATFORM SUITABLE FOR STUDYING
EXCITATORY INHIBITORY NEURON IMBALANCES
AND THE DISCOVERY OF DRUGS TO TREAT
ASSOCIATED DISEASES

Krainz, Toni - Commercial, bit.bio, UK

Neuronal circuits in the cortex consist of two main neuronal types,
glutamatergic excitatory neurons and GABAergic inhibitory neurons
(IN). The inputs of IN provide cortical networks with the ability to
balance spontaneous and evoked excitatory activities, preventing
runaway excitation. Abnormal IN function is associated with various
neurological diseases including autism, epilepsy and schizophrenia.
Scalable approaches are needed to generate reliable human in vitro
models suitable for high-content drug screening to develop therapeu-
tics to treat these neurological diseases. We have used our precision
cellular reprogramming technology opti-ox™ (optimised inducible
overexpression) to generate a highly pure (>95%) population of GAB-
Aergic neurons, named ioGABAergic Neurons, from human iPSCs, at
scale, within 12 days post-revival. A deep molecular characterisation
by immunocytochemistry, RT-gPCR and single-cell RNA-sequencing
revealed that cultures consist of over 95% pure GABAergic neurons
expressing the classical markers GAD1, GAD2, VGAT, DLX1, as well as
DLX2 and are positive for GABA. Remarkably, SST was the only GAB-
Aergic subtype specific marker that was detected, further highlighting
the purity of the ioGABAergic Neurons. Moreover, three independently
manufactured ioGABAergic Neurons lots displayed highly equivalent
transcriptomic profiles, confirming the consistency and scalability of the
opti-ox technology. Functional assessment by MEA assays showed that
ioGABAergic Neurons inhibit the excitatory activity of ioGlutamatergic
Neurons in a ratio dependent manner, and that the inhibitory and excit-
atory balance can be further modulated by drugs targeting GABAergic
signalling. Thus, the developed opti-ox driven co-culture platform can
be used to study the principles underlying excitatory—inhibitory neuron
imbalances and for the discovery of new drugs to treat for example
epilepsy patients. In summary, opti-ox precision cellular reprogram-
ming enables the manufacturing of highly pure (>95%), consistent, and
functional GABAergic neurons that can serve as a high-quality human
model to study both neurodevelopment and neurological disorders.

Keywords: gabaergic, excitatory—inhibitory, multi-electrode array
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GENOME EDITING STRATEGY FOR NORMALIZING
FMR1 GENE EXPRESSION IN FRAGILE
X-ASSOCIATED DISORDER PATIENT-DERIVED
IPSCS AND NEURONS USING CYTOSINE BASE
EDITOR

Oh, Young Woo - Department of Physiology, Brain Korea 21 FOUR
Project for Medical Science, Yonsei University College of Medicine,
Korea

Park, Sanghyun - Department of Physiology, Yonsei University College
of Medicine, Korea

Park, ChanWook - Department of Physiology, Yonsei University College
of Medicine, Korea

Lee, Jungil - Department of Physiology, Brain Korea 21 FOUR Project for
Medical Science, Yonsei University College of Medicine, Korea

Lee, Sohee - Department of Physiology, Yonsei University College of
Medicine, Korea

Park, Chul-Yong - S.Biomedics Co., Ltd, S.Biomedics Co., Ltd, Korea
Kim, Dong-Wook - Department of Physiology, Yonsei University College
of Medicine, Korea

Fragile X-associated disorders are a family of inherited disorders typi-
cally caused by abnormally expanded CGG trinucleotide repeat within
the 5’ UTR of the FMR1 gene. The degree of expansion of CGG repeats
leads to various patterns of abnormal FMR1 gene expression, resulting
in the different type of disease. Fragile X syndrome (FXS) with more
than 200 CGG repeats (full mutation; FM) is caused by silencing of FMR1
gene expression, resulting in intellectual disability and autism spectrum
disorder. Fragile X-associated tremor/ataxia syndrome (FXTAS) with
55-200 CGG repeats (premutation; PM) is caused by excessive FMR1
mRNA levels and the expression of FMRpolyG, a product of repeat-as-
sociated non-AUG (RAN) translation of CGG repeats. These changes in
FMR1 mRNA expression result in a complete loss or lack of its encoding
protein, fragile X messenger ribonucleoprotein (FMRP), crucial for neu-
ronal interaction and synaptic activity. Here, we established a genome
editing strategy to normalize expression of FMR1 gene in human
induced pluripotent stem cells (hiPSC) derived from patient with fragile
X-associated disorders by utilizing cytosine base editor (CBE), which
replaces a cytosine base to thymine. We demonstrated that introducing
CBE targeting CGG repeats of FMR1 gene into FXS-iPSCs resulted in
the reactivation of FMR1 gene expression, which occurred as a result
of CBE-induced R-loop formation leading to the contraction of CGG
repeats under 200 copies. Interestingly, the edited FXS-iPSCs with

PM (55 to 200 copies; so-called PM-like iPSCs) exhibited higher levels
of FMR1 mRNA but lower levels of FMRP compared to WT-iPSCs, and
showed FMRpolyG inclusion in the nucleus, mimicking the phenotype
of PM carriers. Consecutively, we confirmed that cytosine base editing
that targeted the upstream of CGG repeats in PM-like iPSCs resulted in
decrease in FMRpolyG inclusion, rescuing FMRP expression by prema-
turely terminating +2 frame-shift RAN translation. Following cytosine
base editing in PM-like iPSCs, restored FMR1 gene expression was
sustained in neural progenitors and mature neurons, accompanying the
rescue from disease-like phenotype. Our approach provides further
insights into the molecular mechanisms of fragile X-associated disor-
ders and future therapeutic strategy of trinucleotide repeat disorders.

Funding Source: This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea government
(MSIT) (No. 2022R1A2C2091165).
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ENVIRONMENTAL TOXICANTS AND A GUT
METABOLITE AFFECT NEURON-ASTROCYTE
DIFFERENTIATION AND FUNCTIONAL ACTIVITY
IN THE HUMAN NEURAL PROGENITOR TEST
(HNPT)

de Leeuw, Victoria C. - Centre for Health Protection, National Institute
for Public Health and the Environment, Netherlands

van Oostrom, Conny - Centre for Health Protection, National Institute
for Public Health and the Environment, Netherlands

Zwart, Edwin - Centre for Health Protection, National Institute for Public
Health and the Environment, Netherlands

Pennings, Jeroen - Centre for Health Protection, National Institute for
Public Health and the Environment, Netherlands

Hoyles, Lesley - Department of Biosciences, School of Science and
Technology, Nottingham Trent University, UK

McArthur, Simon - Centre for Oral Inmunobiology and Regenerative
Medicine, Faculty of Medicine and Dentistry, Queen Mary University of
London, UK

Hessel, Ellen - Centre for Health Protection, National Institute for Public
Health and the Environment, Netherlands
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Humans are exposed to a large number of chemicals in daily life. This
can be problematic, especially during development of the brain, and
can have lifelong effects. Safety testing of compounds for develop-
mental neurotoxicity is currently performed using animal experiments,
which comes with scientific limitations and ethical issues. Human stem
cell-derived cultures can be a solution to these issues, since they mimic
many cellular events that occur during early human brain develop-
ment. The goal of this study was to employ a human stem cell based

in vitro model to study the effects of potentially toxic and/or beneficial
compounds on neuronal differentiation. In this human neural progeni-
tor test (NNPT), neural progenitor cells derived from human embryonic
stem cells were differentiated to a neuron-astrocyte co-culture while
being exposed to methyl mercury, sodium (meta) arsenite or trime-
thylamine-N-oxide (TMAO), a gut microbe-derived metabolite. Gene
expression profiles were analysed using RNAseq; functional changes
were measured as changes in spontaneous electrical activity using

a microelectrode array. Mercury or arsenic exposure at concentra-
tions that did not impair cell viability affected synaptic marker genes
involved in excitatory or inhibitory neuronal signalling. Spontaneous
activity was almost completely absent, showing clear toxicity of the
compounds at a functional level. Exposure to TMAO regulated distinct
sets of genes related to neuronal differentiation, specifically genes
relating to synaptogenesis. On a functional level, there was a slight
delay in the development of spontaneous electrical activity that did not
ultimately affect final activity levels compared to the control condition.
These results show that TMAO might subtly modulate the development
of a human-based neuronal differentiation model including functional
activity, while the environmental toxicants have a clearly harmful effect.
The study also showed that the hNPT can contribute to human-relevant,
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animal-free testing strategies to assess the effect of environmental
toxicants and beneficial metabolites on the developing brain.

Funding Source: This project has received funding from the European
Union’s Horizon 2020 research and innovation programme under grant
agreement No 874583.

Keywords: developmental neurotoxicity, neuronal differentiation,
transcriptomics
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ENHANCED REPLICATION OF SARS-COV-2
OMICRON BA.5 IN HUMAN ORGANOIDS AND
SARS-COV-2 INDUCED DEAD-BOX RNA HELICASE
INHIBITS VIRAL REPLICATION IN HUMAN
MIDBRAIN ORGANOIDS

Li, Chang - School of Biomedical Sciences, The Chinese University of
Hong Kong, Hong Kong Special Administrative Region, China
Cheung, Hoi Hung - School of Biomedical Sciences, The Chinese
University of Hong Kong, Hong Kong Special Administrative Region,
China

Coronavirus Disease 2019 (COVID-19) is associated with many different
neurological complications. Here, we studied the neuroinvasion and
neurotoxicity of Omicron variants (BA.1, BA.2 and BA.5), and compared
the findings with those of SARS-CoV-2 WT and Delta in human organ-
oids. Our results showed that BA.5 replicated more efficiently while
triggered lower levels of type | interferon response than that of WT

and Delta in both human forebrain and midbrain organoids. Moreover,
higher levels of apoptosis in the infected human forebrain and midbrain
organoids were substantially triggered by BA.5. Next, we analyzed

the transcriptional changes when the forebrain and midbrain organ-
oids were transiently exposed to different variants of SARS-CoV-2,

and revealed activation of several host genes related to cell survival,
inflammatory response, or viral replication. Notably, a member of the
DEAD-box RNA helicases was found upregulated upon viral infection
specifically in the midbrain organoids. Mature neurons and astrocyte in
midbrain organoids express more DEAD-box RNA helicase and expres-
sion of the RNA helicase could be induced by interferon lambda. Inter-
estingly, knockdown of the RNA helicase resulted in even more robust
viral replication in the midbrain organoids. Also, overexpression of the
RNA helicase inhibits viral nucleoprotein level in Hela cells transfected
with VRNA (segment of nsp1). Furthermore, DEAD-box RNA helicase
could interact with both viral RNA and viral nucleoprotein. In summary,
these findings suggest that the central neural system responds to
SARS-CoV-2 infection by inducing specific host genes to restrict viral
replication.

Keywords: brain organoid, SARS-CoV-2, DEAD-box RNA helicase
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HARNESSING CRISPR-READY GLUTAMATERGIC
NEURONS FOR DRUG DISCOVERY IN
NEURODEGENERATIVE DISEASES

Grabner, Lisa Maria - bit.bio discovery, Austria
Schmidt, Clara - bit.bio discovery, Austria
Grandcolas, Agathe - bit.bio discovery, Austria
Gamperl, Magdalena - bit.bio discovery, Austria
Koenye, Barnabas - bit.bio discovery, Austria
Conde-Vancells, Javier - bit.bio, UK

Byrne, Ann - bit.bio, UK

Talbot-Cooper, Callum - bit.bio, UK

Klapholz, Benj - bit.bio, UK

Spencer, Libby - bit.bio, UK

Belli Valletta, Germano - bit.bio, UK

Shipley, George - bit.bio, UK

Firth, Karl - bit.bio, UK

Metzakopian, Manos - bit.bio, UK

Patell-Socha, Farah - bit.bio, UK

Salic-Hainzl, Sejla - bit.bio discovery, Austria
Buerckstuemmer, Tilmann - bit.bio discovery, Austria
Kotter, Mark - bit.bio, UK

In the quest to unlock new therapies for neurodegenerative diseases,
the insufficiency of traditional models, which rely on immortalised cell
lines, has become a critical barrier. These models often fall short in
replicating the intricacies of disease-affected human cells. Induced plu-
ripotent stem cells (iPSCs) offer a solution, allowing for the recreation of
disease-specific cell types, but they come with differentiation chal-
lenges, including variability and scalability issues. At bit.bio, we address
these challenges with our innovative opti-oxTM technology, enabling
rapid and consistent reprogramming of cell types at scale. Recognizing
the transformative potential of CRISPR-Cas9 technology in functional
genomics and its capacity to elucidate the genetic underpinnings of
diseases, we have expanded the application of our cells by engineering
CRISPR-ready ioCells. By integrating CRISPR-Cas9 into our cell models,
we enable precise genetic manipulation, thereby enhancing our ability
to identify and validate therapeutic targets. Using a guide RNA target-
ing SOX11, we demonstrate high knockout efficiency at DNA and protein
level. CRISPR-Ready ioGlutamatergic Neurons form structural neuronal
networks and express pan-neuronal markers (MAP2, TUBB3) and glu-
tamatergic neuron specific markers (VGLUT2) by day 11. After thorough
characterisation, CRISPR-Ready ioGlutamatergic Neurons were used

in a scCRISPR screening workflow, to screen for genes integral to
neurodegenerative processes. Single-cell transcriptomic analyses
revealed disease-associated genes whose knockout caused notable
transcriptomic signatures associated with the Charcot-Marie-Tooth
Disease. Our findings underscore the value of combining innovative cell
reprogramming technology with cutting-edge genetic tools to explore
the complex landscape of neurodegenerative diseases, paving the way
for future breakthroughs in the field

Keywords: Glutamatergic Neurons, forward programming, scCRISPR
screening
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DECIPHERING THE MOLECULAR FUNCTION OF
WWOX IN CNS MYELINATION

Abudiab, Baraa Essam - Department of Inmunology and Cancer
Research-IMRIC, The Hebrew University of Jerusalem, Israel
Repudi, Srinivasarao - Department of Inmunology and Cancer
Research-IMRIC, The Hebrew University of Jerusalem, Israel
Abuswai, Sara - Department of Inmunology and Cancer Research-
IMRIC, The Hebrew University of Jerusalem, Israel

Akkawi, Rania - Department of Inmunology and Cancer Research-
IMRIC, The Hebrew University of Jerusalem, Israel

Jabera, Takwa - Department of Inmunology and Cancer Research-
IMRIC, The Hebrew University of Jerusalem, Israel

Aqeilan, Rami - Department of Inmunology and Cancer Research-
IMRIC, The Hebrew University of Jerusalem, Israel

Myelination is a crucial process for the proper functioning of the central
nervous system (CNS), influencing neural circuitry and overall brain
function. However, the molecular mechanisms driving myelination

are not fully understood, representing a significant knowledge gap
with implications for neurological disorder treatment. Our study aims
to investigate the role of the WW domain-containing oxidoreductase
(WWOX) gene in CNS myelination. We previously showed that murine
Wwox deletion leads to hypomyelination and decreased mature oligo-
dendrocyte numbers. Modeling the complete loss of WWOX in human
embryonic stem cells (hESCs) and the generation of human oligocorti-
cal spheroids further confirmed the role of WWOX in hypomyelination.
Remarkably, restoration of WWOX expression under the Syn1 promoter
in our models rescues the hypomyelination phenotype, illustrating a
complex neuron-glia cell interaction and critical function of the WWOX
gene in myelination. Analysis of published single-cell RNA-sequencing
data from human multiple sclerosis patients’ chronic demyelinated
lesions showed reduced WWOX expression in oligodendrocytes and
neurons, prompting a deeper investigation into its function. Employing
the Olig2-cre mouse model to specifically ablate WWOX in oligo-
dendrocyte progenitor cells (OPCs), we demonstrated that WWOX
deficiency impairs OPC differentiation, negatively affecting myelination
and remyelination post-cuprizone treatment. By uncovering WWOX’s
molecular function in CNS myelination, our study not only fills a critical
knowledge gap but also proposes potential therapeutic interventions,
moving the field forward. Future studies will evaluate using human
neural stem cell-derived OPCs and oligocortical spheroids, to better
gain insights into WWOX’s regulatory effects on myelin-related genes.

Keywords: myelination, WWOX gene, neural stem cell-derived OPC
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THE EFFECT OF HUMAN NEURAL STEM CELLS
OVEREXPRESSING NRXN AND NLGN IN A SPINAL
CORD INJURY MODEL

Jeong, Ji Won - Science Education, Korea National University of
Education, Korea

Choi, Yoonseo - Science Education, Korea National University of
Education, Korea

Kim, Narae - Science Education, Korea National University of Education,
Korea

Lee, Haneul - Science Education, Korea National University of
Education, Korea

Voon, Eun-jung - Life Sports Educator, Kongju National University,
Korea

Park, Dongsun - Science Education, Korea National University of
Education, Korea

In recent years, many researchers reported that therapeutic effect of
stem cells for diverse diseases. However, unlike other tissue, brain has
specific structure, called synapse. The synapses not only transmit, but
also process and refine information. Therefore, synaptic regeneration
is a key role for therapy of neurodegenerative disorders. Neurexins
(NRXN) and neuroligins (NLGN) are synaptic cell-adhesion molecules
that connect pre- and postsynaptic neurons at synapses, mediate
trans-synaptic signaling, and shape neural network properties by
specifying synaptic functions. In this study, we investigated to synaptic
regeneration effect of human neural stem cells (NSCs) over-express-
ing NRXN (F3.NRXN) and NLGN (F3.NLGN) a spinal cord injury model.
Over-expressing NRXN and NLGN in the neural stem cells upregulated
expression of synaptophysin, PSD95, VAMP2, and synapsin, which are
synaptic markers. In the BMS score test, the transplantation of F3.NRXN
and F3.NLGN enhanced recovery of locomotor function in adult rodents
following spinal cord injury. Transplanted F3.NRXN and F3.NLGN
differentiated into neurons and formed the synapse with host cell in the
spinal cord injury mouse. Also, F3.NRXN and F3.NLGN cells restored
growth factors (GFs) and neurotrophic factors (NFs), and they induced
the proliferation of host cells. This study suggested that NSCs overex-
pressing NRXN and NLGN cells could be a candidate for cell therapy in
neurodegenerative disease by facilitated synaptic regeneration.

Keywords: synaptic regeneration, NRXN, NLGN, spinal cord injury
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ANKRD11, A CHROMATIN REGULATOR,
REGULATES OLFACTORY BULB NEUROGENESIS
IN MICE AND HUMANS

Voronova, Anastassia - Medical Genetics, University of Alberta,
Canada

Goodkey, Kara - Medical Genetics, University of Alberta, Canada
Wischmeijer, Anita - Department of Pediatrics, Regional Hospital of
Bolzano, Italy

Perrin, Laurence - Clinical Genetics Unit, Hépital Robert-Debré, France
Watson, Adrianne - Medical Genetics, University of Alberta, Canada
Qureshi, Leenah - Medical Genetics, University of Alberta, Canada
Cordelli, Duccio - Programma di Neuroradiologia con Tecniche

ad Elevata Complessita (PNTEC), IRCCS Istituto delle Scienze
Neurologiche di Bologna, Italy

Toni, Francesco - Programma di Neuroradiologia con Tecniche

ad Elevata Complessita (PNTEC), 6IRCCS Istituto delle Scienze
Neurologiche di Bologna, Italy

Gnazzo, Maria - Laboratory of Medical Genetics, Translational
Cytogenomics Research Unit, Bambino Gesu Children’s Hospital, Italy
Benedicenti, Francesco - Department of Pediatrics, Regional Hospital
of Bolzano, Italy

Bergés, Monique - Service d’Imagerie Pédiatrique, H6pital Universitaire
Robert Debré, France

Low, Karen - Department of Academic Child Health, University of
Bristol, UK

Variants in ANKRD11 (Ankyrin Repeat Domain 11), a chromatin regula-
tor, are associated with KBG syndrome, a rare neurodevelopmental
disorder named after the first three families diagnosed. KBG syndrome
patients display aberrant brain development, global developmental
delay, autism, and intellectual disability. The brain is built by neural
stem cells (NSCs), which generate neurons and glia (hon-neuronal cells)
in a strict spatio-temporal manner. Olfactory bulb (OB) is the part of

the brain responsible for olfaction (sense of smell) and is maintained
via adult OB neurogenesis. Reduction or loss of olfaction is linked

to behavioural changes in patients with major depressive disorder,
bipolar disorder and schizophrenia. Aberrations in OB development

or olfaction in patients with neurodevelopmental disorders, including
KBG syndrome, is not known. We used a mouse model where Ankrd11is
inducibly knocked out in NSCs using a Cre/Lox system (Ankrd11nscKO).
Ankrd11 knockout was induced with tamoxifen injection at embryonic
day (E) 14, a time point prior to the complete formation of the OB.
Ankrd11nscKO mice showed aberrant postnatal olfactory bulb develop-
ment and reduced size. We further showed this reduction in size was
accompanied by defects in NSC proliferation, migration and differen-
tiation. Finally, we corroborated these findings in vitro and showed

that Ankrd11-deficient NSCs display reduced proliferation, migration,
neurogenesis and aberrant global gene expression. OB phenotypes

in KBG syndrome patients were recorded via magnetic resonance
imaging (MRI) and/or clinical observations. We describe two clinically
and molecularly confirmed KBG syndrome patients with anosmia (lack
of smell) and OB structure perturbations, such as and hypo-dysgenesis/
agenesis (reduction or lack of OB structures). Our work contributes
significantly to the OB development and neurodevelopmental disor-
ders fields and has important translational implications. From a basic
science and mechanistic perspective, our results indicate a critical

N %

role of Ankrd11in NSC biology in mice and humans. From a clinical
perspective, our work suggests OB size or olfaction evaluations should
be considered upon KBG syndrome diagnosis for appropriate genetic
counselling and to improve clinical care.

Funding Source: This work was supported by private donations from
families affected by the KBG syndrome, KBG Foundation seed funding
and an award from The Scottish Rite Charitable Foundation of Canada.

Keywords: epigenetics, neurodevelopmental disorders, neural stem
cells
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GENERATION AND FUNCTIONAL
CHARACTERISATION OF MOTOR NEURONS
DERIVED THROUGH TRANSCRIPTION FACTOR
MEDIATED PROGRAMMING OF HUMAN
PLURIPOTENT STEM CELLS

Brown, Thomas - Product Management, bit.bio, UK

Balfour, Phoebe - Cell Type Development, bit.bio, UK

Bernard, Will - Cell Type Development, bit.bio, UK
Conde-Vancells, Javier - Product Management, bit.bio, UK

Firth, Karl - Manufacturing Science and Technology, bit.bio, UK
Foulser, Luke - Phenotyping, bit.bio, UK

Garnett, Hannah - Manufacturing Science and Technology, bit.bio, UK
Herrera-Vaquero, Marcos - Cell Type Development, bit.bio, UK
Kotter, Mark - CEO, bit.bio, UK

Mastrogiovanni, Gianmarco - Cell Type Development, bit.bio, UK
Metzakopian, Manos - VP, Research and Development, bit.bio, UK
Milde, Stefan - Phenotyping, bit.bio, UK

Oosterveen, Tony - Cell Type Development, bit.bio, UK

Yianni, Val - Bioinformatics, bit.bio, UK

Motor neurons consist of distinct neuronal subtypes that control the
activity of muscles and glands in direct or indirect manners. Motor
neurons form a large neuronal network that receives inputs from inter-
neurons, sensory neurons or other motor neurons to control complex
behaviours such as locomotion. Pathological perturbation of these
motor circuits can lead to the development of motor neuron diseases
(MNDs) such as spinal muscular atrophy and amyotrophic lateral sclero-
sis. Development of therapies to treat MNDs is hampered by the limited
translatability of existing preclinical animal models as well as the lack of
reliable and consistent sources of in vitro models. Human induced plu-
ripotent stem cells (hiPSCs) can be used to generate motor neurons for
in vitro applications, however current differentiation protocols are often
lengthy, inconsistent, and difficult to scale. We have used opti-oxTM
technology to rapidly reprogram hiPSCs into motor neurons, termed
ioMotor NeuronsTM, which are a homogenous population of cells

with classical neuronal morphology and neurite outgrowth. As early

as 4 days in culture, cells express the pan-neuronal markers MAP2

and TUBB3, the cholinergic markers ChAT and VAChT and the motor
neuron-specific markers MNX1 and ISL1/2, as assessed by both ICC and
RT-qPCR. Bulk RNA sequencing of ioMotor Neurons demonstrates a
rapid acquisition of a motor neuron signature, with an indicated spinal
motor neuron identity (cervical region). A high-density microelectrode
array (HD-MEA) system has been used to assess ioMotor Neuron
functional activity, and has revealed spontaneous neuronal activity with



increasing firing rate over 40 days in culture. Finally, next generation
sequencing methods have shown consistency between three different
batches produced through opti-ox mediated reprogramming. opti-ox
technology can be utilised for the scalable and consistent production
of functional hiPSC-derived motor neurons. ioMotor Neurons have the
potential to advance the development of new therapeutics for MNDs
and to further our understanding of motor neuron development and
maturation in vitro.

Keywords: motor neuron, iPSC-derived, MEA
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NOTCH INHIBITION ENHANCES SENSORY HAIR
CELL REGENERATION AND RESTORES FUNCTION
IN MICE WITH VESTIBULAR DISORDER

Lahlou, Hanae - Otolaryngology, Harvard Medical School, Mass. Eye
and Ear Infirmary, USA
Edge, Albert - Otolaryngology, Harvard Medical School, USA

The sense of balance relies on motion sensing vestibular hair cells
within the inner ear. Hair cells accumulate damage with age, resulting
in balance disorders, the number one health complaint of individuals
over age 70. The lack of significant hair cell regeneration in the adult
vestibular system makes balance disorders essentially irreversible, and
patients have few treatment options. In this work, we employed phar-
macological and genetic approaches to modulate Notch signaling in a
murine model of damaged utricle. We targeted hair cells for ablation
using a mouse line (Pou4f3-DTR) that expresses the diphtheria toxin
receptor in hair cells. A gamma-secretase inhibitor was administrated
locally via the cochlea and the extent of spontaneous vs drug-induced
regeneration was compared between the treated and untreated
(contralateral) ear. We also deleted Notch in supporting cells to explore
the effect of Notch conditional knockout on hair cell regeneration. We
employed lineage tracing and quantitative analysis to assess changes
in cell fate in response to altered Notch signaling. Our findings reveal
that targeted manipulation of Notch leads to a significant increase in
cells expressing hair cell marker, Myo7A. Drug treatment resulted in
regeneration of 48% of the normal number of hair cells after 1 month

as compared to 25% restoration of hair cells in the damaged ear by
spontaneous regeneration (without drug treatment). Drug-induced hair
cells re-established afferent connections with the vestibular neurons as
assessed by single unit recording, resulting in a significant functional
improvement measured by the vestibulo-ocular reflex. Similar results
were observed after conditional knockout of Notch. The treatment
described here may pave the way toward a novel therapeutic approach
suited for sensory hair cell replacement to restore vestibular function in
patients with vestibular disorders.

Funding Source: This work was supported by NIH grant DC020322

Keywords: Notch signaling, sensory hair cells, balance disorder
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SCALABLE IPSC PROGRAMMING STRATEGY IN
COMBINATION WITH OPTIMISED COCKTAILS
OF NEUROTROPHIC FACTORS YIELDS
FUNCTIONALLY DISTINCT NOCICEPTOR
SENSORY NEURONS

Nicoll, Roisin - Commercial, Bit.Bio, UK

Nociceptive sensory neurons are a specialised subtype of somato-
sensory cells residing in the dorsal root ganglia. Nociceptors respond
to diverse noxious and pruritic stimuli, and hence are critical for the
study of pain mechanisms and neuropathies. Around 20% of adults
suffer from chronic pain, but the current analgesics are limited by short
duration and adverse events. Unfortunately, the efficacy of analgesics
in animal pain are poorly translated to humans as clinical trials for pain
therapeutics have only a 2% probability of success. Consequently, drug
classes used to treat chronic pain have essentially not evolved over the
past 40 years. Thus, there is an unmet need for reliable and scalable
human in vitro models to develop new, efficacious, and safe pain ther-
apeutics. However, conventional differentiation methods to generate
nociceptors from pluripotent stem cells are complex, inconsistent, and
characterised by protracted maturation times. By using our precision
cellular reprogramming technology (opti-ox), we robustly expressed

a combination of transcription factors in iPSCs to generate a homo-
geneous population of sensory neurons that display critical features

of mature nociceptors. Bulk and single cell RNA-sequencing analysis
together with immunocytochemistry showed that within 7 days after the
induction of TFs, the neurons expressed the key sensory markers ISL1, 1
POU4F1 and PRPH. At this early time point, the neurons also expressed

the key nociceptor markers such as NTRK1, TRPV1, TRPM8, and SCNSA.
Multi-Electrode Array and calcium assays demonstrated that repro-

grammed sensory neurons are functional as displaying asynchronous
spontaneous activity and responsiveness to diverse noxious stimuli.
Neurotrophic factors play a critical role in sensory neuron subtype
specification and by adapting culture conditions we were able to enrich

for cells expressing key peptidergic nociceptor markers TAC1 as well

as ADCYAP1 and substantially increase the responsiveness to specific
noxious stimuli. In conclusion, with opti-ox precision reprogramming,

iPSCs are rapidly converted into functional sensory neurons offering

a robust and scalable source of human nociceptors that can be used

as an in vitro model to study the biology of pain and to develop novel
therapies for neuropathies.
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FUNCTIONAL ANALYSIS OF NEURONAL CELLS
DIFFERENTIATION FROM IPS CELLS DERIVED
FROM PATIENTS WITH DRAVET SYNDROME

Tanaka, Yasuyoshi - Pharmaceutical Care and Health Sciences,
Fukuoka University, Japan

Hirose, Shinichi - General Medical Research Center School of Medicine,
Fukuoka University, Japan

Dravet syndrome (DS), a devastating type of infantile-onset epilepsy
that presents with cognitive deficits and autistic traits, is caused by a
mutation in SCN1A, which encodes the a-subunit of the voltage-gated
sodium channel, Nav1.1. Excitatory/inhibitory (E/I) imbalance in the
cerebral cortex can cause central nervous system disorders, such as
DS. However, the underlying cellular disturbance remains ill-defined
owing to the reliance of available knowledge on animal models that
are not readily transferable to the syndrome in humans. Recently, we
generated induced pluripotent stem cells (iPSCs) derived from a DS
patient (D1) with a c.4933C>T substitution in SCN1A predicted to cause
truncation in the fourth homologous domain of the protein (p.R1645%).
Moreover, to elucidate the mechanism of neurodegeneration in DS
caused by ¢c.4933C>T mutation, we performed gene correction in D1
iPSCs using TALEN (transcription-activator-like effector nuclease)-me-
diated genome editing, generating D1 TALEN iPSCs. In this study, we
generated excitatory or inhibitory neurons by employing direct in vitro
conversion of iPSCs through the overexpression of specific transcrip-
tion factor cocktails as a novel approach for neuronal differentiation.
These cells were seeded on multi-electrode array (MEA) systems,
which is a measuring device with multiple electrodes integrated in a cell
culture dish, and the spontaneous neuronal activity was recorded. We
present data comparing excitatory or inhibitory neurons derived from
healthy (WT), DS (D1), and isogenic control (D1 TALEN) iPSCs that were
measured using MEA systems.

Keywords: Dravet syndrome, SCN1A, neuronal cells
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BUILDING A NEURON-MICROGLIA
MICROVASCULAR NICHE TO PROBE THE
REGULATORY EFFECTS OF MICROGLIA IN
ALZHEIMER’S DISEASE

Evitts, Kira M. - Bioengineering, University of Washington, USA
Battista, Willow - Biochemistry, University of Washington, USA
Williams, Charles - Laboratory Medicine and Pathology, University of
Washington, USA

Kinoshita, Chizuru - Laboratory Medicine and Pathology, University of
Washington, USA

Beck, lan - Biology, Pitzer College, USA

Zheng, Ying - Bioengineering, University of Washington, USA

Young, Jessica - Laboratory Medicine and Pathology, University of
Washington, USA

N %

Alzheimer’s Disease (AD) is a progressive neurodegenerative disorder
accompanied by vascular dysfunction and degeneration of the neuro-
vascular unit (NVU). In particular, microglia and vascular changes in the
NVU have been implicated as potential early drivers of neurodegenera-
tion. The NVU is made up of microglia, astrocytes, neurons, endothelial
cells (ECs), and pericytes that help to form the blood brain barrier and
maintain oxygen and nutrient delivery to the brain. It has been chal-
lenging to study the human AD NVU due to the inaccessibility of the
brain and a lack of post mortem brain samples. Current in vitro models
of the NVU generally lack microglia, use immortalized or primary cells
that cannot be used to study patient specific genetic backgrounds, and
in 3D, lack perfusable vasculature with a complex in vivo-like geometry.
Therefore, there is a need to develop in vitro NVU models that include
induced pluripotent stem cell (iPSC)-derived brain cell types, including
microglia, and perfusable vasculature with branching architecture. Here
we developed a 3D multicellular NVU model containing perfusable
vasculature made of brain ECs surrounded by microglia, neurons, and
astrocytes to investigate the spatiotemporal dynamics of the NVU in
AD. We also developed a complimentary 2D triculture model including
neurons, microglia, and astrocytes that can be used to interrogate cell-
cell interactions and cell type specific contributions to NVU dysfunction
in AD. In 2D, we found that the presence of microglia in our triculture
model improves neuronal heath compared to neurons alone. Through
the temporal modulation of our 2D model, the addition of microglia
showed a protective effect on neurons challenged for 24 hours with
conditioned media (CM) from AD cells, although this protection seems
to abate after 72 hours of CM treatment. In our 3D microfluidic model,
we can support the survival of ECs, microglia, neurons, and astrocytes
in simultaneous co-culture. We also see extensive spatial cell-cell
interactions between the NVU cell types present in our model. Overall,
we have successfully built complex, multicellular models of the NVU.
These models provide an integrated neurovascular niche to character-
ize cell-cell interactions in the healthy and AD NVU and interrogate the
protective role microglia play in NVU dysfunction.

Funding Source: Biological Mechanisms of Healthy Aging Training
Grant (T32AG066574)

Keywords: neurovascular dysfunction, Alzheimer’s Disease, 3D
microvessels
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A NOVEL STEM CELL TOOLKIT TO ADVANCE
THERAPEUTICS IN ANGELMAN SYNDROME

Camoes Dos Santos, Joao Rafael - Department of Bioengineering,
Institute for Bioengineering and Biosciences (iBB) - Instituto Superior
Técnico, University of Lisbon, Portugal

Cazaux Mateus, Francisca - Department of Bioengineering, Institute
for Bioengineering and Biosciences (iBB) - Instituto Superior Técnico,
University of Lisbon, Portugal

Arez, Maria - Department of Bioengineering, Institute for Bioengineering
and Biosciences (iBB) - Instituto Superior Técnico, University of Lisbon,
Portugal

Bekman, Evguenia - The Egas Moniz Center for Interdisciplinary
Research, Egas Moniz School of Health, Portugal

da Rocha, Siméo - Department of Bioengineering, Institute for
Bioengineering and Biosciences (iBB) - Instituto Superior Técnico,
University of Lisbon, Portugal



Angelman syndrome (AS) is a rare and incurable neurodevelopmental
disorder affecting approximately 1in 20 000 individuals, characterized
by a severe developmental delay, speech impairment, ataxia, a distinct
happy demeanor and frequent laughter. AS arises from the loss of the
maternally inherited copy of ubiquitin protein ligase E3A (UBE3A), which
is only expressed from the maternal allele in mature neurons. Paternal
UBE3A is silenced by transcriptional interference by an antisense long
noncoding RNA, known as UBE3A-ATS, exclusively expressed from this
allele due to epigenetic process of genomic imprinting. Defects on the
maternal allele give rise to AS, and can appear from four (epi)genetic
causes with varying degrees of severity: maternal megadeletions (MD)
in chromosome 15q11-q13; UBE3A mutations; paternal uniparental
disomy (UPD) for chromosome 15; and imprinting defects. Currently, the
most promising therapeutic approach is the reinstatement of the silent,
yet normal, paternal UBE3A by antisense oligonucleotides targeting
UBE3A-ATS, a strategy with yet unclear applicability in all etiologies

of the disease. While AS animal models have proven insightful, many
important phenotypes are absent, thus encouraging the development
of more human relevant models. As such, we aim to establish a stem-
cell toolkit do advance therapeutics in AS, through the generation and
characterization of patient-derived human induced pluripotent stem
cells (hiPSCs) and familial controls, as humanized and personalized
models to study AS. In collaboration with the Portuguese AS society
(ANGEL), we recruited several families and generated hiPSCs using a
Sendai virus reprogramming strategy. hiPSCs were characterized by
flow cytometry, immunofluorescence (IF), quantitative PCR (RT-qPCR),
methylation analysis and karyotyping. Pluripotency was assayed by tri-
lineage commitment and analyzed by IF and RT- gPCR. We successfully
generated several pairs of hiPSCs from patients with MD and UPD and
will illustrate the quality control analysis performed. With these hiPSCs
pairs of hiPSCs genetically matched controls, we lay the groundwork
for developing brain organoids to unveil novel cellular and molecular
features of AS. Ultimately, this organoid platform should be used to test
and screen current and novel therapies for AS.

Funding Source: This project is financed by the Angelman Syndrome
Grant 2022 from the Angelman Syndrome Alliance and by national
funds from Fundacdo para a Ciéncia e a Tecnologia, I.P. (FCT) under the
PhD Fellowship 2023.01932.BD.

Keywords: Angelman syndrome, human induced pluripotent stem cells,
disease modeling
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ALS ORGANOIDS DISPLAY ALTERATIONS IN THE
UBIQUITIN-PROTEASOME PATHWAY

Fernandez-Munoz, Beatriz - Department of Pharmacy and
Pharmaceutical Technology, University of Seville, Spain
Garcia-Delgado, Ana - Department of Pharmacy and Pharmaceutical
Technology, University of Seville, Spain

Atalaya-Rey, Celia - Unidad de Produccion y Reprogramacion Celular
(UPRC), Red Andaluza de Disefio y Traslacion de Terapias Avanzadas
(RADyTTA), Spain

Campos-Cuerva, Rafael - Unidad de Produccion y Reprogramacion
Celular (UPRC), Red Andaluza de Disefio y Traslacion de Terapias
Avanzadas (RADyTTA), Spain

Duran-Lobato, Matilde - Department of Pharmacy and Pharmaceutical
Technology, University of Seville, Spain

Martin-Banderas, Lucia - Department of Pharmacy and Pharmaceutical
Technology, University of Seville, Spain

Paradas-Lopez, Carmen - Unidad de Enfermedades Neuromusculares,
Hospital Universitario Virgen del Rocio, Spain

Sanchez-Pernaute, Rosario - Basque Foundation for Science,
lkerbasque, Spain

Fernandez-Mufioz, Beatriz - Department of Pharmacy and
Pharmaceutical Technology, University of Seville, Spain

Amyotrophic Lateral Sclerosis (ALS) is a devastating neurodegener-
ative disease that causes the death of the patient between 2-5 years
after symptoms onset. Currently, ALS remains an incurable disease.
Despite evaluating over 60 compounds in clinical trials, only three
drugs with limited beneficial effects have been approved. Several
drugs showed promising results in animal models but were not
effective in clinical trials. This is likely due, in part, to the use of animal
models that poorly predict human brain responses. Brain organoids
are 3D models developed in the laboratory from human stem cells,
commonly pluripotent stem cells, recreating tissue and organ struc-
tures more physiologically than conventional 2D cultures and allowing
interactions between different cell types. We have generated cortical
organoids from ALS patients with C9ORF72 hexanucleotide repeat
expansions and from their corresponding isogenic controls where the
mutation has been corrected using CRISPR/Cas9. Organoid matura-
tion was favoured by adding motor cortex extracellular matrix (CECM).
After 2 months of maturation, ALS organoids displayed alterations in
neurons such as low intracellular expression of neurofilament proteins.
Furthermore, ALS organoids showed a transcriptional deregulation

of pathways previously related to ALS physiopathology, such as the
ubiquitin-proteasome pathway. Deregulation of the ubiquitin-protea- 1
some pathway was mainly observed at the level of de-ubiquitinating
enzymes, especially ubiquitin-specific proteases (USP) with some

transcripts being strongly downregulated. This deregulation was also
observed in organoids derived from control iPSC lines when exposed

to a combination of small molecules that induce chemical senescence
(SBI-0206965, Lopinavir), suggesting that ALS organoids undergo

a process of premature senescence. Furthermore, control organ-

oids grown with cECM from ALS patients also showed pathological

hallmarks and specifically, downregulation of several USP. Our results
suggest that generation of cortical organoids with cECM is a powerful

model to study ALS. This model could provide a deeper understanding

of the underlying mechanisms of the disease and, in turn, become an
unprecedented tool for the development of effective therapies against

this devastating condition.
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Funding Source: This work was supported by research funds from the
Fundacién Mehuer. ABGD is supported by Margarita Salas Program
(Next Generation EU). BFM is supported by Contratos de Acceso (Plan
Propio de I+D+l, University of Seville).

Keywords: cortical organoids, ALS, brain




THE GLOBAL STEM CELL EVENT

o »

POSTER ABSTRACTS

5:45 PM - 6:45 PM
535

A NOVEL INDUCED PLURIPOTENT STEM CELL
(IPSC)-DERIVED 3D PLATFORM FOR MODELLING
OF TDP-43 PATHOLOGY

de Majo, Martina - Research and Development, Synapticure, USA
Koontz, Mark - Research and Development, Synapticure, USA
Coleman, Sarah - Research and Development, Synapticure, USA
Ghaffari, Layla - Research and Development, Synapticure, USA
Marsan, Elise - Pathology, UCSF, USA

Kuo, Yien-Ming - Ophthalmology, UCSF, USA

Miyaoka, Yuichiro - Regenerative Medicine Project, Tokyo Metropolitan
Institute of Medical Science, Japan

Huang, Eric - Pathology, UCSF, USA

Ullian, Erik - Ophthalmology, UCSF, USA

Synapticure’s mission is to provide access to the best care and
treatments possible for each patients’ specific type of neurodegener-
ative disease regardless of where they live. We currently help >1600
patients across Dementia, Motor and Movement Disorders by tailoring
today’s best possible care to each person. Our vision in R&D is to help
accelerate the development of targeted, disease altering therapies,
including developing accurate in vitro models on a patient basis, to
bridge the gap between therapeutic development and therapy access.
TAR-DNA binding protein 43 (TDP-43) proteinopathy is a neuropatho-
logical feature observed in Y97% of amyotrophic lateral sclerosis (ALS),
up to 57% of Alzheimer patients and “45% of frontotemporal dementia
(FTD) cases, including those carrying loss of function (LoF) mutations
in the progranulin gene (GRN). TDP-43 proteinopathy is characterized
by TDP-43 LoF and cytoplasmic mislocalization, together with TDP-43
hyperphosphorylated inclusions. Modeling TDP-43 pathology has been
challenging in vivo and in vitro. Here we present a novel 3D-induced
pluripotent stem cell (iPSC)-derived paradigm - mature brain organoids
(mbOrg) - composed of cortical-like-astrocytes (iA) and neurons (iN).
When devoid of GRN (GRN-/-), mbOrgs spontaneously exhibit TDP-43
mislocalization, aggregation, and LoF phenotypes, such as cryptic
splicing of stathmin 2 (STMN2). Creating heterotypic mbOrgs by mixing
different genotypes, showed that GRN-/- iA are drivers for TDP-43
pathology. Additionally, STMN2 cryptic splicing was rescued by the
introduction of exogenous progranulin protein in the system, demon-
strating a link between TDP-43 LoF and progranulin expression. This
innovative iPSC-derived platform thus shows striking features of human
TDP-43 pathology that can be partially rescued. We leverage this work
to develop a patient-derived 3D platform for high-fidelity modeling and
screening of TDP-43 proteinopathy and associated phenotypes for ALS
and FTD. This platform includes mbOrgs developed using iPSCs from
CO90RF72 and sporadic ALS patients that are compared with mbOrgs
derived from healthy controls. This work can potentially uncover
TDP-43 pathology-associated mechanisms and allow patient-tailored
therapeutic screening for FTD and ALS.

Funding Source: NINDS, NIA

Keywords: organoid, ALS, neurodegeneration
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ASSAY DEVELOPMENT FOR FUNCTIONAL
ANALYSIS OF IPSC-DERIVED NEURAL
ORGANOIDS

Steps, Kjell - Field Application Scientists, Axion Biosystems,
Netherlands

Chvatal, Stacie - Product Management, Axion Biosystems, USA
Ellingson, Parker - Application Scientists, Axion Biosystems, USA
Millard, Daniel - VP Research and Development, Axion Biosystems, USA
Passaro, Austin - Product Management, Axion Biosystems, USA
Streeter, Ben - Application Scientists, Axion Biosystems, USA

Sullivan, Denise - Application Scientists, Axion Biosystems, USA

The flexibility and accessibility of induced pluripotent stem cell (iPSC)
technology has allowed complex human biology to be reproduced in
vitro at high throughput scales. Indeed, rapid advances in stem cell
technology have led to widespread adoption for the development of

in vitro models of neuron electrophysiology to be used in screening
applications in drug discovery and safety. Furthermore, advanced

cell preparations, such as spheroids or organoids, are under intense
investigation with aims toward establishing mature physiologically
relevant phenotypes in vitro. The objective of this work is to develop
and optimize a functional assay of neural organoids in vitro. To that end,
a customized multiwell microplate was designed specifically for neural
organoid assays. The multiwell plate utilized a funnel design to target
the neural organoids to a planar grid of microelectrodes embedded

in the substrate of each well of the culture plate. Impedance measure-
ments were used to quantify the attachment of the organoids to the
substrate and microelectrodes, while functional activity was quantified
via the electrophysiological measurements. Acute (no attachment) and
chronic (surface coating mediated attachment) recording protocols
were evaluated and compared. Specifically, the use of surface coatings
(no coating, PEI, Matrigel) and centrifugation were evaluated for chronic
recording protocols with regular measurements of attachment and
network function over four weeks. PEI-coated wells exhibited the best
performance, with neural organoid attachment in 100% of wells (38.7
+/- 4.2 Ohms for weighted mean resistance, 5.4 +/- 2.7 active electrodes
per well) and the development of synchronous network activity over 2
weeks in culture. Matrigel and no coating conditions displayed fewer
active electrodes overall, but consistent results across wells due to the
funnel design targeting organoids to the array. These results support
the continued development of quantitative assays of neural function
with increased throughput for in vitro 3D neural organoid models.

Keywords: micro electrode array, iPSC-derived neural organoids,
in-vitro model
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A BLOOD BRAIN BARRIER (BBB) MODEL TO TEST
NOVEL THERAPEUTIC STRATEGIES FOR GLUT-1
DEFICIENCY SYNDROME

Baldassari, Simona - Unit of Medical Genetics, IRCCS Istituto Giannina
Gaslini, Italy

Castagnola, Valentina - Center for Synaptic Neuroscience and
Technology, Istituto Italiano di Tecnologia, Italy

Cappato, Serena - Unit of Medical Genetics, IRCCS Istituto Giannina
Gaslini, Italy

Musante, llaria - Unit of Medical Genetics, IRCCS Istituto Giannina
Gaslini, Italy

Bocciardi, Renata - Department of Neurosciences, Rehabilitation,
Ophthalmology, Genetics, Maternal and Child Health (DINOGMI),
University of Genoa, Italy

Scudieri, Paolo - Department of Neurosciences, Rehabilitation,
Ophthalmology, Genetics, Maternal and Child Health (DINOGMI),
University of Genoa, Italy

Benfenati, Fabio - Center for Synaptic Neuroscience and Technology,
Istituto Italiano di Tecnologia, Italy

Zara, Federico - Unit of Medical Genetics, IRCCS Istituto Giannina
Gaslini, Italy

Glucose transporter type 1 (GLUT1) is a critical protein allowing glucose
efflux to the brain through the Blood-Brain-Barrier (BBB). Monoallelic
or bi-allelic mutations in the GLUT1 encoding gene - SLC2AT1 - result

in GLUT1-deficiency (GLUT1DS) featuring intractable seizures, intel-
lectual disability, ataxia, and dystonia. Pathogenic mechanisms are

still unclear and specific therapeutic approaches lacking due to the
difficulty to obtain appropriate human-derived in vitro models. In this
study we aimed to generate a well-established in vitro Transwell model
of BBB with brain endothelial cells derived from controls and GLUT1DS
patients’s induced pluripotent stem cells (iPSCs). We selected two
patients carrying different mutations and showing a severe (p.Leu-
124Trpfs*12) and a milder (p.Arg400Cys) GLUT1-deficiency phenotype.
We characterized the BBB model with standard tests of BBB function-
ality, including transendothelial electrical resistance (TEER), GLUT1
expression, immunocytochemistry for endothelial and tight junction
markers and paracellular transport across the barrier. The results
indicated a different rate of BBB differentiation between the severe and
the milder patients’ cells with respect to the controls, probably due to
the drastic impairment in the nutritional molecules uptake. To improve
the BBB model, we are moving from a static to dynamic culture system
ensuring optimal microenvironment conditions and mimicking the in
vivo physiology. A standardized BBB model could be used to test novel
therapeutical approaches aimed at enhancing BBB glucose permeabil-
ity. In this regard, we will initiate the search of genetic (e.g. by CRISPRa
technology) and pharmacological tools able to increase the expression
of SLC2A1 at the transcriptional and translational levels.

Funding Source: GR-2021-12372966
Keywords: Blood Brain Barrier (BBB), iPSCs, CRISPRa
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CHARACTERIZATION OF PCARE GENE AND
PROTEIN EXPRESSION IN RETINAL MODELS

Zufiaurre Seijo, Maddalen - Ophthalmology, Vall d’Hebron Research
Institute, Spain

Isla-Magrané, Helena - Ophthalmology Research Group, Vall d’Hebron
Research Institute (VHIR), Spain

Zapata, Miguel - Ophthalmology Research Group, Vall d’Hebron Institut
de Recerca (VHIR), Spain

Garcia-Arumi, José - Ophthalmology Research Group, Vall d’Hebron
Institut de Recerca (VHIR), Spain

Duarri, Anna - Ophthalmology Research Group, Vall d’Hebron Research
Institute (VHIR), Spain

Inherited retinal dystrophies, such as retinitis pigmentosa (RP), which
affects one in every 4,000 people, and cone-rod dystrophy (CRD),
which affects one in every 30,000 people, cause progressive degener-
ation of retinal photoreceptor cells, ultimately leading to blindness. The
C2orf71 gene, also known as the photoreceptor cilium actin regulator
protein (PCARE), along with WASF3, is required for photoreceptor outer
segment (OS) disk neogenesis. Mutations in this ciliary gene cause
autosomal recessive RP type 54 and CRD, which are incurable. We have
currently diagnosed a family carrying the C2orf71 mutation ¢.860dup,
p.L288Afs*23 + c.1795T>C, p.C599R, which includes a patient with
homozygous mutation and CRD diagnosis, as well as two asymptomatic
carriers with heterozygous mutations. While these mutations are pre-
dicted as pathogenic, the underlying mechanisms are unknown. Here,
we characterized the PCARE gene and protein expression and localiza-
tion in human retinal cell lines (Y79, ARPE-19, and retinal pigment epi-
thelial (RPE) cells), retinal organoids (ROs) derived from human induced
pluripotent stem cells, and mouse and porcine retinas to confirm its
exclusivity to the retina and ciliary location. In addition, we analyzed the
in vitro pathogenic consequences of C2orf71 mutations and the cilium
length in patient-derived urine cells. PCARE was highly expressed in
the retinas, Y79, and RPE cell lines. Furthermore, we found PCARE
expression in ROs from the start of retinal differentiation (day 40), with
the highest pick at day 150, corresponding to OS formation. PCARE was
found in the cilia of human cell lines and the OS of photoreceptor cells
in ROs. Plasmid transfection with wild type, L288Afs*23, and C599R
plasmids indicated the missense mutation (C599R) did not affect
protein location, whereas L288Afs*23 produced a degraded truncated
protein. Confirming PCARE expression in the cilium and OS highlights
ROs’ potential as a platform for PCARE disease modelling, as well as
for testing functionality and pathogenicity of patient-specific PCARE
mutations.

Keywords: cone-rod dystrophy, PCARE, retinal organoids
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CEREBRAL ORGANOID AS A TOOL TO EVALUATE
THE NEURAL OPIOID TOXICITY

La Rosa, Theo - U1208, Stem Cell and Brain Research Institute, Inserm
U846, France

Baquerre, Camille - U1208, SBRI, France

Ferron, Pierre-jean - U1341, Institut NuMeCan, France

Jean, Christian - U1208, SBRI-INSERM, France

Pain, Bertrand - U1208, SBRI-INSERM, France

Organoids represent a model of choice for the study of developmental
processes, neurodegenerative and genetic pathologies but also the
impact of molecules on brain development. If the use of analgesic
treatment with opioids effectively relieves pain, their increasingly
widespread and sometimes misused use now poses a public health
problem with risks of addiction and adverse effects. The long-term
impact on brain development has not yet been evaluated. By taking
advantage of the development of cortical organoids during a long
kinetics of more than 70 days, we evaluated the action of Tramadol

at 3, 30 and 300 pM and its main metabolite (M1) at 3 and 30 pM)

on both the structure of organoids and the expression of specific
markers as well as on the global transcriptomic profiles. Following
these treatments, it appears that structural alterations are observed, in
particular with the disappearance of rosettes, specific to the three-
dimensional organization of organoids as well as modification of the
distribution of early and late markers such as SOX2, PAX6, NESTIN,
OLIG2, etc. among others. Transcriptional analyzes confirm significant
changes in gene expression profiles both at moderate doses, but also
at quite low doses (3 pM) like those found in patients. With these new
data, it appears that tramadol and its metabolite M1 very significantly
modify and disrupt the development of cortical organoids, which could
suggest a similar effect during the development of the fetal brain.
These alterations could have a long-term impact on the brain and
associated cognitive faculties.

Keywords: cerebral organoid, opioid toxicity, induit pluripotent stem
cell “IPS”
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CONTRIBUTIONS OF GABAERGIC INHIBITORY
NEURONS TO THE PATHOPHYSIOLOGY OF
ALZHEIMER’S DISEASE

Muratore, Christina - Harvard Medical School, USA

Dechantsreiter, Anna - Neurology, Brigham and Women'’s Hospital, USA
Galle, Paige - Neurology, Brigham and Women'’s Hospital, USA
Young-Pearse, Tracy - Neurology, Brigham and Women’s Hospital, USA

Alzheimer’s disease (AD) is a highly prevalent neurodegenerative
disorder characterized by extracellular plaques composed of amyloid
B-protein (AB) and intraneuronal tangles consisting of altered forms of
the Tau protein. In addition, synaptic dysfunction has been identified
as a component of AD, suggesting that changes in electrophysiological
communication between neurons may be contributing to the patho-
genesis of AD. While much of the focus in AD research has traditionally

N %

been on excitatory neurons and their synaptic connections, emerging
evidence suggests that inhibitory neurons, particularly those utilizing
gamma-aminobutyric acid (GABA) as their primary neurotransmitter,
play crucial roles in the pathophysiology of the disease, contributing to
synaptic impairment and cognitive decline. Imbalances in GABAergic
signaling contribute to the excitatory/inhibitory (E/l) imbalance hypoth-
esis of AD, where excessive neuronal excitability due to impaired
inhibition contributes to neuronal dysfunction and degeneration. A
major unresolved question is: what are the contributions of inhibitory
GABAergic neurons to the AD phenotype? Here, we examine neurons
derived from iPSCs of patients harboring an AD-causing APP mutation
(APPV7171) to quantify AD-relevant phenotypes following directed
differentiation to glutamatergic (Ngn2) and GABAergic (Ascl1/DIx2)
neurons. We compare control and APPV7171 subjects and find that
APPV717I neurons directed to GABAergic neuronal fates generated less
AB40 with a higher 42:40 ratio than control neurons. Further, we show
that APPV717I neurons express higher levels of total and phospho-Tau
proteins relative to control neurons when directed to a glutamatergic
neuronal fate, but not when directed to a GABAergic neuronal fate.
Additionally, APPV7171 GABAergic iNs exhibit altered expression and
secretion levels of the neurotransmitter GABA, compared to control
GABAergic iNs, implicating the potential for network disruption. Taken
together, our results suggest that inhibitory neurons may have an
altered profile in AD. Understanding the contributions of inhibitory neu-
rons, particularly GABAergic interneurons, could lead to the develop-
ment of targeted therapeutic interventions aimed at restoring inhibitory
balance and preserving synaptic function.

Keywords: Alzheimer’s disease, inhibitory neurons, disease modeling
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AN IPSC-DERIVED CEREBRAL ORGANOID
MODEL FOR CEP290-ASSOCIATED
NEURODEVELOPMENTAL CILIOPATHIES
IDENTIFIES ANOMALIES IN CILIARY
MORPHOLOGY

Eschment, Melanie - Institute of Medical Genetics, University of Ziirich,
Switzerland

Bachmann-Gagescu, Ruxandra - Institute of Medical Genetics,
University of Ziirich, Switzerland

Figueiro da Silva, Joana - Institute of Medical Genetics, University of
Zlirich, Switzerland

Guichard, Paul - Department of Molecular and Cellular Biology,
University of Geneva, Switzerland

Hamel, Virginie - Department of Molecular and Cellular Biology,
University of Geneva, Switzerland

Mercey, Olivier - Department of Molecular and Cellular Biology,
University of Geneva, Switzerland

Ciliopathies are a group of human Mendelian disorders caused by
dysfunction of primary cilia, small ubiquitous sensory organelles
protruding from the surface of most cells, required for signal trans-
duction. These disorders are associated with central nervous system
(CNS) anomalies, particularly exemplified by the neurodevelopmental
disease Joubert syndrome (JBTS). JBTS is characterized by a highly
specific mid-hindbrain malformation whose underlying pathomecha-
nism remains unclear. Moreover, the presence of non-structural CNS



defects such as seizures or intellectual disability implies a role for cilia
in neuronal function beyond transmission of developmental signaling
pathways. To understand the role of cilia and of JBTS genes in the CNS,
we are generating iPSC-derived in vitro models for JBTS. We estab-
lished a biobank for JBTS through generation of CRISPR-engineered
isogenic human induced pluripotent stem cell (hiPSC) lines that carry
mutations in selected JBTS-associated cilia-related genes such as the
ciliary gene CEP290. To elucidate the consequences of mutations in
CEP290 on brain development, we differentiated control, CRISPR-ed-
ited and patient-derived hiPSCs into 3D cerebral organoids. We find
that CEP290-mutated hiPSCs can differentiate into cerebral organoids
and single-cell RNA sequencing confirmed that the overall generation
of a variety of neuronal cell populations does not appear to be signifi-
cantly impacted up to day 80. We do, however, observe an increased
propensity to generate choroid plexus in mutant organoids compared
to controls and a disorganization of cortical plate units. Furthermore, we
observe striking morphological anomalies of a subset of primary cilia in
the lumen of cortical plate units generated, which is a consistent finding
throughout our genetically engineered and patient-derived cerebral
organoids. Altogether, this study represents an advancement in
understanding JBTS in the context of human brain development.

Keywords: cerebral organoids, primary cilia, Joubert syndrome
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CORTICAL ASSEMBLOIDS SUPPORT THE
DEVELOPMENT OF FAST-SPIKING HUMAN
PVALB+ CORTICAL INTERNEURONS AND
UNCOVER SCHIZOPHRENIA-ASSOCIATED
DEFECTS

Walsh, Ryan M. - The Center for Stem Cell Biology, Sloan Kettering
Institute for Cancer Research, USA

Crabtree, Gregg - Mortimer B. Zuckerman Mind Brain and Behavior
Institute, Columbia University, USA

Gogos, Joseph - Mortimer B. Zuckerman Mind Brain and Behavior
Institute, Columbia University, USA

Kalpana, Kriti - New York Stem Cell Foundation Research Institute, USA
Koo, So Yeon - The Center for Stem Cell Biology, Sloan Kettering
Institute for Cancer Research, USA

Kruglikov, llya - New York Stem Cell Foundation Research Institute, USA
Studer, Lorenz - The Center for Stem Cell Biology, Sloan Kettering
Institute for Cancer Research, USA

Defects in fast-spiking parvalbumin positive (PVALB+) cortical inter-
neurons have frequently been reported in schizophrenia patients,

yet our understanding of how these defects emerge and contribute
to the disease is lacking. PVALB+ cortical interneurons undergo a
protracted stage postnatal development making their derivation from
human pluripotent stem cells (hPSCs) exceedingly difficult and placing
a significant roadblock in the modeling of their role in neuropsychiat-
ric diseases using hPSC-based systems. Here, we have developed a
cortical assembloid system that supports the derivation and maturation
of fast-spiking PVALB+ cortical interneurons. We have interrogated
the development of these cells with single-cell RNA-sequencing and
shown that their expression profiles align with developing primary
cortical interneurons and that they co-express key markers of cortical
interneurons, including LHX6. Functional characterization revealed

that PVALB+ cortical interneurons in cortical assembloids display the
distinctive features expected of fast-spiking cortical interneurons and
that cortical assembloids containing PVALB+ cortical interneurons
display network-level gamma-band oscillatory rhythms, a process
linked to cognition that is often disrupted in schizophrenia patients.
Finally, we characterized cortical interneuron development in a series
of CRISPR-generated isogenic structural variants strongly associated
with schizophrenia risk. Here we identified variant- and stage-specific
cortical interneuron defects in both tangential migration and the molec-
ular profile of PVALB+ cortical interneurons. Together, our findings
highlight plausible mechanisms regarding how the disruption of cortical
interneuron development may contribute the development of schizo-
phrenia and provides an exciting human platform for the study of bone
fide fast-spiking PVALB+ cortical interneurons.

Funding Source: This work was supported in part through NIH grants
RO1AG054720 and ROINS128087 and through support from the Starr
foundation to L.S. R.W. was supported for this work by the NIMH F32

fellowship 5F32MH116590.

Keywords: cerebral organoids, cortical interneurons, schizophrenia
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ALTERED FUNCTIONAL AND METABOLIC
PHENOTYPES IN HUMAN IPSC-DERIVED
FOREBRAIN-SPECIFIC FRAGILE X SYNDROME
ASTROCYTES

Pal, Rakhi - Stem Cells and Drug Discovery, CHINTA TCG CREST, India

Reddy, Bharath - Stem Cells and Drug Discovery, CHINTA TCG CREST,
India
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Fragile X syndrome (FXS), a leading inherited cause of autism spectrum
disorder and intellectual disability, has been studied extensively using
rodent models. More recently, human stem cell-derived model systems
have also been used to gain mechanistic insights into the pathophysi-
ology of FXS. However, these studies have focused almost exclusively
on neurons. Further, despite growing evidence for a key role for glia

in neuronal function in health and disease, little is known about how
human astrocytes are affected by FXS. Hence, in this study we describe
differentiation paradigms for human induced pluripotent stem cells that
generate healthy and FXS patient-derived astrocytic progenitor cells
(APCs). CNTF exposure of APCs yielded forebrain-specific GFAP-ex-
pressing astrocytes. We first generated hiPSC-derived astrocyte
progenitor cells (APCs) that are forebrain-specific. Characterization of
healthy/FXS APCs, in turn, set the stage for exploring various functional
properties of forebrain-specific astrocytes generated. First, we found

a reduction in the number of GFAP-positive astrocytes in FXS lines
relative to healthy astrocytes. Next, we examined changes in intracellu-
lar calcium responses triggered by ATP in these cells with slow initiation
and significantly reduced number of calcium responses. Further, FXS
astrocytes display dysregulated glycolytic and mitochondrial metab-
olism. We found enhanced rates of glycolysis, glycolytic capacity and
glycolytic reserve in human iPSC-derived FXS astrocytes. FUNCAT
assays, revealed altered protein synthesis in the glial progenitor cells
which disappeared during the maturation phase. This platform also
offers the added advantage of a renewable source of human glial cells
with regional specificity, thereby overcoming challenges posed by pri-
mary human tissue that are not easily available for neurodevelopmental
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disorders like FXS. Taken together, these findings provide a human
platform for the investigation of cell-autonomous and non-cell autono-
mous consequence of astrocyte mutations in neurological disorders.

Keywords: human iPSC, astrocytes, neurological
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CHARACTERIZING FUNCTIONAL AND
MOLECULAR SIGNATURES OF INFLAMMATORY
SENSITIZATION IN HPSC-DERIVED SENSORY
NEURONS

Castellano, David Deasis - NCATS, NIH, USA
LeClair, Christopher - NCATS, NIH, USA

Qu, Yanyan - NCATS, NIH, USA

Tao, Dingyin - NCATS, NIH, USA

Tristan, Carlos - NCATS, NIH, USA

Tharakan, Ravi - NCATS, NIH, USA

Nociceptors are specialized sensory neurons that are critical for the
detection and transmission of noxious stimuli. These cells display
heightened excitability during inflammatory sensitization, a process
crucial towards the development and maintenance of chronic pain.
While various processes contributing to inflammatory sensitization
have been extensively studied in rodents, differences between tran-
scriptomics and physiological properties across species indicate that
human nociceptors may exhibit distinct patterns of gene expression
during sensitization, which are not well understood. Using a cocktail of
inflammatory mediators, we performed multi-electrode array, patch-
clamp recordings, and ribosome and proteomic profiling in human
pluripotent stem cell-derived sensory neurons (hPSC-SNs) to character-
ize changes in functional and molecular signatures during the induc-
tion (30 min) and maintenance (24 hour) of sensitization. Our results
reveal unique hPSC-SN firing properties and gene expression patterns
at both phases, indicating significant modifications to functional and
molecular pathways in response to acute and prolonged sensitization.
The integration of these methods in a cellular model of pain will enable
the discovery of novel biological pathways and potential drug targets
relevant to human pain etiology.

Funding Source: This work was funded by the NIH Common Fund
(Regenerative Medicine Program), NIH HEAL Initiative, and in part by
the Intramural/Extramural research program of the NCATS, NIH.

Keywords: sensory neurons, sensitization, pain
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CRACKING THE CODE: 7-DAY DIRECTED
DIFFERENTIATION OF HIGH PURITY MOTOR
NEURONS FROM ANY HIPSC LINE

Walsh, Patrick - Stem Cell Engineering, Anatomic Incorporated, USA
Dau, Milan - Stem Cell Engineering, Anatomic Incorporated, USA
Truong, Vincent - Stem Cell Engineering, Anatomic Incorporated, USA

Motor neurons are involved in the voluntary control of muscular con-
traction and are the primary cell type affected in amyotrophic lateral
sclerosis (ALS), an incurable and deadly neurological disease result-
ing in paralysis. Given their unlimited potential for self-renewal and
differentiation, it has been a longstanding goal to model ALS specifi-
cally using human pluripotent stem cell (hiPSC)-derived motor neurons
for drug discovery in order to develop life-saving treatments for this
disease. While numerous methods have been published to differentiate
motor neurons from hiPSCs, all protocols to date demonstrate sub-
stantial donor-to-donor variability, which results in a failure to produce
motor neurons at high yields and purity from each hiPSC line. Here,

we report a drastically accelerated, developmentally guided, directed
differentiation protocol based on small molecules and growth factors to
generate motor neurons in only seven days from three different hiPSC
lines (wild type - female, wild type - male, TDP43 ALS patient - male).
Developmental stages of the differentiation and motor neurons were
characterized via immunocytochemistry, gPCR, and RNA sequencing.
Several functional assays were developed, including multi-electrode
array (MEA) plates and microfluidic co-cultures with human skeletal
muscle (hSKM). Motor neurons generated from all lines expressed
MNX1, ISLET1, ChAT, and TUJ1 at a purity greater than 80% as confirmed
by immunocytochemistry. gPCR and bulk RNAseq results showed
expression of key motor neuron genes and molecular similarity to
primary human spinal motor tissues. On MEA plates, cultures exhib-
ited rapid maturation with burst spiking within a week. Motor neurons
co-cultured with hSKM in microfluidic devices formed neuromuscular
junction morphologies, and controlled stimulation of the motor neurons
resulted in muscle activation. In conclusion, we have demonstrated

a rapid seven day protocol to generate motor neurons from multiple
donor lines, along with their utility in various screening assays for
disease modeling, ALS drug discovery, and basic research.

Keywords: motor neurons, ALS, co-cultures
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CEREBELLUM AND SOCIAL COGNITION: NEW
INSIGHTS FROM MODELLING PENETRANT
AUTISM VARIANTS IN BENCHMARKED
CEREBELLAR ORGANOIDS

Aprile, Davide - Neurogenomics, Human Technopole, Italy
Cheroni, Cristina - Service Unit, Human Technopole, Italy
Petrella, Alessia - MDC, Max-Delbriick-Center for Molecular Medicine,
Germany

Leonardi, Oliviero - Neurogenomics, Human Technopole, Italy
Bonfanti, Matteo - Service Unit, Human Technopole, Italy
Valente, Alessandro - Brain Mind Institute, EPFL, Switzerland
Mirabella, Filippo - Service Unit, Human Technopole, Italy
Tintori, Amaia - Neurogenomics, Human Technopole, Italy
Culotta, Lorenza - Neurogenomics, Human Technopole, Italy
Boeckx, Cedric - Institute of Complex Systems, Universitat de
Barcelona, Italy

Testa, Giuseppe - Neurogenomics, Human Technopole, Italy

The cerebellum is increasingly recognized as central to tasks that

go well beyond the regulation of balance and motor coordination
including emotion regulation, language processing, attention and
social behavior. Consequently, cerebellar perturbations early in life are
associated with intellectual disability and autism spectrum disorders
(ASD). Patterned brain organoids, self-organizing 3D structures gen-
erated from pluripotent stem cells, enable the study of developmental
trajectories associated with specific brain regions, recapitulating their
salient cytoarchitectural features and their underlying molecular cas-
cades. In this work, we introduce cerebellar organoids (CbOs) as new
platform to mechanistically dissect the endophenotypes underlying
ASD. We present a longitudinal characterisation of CbOs from multiple
induced pluripotent stem cells lines, benchmarking their transcriptomic
profile compared to the gene expression of the developing human
fetal cerebellum. At early stages of CbOs differentiation, we identified
an enrichment in the expression of canonical ASD-related genes,
including the chromodomain helicase DNA-binding protein 8 (CHDS).
We next derived CbOs from CHD8+/+ pluripotent stem cells and their
isogenic counterpart CHD8+/E1114X, carrying a high-penentrance
ASD-associated variant causative of cognitive, motor and sensory
impairments. Bulk transcriptomics uncovered a major CHD8-de-
pendent dysregulation, cascading onto downstream transcriptional
alterations and impinging on the WNT pathway and tissue patterning.
Single-cell transcriptomics revealed that the developmental trajec-
tories of CHD8+/E1114X -derived CbOs diverge from their controls
already at early stages of development. In particular, cerebellar granule
cells progenitors and oligodendrocytes were dramatically affected in
CHD8+/E1114X mutants, leading to functional alterations of the neuronal
network activity at later timepoints. Building on a longitudinal transcrip-
tomic benchmarking of CbOs as foundational resource for the field, our
work provides a first demonstration of the specific molecular effects of
ASD-related mutations in the cerebellum, offering a proof of concept
for CbOs as tool to dissect cerebellar contribution to human sociability
and neurodevelopmental conditions.

Keywords: cerebellum, organoids, ASD
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A NOVEL, DSMAD-INDEPENDENT INDUCTION
PARADIGM FOR RAPID GENERATION OF HIPSC-
DERIVED NEURONS AMENABLE TO REGIONAL
PATTERNING

Habich, Carina - Research and Development, Goethe University
Frankfurt in Cooperation with AbbVie Germany, Germany
Kowalski, Alexandra - Institute of Molecular and Cell Biology, Mannheim
University of Applied Sciences, Germany

Wachter, Astrid - AbbVie Germany, Germany

Heimann, Michaela - AbbVie Germany, Germany

Nicolaisen, Nathalie - AbbVie Germany, Germany

Sliwinsiki, Christopher - AbbVie Germany, Germany

Reinhardt, Lydia - AbbVie Germany, Germany

Heil, Veronika - AbbVie Germany, Germany

Lange, Timo - AbbVie Germany, Germany

Untucht, Christopher - AbbVie Germany, Germany

Miller, Loan - AbbVie Inc, USA

Korffmann, Jirgen - AbbVie Germany, Germany

Geist, Daniela - AbbVie Germany, Germany

Lee, Heyne - AbbVie Germany, Germany

Bahnassawy, Lamiaa - AbbVie Germany, Germany

Mielich-Siss, Benjamin - AbbVie Germany, Germany

Brennan, Melanie - AbbVie Inc, USA

Wilkens, Ruven - AbbVie Germany, Germany

Roéwe, Julian - AbbVie Germany, Germany

Weidling, lan - AbbVie Inc, USA

Rudolf, Rudiger - Institute of Molecular and Cell Biology/Center for
Mass Spectrometry and Optical Spectroscopy, University of Applied
Sciences, Germany

Hafner, Mathias - Institute of Molecular and Cell Biology/Institute
of Medical Technology, Mannheim University of Applied Sciences,
Germany

Manos, Justine - AbbVie Inc, USA

Cik, Miroslav - AbbVie Germany, Germany

Reinhardt, Peter - AbbVie Germany, Germany

Induced overexpression of Neurogenin 2 (iINGN2) is a valuable strategy
to accelerate the conversion of human induced pluripotent stem cells
(hiPSCs) into neurons for modeling of neurodegenerative diseases such
as Alzheimer’s Disease (AD). However, INGN2 alone generates neurons
of a mixed regional identity, potentially limiting their relevance for mod-
eling AD. We developed an alternative neural induction strategy, which
prepatterns hiPSCs before NGN2 induction to obtain a stronger cortical
identity. This strategy involves inhibiting different pathways critical

for self-renewal and meso-endodermal differentiation, independent

of commonly applied dual SMAD inhibition (dSMADi). Combined with
iNGN2, this induction paradigm quickly leads to homogeneous cultures
of excitatory cortical neurons. Furthermore, the cells are responsive

to regional patterning cues during the short neural induction pulse.
This enables generation of neurons from different regions of both the
central and peripheral neuron systems, including midbrain dopaminer-
gic, motoneurons and sensory neurons, improving in vitro models for a
range of neurological diseases and neurodegenerative disorders. Cor-
tical neurons generated with this paradigm are suitable for an AD-rele-
vant tau aggregation assay, similar in performance to cortical neurons
derived from the dSMAD:I protocol, highlighting their applicability in
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disease — relevant in vitro models. Disclaimer: CH, AW, MJH, NN, CS,
LR, TL, CU, LNM, JK, DG, DS, HL, LB, BMS, MB, RW, JR, IW, JDM, MC,
PR are employees of AbbVie. VH was employee of AbbVie at the time
of the study. AK was employee of the Institute of Molecular and Cell
Biology, Mannheim University of Applied Sciences at the time of the
study and was funded by the Graduiertenkolleg TASCDT of the MWK
Baden-Wiirttemberg and the Albert und Annelise Konanz-Stiftung. R.R
and M.H. are current employees of Center for Mass Spectrometry and
Optical Spectroscopy, Mannheim University of Applied Sciences and
Institute of Medical Technology, Heidelberg University and Mannheim
University of Applied Sciences and have no funding to disclose. The
design, study conduct, and financial support for this research were
provided by AbbVie. AbbVie participated in the interpretation of data,
review, and approval of the publication.
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A HUMAN CORTICAL ASSEMBLOID MODEL OF
DRAVET SYNDROME

Zourray, Clara - Department of Clinical and Experimental Epilepsy,
University College London, UK

Street, James - Department of Clinical and Experimental Epilepsy, UCL,
UK

O’Neill, Nathanael - Department of Clinical and Experimental Epilepsy,
UCL, UK

Barral, Serena - Department of Developmental Neurosciences, UCL, UK
Lignani, Gabriele - Department of Clinical and Experimental Epilepsy,
UCL, UK

Animal models have been instrumental in advancing our understanding
of DS pathogenesis and as preclinical models to test advanced gene
therapies. However, important genomic differences in SCN1A regulation
between rodents and humans and influences of the genetic back-
ground may hinder our ability to effectively translate preclinical findings
in rodents onto the clinic. Patient-derived somatic cells can now be con-
verted into human iPSCs, capable of differentiating into a variety of cel-
lular lineages. Leveraging this, the generation of stem-cell derived 3D
cell cultures — known as organoids — allows to model brain structures in
remarkably complex ways. Cortical assembloids are generated from the
fusion of a cortical and a subpallial organoid, which allows the genera-
tion of both excitatory and inhibitory cortical neurons and recapitulates
the tangential migration of cortical interneurons from the subpallium
into the cortex, as it occurs in vivo. Importantly, we observed Nav1.1
expression at later stages of development in this model. Therefore,

we generated iPSC lines from three Dravet patients and corrected

two of them using CRISPR. Using a protocol we have established to
record evoked epileptiform activity in mature assembloids, using local
field potential recordings we have observed for the first time a clear
epileptic phenotype in DS assembloids. Furthermore, our data shows a
novel early developmental phenotype associated with SCN1A loss-of-
function. Our human DS cortical assembloids could be pivotal to better
understand disease pathogenesis in a human context and to improve
preclinical testing of novel advanced therapy strategies.

Keywords: Dravet syndrome, SCN1A, assembloid
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CHARACTERISATION OF CORTICAL NEURAL
PRECURSOR CELL DEFECTS IN DLG2-/- HUMAN
BRAIN ORGANOIDS

Rowley, Oliver - School of Life Sciences, Keele University, UK
Shin, Eunju Jenny - School of Life Sciences, Keele University, UK

Schizophrenia (SZ) is a neurodevelopmental, neuropsychiatric disorder,
affecting 24 million people worldwide with positive, negative, and cog-
nitive symptoms. Both environmental and genetic factors are involved
in the disease aetiology. Through population studies, large numbers

of genetic risk factors are revealed including de novo deletions in
DLG2. DLG2 is a well-known postsynaptic density (PSD) protein linking
receptors and intracellular signalling molecules in PSD of neurons.

Our previous study highlighted its expression and function in human
cortical neurons during the prenatal neurogenesis period, contributing
to neuronal maturation in cell identity gene expression, morphology
and action potential firing. Although neuronal phenotypes were inves-
tigated in that study, evidence points to the earlier disease process in
neural precursor cells (NPCs). NPCs are a diverse population, and their
correct number and mode of divisions is important for generating the
right quantity and types of cortical neurons. 3D brain organoids offer a
great platform to study NPC organisation and function. Here, we aim to
study the effect of DLG2 deficiency in human cortical NPC types, their
behaviour and their interaction with neurons in organoids. We also aim
to identify spatial expression of DLG2 within NPCs as they don’t have
PSDs like neurons and find its interacting partners to reveal their sig-
nalling pathway during early neurogenesis. For this, we have generated
DLG2-/- cortical organoids. We are investigating the percentages and
morphologies of ventricular radial glial cells (RGs), outer RGs, truncated
RGs and intermediate progenitor cells and their daughter cell fate/iden-
tity in WT and DLG2-/- organoids. We are also generating DLG2-Tur-
bolD knock-in hESCs to determine DLG2s-interacting partners using
proximity labelling. The results will be shared in the meeting as the data
is being generated now. By elucidating DLG2 function during prenatal
development we will gain a better understanding of the very initial
cellular pathways involved in SZ.

Keywords: DLG2, organoids, schizophrenia
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ADVANCING CIPN AND PAIN DRUG DISCOVERY
USING HUMAN IPSC-DERIVED SENSORY
NEURONS

Fathi, Ali - Research and Development, Fujifilm Cellular Dynamics Inc.,
USA

Majewski, David - Research and Development, Fujifilm Cellular
Dynamics Inc., USA

Harms, Lisa - Research and Development, Fujifilm Cellular Dynamics
Inc., USA

Fiene, Rebecca - Research and Development, Fujifilm Cellular
Dynamics Inc., USA

Donegan, Madelyn - Research and Development, Fujifilm Cellular
Dynamics Inc., USA

Carlson, Coby - DR Life Science, Fujifilm Cellular Dynamics Inc., USA
Schachtele, Scott - Product Development, Fujifiim Cellular Dynamics
Inc., USA

Hilcove, Simon - Product Development, Fujifilm Cellular Dynamics Inc.,
USA

Liu, Jing - Research and Development, Fujifilm Cellular Dynamics Inc.,
USA

Sensory neurons of the peripheral somatic nervous system respond

to various impulses from sensory organs including touch, position in
space, temperature, and pain. Sensory neurons are of great value in
pain research, aiding in the development of better chemotherapy drugs
with reduced incidence of chemotherapy-induced peripheral neurop-
athy (CIPN) and hematologic toxicity. Differentiating human induced
pluripotent stem cells (iPSC) enables access to authentic human
sensory neurons, but challenges arise when attempting to consistently
produce them at large scale. Here we report the large-scale, directed
differentiation of human sensory neurons from both male and female
iPSC lines. These iPSC-derived sensory neurons have high purity
(>80% BRN3A+/UCHL1+) and express hallmark nociceptive channels
(i.e., Nav1.7, Nav1.8) and receptors (i.e., TRPV1, P2RX3 and NTRK). We
characterized sensory function of these neurons using electrophysiol-
ogy and calcium imaging. Notably, we confirmed the presence of P2RX
and TRP channels and their response to different stimuli including ATP,
capsaicin and menthol using calcium imaging and multielectrode array.
Sensory neuron purity was consistent across both iPSC donor and
between production lots, while sensory neurons cultured in medium
and high-throughput tissue culture plates showed uniform responses
across-well and across production lots in response to sensory agonists.
Additionally, these sensory neurons display cytotoxicity to chemo-
therapeutic drugs (i.e., paclitaxel and Vincristine) in a dose-dependent
manner and release substance-P and CGRP peptides in response to
pain mediators. Our data demonstrate a process for robustly gener-
ating iPSC-derived sensory neurons across different iPSC donor lines
that recapitulate human known pharmacology related to pain and CIPN.
Large-scale production and accessibility of human sensory neurons will
expedite research of sensory neuron properties and translation into
high-throughput screening platforms for pain drug discovery.

Keywords: sensory neuron differentiation, chemotherapy-induced
peripheral neuropathy, pain
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CONVERGENT TRANSCRIPTIONAL DYNAMICS
OF MICROGLIA IN THE MOUSE SPINAL CORD
DURING AGING AND ALS

Ramos, Michael Edison P. - Board of Governors Regenerative Medicine
Institute, Cedars-Sinai Health System, USA

Singh, Brijesh - Regenerative Medicine Institute, Cedars-Sinai Medical
Center, USA

Gauba, Esha - Regenerative Medicine Institute, Cedars-Sinai Medical
Center, USA

Bell, Shaughn - Regenerative Medicine Institute, Cedars-Sinai Medical
Center, USA

Shelest, Oksana - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, USA

Tindel, lan - Regenerative Medicine Institute, Cedars-Sinai Medical
Center, USA

Ho, Ritchie - Regenerative Medicine Institute, Cedars-Sinai Medical
Center, USA

Amyotrophic Lateral Sclerosis (ALS) is a devastating neurodegener-
ative disease resulting in paralysis and death three to five years after
diagnosis. It is a late-onset disease that typically presents in older
populations, usually between the ages of 51 and 66, with aging being
its greatest risk factor. However, cell models do not fully recapitulate
aged conditions and often require external stressors to display disease
phenotype. Thus, it is crucial to understand the transcriptomic events
that occur during aging in order to modulate these effects in cell
models. We have previously shown that aging pathways are disrupted
in ALS spinal cords and spinal motor neurons. However, the anatomi-
cal and cell-specific aging within the spinal cord and its contributions
to ALS pathogenesis are still unclear. In this study, we have created a
single-nuclei transcriptomic atlas of mouse spinal cords from wild type
(WT) and ALS mice carrying the SOD1G93A transgene. We profiled WT
mice from embryonic day 13.5 up to 800 days old, and we profiled the
ALS littermates from the same life stages up until they reached their
paralytic endpoint at 160 days old. Our findings indicate that astrocytes
and microglia express the most differentially expressed genes between
wild type and ALS at the endpoint of the disease. However, differen-
tial expression analysis during the onset reveals a sharp increase in
differentially expressed genes in the cervical region of the spinal cord
in microglia, suggesting spinal region-specific effects that may drive
disease progression. Clustering analysis revealed that younger ALS
microglia resemble old WT cells at the transcriptomic level. Weighted
gene network correlation analysis reveals that this accelerated aging in
ALS microglia may be attributed to three gene networks. The network
eigengene expression shows that the expression of these genes is also
specific to the spinal region, with the cervical region expressing genes
that may be protective against ALS. These insights provide a frame-
work for further studying factors driving ALS disease progression and
offer valuable targets for faithfully modeling aging in in vitro models,
developing ALS therapies, and guiding comparative aging studies.
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A SINGLE-CELL CONSENSUS ATLAS OF IN VIVO
AND IN VITRO MIDBRAIN DOPAMINE NEURONS

Bocchi, Vittoria Dickinson - Center for Stem Cell Biology,
Developmental Biology Program, Memorial Sloan Kettering Cancer
Center, USA

Kim, Tae Wan - Center for Stem Cell Biology, Developmental Biology
Program, Memorial Sloan Kettering Cancer Center, USA

Piao, Jinghua - Center for Stem Cell Biology, Memorial Sloan Kettering
Cancer Center, USA

Koo, So Yeon - Center for Stem Cell Biology, Center for Stem Cell
Biology, Developmental Biology Program, USA

Chaudhry, Fayzan - Institute for Computational Biomedicine, Division of
Hematology/Oncology, Department of Medicine, Weill Cornell Medical
College, USA

Betel, Doron - Institute for Computational Biomedicine, Division of
Hematology/Oncology, Department of Medicine, Weill Cornell Medical
College, USA

Tabar, Viviane - Department of Neurosurgery and Center for Stem Cell
Biology, Memorial Sloan Kettering Cancer Center, USA

Studer, Lorenz - Center for Stem Cell Biology, Developmental Biology
Program, Memorial Sloan Kettering Cancer Center, USA

Parkinson’s disease (PD) is a movement disorder that involves the
selective loss of midbrain dopamine (mDA) neurons in the substantia
nigra. Human pluripotent stem cells (hPSCs) represent a powerful
technology to study and potentially treat PD. Methods to generate mDA
neurons from human stem cells have been pioneered by numerous
groups, and enormous progress has been made to increase and refine
the generations of highly pure mDA neurons. Despite such progress, it
is difficult to determine how well these protocols compare in terms of
cell composition and authenticity to the primary tissue. Furthermore, for
the latter point, there is a strong necessity for a “ground truth” fetal and
adult midbrain atlas that can be systematically queried to score these
hPSC-derived mDA neurons. To address this bottleneck, we started

to create a consensus fetal and adult human midbrain single-cell atlas
to resolve nomenclature differences between studies and to define
hallmark gene signatures, gene regulatory network and signalling
pathways of each cell state. In parallel, we integrated single-cell data
derived from mDA protocols raging form monolayer cultures and
organoids to grafted cells, to create a compendium to address mDA
authenticity and cell diversity by scoring and classifying cells to the
consensus atlas. Preliminary analysis of different DA protocols reveals
a large diversity both in terms of cell types generated and DA authen-
ticity compared to the primary tissue, strengthening the importance of
this integrative study. Overall, we believe, our standardized high quality
in vivo and in vitro midbrain atlas will be of considerable benefit to the
stem cell community and facilitate efforts to optimize differentiation
strategies towards truly authentic mDA neurons.

Funding Source: NCI Cancer Center Support Grant (CCSG, P30
CA08748), BlueRock Therapeutics, 1R01 NS118067-01A1 (L.S., D.B.),
ASAP initiative, ASAP-020370, Druckenmiller fellowship, Marie-Josée
Kravis Women in Science Endeavor fellowship.

Keywords: single-cell consensus atlas, midbrain dopamine neurons,
hESC
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CONDITIONAL STRATEGIES FOR TUNABLE
GENETIC MODELING ON HIPSCS

Trovato, Francesco - EMV, Lund University, Sweden
Ahlenius, Henrik - EMV, Lund University, Sweden
Pracucci, Enrico - EMV, Lund University, Sweden

Human induced pluripotent stem cells (hiPSCs) have revolutionized
disease modeling and scientific innovation. Their potential, along with
advanced differentiation protocols and organoid technology, facilitates
the recreation of complex human tissue structures. As complexity
grows, sophisticated genetic control systems become paramount
particularly for accurate disease modeling. Our research capitalizes on
genetic engineering, using CRISPR/Cas9 and conditional site-specific
recombination systems for flexibility and precision in hiPSC manipula-
tion. Our focus is on strategies enabling precise spatiotemporal control
over transgene expression, creating dynamic cellular systems. The
adaptability of hiPSCs to genetic engineering enables the incorporation
of complex genetic constructs, facilitating the generation of conditional
and inducible hiPSC lines for tailored, controlled gene expression. This
approach includes inducible expression of potent biomolecular tools for
dissecting network intricacies. Here we show the utility of conditional
strategies in generating hiPSC-based models, providing a versatile plat-
form for exploring cellular mechanisms. Enabling precise control over
gene expression has the potential to enhance targeted disease mod-
eling, offering insights into genetic regulation and biological circuits.
Our research leverages genetic engineering, using CRISPR/Cas9 and
conditional expression for better flexibility and precision in manipulat-
ing hiPSC genetics. Our primary focus is on strategies enabling precise
spatiotemporal control over transgene expression, opening possibilities
for dynamic and responsive model systems.

Funding Source: The study is funded by SSMF Svenska Séllskapet
for Medicinsk Forskning (Swedish Society for Medical Research) and
Cancerfonden (Swedish Cancer Society)

Keywords: hiPSCs, modeling, tools
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ABERRANT CHCHD2-ASSOCIATED
MITOCHONDRIOPATHY IN KIl ALS/PDC
ASTROCYTES

Leventoux, Nicolas - Physiology Department, Keio University, Japan
Morimoto, Satoru - Physiology, Keio University, Japan
Ishikawa, Mitsuru - Physiology, Keio University, Japan
Nakamura, Shiho - Physiology, Keio University, Japan
Ozawa, Fumiko - Physiology, Keio University, Japan
Kobayashi, Reona - Physiology, Keio University, Japan
Watanabe, Hirotaka - Physiology, Keio University, Japan
Supakul, Sopak - Physiology, Keio University, Japan
Okamoto, Satoshi - Physiology, Keio University, Japan
Zhou, Zhi - Physiology, Keio University, Japan
Kobayashi, Hiroya - Physiology, Keio University, Japan
Kato, Chris - Physiology, Keio University, Japan



Hirokawa, Yoshifumi - Neurology, Mie University, Japan

Aiba, lkuko - Neurology, Higashinagoya National Hospital, Japan
Takahashi, Shinichi - Physiology, Keio University, Japan

Shibata, Shinsuke - Microscopic Anatomy, Niigata University, Japan
Takao, Masaki - Clinical Laboratory and Internal Medicine, National
Center of Neurology and Psychiatry, Japan

Yoshida, Mari - Institute for Medical Science of Aging, Aichi Medical
University, Japan

Endo, Fumito - Research Institute of Environmental Medicine, Nagoya
University, Japan

Yamanaka, Koji - Research Institute of Environmental Medicine, Nagoya
University, Japan

Kokubo, Yasumasa - Neurology, Mie University, Japan

Okano, Hideyuki - Physiology, Keio University, Japan

Patients with Western Pacific Amyotrophic Lateral Sclerosis/Parkin-
sonism-Dementia Complex (ALS/PDC) exhibit clinical and pathological
features that are characteristic of amyotrophic lateral sclerosis (ALS)

or Parkinson’s disease (PD). To study this complex neurodegenerative
disease, the etiology of which remains elusive, we focused our study on
the Japanese variant, which predominantly affects people living in the
Kii Peninsula of Japan (Kii ALS/PDC). Why this rare disease only affects
residents of certain areas is still a mystery, so we decided to differen-
tiate patient induced pluripotent stem cells into astrocytes (Kii-iPasts),
considering emerging evidence suggesting the potential involvement
of astrocytes in the onset and progression of Kii ALS/PDC. To gener-
ate Kii-iPasts, we used our previously reported method to efficiently
generate astrocytes from control iPSCs and cultured multiple lines (2
healthy and 5 Kii ALS/PDC cases) for study. In addition to the major
neurological disorders represented in Kii-iPasts, gene ontology from
RNA sequencing revealed pathways related to cilia dysfunction, which
are known to play a role in neurodegeneration. Kii-iPasts exhibited
abnormal mitochondrial cristae and a number of metabolic alterations,
such as reduced glutamate uptake and reduced ATP production. In
addition, we isolated a number of genes and proteins of interest whose
expression is altered in Kii ALS/PDC, with a major finding that a mito-
chondria-related gene, CHCHDZ2, previously identified as a PD gene, is
significantly downregulated in Kii-iPasts and in neuropathologic speci-
mens from the thoracic spinal cord of a deceased donor. Lentiviral over-
expression of CHCHD2 could partially rescue some of these defects

in some Kii-iPasts lines, providing a promising therapeutic target for
patients. In conclusion, our findings suggest a potential reduction in the
support that Kii ALS/PDC astrocytes provide to neurons in the context
of CHCHD2 and mitochondrial health, providing the first genetic expla-
nation for this disease for which no causative gene has been identified.

Funding Source: JSPS Japan AMED Japan Intractable Diseases
Research Foundation Kanae and Uehara Memorial foundations
YUKIHIKO MIYATA MEMORIAL TRUST FOR ALS RESEARCH Okasan-
Kato Foundation Research and Yoshio Koide grants Japan ALS
Association

Keywords: Kii ALS/PDC, Parkinson disease, CHCHD2
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CIRCADIAN PROTEIN REGULATION OF VOLTAGE
GATED SODIUM CHANNELS AS A NOVEL
THERAPEUTIC TARGET IN PAIN

Wei, Liting - Nuffield Department of Clinical Neuroscience (NDCN),
Oxford University, UK

Singh, Tanya - NDCN, Oxford University, UK

Li, Xinyu - NDCN, Oxford University, UK

Cader, Zameel - NDCN, Oxford University, UK

Pain displays significant diurnal fluctuations, yet the underlying mech-
anisms remain elusive. In this study, we investigated the relationship
between pain and the circadian system using hiPSC-derived nocicep-
tors. We show molecular clock rhythms can be induced in nociceptors
and that it governs time-dependent neurophysiological responses.
We showed using patch clamp electrophysiology that voltage gated
sodium currents exhibited substantial time-dependent variation. This
matched findings in mouse primary nociceptors, indicating conserved
mechanisms. We also found that human iPSC derived nociceptor
firing rates as measured using multi-well multi-electrode arrays,
correlated with the variation in sodium current. Administration of the
cryptochrome CRY1and CRY2 small molecule stabilizer KLOO1, rapidly
reduced sodium currents and reversed nociceptor hyper-excitability.
We then showed that in iPSC nociceptors derived from a patient with
the chronic pain condition, erythromelalgia, KLOO1 was able to reverse
the hyper-excitability phenotype. These findings underscore promising
avenues for addressing chronic pain by directly modulating circadian
mechanisms.
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CHARACTERIZATION OF SCN1A METHYLATION
PATTERNS IN INDUCED PLURIPOTENT STEM
CELL-DERIVED CELLULAR MODELS AND
TARGETING THEM AS AN ALTERNATIVE
THERAPEUTIC STRATEGY IN DEVELOPMENTAL
EPILEPSIES

Schreiber, Anna Maria - Neurobiology, University of Alabama at
Birmingham, USA

Rose, Catherine - Neurobiology, University of Alabama at Birmingham,
USA

Talluri, Srushti - Neurobiology, University of Alabama at Birmingham,
USA

Lubin, Farah - Neurobiology, University of Alabama at Birmingham, USA

Epilepsy is a disorder of the central nervous system, characterized

by abnormal neural activity, resulting in chronic seizures. Approxi-
mately 40% of known epilepsy disorders are linked to genetic causes.
SCN1A encodes for the subunit of the sodium channel and is crucial

for synaptic plasticity in the healthy brain. Mutations in SCN1A cause
Dravet syndrome, which is a severe form of epilepsy, impacting a child’s
development, often being resistant to antiepileptic drugs. Despite
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identification of various genetic mutations associated with SCN1A, little
is known about the impact of these mutations on gene transcription in
epilepsy. Gene transcription changes in various epilepsies are driven
by epigenetic modifications, like DNA methylation (DNAme). Two forms
of DNAme, 5-methylcytosine (5-mC) and 5-hydroxymethylcytosine
(5-hmC) have been identified in the brain and are dysregulated in
epilepsy. However, changes in 5-mC and 5-hmC and their association
with SCN1A dysfunction have not been explored. Here, we sought

to identify and characterize changes in DNAme in the presence of
downregulated expression of SCN1A. Using an induced pluripotent
stem cell (iPSC)-based neurodevelopmental model, we will trace 5-mC
and 5-hmC epigenetic changes at different stages of cellular differen-
tiation. Our preliminary findings suggest that SCN1A knockdown (KD)
results in 5-mC and 5-hmC changes in iPSC and neural progenitors
(NPC). These 5-mC and 5-hmC changes were localized to transcription
start site and enhancer sequences. While we found that both 5-mC and
5-hmC marks were decreased in SCN1A KD iPSCs, SCN1A KD NPCs
5-hmC marks were significantly increased, suggesting that manipula-
tion of SCN1A is sufficient to alter 5-mC and 5-hmC marks. Additionally,
SCN1A KD resulted in downregulation of DNA methyltransferase 1 gene
expression with no effect on 5-mC and 5-hmC levels in iPSCs and NPC.
In summary, these findings suggest loss-of-function in SCN1A results

in altered DNAme patterns, which might influence gene transcription
mechanisms early in neuronal differentiation.

Keywords: SCN1A, DNA methylation, iPSC
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INVESTIGATING THE DYNAMIC ROLE OF ALPHA
SYNUCLEIN IN NEURONAL INNATE IMMUNITY
IN HUMAN EMBRYONIC STEM CELL-DERIVED
CORTICAL NEURONS UNDER LIVE IMAGING

Chai, Andrew - Institute for Regeneration and Repair, University of
Edinburgh, UK
Kunath, Tilo - Institute for Regeneration and Repair, Edinburgh, UK

Alpha synuclein (aSyn), and the modified, oligomeric and fibrillar
disease state conformations it adopts, is a major pathological molec-
ular driver of dementia with Lewy bodies (DLB), Parkinson’s disease
(PD), and other synucleinopathies. However, aSyn’s physiological role
is undefined, leading to poor understanding of pathophysiological
disease mechanisms which could contribute to aSyn-mediated neu-
rodegeneration. Recent evidence suggests aSyn has innate immune
roles in protecting neurons from neurotrophic viruses, with mouse in
vivo models showing increased susceptibility to viral-induced infection
and death when aSyn is knocked-out. However, no functional stud-
ies in human disease models have investigated the innate immune
role of aSyn in the CNS. We investigated aSyn transcription, protein
expression, and protein localisation, in human pluripotent stem cell
(hPSC)-derived cortical neurons stimulated with viral mimics of infection
and innate immune activators. We showed that Type-I interferon (IFN)
stimulation in human pluripotent stem cell (hPSC)-derived cortical
neurons showed significantly modulated extracellular aSyn secretion
into conditioned media, and increased nuclear localisation of aSyn in
a subset of cortical neurons. This may elude to a dynamic change in
subcellular localisation of aSyn when under acute interferon treat-
ment. Thus, we have constructed a novel live-imaging aSyn-HaloTag

N %

live reporter construct in hPSC-derived cortical neurons, whereby
observing live changes in subcellular localisation may shed light into
aSyn’s physiological and potentially protective role in cortical neurons.
Furthermore, changes in aSyn structure and localisation due to innate
immune stimulation may reveal links between infection and aSyn-medi-
ated neurodegenerative diseases such as DLB and PD.

Keywords: neuroscience, neurodegeneration, immunity
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GMP-COMPLIANT HLA-HOMOZYGOUS IPS CELL-
DERIVED CARDIOMYOCYTES FOR REPLACEMENT
THERAPY: OVERCOMING THE ISSUE OF BATCH-
TO-BATCH VARIABILITY

Martins, Soraia - Research and Development, Catalent Cell and Gene
Therapy, Germany

Greber, Boris - Research and Development Cell and Gene Therapy,
Catalent, Germany

Hiihne, Melanie - Research and Development Cell and Gene Therapy,
Catalent, Germany

Induced pluripotent stem (iPS) cell-derived cardiomyocytes (CMs) are
emerging as a powerful novel therapeutic prospect to treat heart fail-
ure, as these cells can repopulate and replace the damaged myocar-
dium. The use of good manufacturing practice (GMP) HLA-homozygous
iPS cell lines presents one strategy to overcome the critical issue of
immune incompatibility. However, current iPSC-CM workflows exhibit
complexities, producing inconsistent results and low yield. Hence, there
is an urgent need for developing workflows with enhanced robust-
ness, efficiency, and compatibility with GMP standards. To address

this need, we have been developing a GMP-compliant workflow for

the conversion of HLA homozygous iPSCs into CMs using a revised
and systematically optimized methodology. Hence, the 3D differenti-
ation process was developed based on rational and titrated signaling
pathway perturbations. By applying a co-stimulation strategy involving
both WNT and BMP signaling to induce cardiac mesoderm resulted

in improved differentiation efficiencies. However, true robustness in
methodology was achieved only upon extending the co-stimulation
strategy to include manipulation of FGF and TGFf signaling pathways,
in conjunction with adjustments to media changes. Importantly, this
approach essentially eliminated bulk cell density as a critical pro-

cess parameter and increased consistency to an extent that multiple
high-efficiency differentiation runs could be performed in a row — a key
pre-requisite for GMP translation and a hallmark that has not previously
been shown to our knowledge. The CMs resulting from this new plat-
form initially displayed a highly enriched but immature gene expression
signature, as expected. Over time, however, early myosin light and
heavy chain-encoding genes were replaced by late isoforms and the
cells acquired a more pronounced sarcomeric structure, in line with the
idea of maturation towards a ventricular default fate. Preliminary data



further suggest that this methodology is compatible with upscaling to
larger culture volumes and can be coupled with a prior expansion of
the iPSC using an independent 3D system, thus enabling a combined
therapeutic platform.

Funding Source: This work was supported by EU HORIZON-HLTH-
2021-TOOL-06-02 [Grant no. 101056712].

Keywords: GMP-compliant iPSC, iPS Cell-derived cardiomyocytes,
replacement therapy
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SYSTEMIC ADMINISTRATION OF IPSC-
MSC DERIVED EXOSOME FOR CARDIAC
REGENERATION

Li, Fei - Medicine, The University of Hong Kong, Hong Kong

Liang, Wei-Hao - Cardiology, The First Affiliated Hospital of Sun Yat-Sen
University, China

Xu, Qing - Medicine, The University of Hong Kong, Hong Kong

Liao, Song-Yan - Medicine, The University of Hong Kong, Hong Kong
Tse, Hung-Fat - Medicine, The University of Hong Kong, Hong Kong

Myocardial infarction (Ml) is the leading cause of death all over the
world. The limited regeneration capacity of adult mammal heart leads
to irreversible cardiomyocytes damages, causing pathological left
ventricular remodeling and heart failure (HF). Induced pluripotent stem
cell derived mesenchymal stem cells (iPSC-MSC) has been reported to
have better proliferative capacity, survival, more immune privilege than
bone marrow (BM)-MSC, making iPSC-MSC more effective in therapeu-
tic application in cardiac repair after Ml. Mounting evidence suggests
that exosomes derived from MSC can promote cardiac regeneration
and repair after Ml via anti-inflammatory, anti-apoptotic, anti-fibrotic,
immunomodulatory, and pro-angiogenesis. In this study, we extracted
exosome from iPSC-MSC and evaluated its therapeutic potential in
mouse model of MI. Mice were used to establish Ml model by ligating
left anterior descending coronary artery and randomized into 3 groups:
intravenous injection of phosphate-buffered saline (PBS) (Ml group),
intravenous injection of iPSC-MSC-exosome immediately after Mi
(iPSC-MSC-Exosome once group), intravenous injection of iPSC-MSC-
exosome immediately and weekly after Ml (iPSC-MSC-Exosome 4 times
group). Echocardiography was performed to evaluate cardiac function,
and our results showed that in iPSC-MSC-Exosome 4 times group, left
ventricle ejection fraction (LVEF) increased significantly compared with
MI group. In iPSC-MSC-Exosome once group, LVEF increased com-
pared with Ml group at Day7 after MI, which could not be maintained

in the following 4 weeks. Masson’s trichrome staining showed that the
infarct size in iPSC-MSC-Exosome once and 4 times groups significantly
decreased compared with Ml group. Meanwhile, immunofluorescence
staining with a-smooth muscle actin (a-SMA) and inducible nitric oxide
synthase (iINOS) showed that iPSC-MSC-exosome could increase
microvascular density and decrease inflammation after MI. In addition,
gPCR demonstrated that expression of angiogenesis related marker
increases in iPSC-MSC-exosome groups. In conclusion, iPSC-MSC-exo-
some could improve cardiac function after Ml via neovascularization,
anti-fibrosis, and anti-inflammation and repeated administration has
better therapeutic efficacy.

Keywords: iPSC-MSC, exosome, cardiac regeneration
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ENHANCED EXPANSION AND DIFFERENTIATION
OF HUMAN IPSC AGGREGATES IN SUSPENSION
CULTURE USING AN INNOVATIVE ACF SYSTEM

Daniliuc, Sharon - Research and Development, Bl Sartorious, Israel
Sabbah, Rawan - Research and Development, Advanced Therapy
Solution (ATS) Unit, Beit Haemek, Israel, Sartorius, Sartorius Stedim,
Israel

Elias, Irina - Research and Development, Advanced Therapy Solution
(ATS) Unit, Beit Haemek, Israel, Sartorius, Sartorius, Israel
Miropolski, Yuliya-Yael - Research and Development, Advanced
Therapy Solution (ATS) Unit, Beit Haemek, Israel, Sartorius, Sartorius,
Israel

Yaseen-badarne, Wesal - Research and Development, Advanced
Therapy Solution (ATS) Unit, Beit Haemek, Israel, Sartorius, Israel
Fiorentini, David - Research and Development, Advanced Therapy
Solution (ATS) Unit, Beit Haemek, Israel, Sartorius Stedim, Israel

Human pluripotent stem cells (hPSCs) have tremendous potential

for cell therapy applications due to their self-renewal capacity and
ability to differentiate into all three germ layers. However, generat-

ing enough cells for therapeutic applications requires scalable and
reproducible culture methods. Aggregates suspension culture enables
efficient expansion of pluripotent cells followed by directed lineage
differentiation. Aggregates differentiation recapitulates better embry-
onic development and signaling milieu experienced by cells in vivo.
Animal-Component-Free (ACF) culture medium is critical for clinical
translation as it avoids immunogenic contaminants associated with
animal and human-derived components. ACF systems supporting both
expansion and efficient differentiation in controlled bioreactors are
needed to facilitate regulatory approval of cell-based therapeutics.
Nutri3D hPSC ACF, a novel ACF expansion medium, was previously
shown to be an optimal medium for pluripotent aggregate suspen-
sion culture, supporting efficient aggregation and expansion of iPSC
over multiple passages. Expanded aggregates preserve pluripotency
and stable karyotype. A proof-of-concept (POC) evaluation of further
directed lineage differentiation was performed, including differentiation
along the mesoderm and endoderm lineages. iPSCs were differentiated
into cardiomyocytes (CM) a representative cell from the mesodermal
lineage. Nutri3D ACF-based differentiation medium and standard Wnt
on Wnt off differentiation protocol resulted in a high efficiency of above
95% viable juvenile cardiac cells, expressing the structural proteins
troponin-T and Sarcomeric a-actinin by day 10. Spontaneous beating
was observed at day 8 of differentiation. For definitive endoderm

(DE) lineage, the same Nutri3D ACF-based differentiation medium
supplemented with Activin A and CHIR99021 resulted in a above 95%
efficiency of DE cells, expressing the SOX17 and CD184 by day 5. In
conclusion, Nutri3D hPSC ACF allows scalable ACF suspension culture
of human iPSCs as pluripotent aggregates and a platform for endoderm
and cardiac differentiation. This represents a promising platform for
GMP-compliant production of hPSC-derived mature cells suitable for
cell-based therapies and tissue engineering.
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INTRAMYOCARDIAL INJECTION OF HUMAN IPSC-
CARDIOMYOCYTES/PROEPICARDIAL-LIKE CELLS
ENHANCES VASCULARIZATION AND SALVAGES
MYOCARDIAL THICKNESS IN CRYOINJURED RAT
HEARTS

Roslan, Fatin Fazrina - USM-ALPS Laboratory for Heart Research,
Advanced Medical and Dental Institute, Universiti Sains Malaysia,
Malaysia

Yu, Yuexin - Henan Key Laboratory of Cardiac Remodeling and
Transplantation, Zhengzhou Seventh People’s Hospital, China

Ooi, Jer Ping - USM-ALPS Laboratory for Heart Research, Advanced
Medical and Dental Institute, Universiti Sains Malaysia, Malaysia
Xu, Yaping - Henan Key Laboratory of Cardiac Remodeling and
Transplantation, Zhengzhou Seventh People’s Hospital, China
Yong, Yoke Keong - Department of Human Anatomy, Faculty of
Medicine and Health Sciences, Universiti Putra Malaysia, Malaysia
Chung, Chun Chen - USM-ALPS Laboratory for Heart Research,
Advanced Medical and Dental Institute, Universiti Sains Malaysia,
Malaysia

Mohd Yusof, Nurul Ain Nasim - Hematology Unit, Cancer Research
Centre, Institute for Medical Research, National Institute of Health (NIH)
Malaysia, Malaysia

Hor, Catherine Hong Huan - Department of Chemistry, Faculty of
Science, Hong Kong Baptist University, Hong Kong

Ab Patar, Mohd Nor Azim - Department of Neurosciences, Universiti
Sains Malaysia, Malaysia

Tan, Jun Jie - USM-ALPS Laboratory for Heart Research, Advanced
Medical and Dental Institute, Universiti Sains Malaysia, Malaysia

The proepicardial organ derives cells which forms the epicardium for
heart development but ceases after birth. A prior study demonstrated
that proepicardial-like cells (PECs) from human induced pluripotent
stem cells (hiPSCs) resemble embryonic epicardial cells. This study
explores PECs functions in cardiomyocyte therapy for cryoinjured rat
hearts. HiPSCs were produced from cord blood and subsequently
differentiated into cTnT+ cardiomyocytes (CMs) and WT1+ PECs using
previously established protocols. Sprague Dawley rats were immu-
nosuppressed with Cyclosporin A (15mg/kg/day) for 3 days prior to

cell transplantation and throughout the experiment. Hearts were
cryoinjured using liquid nitrogen-cooled vanadium probe for 1 minute,
followed by intramyocardial injection of phosphate-buffered saline
(control, n=5), CMs (106, n=4), or CMs+PECs (CMPEC, 106 each, n=5)
into the infarcted area. Cardiac functions were assessed using the
Millar Pressure Volume System at 4 weeks post-cell transplantation,
and heart sections were immune-stained for endothelial cells using von
Willebrand Factor (vWF). Differences between groups were analyzed
using ANOVA. Left ventricular ejection fraction (LVEF) was reduced to
48.2+4.6%, with increased end-systolic volume (155.4+7.5 pl) compared
to sham-operated controls (p< 0.05). While CMs and CMPEC treatments
showed a slight improvement in LVEF at 4 weeks (57.8% and 57.5%,
respectively), this difference did not reach statistical significance com-
pared to the control, despite the preservation of myocardial thickness
(p=0.0107). However, CMPEC-treated hearts showed significantly
greater vessel density (5.0+0.7 vs. 1.6+£0.4 units/mm2, p< 0.05) and
increased VWF expression (10.0+5.1% vs. 2.8+1.0% of infarct area,

p< 0.01) compared to the control. In conclusion, CMPECs preserved

N %

myocardial wall thickness by promoting vascularization within the
infarct region. An extended experimental duration may be required to
examine the benefits of CMs or CMPEC on cardiac functions.

Funding Source: This project was funded by RBS Medical Research
Grant 2022 and ALPS Global Holding Bhd. JJT was a recipient of
Fundamental Research Grant Scheme (FRGS/1/2018/STG05/USM/03/3)
and USM-CryoCord Matching Grant (1001/CIPPT/8011101).

Keywords: cardiac regeneration, human induced pluripotent stem cells,
epicardium
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FEASIBILITY STUDY FOR THE DETECTION OF
RESIDUAL UNDIFFERENTIATED HUMAN INDUCED
PLURIPOTENT STEM CELLS BY MEASURING
MICRORNA-302B IN CULTURE SUPERNATANT

Domke-Shibamiya, Aya - Research and Development Division, Sysmex
Research and Development Center Europe GmbH, Germany
Masumoto, Kanako - Central Research Laboratory, Sysmex Corporation,
Japan

Hansen, Arne - Institute of Experimental Pharmacology and Toxicology,
University Medical Center Hamburg-Eppendorf (UKE), Germany
Reinsch, Marina - Institute of Experimental Pharmacology and
Toxicology, University Medical Center Hamburg-Eppendorf (UKE),
Germany

Weinberger, Florian - Institute of Experimental Pharmacology and
Toxicology, University Medical Center Hamburg-Eppendorf (UKE),
Germany

Schulze, Thomas - Institute of Experimental Pharmacology and
Toxicology, University Medical Center Hamburg-Eppendorf (UKE),
Germany

Klampe, Birgit - Institute of Experimental Pharmacology and Toxicology,
University Medical Center Hamburg-Eppendorf (UKE), Germany
Reinelt, Anna - Hamburg Center for Kidney Health (HCKH), University
Medical Center Hamburg-Eppendorf (UKE), Germany

Sasaki, Yuko - Sysmex Research and Development Center Europe
GmbH, Germany

Aihara, Yuki - Central Research Laboratory, Sysmex Corporation, Japan
Suzuki, Seigo - Sysmex Research and Development Center Europe
GmbH, Germany

Eschenhagen, Thomas - Institute of Experimental Pharmacology and
Toxicology, University Medical Center Hamburg-Eppendorf (UKE),
Germany

Detection of residual undifferentiated human pluripotent stem cells
(hPSC) is important for the development of cardiac regenerative ther-
apy, in particular a non-destructive method is required. A feasibility
study was designed to evaluate the sensitivity of the detection method
for undifferentiated hPSCs by measuring microRNA-302b (miR302b)
as a biomarker in cell/tissue culture supernatant. This method consists
of a unique extraction process and a quantitative reverse transcription
polymerase chain reaction (RT-gPCR). Two types of human induced
pluripotent stem cell (hiPSC) control lines (in-house generated ERC020
sv2452 and cGMP-manufactured TC-1133) and hiPSC culture systems at
the Institute of Experimental Pharmacology and Toxicology UKE were
utilized. For the sensitivity test, the detection sensitivity was evaluated
with a spiking-in experiment. hiPSCs were spiked into other types of



human cells (primary dermal fibroblasts or HEK293T cells), 6 concen-
trations of hiPSCs were seeded at a percentage of 0, 0.001, 0.01, 0.1,
1,10% among background cells. After 24 hours of incubation under
hiPSC maintenance culture condition, the supernatant was harvested
and frozen immediately before extraction. The miR302b copy numbers
in 0.1 mL medium of each sample were examined by RT-gPCR. As a
time course test, the alteration of miR302b level in the medium during
cardiac differentiation of hiPSCs was examined. Directed growth fac-
tor-mediated cardiac differentiation was performed using a 2D protocol
(attached culture) and a 3D protocol (embryoid bodies). The culture
supernatant was collected at the time points of the stage changes
according to the respective differentiation protocols, from dO to d21. At
the end of differentiation runs, sarcomeric cardiac troponin T expres-
sion level (% positive population) was determined by flow cytometry.
For the sensitivity test, spike-in experiments resulted in a detection
limit of 0.01% of 2 independent hiPSC lines in the 2 different types

of background cells. In the time course test, 1000 fold decrease of
miR302b level was observed during directed cardiac differentiation of
2 hiPSC lines in both 2D and 3D manner (N=3 each). The detection limit
of 0.01% of hiPSCs was consistent with previous studies, demonstrating
the robustness of this technology.

Keywords: non-destructive detection of residual hiPSC, cardiac
differentiation, feasibility study
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ALL-IN-ONE CRISPR/CAS9 AAV TREATMENT
RESTORES CONTRACTILE FUNCTION IN
ENGINEERED MUSCLE TISSUES FROM DMD
PATIENTS

Gutiérrez-Gutiérrez, Oscar - Stem Cell Unit, Clinic for Cardiology and
Pneumology, University Medical Center G&ttingen Germany

Richter, Otilie - Stem Cell Unit, Clinic for Cardiology and Pneumology,
University Medical Center Géttingen, Germany

Opitz, Martin - Stem Cell Unit, Clinic for Cardiology and Pneumology,
University Medical Center Géttingen, Germany

Hofemeier, Arne D. - Institute of Pharmacology and Toxicology,
University Medical Center, Center for Cardiovascular Research (DZHK)
Partner Site Lower Saxony, Germany

Tiburcy, Malte - Institute of Pharmacology and Toxicology, University
Medical Center Géttingen, Germany

Schoger, Eric - Institute of Pharmacology and Toxicology, University
Medical Center Géttingen, Germany

Lenz, Christof - Proteomics Core Facility, Institute of Clinical Chemistry,
University Medical Center Géttingen, Germany

Sontheimer, Erik J. - RNA Therapeutics Institute, University of
Massachusetts Chan Medical School, USA

Zimmermann, Wolfram-Hubertus - Institute of Pharmacology and
Toxicology, University Medical Center Géttingen, Germany

Cyganek, Lukas - Stem Cell Unit, Clinic for Cardiology and Pneumology,
University Medical Center Géttingen, Germany

Duchenne muscular dystrophy (DMD) is a rare disease characterized
by progressive muscle loss, which causes respiratory disabilities and
cardiomyopathies during adulthood and ultimately premature death.
This X-linked recessive disorder has an incidence of 1in 5,000-6,000
males and is caused by mutations in the dystrophin gene. Dystrophin

is a giant protein expressed mainly in muscle cells whose function is

to stabilize the muscle fibers by connecting the cytoskeleton to the
extracellular matrix. More than 5,000 different DMD mutations have
been reported, most being out-of-frame deletions of at least one exon.
Consequently, dystrophin expression is impaired. Interestingly, in-frame
deletions resulting in truncated functional dystrophins can give rise to
milder muscular dystrophies or even asymptomatic clinical phenotypes.
In our study, we aimed to develop personalized CRISPR/Cas9-based
gene therapy strategies in different DMD patients, converting out-of-
frame deletions in in-frame deletions by inducing skipping of single or
multiple exons. To achieve this, patient-specific iPSCs were produced,
differentiated into cardiac and skeletal muscle cells, and phenotyped at
the cellular and tissue level. Depending on which exon was skipped by
CRISPR/Cas9 editing, stable or unstable dystrophin peptides were gen-
erated. Strikingly, engineered heart muscle derived from CRISPR-ed-
ited cardiomyocytes with robust dystrophin re-expression showed a
restoration of the contractile function. Finally, functional restauration
was achieved by the treatment of engineered skeletal muscle with
all-in-one AAVs containing smaller Cas9 variants. Altogether, the use
of patient-specific iPSC-engineered muscle tissues and all-in-one AAVs
represents an excellent platform to test different clinically translatable
CRISPR/Cas9-based exon skipping strategies for treating DMD.

Keywords: Duchenne muscular dystrophy, iPSC-engineered muscle
tissues, CRISPR/Cas9-based gene therapy
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DEEP IMMUNE-PHENOTYPING OF IPSC-DERIVED
HLA-HOMOZYGOUS CARDIOMYOCYTES

Maeding, Nicole - Cell Therapy Institute, Paracelsus Medical University,
Austria

Steinhuber, Anna - Cell Therapy Institute, Paracelsus Medical
University, Austria

Kriedemann, Nils - Leibniz Research Laboratories for Biotechnology
and Artificial Organs, Research Center for Translational Regenerative
Medicine, Hannover Medical School, Germany

Poupardin, Rodolphe - Cell Therapy Institute, Paracelsus Medical
University, Austria

Hochmann, Sarah - Cell Therapy Institute, Paracelsus Medical
University, Austria

Greber, Boris - Catalent Pharma Solutions, Germany

Kubalek, Michael - Austrian Red Cross Vienna, Austria

Jungbauer, Christof - Austrian Red Cross Vienna, Austrian Red Cross
Vienna, Austria

Mayr, Wolfgang - Austrian Red Cross Blood Transfusion Service, Austria
Schallmoser, Katharina - Transfusion Medicine Institute, Paracelsus
Medical University Clinic, Austria

Zweigerdt, Robert - Leibniz Research Laboratories for Biotechnology
and Artificial Organs, Research Center for Translational Regenerative
Medicine, Hannover Medical School, Germany

Strunk, Dirk - Cell Therapy Institute, Paracelsus Medical University,
Austria
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Cardiomyocytes derived from human induced pluripotent stem

cells (hiPS-CM) are promising tools to regenerate damaged hearts.
Donor-derived hiPS-CM constitute grafts with a distinct immune-phe-
notype and rejection risk. HLA homozygous (HLAho) hiPSC may reduce
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this risk and increase matching frequencies. Here we performed a
comprehensive immune-profiling of 3D-differentiated HLAho com-
pared to HLA heterozygous (HLAhe) hiPS-CM. Cardiomyocytes were
differentiated from HLAhe and HLAho iPSC strains in 3D cultures using
Wnt pathway modulation in hiPSC spheroids. Day-10 hiPS-CM aggre-
gates were analyzed for cardiac identity and purity. We performed

354 surface-marker LEGENDScreen immune-profiling of hiPSC and
corresponding hiPS-CM. Unsupervised hierarchical clustering and
pathway analysis identified differentially expressed immune recog-
nition molecules and cell lineage identity. We designed an extensive
marker panel for single-cell deep immune-phenotyping using spectral
flow cytometry. HLAhe and HLAho iPSC expressed low levels of HLA-
ABC, B2-microglobulin and MIC-A/B, and lacked HLA-DR/-DQ without
differences between haplotypes. Resulting hiPS-CM purity was 89.0-
98.6% cTNT+. We identified 102 differentially expressed immune-target
molecules defined by log10-fold expression change <0.5/ 22 (hiPS-CM/
hiPSC). Prominently upregulated markers included CD164, CD59,
N-cadherin; most downregulated included SSEA-5, EpCAM, Thy1,
TRA-2-54, and complement regulators CD46/CD55. All differentiated
hiPS-CM downregulated HLA-ABC and MIC-A/B, and upregulated the
‘don’t eat me’ signal CD47. Multiplex deep phenotyping recapitulated
screening results and unsupervised clustering separated undifferen-
tiated hiPSC from hiPS-CM. In two test populations of 561 vs 57,736
HLA-typed platelet donors we identified 109 (19.4%) vs 14,623 (25.3%)
haploidentical and 5 vs 457 homozygous matched individuals at ABC
2-digit resolution. High resolution and HLA-DRB1 matching reduced
matching frequencies by 1.7% and 31.3%, respectively. The hiPS-CM
immune-phenotype indicates a privileged graft recognition profile. Pre-
liminary HLA matching results encourage further functional validation
of HLAho iPS-CM testing sensitivity to matched vs mismatched T and
NK cells in vitro.

Funding Source: This work received funding from the European Union’s
Horizon 2020 research and innovation program (grant agreement
101056712 HEAL), by Land Salzburg, and Cancer Cluster Salzburg.

Keywords: iPS-cardiomyocytes, immune-phenotyping, HLA matching
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HETEROGENEITY OF XENO-FREE CULTURED
HUMAN PLURIPOTENT STEM CELLS (HPSCS)
INDUCES VARIATION IN THE DIFFERENTIATION
EFFICIENCY OF HPSC-DERIVED CORNEAL
LIMBAL STEM CELLS

Vattulainen, Meri - Faculty of Medicine and Health Technology,
Tampere University, Finland

Harjuntausta, Sonja - Faculty of Medicine and Health Technology,
Tampere University, Finland

Melin, Outi - Faculty of Medicine and Health Technology, Tampere
University, Finland

Pekkanen, Hanna - Faculty of Medicine and Health Technology,
Tampere University, Finland
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Nymark, Soile - Faculty of Medicine and Health Technology, Tampere
University, Finland
Skottman, Heli - Faculty of Medicine and Health Technology, Tampere
University, Finland

Differentiation of corneal limbal stem cells (LSCs) from hPSCs presents
a promising therapeutic approach to treat severe bilateral limbal stem
cell deficiency. However, hPSC variation is known to challenge the
robustness of the protocols and increase unwanted heterogeneity.
Here, hPSCs were differentiated towards corneal epithelium, and the
process was serially analyzed with real-time quantitative PCR (RT-qPCR)
and immunofluorescence (IF), to reassess the cell line-specific sensi-
tivity of an established, clinically applicable hPSC maintenance + dif-
ferentiation protocol. Only the hPSC lines with appropriate pluripotent
marker expression, multilineage differentiation capacity, and normal
karyotype were used. The results from five hiPSC lines were compared
with a hESC line showing a good historical performance in this proto-
col. Partial success in the stepwise differentiation towards LSCs was
achieved, but it was indeed diminished by varying lineage commitment
efficiency between the hiPSC lines and even between differentiation
batches within individual cell lines. RT-qPCR results indicated high
initial variation from line-to-line as well as from batch-to-batch within
the undifferentiated hiPSCs maintained on Essential 8 Flex/laminin-521
system with a weekend-free routine. Interestingly, the variations of
BMP4, LEF1, PAX6, and TGFB1 gene expressions, which represent
some of the key factors in corneal epithelial induction, were notably
high also in the control hESC line, suggesting that a standardization

of the starting material is needed for this protocol. Some cell batches
failed to upregulate PAX6 and developed a fibroblastic, mesenchymal
morphology in association with elevated TGFB1 gene expression, which
was linked to the decreased number of cells expressing LSC markers
p63 and CK14 in IF in the later phases of the differentiation. These
results emphasize the need for additional development and quality
control to ensure reliable production of homogenous starting material
for the LSC differentiations. Moreover, as underlined in our results, the
difficulty to develop a universal differentiation protocol for distinct hPSC
lines should further inspire the exploration of additional strategies to
facilitate the development of a widely available, cost-effective corneal
cell therapies.

Funding Source: This research was supported by the Research Council
of Finland, Sigrid Jusélius Foundation, Finnish National Eye and Tissue
Bank Foundation, Evald and Hilda Nissi Foundation, and Mary and
Georg C. Ehrnrooth Foundation.

Keywords: human pluripotent stem cells, differentiation, corneal
epithelium
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PSEUDO-TURBINATE REGENERATION: NOVEL
INSIGHT FOR THE TREATMENT OF EMPTY NOSE
SYNDROME

Adamo, Davide - Department of Life Science, University of Modena and
Reggio Emilia, Italy

Galaverni, Giulia - Department of Life Science, Centre for Regenerative
Medicine “Stefano Ferrari”, University of Modena and Reggio Emilia,
Italy

Barbero, Andrea - Department of Biomedicine, University of Basel,
Switzerland

Genna, Vincenzo Giuseppe - Holostem Terapie Avanzate S.r.l., Italy
Feliciano, Sandra - Department of Biomedicine, University of Basel,
Switzerland

Lepore, Fabio - Department of Life Science, Centre for Regenerative
Medicine “Stefano Ferrari”, University of Modena and Reggio Emilia,
Italy

Martin, lvan - Department of Biomedicine, University of Basel,
Switzerland

Pellegrini, Graziella - Department of Life Science, Centre for
Regenerative Medicine “Stefano Ferrari”, University of Modena and
Reggio Emilia, Italy

Empty nose syndrome (ENS) is a rare and poorly understood iatrogenic
condition occurring in 20% of patients undergoing turbinate resection.
The main symptoms depicting this syndrome are paradoxical sensa-
tions of suffocation, nasal bleeding, crusting, sleep disorders, anxiety
and depression with a high suicidal rate. Existing medical treatments
tend to alleviate symptoms without providing a permanent solution.
Surgical reconstructive methods commonly prioritize restoring nasal
cavity volume over regenerating the respiratory mucosa, which plays

a crucial role in air filtration, warming, and humidification. The primary
objective of the present study is to create a nasal pseudo-turbinate,
which includes a human nasal tissue-engineered cartilage graft (N-TEC)
covered by a functional airway epithelium. Emphasis has been given to
studying the interaction and coexistence of the two tissues during the
in vitro regeneration process. Firstly, the preservation of parameters
used as release criteria for the clinical application of N-TEC graft has
been confirmed following culture with epithelial cells. Secondly, the
ability of primary airway epithelial cells to stably adhere and proliferate
onto the N-TEC, promptly regenerating a continuous epithelium, has
been assessed. Efforts have been dedicated to identifying the culture
conditions necessary to guarantee the retention of the highest airway
epithelial clonogenic potential as well as the tissue-specific multilin-
eage differentiation capacity, namely the ability to regenerate all the
airway specialized cell types. Finally, essential for the translational pros-
pects, the preservation of the epithelial cells stem cell pool has been
investigated after culture onto the N-TEC through single-cell clonal
analysis and quantification of biological and molecular parameters
associated with this particular cell population. The successful regenera-
tion of a 3D pseudo-turbinate holds promises not only for patients with
ENS and for those suffering from more severe respiratory disorders
but also propels the entire field of regenerative medicine forward. This
achievement lays the foundation for developing successful combined
ex vivo tissue engineering therapies, pushing the boundaries of per-
sonalized treatment to regenerate intricate 3D structures and organs.

Funding Source: This research has been funded by RESEARCH
PROJECTS OF RELEVANT NATIONAL INTEREST (PRIN) prot.
2022CMNWCZ

Keywords: empty nose syndrome, epithelial and cartilage tissue
engineering, airway stem cells-based therapy
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ADVANCING IMMUNOTHERAPEUTIC
APPROACHES THROUGH CO-CULTURE OF
GASTROINTESTINAL ORGANOIDS WITH CAR-T
CELLS

Heinzelmann, Elisa - DOPPL SA, Switzerland

Ceroni, Camilla - Research and Development, DOPPL SA, Switzerland
Roch, Aline - Research and Development, DOPPL SA, Switzerland
Meyer, Marine - Product Management, DOPPL SA, Switzerland
Brandenberg, Nathalie - Management, DOPPL SA, Switzerland

Developing investigational ex-vivo models that accurately replicate
the intricate interactions between tissues and immune cells is crucial
for advancing novel immunotherapeutic approaches. However, such
co-culture systems are often challenging to establish and limited

in their scope. Our study introduces a new method using healthy
organoids to investigate the interactions between the gastrointestinal
(GI) epithelium and Chimeric Antigen Receptor - T (CAR-T) cells. The
primary aim is to assess any potential cytotoxic effects of CAR-T cells
on the organoids, thereby evaluating the adverse effects CAR-T cell
therapy may have on the healthy tissue. As CAR-T cell therapy relies 1
on specific target interactions present in the native epithelium, it is

crucial to maintain this specificity in the organoid model. The presence

of the target of interest, as well as adherens and tight junction proteins,

is assessed through immunohistochemistry (IHC) and immunofluo-

rescence (IF) directly on the organoids. Our co-culture system uses

microwells for the generation of Gl organoids to which immune cells

can be added. The interactions between the organoids and the immune

cells are visualized using cell tracker dyes, allowing us to monitor

the co-culture evolution over multiple days. Moreover, we utilize live

imaging and image analysis techniques to quantify the cytotoxic effects

and dose-limiting activity of CAR-T cells against organoids expressing

the target of interest. The high level of cultures’ homogeneity ensured

by our system allows us to precisely control the effector-to-target ratio,
demonstrating the potential of our approach for applications in immu-
notherapy toxicity and efficacy assessment. This novel approach has

the potential to contribute to the development of improved immuno-
therapeutic strategies.
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EN31-FNCAS9-BASED ADENINE BASE EDITORS
FOR PRECISION EDITING IN PATIENT-SPECIFIC
IPSCS AND CORRECTION OF TWO PATHOGENIC
MUTATIONS LINKED TO LEBER CONGENITAL
AMAUROSIS (LCA)

Mariappan, Indumathi - Center for Ocular Regeneration, Hyderabad
Eye Research Foundation, LV Prasad Eye Institute, India

Mahato, Sudipta - Center for Ocular Regeneration, Hyderabad Eye
Research Foundation, LV Prasad Eye Institute, India

Acharya, Sundaram - Genomic Biology, CSIR-Institute of Genomics and
Integrative Biology, India

Maddileti, Savitri - Center for Ocular Regeneration, Hyderabad Eye
Research Foundation, LV Prasad Eye Institute, India

Agrawal, Trupti - Center for Ocular Regeneration, Hyderabad Eye
Research Foundation, LV Prasad Eye Institute, India

Pulimamidi, Vinay Kumar - Center for Ocular Regeneration, Hyderabad
Eye Research Foundation, LV Prasad Eye Institute, India

Jalali, Subhadra - Smt. Kanuri Santhamma Centre for Vitreo Retinal
Diseases, LV Prasad Eye Institute, India

Maiti, Souvik - Nucleic Acid Biophysics, CSIR-Institute of Genomics and
Integrative Biology, Mathura Road, India

Chakraborty, Debojyoti - Therapeutic Genome Editing, CSIR-Institute of
Genomics and Integrative Biology, India

The clinical success of CRISPR-based therapies depends on the

safety and efficacy of Cas proteins. The Francisella novicida Cas9
(FnCas9) has negligible affinity for mismatched substrates enabling it
to discriminate DNA off-targets with very high precision, thus offering
better safety. However, the gene targeting efficiency of this high fidelity
FnCas9 is low. To improve edit efficiencies, we carried out protein struc-
ture-guided engineering of the gene, to create engineered FnCas9
variants (en1, enl15, en31). These variants show enhanced cellular edit
efficiency, while retaining the inherent high-fidelity and target speci-
ficity. They also offer PAM flexibility (NGG to NGR/NRG) and supports
gRNAs of variable lengths (g20-g28). We evaluated the enFnCas9 vari-
ants on a PAX6 target loci in human ARPE-19 cells and observed effi-
cient gene knockout and loss of protein expression in transfected cells.
Also, in hard to transfect iPSCs, we observed a significantly higher edit
efficiency with en1FnCas9 (18.6%) and en15FnCas9 (23%), when com-
pared to the regular spCas9 (13.8%). The en31FnCas9-based, cut-free,
adenine base editing system (en31ABEmax8.17) with an expanded edit
window (PAM distal A3-A14 position), enhances the genome accessibil-
ity and targeting range by ~3.5 folds. We further evaluated the target
specificity and edit efficiency of en31ABEs at two mutant loci (RPE65
and RD3) in patient-specific iPSCs. We observed precise A>G edits and
mutation correction within RD3 in 13% cells, using a 21 bp guide with
NGG PAM. Similarly, we observed successful mutation correction within
exon 9 of RPEG5 in 21%, 13%, 8% of the cells, using 21 bp guides with
NGG, GGA, AAG PAMs respectively (N=3 each). The edited cells were
clonally expanded, and two clonal lines that showed >99% edits, with
precise edits at the target locus were differentiated into neuro-retinal
organoids and RPE cells. Detailed characterization of mature iPSC-RPE
cells confirmed the successful restoration of RPE65 mRNA and protein
expression in edited cells, as levels comparable to healthy control cells.
Thus, we provide the proof-of-concept of mutation correction using
high fidelity FnCas9-based Adenine Base Editing system, which offers

N %

significant translational potential towards developing cell-based
therapies for various inherited eye disorders.

Funding Source: Department of Biotechnology (DBT), Department of
Science and Technology-Science and Engineering Research Board
(DST-SERB), Government of India.

Keywords: adenine base editing, engineered FnCas9, patient-specific
iPSCs
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THE OPTIMIZATION OF THE CRYOPRESERVATION
WORKFLOW FOR PLURIPOTENT STEM CELLS

Kuizenga, Jillian - Biochemistry and Molecular Biology, Colorado State
University, USA

Rieger, Don - Research and Development, CaseBioscience, USA
Stachecki, James - Research and Development, CaseBioscience, USA
Flynn, Kevin - Research, Case Bioscience/Colorado State University,
USA

Pluripotent stem cells (PSCs), including embryonic stem cells (ESCs)
and induced pluripotent stem cells (iPSCs), hold immense promise in
regenerative medicine, disease modeling, and drug discovery. How-
ever, research and clinical applications heavily rely on development of
efficient methods to ensure long-term storage, viability, and functional-
ity. Many of the standard protocols vary from lab to lab and are not opti-
mized for a simple effective methodology. Here we explore strategies
for cryopreservation of PSCs, with a focus on optimizing protocols for
both DMSO-containing and DMSO-free cryoprotective solutions. Work-
flow parameters including cell collection techniques, cryoprotective
agents (CPAs), cooling and thawing protocols, and post-thaw recovery
methods were examined. In addition, the use of drugs affecting Rho
associated protein kinase(s) (ROCK) and associated signaling molecules
were compared for optimal recovery of PSCs following cryopreserva-
tion. After testing these various factors, we provide an optimized pro-
tocol for PSC recovery following cryopreservation. Finally, we explore
the potential of rapid-cooling and storage, from room temperature, to
enhance cryopreservation efficiency and cell recovery. Best practices
in data generation and analyses for determining optimal PSC cryopres-
ervation, such as viability and recovery, morphological and functional
characteristics, as well as genetic stability, are also addressed. Using
optimized protocols in a unified cryopreservation workflow, we can
achieve over 2-fold better long-term recovery of PSCs compared to
conventional passive cooling methods. Critical steps identified include
the method of cell dissociation, timing of loading and unloading of
CPA solutions (washing steps), thawing temperatures and times, and
centrifugation parameters (G-force and spin times). We aim to provide
valuable insights into the current state-of-the-art and advance cryo-
preservation protocols for PSCs, ultimately improving their widespread
discovery and clinical translation applications.

Keywords: cryopreservation, clinical applications, cGMP
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DIFFERENTIATION OF IPSCS TO FUNCTIONAL INK
CELLS IN SUSPENSION AND APPLICATIONS IN
CANCER RESEARCH

Kennedy, Mark W. - Cell Biology, Thermo Fisher Scientific, USA
Bunn, Marcus - Cell Biology, Thermo Fisher Scientific, USA
Bailey-Steinitz, Lindsay - Cell Biology, Thermo Fisher Scientific, USA
Chandra, Vivek - Cell Biology, Thermo Fisher Scientific, USA
Kuninger, David - Cell Biology, Thermo Fisher Scientific, USA

Pluripotent stem cells (PSCs) are a renewable cell source that could be
used to generate cell therapies to treat many diseases including cancer.
Numerous methods have been established to generate different cell
types however significant challenges remain to ease the transition

from discovery to commercial manufacturing. Recently we developed
CTS-StemScale™, a PSC suspension culture medium designed for CGT
manufacturing that enables the large-scale culture of PSCs. Natural
killer (NK) cells are innate, cytotoxic lymphoid immune cells that can kill
malignant cells without HLA matching and are a major focus for alloge-
neic therapy development. NK cell therapy clinical trials indicate that
~5x106 - 1x108 NK cells per kilogram body weight may be required for
effective treatments. Yet requirements such as donor sourcing and suc-
cessful expansion hamper the ability to efficiently generate large quan-
tities of functional NK cells. Here, we describe a method to produce
PSC-derived NK (iNK) cells, from CTS-StemScale suspension cultures
enabling the generation of highly enriched, functional iNKs in a scalable
culture format. PSCs grown in suspension as spheroids were induced
using growth factor cocktails to differentiate into CD34+ hematopoietic
progenitor cells and subsequently to CD56+ iNK cells without the addi-
tion of feeder cells. Further culture of iNK cells in CTS™ NK-Xpander led
to significant enrichment of CD56+CD3- and CD56+CD16+ phenotypes.
The cytolytic potential of these iNKs was further demonstrated by their
ability to kill K562 cancer cells as well as patient-derived 3D colon
tumoroids and showed similar degranulating activity as primary NK
cells. In summary, the use of CTS-StemScale highlights the potential for
feeder-free PSC suspension cultures to be differentiated into cytolytic
iNKs at scale.

Keywords: pluripotent stem cell, cell therapy, natural killer cell
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CELL THERAPY SCALE-UP: BIOPROCESS
DEVELOPMENT FOR THE PRODUCTION OF
HEMATOPOIETIC CELLS

Juarez Garza, Brenda Elizabeth - Bioprocess Engineering, Delft
University of Technology, Netherlands

Klijn, Marieke - Bioprocess Engineering, Delft University of Technology,
Netherlands

Ottens, Marcel - Bioprocess Engineering, Delft University of
Technology, Netherlands

van Arragon, Tom - Applikon Biotechnology, Getinge, Netherlands

van den Akker, Emile - Hematopoiesis, Sanquin Research, Netherlands
Varga, Eszter - Hematopoiesis, Sanquin Research, Netherlands

Blood transfusion is currently the most common cell therapy applied
worldwide to treat various medical purposes. One of the purposes is
the treatment of severe anemias, as these diseases can only be treated
with blood transfusions and stem cell transplantations. An attractive
therapy that could overcome the risks involved with donor-derived
transfusion products is in vitro-produced red blood cells (RBCs) or the
corresponding stem cells, namely hematopoietic stem cells (HSCs).

In vitro RBCs can be produced from induced pluripotent stem cells
(iPSCs), which are pluripotent cells created by reprogramming human
somatic cells. This reprogramming technique started a new era in
regenerative medicine due to their self-renewing properties and multi-
lineage differentiation potential to produce patient-specific progenitor
or functional effector cells. However, hematopoietic cells and RBCs
from iPSC are mostly produced via multiple differentiation steps using
static adherent protocols which hinders scalability towards clinically
relevant volumes. A dynamic shake flask cultivation was developed to
produce hematopoietic stem/progenitor cells (HSPCs), which can fur-
ther be differentiated into functional RBCs. The dynamic cultivation led
to a ~16,000 fold increase in cell number compared to static cultivation.
This project aims to transfer the developed protocol to a suspended
stirred-tank bioreactor to produce HSPCs. Employing bioreactors will
improve reproducibility and facilitate upscaling towards the desired
volumes, as mini-transfusions (1011 RBC, required in phase | trial) could
be generated with 3 to 4 three-litre bioreactors. The main challenges
to be optimized are specific nutrient and oxygen requirements for each
differentiation step, as well as shear stress effects.

Keywords: hematopoietic stem progenitor cells, bioreactor, scale-up
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AN 8-CELL(8C)-LIKE HUMAN INDUCED
PLURIPOTENT STEM CELL PLATFORM FOR
BIOENGINEERED MYELOID PROGENITOR
THERAPIES

Buys, Willem - Pediatric Oncology, Johns Hopkins School of Medicine,
USA

Zambidis, Elias - Pediatric Oncology and Institute for Cell Engineering,
Johns Hopkins University, USA

Zimmerlin, Ludovic - Institute for Cell Engineering, Johns Hopkins
University, USA

Primary myeloid progenitors (MP) can reduce the severity and duration
of neutropenia in animal and early-phase clinical studies. Following
transient engraftment, MP can generate differentiated effector cells in
vivo over several weeks, thus reducing the required cell numbers, and
extending the duration effects, compared to neutrophil transfusions.
However, primary MP rely on donations, are prone to spontaneous
differentiation, and are poorly amenable to bioengineering (e.g.,

CAR myeloid cells). Although hiPSC can generate unlimited numbers
of stably gene edited MP, clinical translation is hindered by poor in

vivo persistence of differentiated progeny from conventional hiPSC
following transfusion into adult hosts; which may be linked to the lin-
eage-primed differentiation bias of primed iPSC and the pro-apoptotic
state of their progeny. We have thus developed a chemical PARP-regu-
lated stem cell culture system that confers hiPSC with 8C-like features
and improved differentiation capacity (without epigenomic or karyo-
typic aberrations). These Tankyrase/PARP inhibitor-regulated (TIRN)-
hiPSC directly differentiated to progenitor lineages at significantly
greater efficiency and viability than conventional hiPSC, without a need
for ‘repriming’ or capacitation steps, and with high in vivo engraftment
potential. Here, we describe methods for generating bioengineered
myeloid progenitors from these 8C-like TIRN-hiPSC in defined xeno/
feeder-free (XF/FF) culture conditions to serve as versatile cGMP-com-
pliant cell therapy platform. In teratoma assays, XF/FF 8C-like TIRN-
hiPSC robustly generated three-germ layer structures with less
differentiation bias than their isogenic primed hiPSC counterparts. In
hematopoietic differentiation, XF/FF 8C-like TIRN-hiPSC cells efficiently
generated CD34+CD45+ progenitors and myelocytes with improved
cellular identity (CD15, CD11b expression) and morphology at 50-fold
greater yields than primed hiPSC. These data provide the first func-
tional 8C-like hiPSC platform for generating high-yield cellular immune
therapies; a goal which has remained elusive using conventional hiPSC.
The high production of viable MP’s from these functional 8C-like human
stem cells is uniquely amenable to large-scale production for early
phase clinical studies.

Funding Source: NIH/NEI (RO1EY032113; RO1EY023962), NIH/NICHD
(RO1HD082098), The Maryland Stem Cell Research Fund (2023-
MSCRFV-5995), and the Dr. Werner-Jackstadt Stiftung (0134-10.127).

Keywords: myeloid cell therapies, naive iPSC, cell engineering
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DUAL TARGETED ANTICD19 AND ANTICD22
CHIMERIC ANTIGEN RECEPTOR-NATURAL KILLER
CELLS IN LIMPHOMA CELL LINE

Semsari, Hanieh - Hematology and Blood Banking, Tarbiat Modares
University, Iran

**Soufi Zomorrod, Mina (Equal Contributor) - Hematology and Blood
Banking, Tarbiat Modares University, Iran

Soleimani, Masoud - Hematology and Blood Banking, Tarbiat Modares
University, Iran

Entering chimeric antigen receptor (CAR) T cells into the field of
treatment for patients with B-cell malignancies has become a prom-
ising treatment option, and to date, CAR-T cells against various CD
markers have shown good results. However, the limitations of CAR-T
cells, which are limited to autologous samples as a source and can
also lead to complications such as graft-versus-host disease and
cytokine release syndrome, have led researchers to other alterna-
tives. Natural killer (NK) cells can be a good substitute for T cells due
to their very cytotoxic nature, which has led CAR-NKs to be added to
the studies. Despite the high remission rate following CAR therapies in
lymphoma, disease relapse and the development of resistant mech-
anisms continue to account for a high percentage of disease cases.
Therefore, new solutions are one of the main needs in the field of
treating these diseases. We hypothesized that simultaneous targeting
of two antigens may reduce the chance of antigen loss, so one strategy
to prevent CD19-negative tumor escape is to simultaneously target
CD19 and a second B-lineage antigen, CD22, which has The potential
to be co-targeted in treatment with CD19 in CAR-NK cells. We simul-
taneously targeted the Raji cell line as a lymphoma model with two
separate anti-CD19 and anti-CD22 constructs in vitro. Cytotoxicity of
anti-CD19/CD22 CAR-NK was evaluated using flow cytometry and in
terms of induction of apoptosis, CD107a granulation and secretion of
GM-CSF, TNF, MIP and IFN-g, dual CAR NK was significantly superior to
si-CAR-NK. These results demonstrate the potential of dual anti-CD19/
CD22 CAR-NK cells and suggest that optimization of CAR constructs in
NK cells can improve the efficacy of CAR therapy.

**(Author contributed equally to this research)

Keywords: dual chimeric antigen receptor, immunotherapy, natural kill
cell
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UNLOCKING THE POTENTIAL OF IPSC-DERIVED
MACROPHAGES (IMACS) FOR CANCER
IMMUNOTHERAPY

Khoshchehreh Jamali, Reyhaneh - Department of Stem Cells and
Developmental Biology, Royan Institute for Stem Cell Biology and
Technology, Iran

Moser, Alexandra - Board of Governors Regenerative Medicine Institute,
Cedars-Sinai Medical Center, USA

Dimas-harms, Jovita - Board of Governors Regenerative Medicine
Institute, Cedars-Sinai Medical Center, USA

Inzalaco, Jake - Board of Governors Regenerative Medicine Institute,
Cedars-Sinai Medical Center, USA

Milshteyn, Larry - Samuel Oschin Comprehensive Cancer Institute,
Cedars-Sinai Medical Center, USA

Villamejor, Anton luis - Samuel Oschin Comprehensive Cancer Institute,
Cedars-Sinai Medical Center, USA

Goodridge, Helen - Board of Governors Regenerative Medicine
Institute, Cedars-Sinai Medical Center, USA

Svendsen, Clive - Board of Governors Regenerative Medicine Institute,
Cedars-Sinai Medical Center, USA

Merchant, Akil - Department of Medicine, Cedars-Sinai Medical Center,
USA

Cancer presents a formidable global health challenge, urging the
exploration of novel therapeutic avenues with reduced side effects
compared to conventional treatments. Immunotherapy, harnessing the
body’s immune system, offers promise, especially given the limitations
of T cell-based approaches, prompting investigation into alternatives
like macrophage-based strategies. Macrophages, pivotal in immune
function, serve dual roles as phagocytes and antigen-presenting cells.
However, cancer cells often evade macrophage detection through
upregulation of “don’t eat me” signals, notably CD47. Despite chal-
lenges, a new generation of macrophage checkpoint inhibitors target-
ing the CD47-SIRPa axis shows promise. By leveraging recent advances
in induced pluripotent stem cell (iPSC) technology, we aimed to pioneer
effective cancer immunotherapy using iPSC-derived macrophages
(iMACs). Our pilot objectives included phenotypic and functional char-
acterization of IMACs, development of a screening assay for macro-
phage phagocytosis, and optimization of CRISPR gene editing of IMAC
precursors. We successfully generated iMACs from human iPSCs and
evaluated their phagocytic capacity in vitro and in vivo using a mouse
model of Lymphoma. Our focus on CRISPR-mediated targeting of the
SIRPa-CDA47 axis aimed to enhance iMAC phagocytic function, further-
ing therapeutic development. In conclusion, this innovative approach
harnessing iPSC-derived macrophages presents a promising avenue
for advancing cancer immunotherapy. By leveraging the scalability and
genetic engineering potential of iPSC technology, a foundation is laid
for the development of a novel cellular therapy poised to tackle critical
challenges in cancer treatment.

Funding Source: This study was funded by Cedars- Sinai 2023 CSC and
RMI Joint Research Initiative Award.

Keywords: macrophage, iPSC, cell therapy
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SCALABLE GENERATION OF HUMAN IPSC-
DERIVED NATURAL KILLER AND DENDRITIC
CELLS USING A CONTINUOUS CONCURRENT
PRODUCTION PLATFORM

Saleh, Fawaz - Pediatric Pneumology, Allergology and Neonatology
and Leibniz Research Laboratories for Biotechnology and Artificial
Organs (LEBAO), Hannover Medical School, Germany

Carvalho Oliveira, Marco - Department of Pediatric Pneumology,
Allergology and Neonatology, Hannover Medical School, Germany
Jirmo, Adan Chari - Department of Pediatric Pneumology, Allergology
and Neonatology, Hannover Medical School, Germany

Santamorena, Maria Michela - Institute for Transfusion Medicine and
Transplant Engineering Molecular Imnmunotherapy, Hannover Medical
School, Germany

Mulder, Kevin - Gustave Roussy Cancer Campus, Institut National de la
Santé Et de la Recherche Médicale (INSERM), France

Gaedcke, Svenja - Biomedical Research in Endstage and Obstructive
Lung Disease Hannover (BREATH), Hannover Medical School, Germany
Meyer, Greta - Institute of Transplant Inmunology, Hannover Medical
School, Germany

Buyny, Sabine - Department of Rheumatology and Clinical Inmunology,
Hannover Medical School, Germany

Morgan, Michael - Institute of Experimental Hematology, Hannover
Medical School, Germany

Jacobs, Roland - Department of Rheumatology and Clinical
Immunology, Hannover Medical School, Germany

Falk, Christine - Institute of Transplant Immunology, Hannover Medical
School, Germany

Eiz-Vesper, Britta - Institute for Transfusion Medicine and Transplant
Engineering Molecular Inmunotherapy, Hannover Medical School,
Germany

Cho, Duck - Samsung Medical Center, Sungkyunkwan University, Korea
Kaufman, Dan - Sanford Consortium for Regenerative Medicine,
University of California, USA

Ginhoux, Florent - Gustave Roussy Cancer Campus, Institut National de
la Santé Et de la Recherche Médicale (INSERM), Germany

Zweigerdt, Robert - Leibniz Research Laboratories for Biotechnology
and Artificial Organs (LEBAO), Hannover Medical School, Germany
Hansen, Gesine - Department of Pediatric Pneumology, Allergology and
Neonatology, Hannover Medical School, Germany

Lachmann, Nico - Department of Pediatric Pneumology, Allergology
and Neonatology, Hannover Medical School, Germany

Cell-based immunotherapies using T cells, natural killer cells (NK), and
dendritic cells (DC) in human clinical trials have been experiencing an
outstanding rise. However, certain challenges persist, such as limited
availability of desired cell type, inherent heterogeneity, donor variabil-
ity, and others. As a potential solution, human induced pluripotent stem
cells (iPSCs) offer an alternative approach to generate immune cell
types at scalable numbers for future immunotherapies. Here, we report
the continuous and scalable production of fully functional iPSC-NK
(i-NKs) and -DC (i-DCs) applying a chemically defined differentiation
protocol, which is initiated by 3D hematopoietic organoids (Hemanoids).
Of note, Hemanoids exhibit the capabilities to generate various immune
cells through adjustments only in the cytokine cocktail, facilitating the
induction of different hematopoietic lineages. i-NKs were harvested
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regularly in adherent and scalable suspension benchtop bioreactors
with a purity of over 90%. Notably, the i-NKs exhibited stage-spe-

cific NK populations characterized by the immunophenotype profile
CD56-CD16-, CD56+CD16-, CD56+CD16+, demonstrating their ability
to degranulate and engage in killing against K562 cells. Transcriptomic
and trajectory analysis confirmed a progenitor population CD56- that
gives rise to CD56+ cell populations. Additionally, i-NKs could be fur-
ther expanded, resulting in activation and thus driving i-NKs towards a
maturation state, leading to an increased frequency of CD56+ cells and
enhanced killing capacity. For i-DC generation, three media formula-
tions were utilized to generate various DC subsets. Transcriptomic anal-
ysis confirmed various DC subsets such as cDC2, DC3, DC progenitors.
Irrespective of the cytokine used, i-DCs were able to process antigens
efficiently and stimulated T cells, demonstrating the capacity to induce
effector memory phenotype in CMV positive patient cells, showing
proof of concept for potential immunotherapy approaches for future
vaccinations or development of antigen -specific T cell therapy. In sum-
mary, we introduce a new method for the continuous generation of fully
functional i-NKs and i-DCs that would serve as an attractive immune
cell-farming platform for clinical applications.

Keywords: dendritic cells and natural killer cells, bioreactors, cell
therapy
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DIFFERENTIATION OF HUMAN PLURIPOTENT
STEM CELLS (HPSCS) INTO HEMATOPOIETIC AND
ENDOTHELIAL CELL TYPES USING A DEFINED,
ANIMAL ORIGIN-FREE CELL CULTURE MEDIUM

Tempier Lemey, Camille - STEMCELL Technologies, France

Judson, Robert - STEMCELL Technologies, Canada

Cornish, Lucy - Research and Development, STEMCELL Technologies,
Canada

Chen, Nina - STEMCELL Technologies, Canada

Ewen, Catherine - STEMCELL Technologies, Canada

Romera Herndndez, Ménica - STEMCELL Technologies, Canada
Eaves, Allen - BC Cancer, Terry Fox Laboratory, Canada

Louis, Sharon - STEMCELL Technologies, Canada

Hunter, Arwen - STEMCELL Technologies, Canada

The development of fully defined cell culture systems to support
differentiation of human pluripotent stem cells (hPSCs) into clinically
significant cell types is crucial for advancing hPSC-based therapies. To
address this need, we developed STEMdIiff™ APEL"2—a fully-defined
hPSC medium composed of animal origin-free components, based on
Ng et al.,, (2008). STEMdiff™ APEL"2 is a flexible base medium designed
to support multi-lineage hPSC differentiation and is adaptable to both
3D and adherent cell platforms. In this study, we demonstrate the utility
of STEMdiff” APEL"2 by generating two therapeutically-relevant cell
types: hematopoietic progenitor cells (HPCs) and endothelial cells
(ECs). For hematopoietic differentiation, embryoid bodies (EBs) were
generated from three hPSC lines (H9, WLS-1C and SCTi003-A) using
2000 cells/well of round-bottom 96-well plates. EBs were then cultured
in STEMdiff™ APEL"2 medium supplemented with SCF, VEGF, BMP4,
and bFGF. After six days of culture, flow cytometry analysis revealed

27 £ 7% viable cells were CD34+ HPCs, yielding 4.7 x 10”5 + 3.1 x 10"4
CD34+ cells per well of a 96-well plate (mean + SD; n =9, 3 cell lines).

N %

To assess the functionality of these HPCs, subsequent differentiation
steps, performed as described by Kaufmann et al. (2020), produced
robust natural killer (NK) cell differentiation, with 87% + 7% of cells
expressing NK markers CD56+/CD45+ after 30 days and yielding 5.4 x
1076 + 5.3 x 10"5 NK cells per well of a 6-well plate (n =6, 2 cell lines).
Cytotoxic killing and degranulation assays further demonstrated the
functional properties of NK cells in vitro. Additionally, we established

a STEMdiff™ APEL"2-based protocol for endothelial differentiation,
adapted from Tan et al., (2013). Seeding three hPSC lines (H9, WLS-I1C,
and SCTi003-A) at 5 x 10”4 cells/cm2 in STEMdiff™ APEL"2 supple-
mented with BMP4, VEGF, and CHIR-99021 led to robust endothelial
differentiation, with 63% + 9% of ECs expressing CD31+/CD144+ and
yielding 3.1x 10”5 + 1.8"4 ECs per cm2 (n = 9, 3 cell lines) after six days.
In summary, STEMdiff™ APEL"2 is a defined, animal origin-free, and
adaptable medium that supports hPSC differentiation into diverse,
clinically-relevant cell types. This medium serves as a robust base for
researchers to develop, customize, and optimize their differentiation
workflows.

Keywords: pluripotent stem cells, cell therapy, hematopoietic
differentiation
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INDUCTION OF IPSC-DERIVED GAMMA-DELTA
T CELLS WITH IN VIVO ANTI-CANCER ACTIVITY
USING A FEEDER-FREE/SERUM-FREE METHOD

Aoi, Takashi - Kobe University, Japan

Futai, Ryoko - Stem Cell Medicine, Graduate School of Medicine, Kobe
University, Japan

Horikawa, Manabu - Gastrointestinal Surgery, Graduate School of
Medicine, Kobe University, Japan

Horie, Kazumasa - Gastrointestinal Surgery, Graduate School of
Medicine, Kobe University, Japan

Koyanagi-Aoi, Michiyo - Stem Cell Medicine, Graduate School of
Medicine, Kobe University, Japan

The cytotoxicity of gamma delta T (y&T) cells against various types of
cancer cells in an MHC-unrestricted manner has led to their potential
applications in allogenic immune cell therapy with no concern about
GVHD. However, yOT cells represent only a few percent of peripheral
blood mononuclear cells and cannot be expanded ex-vivo sufficiently
for mass production. Induced pluripotent stem cell (iPSC) technology
may be able to overcome these limitations and enable us to realize
off-the-self allogenic y&T cell-based therapy. Previously, we established
human iPSC lines from peripheral blood-derived y&T cells with a simple
and clinically applicable method and successfully generated iPSC-de-
rived yOT cells (iydT cells) using xenogenic feeder cells and serum-con-
taining media, and confirmed their cytotoxicity in vitro against several
types of cancer cell lines in an MHC-unrestricted manner. In the present
study, we aimed to generate iydT cells using a feeder- and serum-free
(FF/SF) protocol and to clarify whether FF/SF iydT cells function in vivo.
As a result, we have successfully established an FF/SF method for the
differentiation of ydT cell-derived iPSCs into iy8T cells. In addition,
several cytokines and a recombinant protein used in the novel protocol
could be replaced by animal-origin-free (AOF) ones. The FF/SF iydT
cells killed three types of cancer cell lines in vitro in an MHC-unre-
stricted manner. Moreover, they also showed significant cytotoxicity



against patient-derived colon cancer organoids. Experiments using
xenograft model showed that the administration of the FF/SF iydT cells
had significant anti-cancer efficacy with no apparent toxicity in vivo. Our
current results will advance off-the-shelf y&T cell-based immunotherapy
using genetically engineered cells such as CAR-y®T and TCR-ydT cells
as well as non-engineered iydT cells.

Keywords: iPS cell, y8T cell, cancer immunotherapy
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REPAIRING CHOROIDAL ISCHEMIA USING
HUMAN PLURIPOTENT STEM CELLS DERIVED
ENDOTHELIAL CELLS

Na, Jie - Department of Basic Medical Sciences/School of Medicine,
Tsinghua University, China

Choroidal atrophy is a common fundus pathological change closely
related to the development of age-related macular degeneration (AMD),
retinitis pigmentosa, and pathological myopia. Studies suggested

that choroidal endothelial cells (CECs) that form the choriocapillaris
vessels are the first cells lost in choroidal atrophy. Therefore, restoring
the choriocapillaris vessels is crucial to the prognosis of the above
diseases. We found that endothelial cells derived from human plurip-
otent stem cells (hPSC-ECs) through the MESP1+ mesodermal pro-
genitor stage expressed CECs specific markers and can integrate into
choriocapillaris. In a rat model of choroid ischemia (Cl), transplantation
of hPSC-ECs into the suprachoroidal space increased choroid thickness
and vasculature density. Close-up examination showed that engrafted
hPSC-ECs formed new blood vessels and integrated with existing rat
vessels. Our work demonstrated that hPSC-ECs could be used to repair
choroidal ischemia in the animal model, which may lead to a new ther-
apy to alleviate choroidal atrophy implicated in AMD and other ocular
diseases such as retinitis pigmentosa, and pathological myopia.

Funding Source: The National Key R&D Program of China Grant
2022YFA1103103, 2019YFAO0110001; the National Natural Science
Foundation of China (NSFC) Grant 81970818, 31970819, 32270784, the
Tsinghua University Spring Breeze Fund (2021Z99CFY033)

Keywords: choroidal ischemia, human pluripotent stem cells,
endothelial cells
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FEEDER-FREE EXPANSION OF IPSC-DERIVED NK
CELLS TO CLINICAL SCALE

Terheyden-keighley, Daniel - Research and Development, Catalent Cell

and Gene Therapy, Germany
Greber, Boris - Research and Development, Catalent, Germany

Natural killer (NK) cells are a key part of the immune surveillance
system, killing transformed cells before they can develop into
life-threatening cancer. Unlike T-cells, NK cells can be given as an
allogenic therapy without risking graft-vs-host disease, meaning large
quantities of this cell therapy could be manufactured from a single
donor for off-the-shelf use. We have developed a feeder cell-indepen-
dent immune cell differentiation platform starting from GMP-grade iPSC
lines. In a first stage, iPSCs are converted to hematopoietic precursor
cells sharing characteristics of bona fide HSCs. Using a newly estab-
lished protocol, these HSC-like cells are generated at high purity in a
defined manner and may be cryopreserved as intermediate cell banks.
Following recovery, the precursor cells may, in a flexible manner, be
further differentiated to immune cell types of both the myeloid and
lymphoid lineages. This approach via intermediate cell banking bears
key advantages for GMP manufacturing and upscaling as it significantly
simplifies and shortens the final manufacturing process. Here we show
our defined iPSC-derived immune cell platform being used to generate
and expand up to several billion NK cells per cm2 of seeded iPSCin a
feeder-free process. This was accomplished by using defined media

to maintain the expansion of NK precursor cells at small scale, before
switching to traditional cost-effective media for the final large-scale
expansion phase. This results in a high purity of mature NK cells fea-
turing KIR receptors as well as NK activation marker expression, and
highly potent killing ability against K562 cells. To our knowledge, this
represents the first method of expanding iPSC-derived NK cells without
feeder cells and in a GMP-compatible manner, to the scales necessary
for clinical use.

Keywords: natural killer, upscaling, manufacturing
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SCALABLE PRODUCTION OF IPSC-DERIVED,
HLA-UNIVERSAL MEGAKARYOCYTES TO EVADE
ALLOGENEIC IMMUNE RESPONSES

Dettmer, Rabea - Institute for Transfusion Medicine and Transplant
Engineering, Hannover Medical School, Germany

Rovai, Alice - Institute for Transfusion Medicine and Transplant
Engineering, Hannover Medical School, Germany

Hospodarz, Miriam - Institute for Transfusion Medicine and Transplant
Engineering, Hannover Medical School, Germany

Blasczyk, Rainer - Institute for Transfusion Medicine and Transplant
Engineering, Hannover Medical School, Germany

Figueiredo, Constanca - Institute for Transfusion Medicine and
Transplant Engineering, Hannover Medical School, Germany

The clinical need of platelets (PLTs) for the treatment of thrombocytope-
nic patients is rising and faces various challenges, such as difficulties in
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PLT storage, risk for bacterial contamination, a limited donor pool and

a short shelf life. In addition, in hematological and oncological patients
requiring long-term transfusion, anti-human leukocyte antigen (HLA)
class | alloantibodies may cause life-threatening platelet refractoriness
(PTR), which is characterized by the absence of a sufficient increase in
PLT count after transfusion. In this study, we aimed at the scalable pro-
duction of low immunogenic Megakaryocytes (MKs) and PLTs capable
to evade allogeneic immune responses and survive under PTR condi-
tions. We reprogrammed peripheral blood mononuclear cells (PBMCs)
from female donors with blood type O and rhesus negative into iPSCs
using non-integrative Sendai viruses. Expression of typical pluripotency
markers was proven at mRNA and protein levels. The in vitro trilineage
differentiation capacity was verified by specific marker detection. HLA
class | silenced iPSCs were generated using lentiviral vectors encoding
short hairpin RNAs (shRNA) targeting B2-microglobulin (shB2m) and/or
CIITA (shCIITA) respectively, and showed significantly reduced expres-
sion levels of B2m and CIITA compared to control. After differentiation
of the iPSCs towards MKs using a 3D differentiation protocol, allogeneic
CD4 and CD8 T cell responses were examined in CPD-based prolifera-
tion assays and showed that HLA-silenced MKs abrogated MK-induced
allogeneic CD4 and CD8 T cell proliferation (p< 0.001) and cytotoxic-
ity (p< 0.05). Granular T cell-mediated cytotoxicity was measured by
quantifying Granzyme B secretion levels by ELISA and was found to

be significantly reduced (p< 0.01) for both, HLA class | (24.5%) and HLA
class | and Il silenced (52%) MKs compared to controls. In order to be
able to actually meet the clinical need for HLA-universal MKs, we have
successfully upscaled the MK production in a bioreactor and were able
to achieve a percentage of up to 50% MKs and a total cell number of
1.89 x108 + 9 x107 MKs per differentiation batch. The use of in vitro pro-
duced HLA-universal MKs could bring enormous therapeutic benefits in
the treatment of highly sensitized thrombocytopenic patients.

Keywords: reprogramming of PBMCs into iPSCs, HLA silencing,
upscaling of differentiation towards megakaryocytes in bioreactors
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ENCAPSULATED HUMAN PROLIFERATING
HEPATOCYTE ORGANOIDS IN THE TREATMENT
OF LIVER FAILURE

Yuan, Xiang - Shanghai Institute of Biochemistry and Cell Biology,
China

Hui, Lijian - Shanghai Institute of Biochemistry and Cell Biology, China
Wu, Jingqi - Shanghai Institute of Biochemistry and Cell Biology, China

Alginate-encapsulated hepatocyte transplantation is a promising
strategy for the treatment of liver failure. However, its clinical applica-
tion was impeded by the lack of primary human hepatocytes and the
difficulty to control their quality. We previously addressed cell expan-
sion by developing a dedifferentiation culture of proliferating human
hepatocytes (ProliHH). Here, we produced ProliHH in mass with quality
assurance. Importantly, ProliHH were engineered as liver organoids to
improve viability and maturity. Encapsulated liver organoids (eLO) were
intraperitoneally transplanted to treat liver failure animals. Notably, eLO
treatment increased survival of mice with post-hepatectomy liver failure
(PHLF) and ameliorated hyperammonemia and hypoglycemia in PHLF

N %

by providing liver function. Additionally, eLO treatment protected intes-
tine from PHLF-augmented permeability and normalized the increased
serum endotoxin and inflammatory response, which then facilitated
hepatocyte proliferation and liver regeneration. The therapeutic effect
of eLO was additionally proved in acetaminophen-induced liver failure.
To ensure the clinical application, we performed extensive assessments
of toxicity and biodistribution, demonstrating that eLO had no adverse
effects on animals and remained non-tumorigenic. These findings
guaranteed the clinical study of eLO transplantation in next step.

Funding Source: The National Natural Science Foundation of China
(NSFC) (32221002), Shanghai Municipal Science and Technology
Major Project, the National Key Research and Development Project
(2019YFA0801503)

Keywords: liver organoids transplantation, proliferating human
hepatocytes, liver failure
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LARGE SCALE PRODUCTION OF HIPSC DERIVED
HEPATOCYTES FOR CELL BASED THERAPY

Bachinger, Fabian - Max Planck Institute for Molecular Genetics,
Germany

Ortufio-Costela, Maria del Carmen - Berlin Institute of Health Centre for
Regenerative Therapies, Germany

Tomaz, Rute - bit.bio, UK

Mohorianu, Irina - Wellcome—Medical Research Council Stem Cell
Institute, University of Cambridge, UK

Vallier, Ludovic - Berlin Institute of Health Centre for Regenerative
Therapies, Germany

Liver disease is the only major disease where mortality is rising every
year. The Covid-19 pandemic also had a major impact with a 21% death
increase from liver disease in 2021 compared to 2019 in the UK. Thus,
liver diseases are global health care challenge. The main reason of

this situation lies in the absence of curative option for end stage liver
disease with the only treatment being organ transplantation. Only a
small fraction faction of patients can benefit from this option due to
shortage of suitable organs whereas lifelong immunosuppression is
necessary and carries associated risks. To tackle this unmet clinical
situation, alternative therapies are urgently needed, and one prom-
ising strategy is cell-based therapy using hepatocytes. While there
have been some encouraging results with this approach, the limited
availability and quality of primary hepatocytes represent a major
drawback. Thus, a new and unlimited source of cells is required to
make cell therapy in the context of liver disease a clinical reality. Human
induced plur