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Lin28A/B are highly conserved RNA binding proteins that regulate gene expression by 
repressing the maturation of let-7 microRNA or by binding directly to mRNAs. Normally, 
Lin28A/B are expressed in stem and progenitor cells where they play an important role in stem 
cells biology. When ectopically expressed Lin28A and Lin28B may result in tumor formation. 
In addition, we have found previously that Lin28A overexpression in adult mouse kidney leads 
to the formation of cystic kidneys. To study the effect of Lin28A overexpression on kidney cells 
in-vitro, we introduced a Lin28A inducible overexpression cassette into a mouse kidney cell 
line (mIMCD3). To our surprise, we found that Lin28A overexpression significantly decreased 
the cell number in this cell line. Farther testing showed that this phenotype was due to 
elevated apoptosis. In order to test if this unpredicted phenomenon is unique to mIMCD-3 
cells we tested other kidney human cell lines, HK-2 and HEK-293T. Notably, Lin28A 
overexpression in these cell lines did not result in apoptosis induction. Next, using Let-7 mimic 
strategy we explored whether the apoptosis in mIMCD-3 cells occurs through a let-7 
dependent or independent mechanism, and found that it is Let-7 independent. This 
conclusion is further supported by our observation that Lin28B overexpression in mIMCD3 
which also led to Let-7 down-regulation didn’t lead to increased apoptosis. Overall, our results 
show for the first time an apoptosis effect of Lin28A expression. Unraveling the molecular 
mechanism underlying this phenomenon may have critical applications both in stem cells and 
in cancer biology. 
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Human pluripotent stem cells (hPSCs) acquire chromosomal aberrations and mutations during 
prolonged culturing. This process allows them to grow better in culture, in a process called 
“culture adaptation”. These genetic aberrations can alter the phenotype of the cells. For 
example, the cells may have a lower differentiation capacity or worse – become tumorigenic. 
Therefore, the usage of cells at high passage should be limited both in basic research and in 
their clinical application. Although some of the pathways that are involved in culture 
adaptation are known, a thorough examination of pathways that enable culture adaptation 
has not been conducted yet. To this end, we utilized a CRISPR/Cas9-based genome-wide 
screening using haploid human embryonic stem cells. The screening included a loss-of-
function library, with sgRNAs targeting more than 18,000 genes. To analyze genes involved in 
culture adaptation we grew the cells continuously for more than 100 days. In order to identify 
culture adaptation-related genes, we compared the high-passage population to the 
population at the starting point of the experiment by examining the abundance of the 
mutated genes in the library. Using this procedure, we have been able to identify enrichment 
of genes from several signaling pathways like the mTOR signaling pathway and the 
RhoA/ROCK pathway, as well as additional pathways that were not known to play a role in the 
growth of hPSCs. To validate our results, we used chemical modulators of proteins in the 
pathways that we identified and examined their effect on the growth of the cells using several 
hPSC lines. Moreover, we examined the effect of these modulators on apoptosis, cell cycle 



and differentiation. In summary, our work established a platform for improved growth media 
for hPSCs, hopefully, reducing the accumulation of genetic aberrations in these cells. 
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SET binding protein 1 (SETBP1) has a poorly characterized role in CNS. Its overexpression has 
been reported as a novel leukemogenic mechanism in myeloid malignancies; somatic point 
mutations in the mutational hot-spot in the SKI homologous region were discovered in 
patients affected by atypical Chronic Myeloid Leukemia. Recently, it has been revealed that 
de novo heterozygous point mutations in SETBP1, exactly the germline counterpart of those 
somatic hits causing leukemia, are the genetic cause of Schinzel-Giedion syndrome (SGS), a 
condition characterized by severe mental retardation, distinctive facial features, multiple 
congenital malformations, including alterations of cerebral territories and neuronal 
degeneration. The aim of this project is to characterize SETBP1 role in neural cells and the 
impairment at the basis of the neurological features of associated diseases. 
We are using iPSCs obtained from SGS patients and isogenic WT corrected cell lines generated 
by CRISPR/Cas9 tool; the study of SETBP1 related pathologies is achieved using cell 
differentiation to neural progenitors (NPCs) and neurons, in order to model both 
neurodevelopmental defects and neurodegeneration typical of SGS. 
Interestingly, mutant NPCs showed increased proliferation, and accumulation of DNA damage 
which didn’t correlate with apoptosis activation, consistent with an inhibition of p53-related 
pathways, confirmed by RNA-seq and biochemistry data. Mutant post-mitotic neurons 
revealed an immature phenotype, confirmed by morphology and electrical activity, and also 
resulted more sensitive to stress and prone to mortality, consistently with both 
developmental delay and neurodegeneration observed in SGS patients. 
Cerebral organoids were also generated to better assess SETBP1 roles in a more organized 
system; 3D cultures resembled the overproliferation and immature phenotype observed in 2D 
culture systems. 
The project would lead to new insights in molecular mechanisms involved in SGS 
neurodevelopmental defects, uncovering the possible link between SGS and tumor, 
deepening the knowledge of SETBP1 functions in multiple settings and pathological 
conditions. 
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Introduction: Extra-cellular matrix (ECM)-based hydrogel scaffold is a biological cell delivery 
system which is thermo-responsive and bio-degradable. 
Objectives: To analyze the effectiveness of ECM-based hydrogel in accommodating adipose-
derived mesenchymal stem cells (ASCs) in vitro. 
Methods: ASCs were purified from human adipose tissue. Thermo-responsive ECM hydrogel 
was produced from omentum tissue. Explants of ASCs encapsulated in hydrogel were gelated 
in 37⁰C. Growth medium was added and explants were analyzed on days 0, 7 and 14. ASC 
viability was tested using Live/Dead assay. ASC phenotype and explant fiber content were 
analyzed with immunofluorescence staining for CD105 and collagen, respectively. Explants 
were analyzed using SEM. 2D cultured ASCs served as controls. 
Results: ASC viability was high at all time points (explants 85% ±6.49, controls 95% ±1.5). 
Encapsulated ASCs expressed CD105. Collagen staining showed hydrogel degradation by ASCs 
(explant size reduction of 67.7% by day 7). SEM imaging of explants demonstrated cells 
spreading, and cell-cell direct interactions by day 3. 
Conclusions: ECM-hydrogel serves as an accommodating environment for ASCs, and may 
serve as a successful cell delivery system in future in-vivo studies for subretinal 
transplantations. 
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Different conditions have been recently devised to isolate MEK/ERK signalling independent 
human naïve pluripotent stem cells (PSCs) that are distinct from conventional primed PSCs 
and better correspond to pre-implantation developmental stages. While all the different naïve 
conditions described thus far endow human PSCs with different extents of naivety features, 
capturing human pluripotent cells that retain all characteristics of ground state 
pluripotency captured in rodents and while maintaining genomic and differentiation integrity 
remains a major challenge. Here we engineer reporter systems that allow multistep functional 
screening for conditions that can endow both the molecular and functional features expected 
from human naive pluripotency. We establish that simultaneous inhibition of three 
defined signaling pathways is essential for enabling expansion of teratoma competent fully 
naïve human PSCs in defined and xeno-free conditions. Divergent signaling and transcriptional 
requirements for maintaining naïve pluripotency were found between mouse and human. 
Finally, we establish alternative naïve conditions in which MEK/ERK inhibition is substituted 
with inhibition for other unique signaling pathways, that allow obtaining human naïve PSCs 
with diminished risk for loss of imprinting and excessive global DNA hypomethylation. Our 



findings set a framework for the signaling foundations of human naïve pluripotency and may 
advance its utilization in future translational and clinical applications. 
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In developed countries, retinal degenerative diseases affecting the Retinal Pigment Epithelium 
(RPE), including Age-related Macular Degeneration and inherited retinal diseases such as 
Retinitis Pigmentosa (RP), are the predominant causes of human blindness. Despite the 
scientific advances achieved in the last years, there is no cure for the majority of patients. In 
this context, cell therapy based on human pluripotent stem cells is an attractive therapeutic 
alternative to replace dead or defective RPE cells. Different formulations were proposed: 
either as a cell suspension or as an engineered tissue. We will discuss the preclinical data 
comparing these two strategies. In particular, we will present the preclinical development of 
our own RPE tissue therapy. This cell therapy consists on RPE cells derived from clinical grade 
human embryonic stem cells disposed on a biocompatible substrate allowing the formation 
of a 3D functional sheet, suitable for transplantation. Functionality and safety were evaluated 
in rodents and the surgical approach in non-human primates. This therapy is currently 
evaluated in a phase I/II clinical trial targeting RP patients with mutations in RPE genes. 

HUMAN EMBRYONIC STEM CELLS (HESCS) CARRYING A MUTATION IN HEREDITARY 
CANCER GENE FOR STUDYING TUMORIGENIC TRANSFORMATION 
Livia Preisler1,2, Yoav Mayshar2, Dov Hershkovitz3, Revital Kariv4, Foad Azem2, Dalit Ben-
Yosef1,2 

1Cell and Developmental Biology, Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, 
Israel, 2Wolfe Pgd Stem Cell Lab, Racine Ivf Unit, Lis Maternity Hospital Tel Aviv Sourasky 
Medical Center, Tel Aviv, Israel, 3Institute of Pathology, Tel Aviv Sourasky Medical Center, Tel 
Aviv, Israel, 4Departmant of Gastroenterology, Tel Aviv Sourasky Medical Center, Tel Aviv, 
Israel  

Introduction: Individuals carrying mutations for hereditary cancer are at high risk for 
transmitting them to their offspring. Preimplantation genetic diagnosis (PGD) is their best 
option to ensure the birth of a healthy child. Familial adenomatous polyposis (FAP) is an 
inherited dominant syndrome caused by a germline mutation in the APC gene, with a 100% 
risk for developing colorectal cancer (CRC). 
Aim: To differentiate FAP hESCs into colon organoids for studying tumorigenic aspects of CRC. 
Methods & Materials: FAP hESCs were derived following PGD and subjected to a newly 
developed technology of generating 3D colon organoids mimicking the natural tissue. Colon 
organoids were analyzed by immunofluorescence, qRT-PCR, and immunohistochemistry. 
Results: Control hESCs were differentiated into convoluted colon organoids with typical crypt-
like structures and colonic gene expression. The effect of APC germline mutations on organoid 
differentiation was examined in three FAP hESC lines carrying mutations at different locations 



of the APC gene. While control and FAP3 hESCs generated complexed organoids and 
expressed high CDX2 (intestine) and low vimentin (mesenchyme) levels, FAP1&2 hESCs 
generated mostly simple cysts with low CDX2 and high vimentin levels. Moreover, FAP1&2 
colon organoids demonstrated enhanced proliferation (high Ki67+/CDX2+). 
Genotype/phenotype correlations demonstrated that the characteristics of in-vitro derived 
colon organoids correlated to the severity of the FAP disease characterizing the family 
donated the embryos for hESC derivation. 
Conclusions: Colon organoids were successfully generated from FAP-hESCs with a 
phenotype/genotype correlation. Exploring the mechanisms responsible for CRC 
development may unveil previously unknown genes/pathways, which could serve as new drug 
targets. 
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Human embryonic stem cells (hESCs) have the potential to differentiate to every cell of the 
body. Understanding the developmental processes of these cells will contribute to the design 
of novel cell therapies and the generation of better models for human diseases. Previous 
studies suggested several genes that have a role in the differentiation of hESCs into the 
ectodermal lineage. However, the complete gene networks that are essential for these early 
differentiation events are yet to be determined. Here, we aimed to identify the subset of 
genes that are essential for the differentiation of hESCs into the neuroectodermal lineage. To 
this end, we have utilized a genome-wide loss-of-function library covering all 18,000 coding 
genes, generated in haploid hESCs by CRISPR/Cas9 technology and an established 
differentiation protocol for neural progenitor cells (NPCs). We differentiated the mutant hESC 
library into NPCs and analyzed the depletion and enrichment of mutant clones in the NPC 
population as compared to their representation in the hESC population. We have shown that 
2.9% of all genes were significantly depleted within the NPC population, but not in the hESC 
population suggesting that these genes are specifically essential for the development of NPCs. 
In contrast, we have also demonstrated that 2.8% of the genes were enriched within the NPC 
population, implying that these genes inhibit NPC development. We have identified two close 
homologs from the homeobox-containing transcription factor family, namely POU3F2 and 
POU3F3, as essential genes for NPC development. In order to validate our screen results, we 
have utilized CRISPR/Cas9 mutagenesis and generated a POU3F2 null hESC line, which, upon 
differentiation to NPCs, exhibited downregulation of neural differentiation markers. Our work 
maps essential genes for the formation of neuroectoderm and may serve as reference for 
future studies on human neural development. 
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The effectiveness of multipotent mesenchymal stromal cells (MSCs) for treatment of 
autoimmune diseases to date has been shown in a number of preclinical and clinical studies. 
However heterogeneity of MSC complicates their clinical use; the proliferative, colony-
forming activity, differentiation potential, and ROS level were found to differ in various MSCs 
populations. At the same time, the effects of MSC functional state on the immunomodulatory 
properties remain poorly understood. 



Here we consider the effects of MSC functional state regulation associated with ROS level on 
the metabolic activity of MSCs during interaction with immune cells in vitro. Preliminary 
experiments demonstrated the effectiveness of 16 hours of incubation with the Tiron 
antioxidant to lower the ROS level, and hypoxic stress (1% O2) to increase ROS. Next, MSCs 
were preconditioned for ROS induction/inhibition, which was followed by 24 hours co-culture 
with PHA-activated allogeneic peripheral blood mononuclear cells (PBMCs) in paracrine 
setting. Staining with specific fluorescent probes revealed the stimulation of ROS in MSCs by 
PBMCs. ROS induction/inhibition and further co-cultivation with PBMCs led to a change of 
MSC mitochondrial transmebrane potential depending on the MSCs cell line. The metabolic 
activity of MSCs in Alamar Blue assay remained unchanged. ROS induction and interaction 
with MNCs decreased MSC lysosomal activity. The regulation of ROS in MSCs promoted the 
decrease of CD25, CD69, and HLA-DR expression on MNCs, but there was a tendency towards 
an increase of the PBMCs proliferative activity. 
Thus, the modulation of ROS level in MSCs can affect the lysosomal compartment when 
interacting with PBMCs, change the mitochondrial activity in cell line-depended manner, as 
well as regulate PBMC activation as a result of interaction with MSCs.  
The work was supported by Grant of President of Russian Federation MK-2976.2018.4 
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The endometrium is a renewable tissue and its cells play a particularly important role during 
a woman's reproductive life. Few hundreds regenerative processes are thought to occur in 
this tissue, and stem cells are responsible for reproductive health. 
Especially in recent years, female reproductive failure has been identified as a common and 
multipartite factor. There are studies showing endometrial dysfunction leading to implant 
failure and pregnancy loss. Therefore, endometrial stromal cells are thought to be crucial for 
endometrial physiology and pathology. Currently, there is massive interest in stem cells as a 
novel treatment method for reproductive disorders like Asherman syndrome, thin 
endometrium, unexplained infertility and even premature ovarian insufficiency. 
Therefore in our study we evaluated the characteristics of stem cells isolated from female 
endometrium (protocols approved by the Ethics Committee of Biomedical Research of Vilnius 
District, No 158200-18/7-1049-550) with reproductive failure cases before assisted 
reproductive technology procedures. Isolated human endometrial stem cells were 
characterised by using various cell surface markers typical for endometrial stem cells (cd44, 
cd90, cd105, cd146, etc.), hematopoietic stem cells (cd34), etc. We demonstrated that the 
expression of cell surface markers differs depending on the results of assisted reproductive 
technology procedures. RT-qPCR was used to evaluate the gene expression indicating 
pluripotency and specific for endometrial stem cells (OCT4, SOX2, NANOG, REX1, TERT, 
VIMENTIN, PDGFβ, PDGFRβ, VEGFR2, VIMENTIN, etc.). We observed that the genes expression 
changes were influenced by the female possibility to conceive. 
In conclusion, our results demonstrate that detailed understanding of endometrial stem cells 
functioning could improve diagnosis and treatment strategies for female reproductive failure. 
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Immune cells are generated from Hematopoietic Stem Cells (HSCs) that reside within the bone 
marrow (BM). Immune stimulation can rapidly activate HSCs out of their quiescent state, to 
accelerate the generation of immune cells. This was demonstrated for Th1-type immune 
responses, and we sought to investigate the complementary Th2 immune response. 
Surprisingly, Ova-induced allergic peritonitis model finds no significant change in BM HSCs, 
despite a pronounced Eosinophilic reaction.  HSC markers cKit, Sca1, CD48, CD150, and the 
knocked-in Fgd5-mCherry reporter showed no significant difference from control. 
Functionally, hypersensitivity response did not alter HSCs' potency, as assayed by 
transplantation. We further characterized the possible impact of hypersensitivity using RNA-
Sequencing of HSCs, finding little changes at the whole-transcriptome level. Moreover, 
Hypersensitivity induced no significant change in the proliferative state of HSCs. Therefore, 
this study suggests that, in contrast to Th1 immune-stimuli, hypersensitivity has no impact on 
HSCs. 
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In mammals, implantation marks the initiation of cellular differentiation and exit from 
pluripotency. Alongside the apparent morphological changes of the gastrulating embryo, cells 
undergo lineage-commitment and early fate-choices that are shaped by complex layers of 
epigenetic modifications. The challenge of understanding embryonic development thereby 
involves linking intrinsic cellular programs within the broader contexts of space and time in 
the developing embryo. Various epigenetic regulators, such as the TET and DNMT proteins 
were shown to be critical for the progression of the embryo past the gastrulation phase, 
demonstrating the essential role of DNA methylation in early development. However, a 
comprehensive understanding of how DNA methylation is involved in defining cell states in 
vivo, through regulation of target genes, remains a formidable task. To address this, here, we 
established phenomenological characterization of the developing embryo at unparalleled 
temporal resolution, by adopting a strategy of single-cell RNA sequencing (scRNA-seq) in 
single embryos. In this manner, we profiled the transcriptomes of >20,000 cells from >100 
individual embryos spanning from embryonic days 6.5-8.0. The resulting map provides a 
virtual “transcriptome-continuum” for gastrulating embryos, allowing us to compute first 
“molecular-age stamp”, correlated with morphological milestones along the developmental 
axis. Furthermore, our analysis enables decoding intrinsic cellular commitment around some 
of the most fundamental lineage decision choices in animals. To study the functional roles of 
DNA methylation during gastrulation, we have generated isogenic pairs of mouse embryonic 
stem cells, harboring knockouts of key regulators of DNA methylation. Analyzing chimeric 
embryos derived from isogenic clones, allowed separating cell-autonomous and non-
autonomous effects of DNA methylation on cell states, within the context of the normally 



developing embryo. Our combined approaches will allow elucidating the functional roles of 
DNA methylation during early cell-fate changes, critically evaluating and substantiating casual 
relationships between DNA methylation changes and gene expression. 
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The role of the bone marrow (BM) microenvironment in multiple myeloma (MM) progression 
from pre-malignant to refractory disease is well recognized, yet our understanding of its 
participation is still incomplete causing paucity of markers and therapeutic targets. Previously, 
we have delineated a significant role for BM mesenchymal stem cells (MSCs) of MM patients 
in design of MM phenotype and drug resistance in a translation initiation (TI) dependent 
manner. We have also demonstrated an active contribution of BM-MSCs derived 
microvesicles (MVs) in the crosstalk. Here, we aimed to characterize the MVs cargoes and 
identify unique and selective opportunities for therapeutic intervention. We used high 
throughput techniques to identify proteins and RNA species in BM-MSCs MVs from MM 
patients and normal donors (mass spectrometry, NGS, NanoString)(n=5). Results were 
analyzed with Bioinformatics tools (ToppGene, Gorilla, and WebGestalt). Significant 
differences in proteome, transcriptome (mRNA) and microRNAs were determined between 
MVs derived from MM-MSCs and normal donors (ND)-MSCs MVs. Specific signals were 
validated and pursued further (WB, inhibition). Of our particular interest were the elevated 
expression of VLA4 (X80) and 53 ribosomal proteins (RPs) in the MM-MSCs MVs compared to 
the ND-MSCs MVs, VLA4 expression is correlated with MM stage (ISS) and predict patients 
response to treatment; Inhibition of VLA4 (natalizumab, anti-ITGB1) selectively inhibited the 
uptake of MM-MSCs MVs into MM cells without affecting the ND-MSCs MVs uptake and 
diminished pro-MM effects. Inhibition of RPs synthesis/export (KPT-185, BI-D1870, FBS 
depletion) also reduced their expression in the MM-MSCs MVs and inhibited the pro-MM 
activity when applied to MM cells. These findings underscore the role of BM-MSCs in MM 
progression and the significance of their conversion into disease promoters. Ongoing studies 
are aimed at identifying specific signals that can mark the evolution of the cancer 
microenvironment in MM progression and function as new therapeutic targets. 
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Introduction: Human embryonic stem cells (hESCs) exist in two different states of 
pluripotency, naïve and primed, which represent preimplantation blastocyst and 
postimplantation epiblast, respectively. The earlier pluripotency state may endow the cells 



with higher proliferation and survival capacities in vitro, which benefit their use for cell 
therapy. However, it is crucial to ensure their genetic stability. 
Aim:  To compare the cellular phenotype and genetic stability of naïve and primed hESCs in 
early and late passages. 
Methods: Four hESC lines were derived in naïve conditions and matched primed counterparts 
were obtained by transferring half of the cells to primed conditions. Phenotypic 
characterization included cell proliferation using doubling time, cell-cycle distribution using 
FACS analysis and clonogenicity by Alkaline-phosphatase staining. Genetic stability was 
evaluated by chromosomal microarray analysis (CMA). 
Results: In early passage (p30), naïve hESCs showed significantly higher proliferation rate and 
respectively more cells in S-phase, as well as higher cloning efficiency compared to primed 
cells. In later passage (p50), one naïve line preserved higher proliferation rate, while all other 
lines showed higher proliferation rate of the primed cells, and corresponding fractions of cells 
in S-phase. In all 4 lines, naïve cells displayed higher clonogenicity compared to primed cells. 
No genetic aberrations were observed in p30, whereas several genetic changes were detected 
in p50 both in naïve and primed hESCs. 
Conclusions: Genetic stability of hESCs was not affected by their pluripotency state (naïve or 
primed), but rather by the prolonged culture. Naïve cells display selective advantage in early 
passage, which subside over time in culture, probably due to yet unknown genetic or 
epigenetic changes. These genetic and phenotypic characteristics should be taken into 
consideration when designating hESCs for clinical applications. 
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MOUSE EMBRYONIC STEM CELLS 
Shlomit Edri1, Ariel Szklanny1, Ben Kaplan1, Francesca Spagnoli2, Shulamit Levenberg1 

1Biomedical Engineering, Technion Israel Institute of Technology, Haifa, Israel, 2Centre for 
Stem Cells & Regenerative Medicine, King’s College, London, UK  

Over the last few years the establishment of three-dimensional (3D) cell culture methods 
allow embryonic stem cells (ESCs), induced pluripotent stem cells (iPSCs) or stem/progenitor 
cells to recapitulate many aspects of their differentiation programs and development in vitro. 
Specifically, ESCs can be coaxed into specific structures resembling in vivo tissues and organs, 
like eye caps, intestine, forebrain and liver, which termed organoids. The ability of cells to 
aggregate in this way has been referred as self-organization. With the great potential the 
organoids hold, they have limitations: they are small and lack mechanical support and 
vasculature.  
In our study we focus on differentiation mouse ESCs to pancreas identity. We developed a 
robust and efficient differentiation protocol of adherent mouse ESCs to pancreas progenitors, 
which we aggregated to pancreatic organoids. To supply the mechanical support for the 
aggregates, we created 3D spatially defined highly porous polymeric scaffolds using a 3D 
printing technique. Seeding pancreas endothelial cells and mesenchymal support cells on this 
scaffold, allowed the formation of vessel-like networks inside the entire scaffold. Utilizing the 
self-organization of the organoids and the scaffold support, we integrate pancreas organoids 
and vessel-like networks in the polymeric scaffold, mimicking the complex structure of the 
developing pancreas, which in future will enable the functional maturation upon implantation. 
Our study provides a new approach that combines the inherent self-organization of ESCs, 
engineered vessel networks and mechanical support to better resemble the developing 
pancreas, which has enormous potential in the fields of regenerative medicine and 
developmental biology. 



THE UNEXPECTED INTERPLAY BETWEEN THE STEM CELL FACTOR LIN28 AND 
INFLAMMATION RESPONSE 
Anna Futorian, Achia Urbach 
The Mina and Everard Goodman Faculty of Life Sciences, Bar Ilan University, Ramat Gan, 
Israel  

Lin28 is a stem cell factor which is mainly expressed in stem and progenitor cells and 
undergoes a significant downregulation during cell differentiation. Ectopic expression of Lin28 
is associated with abnormal development, cell transformation and tumor formation. We 
previously found that specific Lin28 expression in the nephrons results in the formation of 
cystic kidneys. 
To explore the mechanism by which Lin28 expression leads to kidney damage we performed 
global gene expression analysis by RNA seq. Strikingly, this analysis revealed a very strong 
inflammation response in the transgenic kidneys. We validated that there is indeed an 
inflammation response in the kidneys by blood tests, FACS analysis, ELISA and H&E staining. 
This inflammation response didn’t appear in any other organ that we analyzed. Moreover, 
Lin28 over-expression in the stromal cells of the kidney didn’t lead to inflammation. Therefore, 
we concluded that the inflammation is a local response that occurs upon Lin28 expression in 
specific cell types. Finally, our preliminary results suggest that the inflammation is the cause 
of the cystic kidney phenotype and not its result. 
Overall, these findings are the first demonstration of in-vivo inflammation response as a result 
of Lin28 overexpression. While Lin28 has been studied so far in the context of stem cells and 
tumor development, this study suggests that ectopic expression of Lin28 might play a role also 
in inflammation development.  Unraveling this surprising effect of Lin28 ectopic expression 
may shed a new light on the link between inflammation and cancer. 

SCM-010: CHARACTERIZATION AND POTENCY EVALUATION OF ADIPOSE DERIVED 
MESANCHYMAL STEM CELLS FOR THE TREATMENT OF SECONDARY PROGRESSIVE 
MULTIPLE SCLEROSIS 
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Background: Secondary Progressive Multiple Sclerosis (SPMS) is a major autoimmune and 
neurodegenerative unmet medical need. Currently, there is only one approved drug for SPMS, 
Novantrone®, that has limited use because its severe cytotoxic side effects. Stem cell therapy 
has shown promising results to treat complex neurological disorders like MS (Shroff, Geeta, 
2018). SCM-010 is composed of autologous Adipose Derived Mesenchymal Stem Cells (ADSC), 
previously evaluated in a MOG induced EAE mouse model.  SCM-010 demonstrated 
amelioration of EAE disease burden, showed beneficial effect on disease onset duration and 
had a positive effect on animal’s body weight which was better conserved in the treatment 
groups compared with untreated control. 
Objective: To Manufacture, characterize and evaluate the potency of autologous ADSC that 
are planned to be administered intrathecally (IT) to treat SPMS patients. 
Methods and results: SCM-010 is composed of ADSC obtained from patient’s autologous 
adipose tissue, expanded ex-vivo under serum free conditions and resuspended in Plasma-
Lyte. 



SCM-010 is produced according to good manufacturing practices (GMP) using standardized 
company procedures. The obtained cells characteristics fulfil all the requirements of 
mesenchymal stem cells as defined by the International Society for Cellular Therapy (Dominici 
et al, 2006): Plastic adherence, and expression of CD73, CD90, CD105 and absence of CD45, 
CD34, CD11b, CD19 and HLA-DR. Potency is evaluated using Vascular Endothelial Growth 
Factor (VEGF) secretion and a mixed lymphocyte reaction (MLR) 
Next steps: A prospective, single center, open label, dose escalation phase I/IIa study to assess 
the safety and efficacy of an intrathecal administration of SCM-010 in subjects with SPMS, is 
planned at Tel Aviv Sourasky medical center with 12 patients, the  protocol was approved by 
Helsinki Committee and is yet to be approved by Israeli Ministry of Health. 
The suggested treatment could be used in combination treatment for MS using 
complimentary mechanisms of actions 

A NOVEL DEFIND ANIMAL COMPONENT FREE (ACF), PROTEIN FREE (PF), SALT BASE 
FREEZING SOLUTION, COMPOSED OF 5% DMSO FOR HMSC TOWARD CLINICAL 
APPLICATIONS 
Mira Genser-Nir, Nyra Goldstein, Meital Gury Ben-Ari, Sharon Daniliuc, Marina Teverovsky, 
Marina Volin, Yuliya-Yael Miropolski, Maria Sharovetsky, Roni Hazan Brill, David Fiorentini 
R&D, Biological Industries, Kibbutz Beit Haemek, Israel  

hMSC serve as a promising tool for cell based therapeutics. A large number of frozen stored 
MSCs are usually required for clinical applications, thus cryopreservation is a crucial step for 
long term storage of cell's based products and for future "off-the-shelf” cell therapy 
approaches. 
To date, a common practice is to prepare freezing formulations in house that composed of 
animal-derived raw materials and low Mw CPA's (usually DMSO) at 10-20% concentration. 
Alternatively, ACF freezing solutions were developed towards clinical application, but still they 
are based on culture medium and compose of 10% of DMSO (e.g. NutriFreez™ D10). In 
addition, few products were developed with reduced concentration of DMSO or even without 
DMSO. However, these products appear to be not optimal for hMSCs. Moreover, most of the 
commercially available DMSO-free products are actually composed of other potentially toxic 
permeable CPA (e.g. Ethylene Glycol, EG). Exposure of cells to these materials can impact the 
quality, safety and efficacy of cell-based therapeutic product.  Facing strict regulatory 
requirements, the development of defined, ACF salt base freezing solution with reduced 
concentration of DMSO is required. 
The current study present the development of a novel defined ACF, PF , salt base freezing 
solution with reduced concentration of DMSO (5%), suitable for hMSC from various sources. 
Results show that the novel cryopreservation solution efficiently maintains high cell viability 
and yield, supports the recovery of hMSC while maintaining hMSC features: typical fibroblast-
like cell morphology, phenotypic surface marker profile, differentiation capacity and self-
renewal potential. Developing of applicable, clinically accepted, cryopreservation solution for 
hMSC holds a unique opportunity to advance the potential uses and widespread 
implementation of these cells in clinical applications. 
  



ESTABLISHMENT AND FUNCTIONAL CHARACTERIZATION OF CHAMBER-SPECIFIC HUMAN 
PLURIPOTENT STEM CELL DERIVED ENGINEERED HEART TISSUE MODELS 
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Background and Aims: Traditional human pluripotent stem cells (hPSC) differentiation 
systems result in a mixture of atrial, ventricular, and nodal cells. Here, we aim to advance the 
field of cardiac tissue engineering by using chamber-specific hPSC-derived cardiomyocytes 
(CMs) and to compare the electrophysiological and contractile properties of the resulting 
atrial and ventricular tissues. 
Methods and Results: We used developmental biology guided differentiation strategies to 
direct the differentiation of hPSCs into ventricular or atrial CMs. The specific CMs subtypes 
were combined with collagen to create engineered heart tissues (EHTs). Immunostainings 
analysis of the ventricular and atrial EHTs revealed the expression of characteristic ventricular 
(MLC-2V) or atrial (sarcolipin) markers respectively. The electrophysiological properties were 
examined by the use of voltage sensitive fluorescent dyes (FluoVolt or Di-4-ANBDQBS). 
Shorter action potentials duration (APD) were observed in atrial compared to ventricular EHTs 
(APD90: 230±5 ms vs. 420±11 ms, p<0.0001). Application of the atrial-selective antiarrhythmic 
agent (Vernakalant) resulted in significant prolongation of the APD in atrial EHTs (by 93%, 
p<0.0001) but not in ventricular EHTs (by 10%, NS). Conduction velocity was significantly faster 
in the ventricular (21.4±4.4 cm/s) than in the atrial (4.1±0.2 cm/s) EHTs.  Multiple 
arrhythmogenic reentry circuits were detected in the atrial EHTs either spontaneously or 
following a mild stimulation protocol, indicating the potential for establishing a 3D model of 
atrial fibrillation. Finally, detailed contractile analysis revealed a typical length–tension 
relationship. Interestingly, the ventricular EHTs developed significantly higher active force 
values than the atrial EHTs (0.92±0.09 vs. 0.19±0.04 mN/mm², p<0.0001). 
Conclusions: By using chamber-specific hPSC-derived CMs, we established a clinically-relevant 
engineered cardiac model for atrial and ventricular tissues. This novel model may bring unique 
value to the study of developmental biology, disease modeling, drug development, drug 
testing and regenerative medicine. 

MATURATION OF HUMAN AND MOUSE SPERMATOGONIAL CELLS TO SPERM-LIKE CELLS IN 
VITRO USING THREE-DIMENSION (3D) MATICES. 
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Spermatogenesis is a complicated process which occurs in the seminiferous tubules of the 
testis. It starts with spermatogonial stem cells (SSCs) that proliferate and differentiate to 
meiotic and post-meiotic cells to generate sperms. 
Male fertility preservation before chemotherapy/radiotherapy treatment is possible for adult 
men by cryopreservation their sperm before treatment. However, this technology is not an 
option for prepubertal boys who is schedule to chemotherapy/radiotherapy treatment since 
they do not produce sperm at this age. However, these boys have SSCs in their testes. Todate, 
there is no option for frtility preservation to these patients. Our group using 3D in vitro culture 
systems (soft agar culture system; SACS and methylcellulose culture system; MCS) succeeded 
to induce proliferation and differentiation of testicular germ cells from normal and busulfan-



treated immature mice to generate sperm-like cells. Using human testicular biopsies  from 
prepubertal cancer patient boys (before aggressive chemotherapy) we were able to induce 
their spermatogonial cell to proliferate and to differentiate to meiotic and postmeiotic cells 
including the generation of sperm-like cells in vitro in MCS. On the other hand, using testicular 
biopsies from azoospermic patients with no sperm in their biopsies, we could induce their 
spermatogonial cells to proliferate and differentiate to meiotic and post-meiotic stages 
(including the expression of acrosin) using our 3D in vitro culture system. To the best of our 
knowledge, this is the first study to show the development of human spermatogenesis to post-
meiotic stages in vitro. 
If this system can be further validated and improved for the production of fertilization 
competent gametes, then this will circumvent the problem of fertility preservation in 
prepubertal boys before undergoing aggressive chemotherapy and or radiation. Furthermore, 
it may enable sperm production in sub groups of non-obstructive azoospermia (NOA) patients 
with no detectable sperm in their testes. 

MESENCHYMAL STEM CELL-LADEN HYBRID SCAFFOLD FOR REGENERATING SUBACUTE 
TYMPANIC MEMBRANE PERFORATION 
Chul Ho Jang1, Hyungjin Lee2, GeunHyung Kim2 

1Otolaryngology, Chonnam National University Medical School, Gwangju, Korea, 
2Department of Biomechatronic Engineering, College of Biotechnology and Bioengineering, 
Sungkyunkwan University, Suwon, Korea  

Tympanic membrane (TM) perforation is one of the most common otology complications. To 
date, there has not been reported TM regeneration using bioprinted scaffold. The purpose of 
this study was to evaluate the efficacy and feasibility of bioprinted 
polycaprolactone/collagen/alginate-mesenchymal stem cell (PCAMSC) scaffolds for the 
regeneration of subacute TM perforation. Sprague-Dawley rats were used in an animal model 
of subacute TM perforation. In the experimental group (n= 7), bioprinted 3D PCAMSC scaffold 
was placed on the perforation. 
The control group (n = 7) were treated with polycaprolactone/collagen/alginate (PCA) 
scaffold. Healing time, acoustic-mechanical properties, and morphological analysis were 
performed by otoendoscopy, auditory brainstem response (ABR), single-point laser doppler 
vibrometer (LDV), optical coherence tomography (OCT), and light microscopic evaluation. The 
closure of the TM perforation was achieved in 100% of the experimental group vs. 72% of the 
control group, and this difference was statistically significant (p b 0.05). The ABR threshold at 
all frequencies of the experimental groupwas recovered to the normal level compared to the 
control group.TM vibration velocity in the experimental group recovered similar to the normal 
control level. The difference are very small and they are not statistically significant below 1 
kHz (p= 0.074). By OCT and light microscopic examination, regenerated TM of the 
experimental group showed thickened fibrous and mucosal layer. In contrast, the control 
group showed well regenerated but less thickened than experimental group. From these 
results, the cell-laden PCAMSC scaffold offers a significant advantage in the TMregeneration 
in a rat subacute TMperforation model. It may offer attractive opportunities in the 
conservative clinical treatment. 
  



STEM CELL MODELING OF ALPHA-SYNUCLEIN GENE DYSREGULATION FOR ESTABLISHING 
AN EPI-CRISPR/CAS9- BASED TARGET VALIDATION FOR NEXT-GENERATION DRUG 
DISCOVERY 
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Elevated levels of SNCA are causative in the pathogenesis of Parkinson’s Disease (PD) and 
other synucleinopathies, while, normal physiological levels of SNCA are crucial to maintain 
neuronal function. A so-far unmet need is the development of new therapeutic strategies 
targeting the regulatory mechanisms of SNCA expression to fine-tune SNCA levels, versus 
previous approaches that targeted directly the mRNA or the protein product resulting in 
robust reduction of SNCA levels associated with neurotoxicity. We developed a novel strategy 
targeting the transcription regulation of SNCA, based on targeted epigenome editing. 
Specifically, we established a system for targeted DNA-methylation at SNCA-intron 1 that 
comprises of an all-in-one lentiviral vector, for the delivery of CRISPR/dCas9 fused with the 
catalytic domain of DNA-methyltransferase3A (DNMT3A). To facilitate the drug discovery 
pipeline, we first applied the gRNA-dCas9-DMNT3A system into human induced pluripotent 
stem cells (hiPSC)-derived ‘aged’ dopaminergic neurons from a PD-patient with the SNCA 
triplication. The experiment resulted in fine-tuned downregulation of SNCA-mRNA and 
protein levels mediated by targeted DNA-methylation at intron 1. Furthermore, the reduction 
in SNCA levels by the gRNA-dCas9-DMNT3A system rescued disease-related cellular-
phenotypes characteristics of the SNCA-triplication/hiPSC-derived dopaminergic neurons, e.g. 
mitochondrial ROS-production and cellular viability, and nuclear aging signatures. This novel 
CRISPR/dCas9 technology offers the unprecedented tool to modify a particular epigenetic 
mark resulting in effective fine-tuned reduction of SNCA expression levels sufficient for 
reversing PD-associated phenotypic perturbations. Collectively these proof-of-concept 
experiments provide a foundation for advancing the novel epigenetic editing-based system 
further towards PD therapeutic strategy for application in a clinical setting. 

LUNG CELL MODEL FOR INVESTIGATING EFFECTS OF AIRBORNE AGENTS 
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Human respiratory system is constantly being exposed to outside environmental factors. 
Continuous exposure to toxic and/or infectious agents can cause many airway diseases such 
as asthma, chronic obstructive pulmonary disease, obliterative bronchiolitis, and cystic 
fibrosis. One of the most serious environmental issues are the air pollutants. They are known 
for their capability to penetrate into the lungs, bloodstream etc. where they can cause 
diseases and cancers. Many of the toxic effect of air pollution have been linked with polycyclic 
aromatic hydrocarbons (PAH). PAH are ligands of the aryl hydrocarbon receptor (AhR) that 
has participated in detoxification and has been also shown in immune response within the 
lung tissue. Nevertheless, numerous others aspect of AhR signaling within the lung epithelium 
still remain unclear. 
To investigate the role of AhR in detoxification and biodegradation of air pollutants we are 
developing cell model of normal lung epithelium. We generated the cells differentiated in 
vitro from human embryonic stem cells (hESC) that can be propagated for long-term in culture 
and most likely represent equivalent of early lung epithelial progenitors (ELEP) normally 
occurring in development.  The hESC-derived ELEP express thyroid transcription factor 1 



(TTF1), a marker of early lung epithelial lineage and display properties of cells in early stages 
of surfactant production. They have a high proliferative potential in vitro and are capable of 
differentiation into mature epithelial cells.  Under 3D culture conditions, both in vitro and in 
vivo, ELEP arrange themselves into structures resembling normal lung tissue. To investigate 
the involvement of AhR in lung epithelia formation, functioning, and detoxification, we have 
recently developed ELEP with knocked-out AhR gene. 
Funding sources: grant 18-00145S by Czech Science Foundation, grant 16-31501A by Ministry 
of Health, project LQ1605 from the National Program of Sustainability II by Ministry of 
education, Youth, and Sports of the Czech Republic. 
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GROWTH AND IS ESSENTIAL FOR TERATOMA FORMATION 
Elyad Lezmi1, Uri Weissbein1, Tamar Golan-Lev1, Malka Nissim‐Rafinia2,3, Eran Meshorer2,3, 
Nissim Benvenisty1 

1The Azrieli Center for Stem Cells and Genetic Research, Department of Genetics, Silberman 
Institute of Life Sciences, The Hebrew University, Jerusalem, Israel, 2Department of Genetics, 
Silberman Institute of Life Sciences, The Hebrew University, Jerusalem, Israel, 3Edmond and 
Lily Center for Brain Sciences, The Hebrew University, Jerusalem, Israel  

Chromatin plays fundamental roles in cellular integrity, and a growing number of chromatin 
proteins have been identified controlling pluripotency and early differentiation. We aimed at 
characterizing the role of chromatin-related genes regulating the growth and pluripotency of 
human embryonic stem cells (ESCs). We examined the effect of mutations in 703 genes from 
nearly 70 different chromatin-modifying complexes. Loss-of-function mutations in most 
chromatin-related genes negatively affected the survival of ESCs, and the vast majority of 
chromatin-associated complexes are essential for ESC growth. However, the only complexes 
that showed growth advantage upon their absence were the LSD-CoREST and BHC repressive 
complexes. Both of these complexes harbor the most potent growth restricting chromatin-
related protein, Zinc finger MYM-type containing 2 (ZMYM2). ZMYM2 and its related complex 
members are highly expressed in undifferentiated ESCs in comparison to somatic tissues and 
cell lines. Interestingly, while ZMYM2 expression is rather low at the blastocyst stage embryo 
its expression peaks in primed ESCs and is again down-regulated upon differentiation either 
in vitro or in vivo. ZMYM2-knockout ESCs over-expressed pluripotent specific genes, and 
showed a global increase of histone acetylation, especially at promoter regions. These cells 
were also refractory to differentiate in vitro, maintaining high levels of pluripotency factors 
when induced to differentiate. Finally, ESCs lacking ZMYM2 generally fail to produce large 
mature teratomas upon their injection into immunodeficient mice, and instead, generated 
extremely small masses comprised mostly of undifferentiated cell foci. Our results suggest a 
central role for ZMYM2 in the exit-from-pluripotency of ESCs, and imply that this process is 
essential for the transformation of human pluripotent stem cells into differentiated 
teratomas. 

HUMAN IPSC-DERIVED ENDOTHELIAL CELLS PROMOTE THE RECRUITMENT OF 
OLIGODENDROCYTE PROGENITOR CELLS DURING CNS REMYELINATION 
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Neural stem cell (NSC) derived from human induced pluripotent stem cell (hiPSC) has been 
used as a therapeutic for neural regeneration and neurodegenerative diseases, but the 
fortitude of its effects varies. Cell therapy for remyelination is a potential therapeutic method 
for multiple sclerosis (MS) where there is loss and damage to the myelin in the central nervous 
system (CNS). The activation, proliferation and differentiation of the oligodendrocyte 
progenitor cells (OPCs) are the principal cellular processes of remyelination in the CNS. 
Previous research has shown that rat endothelial cells (EC) promoted the survival of rat OPCs 
in stroke model. Whether there is a direct impact of hiPSC- derived endothelial cells (hiPSC-
EC) on endogenous adult OPC activation and recruitment after CNS demyelination is not yet 
clear. To assess this effect, we first optimized and obtained a simplified yet efficient and robust 
EC differentiation method from hiPSC based on a 2D monolayer, serum-free culture.  The 
hiPSC-ECs were co-cultured with rat OPCs, and they were also transplanted into a lysolecithin-
induced demyelination in mouse corpus callosum (CC). The results showed that apart from a 
reduced cell death, iPSC-EC increased OPC proliferation and migration in vitro, while 
transplantation of iPSC-EC caused a reduced myelin damage and increased density of 
oligodendrocyte lineages cells in lesion area adjacent to the iPSC-EC graft, although the rates 
of proliferation and differentiation remained the same as the controls. These data suggest 
that iPSC-EC can promote OPC activation and recruitment following demyelination. The 
potential of using hiPSC-EC as cell therapy for CNS remyelination might be beneficial for 
regeneration in both MS and myelin damage related to other CNS diseases such as stroke and 
Alzheimer’s disease. 
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Background: Dilated cardiomyopathy (DCM) is a progressive, usually irreversible, disease 
causing global systolic (contractile) heart dysfunction leading to the heart failure. DCM affects 
functioning of all heart including ventricle and atral, additionally molecular functions are 
disrupted, including decrease in mitochondria activity and reduction of muscle contractility. 
Active chemicals substances like HDAC inhibitors could potentially improve energetic status 
and promote regeneration. Therefore, in this work, the effect of histone deacetylase inhibitor 
SAHA on energetic status of healthy and dilated human myocardium-derived mesenchymal 
stem cells (hmMSC) has been investigated. 
Materials and Methods: hmMSC were isolated from post cardiac surgery muscle biopsies by 
explant outgrowth or enzymatic method. Energetic profile with and without SAHA was 
measured with flow cytometry dye JC1, ATP activity kit and Seahorse XFp Extracellular Flux 
Analyzer. The cardiomyogenic differentiation capacity with SAHA has been identified by the 
expression of cardiac actin at protein and gene levels. 
Results: Our results showed that heart MSC isolated from pathological ventricle display 
reduced mitochondria potential, ATP quantity and other energetic parameters. Detailed 
bioenergetic analysis reavealed that pathological cells have increased proton leak and 
reduced ATP production. Addition of SAHA significantly improved energetic status of 
pathological cells to the control level, including reduction of proton leak and 25 times increase 
in ATP production. These changes promote cardiomyogenic differentiation and increase 
cardiac actin expression at gene and protein levels. 



Conclusions: Dilated ventricle myocardium-derived MSC displayed reduced energetic status 
compared to healthy hmMSC. However, dilated ventricle-derived MSC responded to the SAHA 
showing their therapeutic and regenerative application for the further prevention of DCM.  

INTACT-CELL MASS SPECTROMETRY REVEALS ABNORMAL HESCS IN CLINICAL GRADE STEM 
CELL CULTURES 
Lukáš Moráň1,2, Aleš Hampl2,1, Josef Havel3, Hana Kotasová1, Vendula Pelková1, Volodymyr 
Porokh1, Petr Vaňhara1,2 
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Human embryonic stem cells (hESCs) represent a promising tool for cell therapy, bio-
industrial, biomedical and pharmaceutical applications. However, the quality control of 
pluripotent stem cells is required. During the long-term routine cultivation, the main risks are 
presented by cross-contamination by other cell type(s) and gradual phenotype shifts, or fail 
to achieve fully differentiated phenotype. Accurate biotyping of cultured cells is thus essential 
to unambiguously characterize stem cell condition. 
A simple and commercially available technique for cell line authentication is an analysis of 
repetitive DNA sequences, such as short tandem repeats (STR). However, this technique 
provides only qualitative information whose interpretation is dependent on reference 
databases. Similarly, karyotyping or analysis of gene or protein markers (eg. pluripotency or 
differentiation) that target only a particular type of instability, such as genome abnormalities 
or abnormal phenotype features, and do not provide sufficient sensitivity. For these reasons, 
there is a need for robust, easy-to-perform and sensitive methods for determining and 
confirming cell status and for revealing potential divergences from optimal cell status. 
Here we modeled typical scenarios, that may occur in long-term cultures of human embryonic 
stem cells (hESC), involving the development of hESCs aberrations, cross-contamination with 
other cell types, and differentiation of hESCs to early lung progenitors (ELEPs). We analyzed 
the cell cultures by intact cell mass spectrometry followed by advanced mass spectra analysis. 
Spectral fingerprints allowed the proper clustering of cell samples and classification of 
“unknown” (blind) spectra by artificial neural networks (ANN). 
In this work, we demonstrated that intact cell mass spectrometry, when coupled to artificial 
intelligence, is a robust and routinely useful tool for detecting, and even quantifying, hidden 
heterogeneity in stem cell cultures. 
This study was supported by the Ministry of Health of the Czech Republic, grant nr. NV18-08-
00299. All rights reserved. 

HUMAN AMNIOTIC FLUID STEM CELLS ARE EFFICIENTLY INDUCED TO CARDIOMYOGENIC 
DIFFERENTIATION BY ANGIOTENSIN II AND ITS COMBINATION WITH RETINOIC ACID, EGCG 
AND VITAMIN C 
Elvina Valatkaite, Aiste Navakauskaite, Monika Gasiuniene, Ruta Navakauskiene 
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Human amniotic fluid-derived mesenchymal stem cells (hAF-MSCs) are an alternative and 
valuable source of stem cells that could be applied in cell therapy or regenerative medicine, 
for example, for the restoration of damaged cardiac muscle tissue after myocardial infarction. 
The aim of this study was to assess the potency of several biomolecules, such as angiotensin 
II, retinoic acid, EGCG, vitamin C and their combinations to initiate cardiomyogenic 
differentiation of hAF-MSCs. Firstly, hAF-MSCs were characterized as having spindle-shaped 



morphology, positive for cell surface markers, such as CD44, CD90 and CD105, and negative 
for hematopoietic marker CD34. They also expressed pluripotency genes OCT4, SOX2, NANOG 
and REX1. Then, the induction of cardiac differentiation was demonstrated by the alterations 
in cell morphology as well as by the upregulation of cardiac genes-markers (NKX2-5, MYH6, 
TNNT2 and DES) and cardiac ion channels genes (sodium, calcium, potassium) using all studied 
inducers as determined by RT-qPCR. The enhanced levels of Connexin43 and Nkx2.5 proteins 
and their localization in cells as well as the increased expression of cardiomyocytes surface 
marker CD172α also showed successful cardiac differentiation initiation with all agents to a 
bigger or smaller extent. Immune analysis of epigenetic marks – modified histones, associated 
with transcriptionally active (H3K4me3, H3K9ac, H4hyperAc) or repressed (H3K27me3) DNA, 
demonstrated that chromatin undergoes global changeover during the induced cardiac 
differentiation. In conclusion, we demonstrated that tested biomolecules induced alterations 
in hAF-MSCs at the phenotypic, genetic, protein and epigenetic levels to a different extent 
leading towards the formation of cardiomyocytes progenitors that may become functional 
heart cells upon maturation in vitro or in vivo. 

ANALYSIS OF CHEMOTHERAPY SENSITIVITY IN HUMAN PLURIPOTENT STEM CELLS 
Jonathan Nissenbaum, Emanuel Segal, Mordecai Peretz, Yishai Avior, Nissim Benvenisty 
The Azrieli Center for Stem Cells and Genetic Research, The Hebrew University of Jerusalem 
Givat Ram Campus, Jerusalem, Israel  

The study of cancer has benefited dramatically from the availability of tumor tissues and the 
development of cancer cell lines. Nevertheless, the cancer genome complexity of and 
differences between species frequently limit clinical translation. In contrast, human 
pluripotent stem cells (hPSCs) offer a reliable and efficient platform with the advantage of a 
normal and uniform genetic background. Resistance to anti-cancer drugs represents a major 
barrier for an efficient treatment and subjects a significant number of patients to ineffective 
treatment and to excessive chemotherapy side-effects. To assess the potential of hPSCs as a 
tool to predict anti-cancer drugs sensitivity, we exposed the cells to 107 different 
chemotherapies from the Approved Oncology Drugs Set, obtained from the NCI. These drugs 
target over 20 different pathways and mechanisms of actions affecting malignant processes. 
As expected, hPSC sensitivity (monitored by cell viability assays) varied between the different 
groups ranging from low to extreme sensitivity. Significant sensitivity has been observed to 
the Topoisomerase-inhibitors group and the epigenetic inhibitors (DNA methyltransferase 
and histone deacetylase inhibitors) group. We then evaluated the predictive power of hPSCs 
compared to human cancer cell lines (hCCls), utilizing Sanger’s Genomics of Drug Sensitivity in 
Cancer and the NCI’s Growth Inhibition Data. This comparison consisted of 88 shared drugs 
among the independent studies. This analysis produced a significant positive correlation 
between hPSCs and hCCls (averaged between all cancer cell lines). This high correlation 
highlights the usefulness of hPSCs in drug response prediction. In contrast, differences have 
been identified between hPSCs and hCCls in response to epigenetic and topoisomerase 
inhibitors, highlighting the unique sensitivity of undifferentiated cells to these substances. 
Together, our results demonstrate the potential of hPSCs in anti-cancer drug research as well 
as offer new avenues to the study of hPSC and hCCLs cellular differences. 
  



CYCLOSPORINE H IMPROVES LENTIVIRAL TRANSDUCTION OF MURINE HEMATOPOIETIC 
STEM AND PROGENITOR CELLS 
Leonid Olender, Nir Bujanover, Oron Goldstein, Omri Sharabi, Roi Gazit 
Shraga Segal Department of Microbiology and Immunology, Faculty of Health Sciences, Ben 
Gurion University of the Negev, Beer Sheva, Israel  

Hematopoietic Stem Cells (HSCs) have the potential for lifetime production of blood and 
immune cells. Introduction of transgenes into HSCs is important for basic research, as well as 
for multiple clinical applications thanks to the fact that HSC-transplantation is already 
established. However, the efficient introduction of a transgene into HSCs had been proven 
challenging. Recently, a major advancement was reported with the use of Cyclosporine H 
(CsH), that can significantly enhance lenti-viral (LV) transduction of human Hematopoietic 
Stem- and Progenitor Cells (HSPCs). In this study we applied CsH for LV transduction of murine 
HSCs, or defined progenitors, having improved resolution of cell-types. Our data confirm 
increased efficiencies, in agreement with the published data. We further challenged cells with 
multi-vector transduction, gaining robust increase with CsH for either Progenitors or pure 
HSCs. CsH was reported to reduce innate-resistance mechanism against LV, and indeed we 
found that pre-treatment of cells could increase transduction even better than the original 
protocol. However, prolonged CsH treatment also inhibited cell proliferation in vitro. 
Therefore, we had transplanted HSCs after multi-vector transduction with or without CsH, to 
test for their actual abilities to perform Stem Cell function in vivo after ex-vivo manipulations. 
Our data suggest that CsH can robustly increase the levels of LV transduction, without 
perturbing HSC`s function for transplantation. This new additive will surely help many studies 
in animal models and is suggesting for potent option towards clinical utilization. 

EX VIVO EXPANDED HUMAN 3D NEPHROSPHERES ENGRAFT LONG TERM AND REPAIR 
CHRONIC RENAL INJURY IN MICE 
Dorit Omer1, Orit Harari-Steinberg1, Yehudit Gnatek1, Oren Pleniceanu1, Sanja Goldberg1, 
Osnat Cohen-Zontag1, Sara Pri-Chen2, Itamar Kanter3, Nissim Ben Haim3, Eli Becker3, Yaron 
Fuchs4, Tomer Kalisky3, Zohar Dotan5, Benjamin Dekel1,6,7 

1Pediatric Stem Cell Research Institute, Sheba Medical Center, Ramat Gan, Israel, 2The 
Maurice and Gabriela Goldschleger Eye Research Institute, Sheba Medical Center, Ramat 
Gan, Israel, 3Faculty of Engineering and Bar Ilan Institute of Nanotechnology and Advanced 
Materials (Bina), Bar Ilan University, Ramat Gan, Israel, 4Laboratory of Stem Cell Biology 
&Regenerative Medicine, Department of Biology, Technion – Israel Institute of Technology, 
Haifa, Israel, 5Department of Urology, Sheba Medical Center, Ramat Gan, Israel , 6Sackler 
School of Medicine, Tel Aviv University, Tel Aviv, Israel , 7Division of Pediatric Nephrology, 
Safra Children’s Hospital, Sheba Medical Center, Ramat Gan, Israel  

End-stage renal disease is a worldwide epidemic requiring renal replacement therapy. 
Harvesting tissue from failing kidneys and autotransplantation of expanded committed 
progenitors giving rise to renal parenchyma could theoretically allow for the restoration of 
kidney function delaying or preventing the need for dialysis or a renal allograft. Here we 
utilized healthy and end-stage human adult kidneys to robustly expand proliferative kidney 
epithelial cells and establish 3D-kidney epithelial cultures termed nephrospheres (nSPH). 
Formation of nephrospheres recapitulates renal developmental programs to reestablish renal 
identity and revitalize renal epithelia in primary cultures. Transplantation into NOD/SCID mice 
show that 3D-nSPH restore self-organogenetic properties lost in adherent cultures, allowing 
in turn efficient engraftment and long-term survival as tubular structures and demonstrating 
self-organization as critical to prolonged in vivo cell survival. Moreover, long-term tubular 
engraftment of human nSPH proved to be functionally beneficial in murine models of chronic 



kidney disease. Remarkably, in vitro, nSPH inhibited pro-fibrotic collagen production in 
cultured fibroblasts via paracrine modulation of STAT6/IL13 while in vivo, transplanted nSPH 
induced transcriptional signatures of proliferation and a release from the quiescent state in 
host tubules potentially re-activating endogenous regeneration. These data support the use 
of human nSPH for autologous renal cell therapy. 

RESTRICTION OF INTEGRIN BY MIR-34 PROTECTS GERMLINE STEM CELLS FROM 
EXHAUSTION DURING AGING 
Noam Perry Levy1, Racheli Braun2, Lilach Porat-Kuperstein2, Hila Toledano2 

1Human Biology, University of Haifa, Haifa, Israel, 2Human Biology Department, University of 
Haifa, Haifa, Israel  

The regenerative property of tissues with a high turnover rate such as blood, gut and testis, 
relies upon a small population of tissue-specific stem cells and their surrounding niche. The 
functionality of stem cells depends on their ability to maintain relatively long periods of 
quiescence in between essential divisions. We show that in the highly regenerative Drosophila 
testis, miR-34 modulates stem cell division and protects them from accelerated aging and 
premature sterility. miR-34 is not expressed in the stem cell themselves but rather in the niche 
neighboring cells, and its levels are significantly elevated in the course of aging. 
Transcriptomics reveal that the two receptors and the two ligands of integrin are all distinct 
targets of miR-34. Furthermore, in aged miR-34 null males, a synchronized increase in these 
four integrin components is observed, as well as an increase in integrin-linked kinase (ILK), a 
downstream target of integrin activation. Finally, a reduction in integrin levels was sufficient 
to prevent the premature stem cell exhaustion in the miR-34 mutants and to improve 
regeneration. Together these data suggest that the miR-34 – integrin signaling axis acts as a 
sensor of stem cell proliferation to extend their functionality during aging. 

ENZYME-CONTROLLED, STARCH-BASED HYDROGELS FOR MESENCHYMAL STROMAL CELL 
SURVIVAL AND PARACRINE FUNCTIONS 
Cyprien Denoeud1, Guotian Luo1, Joseph Paquet1, Julie Boisselier2, Adeline Gand2, Adrien 
Moya1, Ahmad Diallo1, Stéphane Marinesco3, Anne Meiller3, Jean-Thomas Vilquin4, 
Véronique Larreta-Garde2, Emmanuel Pauthe2, Esther Potier1, Hervé Petite1 

1Université De Paris, Cnrs, Inserm, B3 Oa, Paris, France, 2University of Cergy Pontoise, 
Biomaterial for Health Group, Errme Ce, Cergy Pontoise, France, 3University of Lyon 1, 
Neuroscience Research Center, Ani Ra Neuro Chem Platform, Lyon, France, 4Sorbonne 
Université, Inserm, Aim, Cnrs, Centre De Recherche en Myologie, Hôpital Pitié Salpêtrière, 
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In the context of cell-based regenerative medicine, exogenously administered mesenchymal 
stromal cells (MSCs) exhibited a poor survival rate. A possible explanation is that, upon 
implantation, MSCs encounter a harsh ischemic microenvironment characterized by low 
oxygen tension and nutrient deprivation. This issue can be overcome by in situ supplying 
glucose that acts as the main metabolic fuel for MSCs in hypoxia and enhances their survival 
and functionality. The objective of the study is to engineer a tissue-construct that provides a 
sufficient level of glucose to MSCs and enhances their survival and paracrine functions when 
transplanted in vivo. 
The injectable, self-supported fibrin/starch/AMG hydrogels released glucose amounts (4.0 
mM) in accordance with that required by hMSCs for their survival. In vitro, under near-anoxia, 
MSCs loaded in fibrin/starch/AMG hydrogels exhibited a survival rate 115 times higher than 
the loaded in fibrin control hydrogels after 14 days. Moreover, in these conditions, 
chemotactic functions of MSCs loaded in fibrin/starch/AMG hydrogels towards hMSCs and 



HUVECs respectively exhibited a 4.8 and 4.7 fold increase at day 14, when compared to the 
one loaded in fibrin control hydrogels. Upon implantation, luciferase-labeled hMSCs loaded in 
fibrin/starch/AMG hydrogels exhibited a significant increase in viability (a 3.1 fold increase 
after 14 days) in viability  in comparison to hMSCs loaded in fibrin control hydrogels. 
Moreover, the volume of new blood vessels in the vicinity of fibrin/starch/AMG hydrogels 
exhibited a 2.9 and 4.0 fold increase compared to the one of fibrin control hydrogels at days 
14 and 21 post-implantation, respectively.  
We hereby demonstrate for the first time that fibrin/starch/AMG hydrogels can produce 
glucose for “fueling” MSCs and thus improving their survival and paracrine functions, both in 
vitro in near-anoxia conditions and in vivo in an ectopic mouse model. Most interestingly, the 
data obtained with hMSCs are now extended to adipose-derived MSCs and myoblasts. 

CLONAL CULTURES UNRAVEL PRECURSOR FUNCTIONS OF THE HUMAN ADULT KIDNEY  
Naomi Pode-Shakked1,2,3,7, Rotem Gershon1,2,7, Orit Harari-Steinberg1,2, Osnat Choen-
Zontag1,2, Itamar Kanter4, Dorit Omer1,2, Oren Pleniceanu1,2,7, Gal Tam4, Sarit Oriel4, Herzl 
Ben-Hur8,9 , Guy Katz1,2,3,5, Tomer Kalisky4, Benjamin Dekel1,2,6,7 

1Pediatric Stem Cell Research Institute, Edmond and Lily Safra Children's Hospital, Sheba 
Medical Center, Tel-Hashomer, Ramat Gan, Israel; 2Sheba Centers for Regenerative Medicine 
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Primary adult stem cell-derived cultures from the human kidney hold great potential to serve 
as models for genetic kidney disease and for regenerative medicine. Basic insight is needed to 
understand principles of ex-vivo adult kidney cell growth. We therefore studied clonal 
behavior of adult human kidney epithelial cells by establishing conditions for single-cell 
derived clonal cultures. Surprisingly, we detected high colony forming efficiency 
(~10%).  Moreover, human adult kidney clones maintained steady growth kinetics with a 
single cell giving rise to 3.7*10(6) cells. 
A proportion of these clonal cultures showed cuboidal epithelial-like (EL) cell phenotype, 
maintained a steady doubling time and could be serially passaged. In striking contrast, a 
spindle shaped fibroblast-like (FL) epithelial clones were also generated but, failed to serially 
propagate. The latter behaved similarly to control bulk primary cultures of human adult kidney 
cells, de-differentiated and underwent senescence at an early passage. 
Global transcriptome analysis of all human kidney culture types (n=10) unveiled several 
fundamental differences. First, FL-clones clustered together with bulk kidney cultures 
suggesting a phenotypic-transcriptomic correlation. Second, EL-clones showed distal tubule 
segment-specific marker expression (i.e. high CD24, MUC1, ECAD, EpCAM), whereas FL-clones 
were characterized by a proximal-tubule (i.e. high CD13, ENPEP) combined with 
embryonal/de-differentiation (i.e. NCAM) expression signature. Third, JAK/STAT, TGF-β/BMP 
and NOTCH signal transduction pathways were activated only in EL-clones putting these 
forward as potential drivers for human kidney epithelia clonal expansion. Finally, 
transcriptome analysis of EL clonal growth over three months revealed preservation of cell 
cycle/cell division genes concomitant with a less restricted segment identity and elevation of 
embryonic stem cell transcriptional signature. Metabolically, serially passaged clonal cells 



showed elevation of oxidative phosphorylation pathways. 
Thus, clonal cultures reveal adult stem cell functions of the human kidney, giving rise to other 
kidney cells at the clonal level by cellular division. The ability to function as adult stem cells, 
clonally proliferate and propagate is related to the cell epithelial differentiation status 
favoring distal over proximal identity.  These data explain the tendency of adult organoid 
cultures to preserve a distal, high CD24 identity. 

USING HUMAN DENTAL PULP STEM CELLS FOR COMPOSITE TISSUE ENGINEERING 
Idan Redenski1, Shaowei Guo1,2, Gordana Vunjak-Novakovic3, Shulamit Levenberg1 

1Department of Biomedical Engineering, Technion Israel Institute of Technology, Haifa, 
Israel, 2The First Affiliated Hospital, Shantou University Medical College, Shantou, China, 
3Department of Biomedical Engineering, Columbia University, New York, USA  

Vascularized large tissue grafts are needed in cases of severe pathologies and injuries that 
result in substantial defects, which in turn may cause disabilities, infections and loss of 
function to patients. Harvesting autografts from the patient is still considered the gold 
standard in many clinical settings, with the downside of causing donor site morbidity and a 
relatively high incidence of integration failure.  Engineering highly vascularized constructs may 
serve as an alternative for the current standard of care. 
In the present work, the potential of human dental pulp stem cells (DPSCs) was investigated 
as a supporting cell population for the fabrication of highly vascularized tissues. In vitro results 
showed rapid formation of mature vascular networks in endothelial cell (EC) cultures 
supported by DPSCs, as compared to other co-culture systems. Transplantation of 
prevascularized constructs bearing DPSCs into an AV bundle model resulted in highly 
vascularized neo-tissues, with substantial host vessel invasion and remodeling of implanted 
scaffolds. High-resolution micro-CT imaging enabled comprehensive 3-dimensional analysis of 
whole vasculatures within the engineered tissues, showing significantly higher volume of 
vascular trees and graft penetration by the DPSCs-supported prevascularized constructs. 
Spatial orientation analysis of vessels suggested a distinct orientation outgrowing from the 
main bundle into the depth of the construct. Attempts to vascularize a hard tissue phase 
within the growing neo-tissues in vivo were successful. These results emphasize the promising 
role of DPSCs in engineering of large vascularized tissue grafts for complex reconstructions. 

GENERATION OF BOVINE INDUCED PLURIPOTENT STEM CELLS 
Ivana Ribarski Chorev, Carmit Strauss, Zvi Rot, Sharon Schlesinger 
Department of Animal Sciences, Robert H. Smith Faculty of Agriculture, Food, and 
Environment, the Hebrew University of Jerusalem, Rechovot, Israel  

Stem cell (SC) research has been around for nearly 40 years and brought with it great benefits 
to many fields of life sciences. However, only human and mouse embryonic SCs have been 
characterized, using a consensus protocols and standardized procedures. For other animals, 
including domestic ones, this is not the case. 
Pluripotent stem cells (PSCs) have the capacity to self-renew indefinitely and to develop into 
the three primary germ cell layers and therefore to form all lineages of the body. PSCs can be 
derived from the embryo or by reprogramming somatic cell by different methods. 
The present research focuses on producing induced pluripotent stem cells (iPSC) from bovine 
fetal fibroblasts (BFF) of Holstein cows. BFFs were infected with 7 lentiviral vectors for 
pluripotent genes and induced by Doxycycline. Once colonies were formed, they were 
transferred for further growth to media depleted of Doxycycline. 
Based on available literature, 11 medias were screened that can support infected fibroblasts 
reprograming to iPSC. Four of them produced partly pluripotent cells and hence were used 



with minor changes for additional reprogramming experiment, in which a much higher 
number of colonies were produced and cultured for a longer time. 
Based on their transcriptional profile, we conclude that 2 lines of iPSC are indeed pluripotent. 
Further examinations are needed and embryo complementation assay is planned as the final 
proof for the reprograming success. 

OSTEOPONTIN STIMULATES CELL CYCLE IN NEONATAL CARDIOMYOCYTES AND IMPROVES 
INFARCT REPAIR 
Itai Rotem1,2, Yeshai Schary1,2, Olga Shaihov - Teper 1,2, Tal Konfino1,2, Jonathan Leor1,2 
1Tamman and Neufeld Cardiovascular Research Institute, Sheba Medical Center, Sackler 
School of Medicine, Tel Aviv University, Tel Aviv, Israel 2Sheba Regenerative Medicine, Stem 
Cell and Engineering Center, Tel-Hashomer, Tel Aviv, Israel  

Introduction: Osteopontin (OPN) is a macrophage-derived protein which is upregulated 
following tissue injury. While OPN regulates cell adhesion, spreading and migration, its role in 
myocardial regeneration is unknown. 
Objective: To determine the role of OPN in heart regeneration and repair. 
Methods and results: Isolated neonatal cardiomyocytes were treated with a serum-free 
medium for 24 hours. Immunofluorescent staining showed that these cells expressed the OPN 
receptor CD44. MTT colorimetric assays showed that OPN preserved the number of 
cardiomyocytes. Staining for propidium iodide, a marker for apoptosis and necrosis, showed 
that OPN does not affect cell survival. Staining for phosphohistone-3 (pH3), a marker of 
nucleus division, showed that OPN increased pH3 expression in cardiomyocytes and non-
cardiomyocytes. Immunoblotting revealed that OPN induced the phosphorylation of cell-cycle 
activity proteins, known as yes-associated protein (YAP)1, and extracellular signal-regulated 
kinase (ERK)2, while decreasing the phosphorylation of the large tumor-suppressor kinase 
(LATS)1/2, a YAP1 inhibitor. Gene expression analysis revealed that OPN upregulated the 
transcriptional enhancer factor TEF-1 (TEAD1), which interacts with YAP1, and the connective 
tissue growth factor (CTGF), which is a downstream target of YAP1. Furthermore, OPN 
significantly upregulated cyclin B1 and cyclin-dependent kinase 1 (CDK1) both regulators of 
the mitotic (M) phase. Finally, echocardiography and postmortem histology showed that a 
single injection of OPN to adult mice improved cardiac remodeling and function after 
myocardial infarction (MI). 
Conclusions: OPN stimulates cell-cycle activity in neonatal cardiomyocytes and improves 
infarct repair. Our findings suggest a new therapy for heart repair after MI. 

CRISPR/CAS9-BASED KNOCKOUT OF THE TLR4 GENE ENHANCES SECRETION OF 
EXTRACELLULAR VESICLES WITH ANTI-INFLAMMATORY PROPERTIES FROM HUMAN 
CARDIAC MESENCHYMAL STROMAL CELLS 
Yeshai Schary1,2 
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Background and Aim: The environment of the failing and infarcted myocardium drives 
resident and transplanted mesenchymal stromal cells (MSCs) toward a pro-inflammatory 
phenotype and restricts their survival and reparative effects in a mechanism mediated by the 
toll-like receptor 4 (TLR4). CRISPR is a promising tool for genome editing of DNA in cells, which 
raises hope for therapeutic genome editing in the clinic. We hypothesize that ex-vivo knockout 
(KO) of the human TLR4 gene by CRISPR would switch human cardiac MSCs (hMSCs) to an anti-
inflammatory, reparative phenotype that could prevent remodeling of the left ventricle after 



myocardial infarction (Fig. 1A). 
Methods and Results: For gene editing, we electroporated a Cas9 nucleoprotein aimed to KO 
the TLR4 gene. To assess the inflammatory response, we analyzed cell secretome. We 
achieved up to a 68% (out of 400,000 cells) success rate in editing the genome of hMSCs 
(R2=0.93). The TLR4 KO hMSCs secreted smaller extracellular vesicles (sEVs) compared with 
unedited hMScs (Fig. 1B p<0.001) and decreased the secretion of most pro-inflammatory (e.g. 
IL-1α) and pro-fibrotic (e.g. IL-10) cytokines from edited compared with unedited hMSCs (Fig. 
1C, D). Additionally, we found that CD47 ‘Don’t eat me signal’ was expressed significantly 
higher in the edited cells group (p=0.0048). Last, sEVs from the edited cells stimulated higher 
hMSC migration by scratch assay (p<0.001). 
Conclusion: Our preliminary results show, for the first time, that CRISPR-based KO of the 
human TLR4 gene in hMSCs inhibits inflammatory cytokine secretion and facilitates a 
reparative response by human-cardiac MSCs in vitro. The precise and efficient ex vivo gene 
editing could provide a newly engineered cell line to improve the outcome of hMSC-based cell 
therapy. 

MESENCHYMAL STEM CELLS FOR THE TREATMENT OF MASTITIS 
Iftach Tom Schouten1, Sharon Schlesinger2, Nahum Shpigel3 
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Mastitis, or inflammation of the mammary gland, is a disease common among breast feeding 
women and dairy cattle. Among the latter, it can propagate to be a painful and acute ailment, 
as well as the cause for losses of billions of dollars each year, due to decreases in milk 
production. As known therapies for mastitis, such as vaccinations or antibiotic treatment, 
have been shown to be futile or accompanied by unwanted side effects, an optimal treatment 
for mastitis is still desperately in need. Mesenchymal stem cells (MSCs) are multipotent 
progenitor cells, found in most bodily tissues. When isolated, these cells retain 
immunomodulatory and regenerative properties, which can be applied for the treatment of 
many inflammatory and autoimmune diseases, upon transplantation. We offer a novel cell 
therapy approach for the treatment of bovine E. coli mastitis, using bovine umbilical cord 
mesenchymal stem cells (bMSCs). Applying both murine and bovine mastitis models, as well 
as in vitro systems, we aim to decipher whether MSCs might be beneficial for the treatment 
of mastitis, and if so, by what mechanism. As MSCs were shown to regulate the inflammatory 
response of many immune cell types involved in the propagation of mastitis, as well as 
enhance bacterial clearance, we hypothesize that bMSCs will promote the resolution of 
mastitis while speeding up tissue regeneration. We report that bMSCs inhibit the 
inflammatory response within mammary epithelial cells in vitro. Furthermore, MSC migrate 
to inflammed mammary glands in vivo and reduce expression of inflammatory cytokines in an 
E.coli mastitis mouse model. To our knowledge, this is the first attempt to apply MSC cell 
therapy for the treatment of E. coli mastitis, so results are guaranteed to be both informative 
and novel. 

FGF SIGNALING IN THE MESENCHYMAL NICHE OF THE HAIR FOLLICLE REGULATES STEM 
CELL QUIESCENCE AND REGENERATION 
Sarina Shabso, Hila Dressler, Emil Aamar, David Enshell-Seijffers 
The Azrieli Faculty of Medicine, Bar Ilan University, Safed, Israel  

The hair follicle has become an important model system to study the interactions between 
stem cells and their environment, often called the niche, because of its capacity to cycle 



between an active growth phase (Anagen) to a resting period (Telogen). The transition 
between the different phases of the cycle relies on the interaction between specialized stem 
cell populations and the dermal papilla (DP), a mesenchymal group of cells that play important 
role as an organizing center. Previous studies suggest that Fgf signaling not only regulates 
different aspects of the hair cycle but also mediates molecular interactions between stem cell 
populations and their mesenchymal niche, the DP. However, in the absence of experimental 
evidence, the role of Fgf signaling in the DP remains speculative. In the current study, 
expression analysis revealed that Fgfr1 and Fgfr2 are expressed in the DP throughout the hair 
cycle. Abrogation of Fgf signalling specifically in the DP results in resting phase shortening and 
precocious cycling, although the stem cell compartment remains intact. This indicates that Fgf 
signalling maintains stem cell quiescence and controls the duration of the resting phase. 
Moreover, Fgf signalling negatively regulates the expression of the Wnt agonists – R-spondins. 
During quiescence, the R-spondin receptors Lgr 4, 5 and 6 are predominantly expressed in the 
epithelial stem cell compartment. We propose that upon hair follicle regeneration, DP-
secreted R-spondins induce Wnt signalling in the epithelial stem cells and leads to their 
activation. This study not only provides insight to the molecular mechanism that regulates 
stem cell activity during the hair cycle, but also forwards a novel route to revitalize the 
stagnant field of hair loss treatment. 

CARTIV - CHIMERIC ANTIGEN RECEPTOR WITHIN TUMOR-INDUCED VECTOR 
Omri Sharabi, Yariv Greenshpan, Angel Porgador, Roi Gazit 
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Cancer immune-therapies are bringing cure to devastating disease. The ability of immune cells 
to identify and eradicate cancerous cells within the body is being translated into more and 
more tumor types. Not surprisingly, however, great cytotoxicity comes with critical hazards. 
For example, the usage of engineered immune cells, such as Chimeric-Antigen-Receptor T-
cells (CAR-T), is facing the danger of an overt life-threatening immune response. Patients had 
already died following adoptive transfer of CAR-T cells. Therefore, we are interested in 
focusing immune-effector cells function within the Tumor Microenvironment (TME), but not 
in normal tissues. This focus may resemble the endogenous immune-system focus on 
inflammatory sites, and will bring a novel safety mechanism for engineered immune cells. We 
have developed a novel platform that combine synthetic promoters, encompassing multiple 
response-elements for factors that are high within TME and low or absent in normal tissues. 
Several promoters were tested in human cells, demonstrating their abilities to respond to 
major TME cytokines, and to their combinations. Few promoters which showed superior 
activity were tested in human NK-cell line and in primary T-cells, finding good response and 
also the ability to induce CAR expression on these cells. Moreover, inclusion of additional 
elements, such as hypoxia-response, brings further specificity to TME compare with normal 
tissues. CARTIV platform can improve the various types of CAR-T cells, as well as other 
engineered immune cells, that will provide focused activities against their targets within the 
body. This may open the therapeutic window for many tumor-antigens that has low 
expression on normal cells. 

  



SUMO-DEPENDENT REGULATION OF THE CHROMATIN LANDSCAPE IN NAÏVE 
PLURIPOTENCY 
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Pluripotency defines the capacity of stem cells to differentiate to all somatic cell types. 
Epigenetic regulation has been shown to be a critical mechanism by which pluripotency is 
maintained and controlled, yet primary focus has been given to a few histone marks and DNA 
methylation. Recently the Small Ubiquitin-like modifier (SUMO), was demonstrated to be 
essential for early development, however, its involvement in chromatin regulation in these 
stages remained poorly understood. Here we investigated the role of protein SUMOylation in 
naïve murine pluripotency by systematically analyzing changes in the chromatin landscape in 
response to different SUMOylation states. We found that SUMO deficiency resulted in 
massive rearrangement the of open chromatin landscape, which affected the gene expression 
of numerous developmental genes. Further we revealed that SUMO controls enhancers 
activations through controlling histones dynamics. Collectively, we propose that protein 
SUMOylation is an upstream master regulator of chromatin structure and function during 
early mammalian development.  

HEAT SHOCK ALTERS MESENCHYMAL STEM CELLS IDENTITY AND INDUCE PREMATURE 
SENESCENCE 
Chen Shimoni, Myah Goldstein, Iftach Schauten, Yarden Cohen, Carmit Strauss, Sharon 
Schlesinger 
Department of Animal Science, Robert H. Smith Faculty of Agriculture, Hebrew University, 
Rehovot, Israel  

Mesenchymal stem cells (MSCs) are multipotent progenitor cells, which can be found in most 
bodily tissues. MCSs poses the ability of multi-lineage differentiation into cell types such as 
adipocytes, osteoblasts and chondrocytes, and are known to exert anti-inflammatory, 
immunosuppressive and trophic characteristics. Since farm animals are sometimes exposed 
to harsh external environment temperatures, we address how environmental heat stress 
influences the different properties of bovine MSCs. 
In this study, following isolation and characterization of MSC from cow’s umbilical cord (bUC-
MSCs), heat shock (HS) was induced in bUC-MSC cultures using two protocols – pulse HS for 1 
hour at different temperatures followed by 3 days recovery, and constant HS for 3 days. Next, 
an extensive characterization of the phenotypic changes induced by HS was performed: 
Control and treated cells were tested for self-renewal, proliferation pattern, differentiation 
and immunoregulatory activity in vitro. Gene expression profile was analyzed and 
measurements of cellular reactive oxygen species (ROS) and mitochondrial membrane 
potential were also taken in order to evaluate heat shock-induced oxidative stress damage. 
Our results show that HS induces extensive phenotypic changes in bUC-MSCs and abrogates 
their normal cell cycle. Both pulse and constant HS result in a severely impaired proliferation 
and differentiation capacity, which is associated with a partial arrest in the G1/S checkpoint. 
Additionally, bUC-MSCs lose their ability to convert inflammatory (M1) macrophages to anti-
inflammatory (M2) ones in vitro and to modify their cytokine expression pattern.  Explaining 
this loss of function are the accumulation of ROS and malfunction of the mitochondria in 
treated cells. Eventually, HS treatments result in stress-induced premature senescence (SIPS), 
affecting bUC-MSCs abilities to properly proliferate and recover. 



In conclusion, this study highlights important changes in the proliferation, differentiation and 
immunomodulatory phenotype of heat-stressed bUC-MSCs and suggest a possible 
explanation for the vulnerability of cows to seasonal heat stress.  

TRANSCRIPTION REGULATOR ID1 AFFECTS CELL QUIESCENCE IN SQUAMOUS CELL 
CARCINOMA 
Vera Shirokova, Anna Mourskaia, Maria Genander 
CMB, Karolinska Institutet, Stockholm, Sweden  

Tumours display remarkable cellular heterogeneity both phenotypically and functionally. One 
of the sides of such heterogeneity is the presence of slow-cycling, quiescent tumor initiating 
cells, less prone for therapy, often referred to as cancer stem cells (SCs), and highly 
proliferating tumor propagating cells. The mechanisms regulating cancer CSs become unveiled 
recently, and TGFβ stepped out as one of the regulators of the tumour cell quiescence 
(Oshimouri et al., 2015; Brown et al., 2017). 
Negative regulator of bHLH transcription factors Id1 maintains SC quiescence in a normal skin 
(Genander et al., 2014). Id1 function is shown for many cancers, however, the impact of Id1 
for skin cancer has not been addressed. To distinguish the role of ID1 for skin cancer SCs, we 
use human skin carcinoma cell lines, A431 and SSC13, where we altered ID1 expression. ID1 
downregulation did not affect cell proliferation in 2D cell culture. However, xenograft 
transplants gave rise to bigger tumours with impaired terminal differentiation. To find out the 
outcome of ID1 overactivation, we separately overexpressed two ID1 isoforms, canonical ID1a 
isoform, and less abundant IdDb. Cells overexpressing ID1b (ID1b OE) changed phenotype and 
slowed down proliferation, suggesting separate roles of ID1 isoforms in regulation of 
proliferation. Xenografted ID1b OE cells formed smaller tumours, with very few progenitor 
cells in the tumor basal layer. In control skin tumours, ID1 was expressed in the basal tumour-
progenitor cells, suggesting that changes in ID1 expression might affect progenitor-
differentiation balance in tumour development. In vitro, short treatment of cells with TGFβ 
upregulated ID1 expression at about two folds, suggesting ID1 as TGFβ target and possible 
transmitter of the pathway. Further studies of ID1b OE in skin cancer cell lines and RNA-seq 
of FACS-isolated tumour cells will shed light on the mechanisms of ID1 function. 

THE MOLECULAR GEOGRAPHY OF THE MATERNAL-FETAL INTERFACE 
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The placenta is an organ derived from extraembryonic lineages and it is crucial for the 
successful pregnancy and health of the developing embryo. The placenta is also an important 
source of stem cells. However, the importance of the placenta in embryo development is often 
underappreciated and the cellular architecture of the placenta is poorly understood. Here, we 
developed experimental and computational methods to reconstruct the molecular identity, 
cis-regulatory, networks, spatial organization, and function of distinct cell types at single-cell 
resolution. We integrated single-cell RNA-sequencing, single-cell ATACsequencing, and single-
cell spatial transcriptomics to create a molecularly annotated and spatially resolved single-cell 
atlas of the placenta. We highlight the cell-cell interactions between immune cells and various 
placental cells. This serves as a foundation for further studies of immune tolerance, placental 
development, and birth defects. The methods developed here can be applied broadly to other 
biological systems. 



FUNCTIONAL REMODELING OF IPSC-CARDIOMYOCYTES IN 3D-MICRO-SCAFFOLDS 
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New cardiomyocytes derived from induced pluripotent stem cells (iPSC-cardiomyocytes) have 
revolutionized the field of cardiac tissue engineering for regenerative cell therapy and disease 
modeling. Standardized differentiation protocols ensure high yield of pure cardiomyocytes, 
but cells retain a premature cardiac phenotype in terms of cell shape and microarchitecture 
marking significant functional limitations compared to adult cardiomyocytes. In particular, 
iPSC-cardiomyocytes remain spontaneously active and unveil reduced Ca2+ handling 
properties critical for contraction and force production. In this project, we tested the 
hypothesis that reshaping the cells towards the adult-like cuboid morphology will lead to 
significant improvement in the functional properties especially at the level of Ca2+ handling. 
Using the technique of direct laser writing, we produced specially designed rectangular-
shaped 3D-micro-scaffolds for single iPSC-cardiomyocyte growth and studied the effect of 
structural remodeling on the development of the cardiac excitation-contraction (EC-) coupling 
mechanism. Hexagonally shaped 3D-micro-scaffolds served as control system for structural 
and functional analysis. Structural remodeling was examined at the ultrastructural level and 
with immunocytochemistry techniques. Confocal live-cell imaging was performed to measure 
spontaneous Ca2+ transients. Furthermore, we evaluated the EC-coupling mechanism using 
electrophysiological tools in combination with confocal imaging. 
Our data revealed significant sarcolemmal remodeling processes and myofilament 
reorientation in 3D-shaped cuboid cells leading to enhanced clusters of L-type Ca2+ channels 
and ryanodine receptors. In addition, the development of transverse-tubules was initiated in 
3D-micro-scaffolds. Functional analyses revealed enhanced spontaneous beating activity and 
faster Ca2+ transient kinetics indicating more robust Ca2+ handling compared to non-
patterned cells. Moreover, changes in the Ca2+ current inactivation properties in cuboid cells 
support the hypothesis of enhanced functional interaction of L-type Ca2+ channels and 
ryanodine receptors and improved EC-coupling. 
Overall, our data demonstrate for the first time significant improvement of Ca2+ signaling 
properties and EC-coupling in 3D-reshaped single iPSC-cardiomyocytes indicative of functional 
maturation by structural remodeling. 

THE ESSENTIALITY LANDSCAPE OF CELL CYCLE-RELATED GENES IN HUMAN PLURIPOTENT 
AND CANCER CELLS 
Ruth Viner1, Atilgan Yilmaz1, Michal Goldberg2, Nissim Benvenisty1 
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Cell cycle regulation is a complex system consisting of mechanisms that promote or restrict 
cell growth, whose coordinated activity is vital for proper division and propagation. 



Alterations in cell cycle regulation can lead to uncontrolled proliferation and genomic 
instability, which may trigger carcinogenesis. Here, we conducted a comprehensive 
bioinformatic analysis of cell cycle-related genes using data from CRISPR/Cas9 loss-of-function 
screens performed in four cancer cell lines and human embryonic stem cells (hESCs). Our 
results indicate that cell cycle genes, and in particular S phase and checkpoint genes, are highly 
essential for the growth of cancer and pluripotent cells. However, checkpoint genes are found 
to underlie the differences between the cell cycle features of these cell types. Interestingly, 
while growth-promoting cell cycle genes overlap considerably between cancer and stem cells, 
growth-restricting cell cycle genes are completely distinct. Moreover, growth-restricting 
genes are consistently less frequent in cancer cells than in hESCs. Here we show that most of 
these genes are regulated by the tumor suppressor gene TP53, which is mutated in most 
cancer cells. Therefore, the growth-restriction system in cancer cells lacks important factors 
and does not function properly. Intriguingly, M phase genes are specifically essential for the 
growth of hESCs and are highly abundant among hESC-enriched genes, suggesting a unique M 
phase circuitry in pluripotent cells. These results highlight the differences in cell cycle 
regulation between cell types, and emphasize the importance of conducting cell cycle studies 
in cells with intact genomes and not in cancer cells, in order to obtain an authentic 
representation of the genetic features of the cell cycle. 

ESSENTIAL GENES FOR DIFFERENTIATION INTO ALL THREE GERM LAYERS DEFINED BY 
CRISPR/CAS9 SCREENING IN HAPLOID HUMAN EMBRYONIC STEM CELLS 
Atilgan Yilmaz, Carmel Braverman Gross, Anna Tsypin, Nissim Benvenisty 
The Azrieli Center for Stem Cells and Genetic Research, Department of Genetics, The 
Hebrew University of Jerusalem, Jerusalem, Israel  

Pluripotent stem cells can differentiate into all three embryonic germ layers, a process that is 
orchestrated by the dissolution of pluripotency network and activation of pro-differentiation 
pathways. Yet, the genes essential for these cell fate transitions in human are still elusive. 
Recently, we have derived haploid human pluripotent stem cells (hPSCs) and generated a loss-
of-function library in these cells targeting 18,000 coding genes utilizing CRISPR/Cas9 
technology. This library enabled us to define the genes essential for the normal growth and 
survival of undifferentiated hPSCs. Here, we set out to map the essential genes for the 
differentiation of hPSCs into all three germ layers, by using the loss-of-function library in 
haploid hPSCs. Through the analysis of essential genes for the differentiation of hPSCs into 
ectoderm, mesoderm and endoderm, we defined the essentialome of each germ layer 
separately. Furthermore, we identified the genes that are common for the transition from 
pluripotency stage into all three embryonic germ layer fates. Interestingly, this group was 
enriched by genes that are localized to the Golgi apparatus and the endoplasmic reticulum 
and regulate membrane and secreted molecules, highlighting the key role of signaling events 
during these dynamic cell state transitions. Overall, our work sheds light on the gene networks 
regulating early gastrulation events in human by defining essential drivers of specific 
embryonic germ layer fates and essential genes for the exit from pluripotency. 
The initial part of this study was recently published: 
Yilmaz et al. Nature Cell Biology (2018) 
Yilmaz and Benvenisty Cell Stem Cell (2019) 
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Neuropsychiatric disorders are the most debilitating and costly diseases in the developed 
countries. It is estimated that 38.2% of the European population is affected. Over the last 
years the cholinergic receptor’s genes have attracted considerable attention mainly stemming 
from human genetic studies. The studies linked the human-specific gene CHRFAM7A to the 
major pathologies of the nervous system, like schizophrenia (SCZ) and Alzheimer’s Disease 
(AD). Furthermore, two independent human genetic studies have linked copy number 
variation (CNV) in this nicotinic acetylcholine receptor (nAChR) gene to the age of onset and 
severity of AD. 
CHRFAM7A is a human-specific gene that was only identified a decade ago. This gene is a 
partial duplication of the CHRNA7 gene, coding for the alpha7 subunit of the nAChR. It has 
appeared very recently in the hominin lineage, and thus is absent even in higher non-human 
primates. 
Additionally, the CHRFAM7A gene is present with an additional polymorphism, a two base-
pair deletion, changing the amino acid sequence of the extra-cellular domain of the protein, 
and once more enriched in SCZ subjects. 
The hypothesis tested is that the human genetic variation of the CHRFAM7A results in a loss-
of-function phenotype underlying the human pathology. 
In vitro and in vivo methods are employed to analyse the function and the alterations in the 
nicotinic receptors in the hiPSC derived glutamatergic neurons and microglia in culture, and 
after the transplantation into the mouse brain to further the understanding of the underlying 
synaptic alterations. 
The differentiation method through the formation of embryoid bodies was used to derive 
hiPSC into the glutamatergic neurons, while microglia are derived from hiPSC following the 
hematopoietic pathway. 
CNV is modeled by inducible lentiviral overexpression of CHRFAM7A, and the generation of 
isogenic lines using CRISPR/Cas9 in the neuronal and non-neuronal cultures, and the 
functional and morphological characterization are performed. 

MULTI-FLOW CHANNEL BIOREACTOR ENABLES REAL-TIME MONITORING OF CELLULAR 
DYNAMICS IN 3D ENGINEERED TISSUE 
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The key to understanding, harnessing and manipulating natural biological processes for the 
benefit of tissue engineering lies in providing a controllable dynamic environment for tissue 
development in-vitro while being able to track cell activity in real time. This work presents a 
multi-channel bioreactor specifically designed to enable on-line imaging of fluorescently 
labeled cells embedded in replicated 3D engineered constructs subjected to different flow 
conditions. The images were acquired in 3D using a standard upright confocal microscope and 
further analyzed and quantified by computer vision. The platform was used to characterize 



and quantify the pace and directionality of angiogenic processes induced by flow. The 
presented apparatus bears considerable potential to advance scientific research, from basic 
research pursuing the effect of flow versus static conditions on 3D scaffolds and cell types, to 
clinically oriented modelling in drug screening and cytotoxicity assays. 
 


