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ABSTRACT 
 

Current comprehension of endoderm organ development has enabled researchers to 

successfully direct pluripotent stem cells (PSCs) to differentiate into endodermal lineage 

which can give rise to cells of the lungs, liver, pancreas, stomach, and intestine. 

Nevertheless, variations in the differentiation efficiency have been reported mainly due 

the utilization of poorly defined matrices in the protocols applied. On this basis, the 

present study investigated the potential role of recombinant human-Vitronectin-N (VN) 

in inducing differentiation of human induced pluripotent stem cells (hiPSCs) into 

endodermal lineage. Differentiation was initiated by applying a previously established 

sequential step wise endodermal differentiation protocol. Expression of endodermal 

specific genes characteristic of each differentiation stage was investigated and analyzed  

by qRT-PCR and immunohistochemistry. Our results demonstrated a significant up-

regulation of endoderm related markers characteristic of respective stages of 

differentiation in hiPSCs differentiated on VN coated dishes in comparison to those 

differentiated on routinely used feeder cells. Analysis of PDX1 expression in 
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differentiated cells illustrated that VN was able to further induce pancreatic progenitors 

as well. Altogether, our results demonstrated that VN efficiently promoted endodermal 

differentiation of human induced pluripotent stem cells.  
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1. INTRODUCTION 
 

Diseases like diabetes and liver cirrhosis result from impairment in cells of 

endodermal origin. Such diseases pose as social repercussions that dramatically burden 

the health care systems. The current management of such chronic illnesses ranges from 

the use of supportive and palliative therapy to organ transplantation. However, the 

inefficiency of both options justifies the need for an alternative treatment. Current 

comprehension of endoderm organ development has enabled researchers to successfully 

direct pluripotent stem cells (PSCs) to differentiate into hepatocyte-like cells and 

pancreatic β-like cells [1–8]. Induced pluripotent stem cells (iPSCs) specifically forecast 

an imminent possibility of delivering autologous cells to replace patients own damaged 

cells and tissues [9]. Several studies have demonstrated induction of endodermal lineage 

from human embryonic stem cell lines and iPSCs cell lines [10–12]. Nevertheless, 

variation in the differentiation efficiency was reported either due to the use of chemically 

undefined components in the differentiation protocols applied or due to the utilization of 

poorly defined matrices like Matrigel [13, 14]. rh-Vitronectin-N (VN); an extracellular 

matrix protein that consists of somatomedin B, hemopexin and heparin-binding domain, 

has been suggested as an alternative to Matrigel and feeder cell layer. It has been reported 

to enhance cell attachment, growth as well as to maintain the pluripotent state of iPSCs 

cultures [15–18]. Moreover, Brafman et al., suggested that fibronectin and vitronectin are 

capable of promoting DE differentiation from human embryonic stem cells [19]. In the 

present study, we sought to assess the role of recombinant human -Vitronectin-N (VN) on 

the induction of endodermal lineage differentiation from human iPSCs while comparing 

its effect to the routinely used feeder layers. 

 

 

2. MATERIAL AND METHODS 
 

All the experiments conducted in this study used human ESCs and human iPSCs. The 

work was reviewed and approved by the ethical committee of the Foundation for 

Biomedical Research and Innovation (FBRI). 
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2.1. Cell Culture 
 

Human ESC lines KhES-1 (Riken BRC) [20] and human iPSCs lines 201B7 (Riken 

BRC, Tsukuba, Japan) [21] were cultured with hPSCs culture media on mitomycin  

C-treated SNL76/7 cells (SIM strain embryonic fibroblast, European Collection of Cell 

Culture) or with chemical defined medium Essential 8 (Es8, Thermo Fisher Scientific), 

on recombinant human Vitronectin-N (VN) (Thermo Fisher Scientific)-coated dishes or 

on Matrigel Growth Factor Reduced (GFR) Basement Membrane Matrix (Corning; 

Product # 354230) and were incubated at 37°C in a 5% CO2 atmosphere (MCO-19AIC, 

Panasonic, Osaka, Japan).  

The hPSCs culture media comprised DMEM/F-12 (Sigma, Tokyo, Japan) 

supplemented with 20% knockout serum replacement (KSR; Life Technologies, 

Carlsbad, CA, USA), 2 mM L-glutamine (Nacalai Tesque, Kyoto, Japan), 1% Non-

Essential Amino Acid (NEAA; Life Technologies, Philadelphia, PA, USA), 0.1 mM 2-

Mercaptoethanol (Life Technologies Inc, USA), and 5 ng/mL FGF-2 (Reprocell, 

Kanagawa, Japan). Cells cultured with hPSCs culture media were passaged in clumps 

using Gentle Cell Dissociation Reagent (GCDR; Stem Cell Technologies) and split at a 

ratio of 1:3 for iPSCs or 1:3.5 for ESCs. Alternatively, cells were passaged by seeding a 

single-cell suspension using TrypLE Select (Thermo Fisher Scientific) when cultured 

with Es8 medium. Cells in single-cell suspensions were seeded at 1 × 105 cells/well in 6-

well plates. 

 

 

2.2. Quantitative RT-PCR (q RT-PCR) 
 

Total RNA was prepared with the RNeasy Micro Kit (74004, QIAGEN, Hilden, 

Germany) and treated with RNase-free DNase (QIAGEN, Hilden, Germany). A total of 

500 ng RNA was used for a reverse transcription (RT) reaction using the QuantiTect 

Reverse Transcription Kit (205311, QIAGEN, Hilden, Germany). qRT-PCR was carried 

out in triplicates using SYBR® Select Master Mix (Thermo Fisher Scientific, USA) in 

StepOnePlus™ (Thermo Fisher Scientific, USA) with the following PCR program: 95°C 

for 10 min, 40 cycles at 95°C for 15 s, 60°C for 1 min, and 72°C for 15s. The specific 

primers are listed in (Table 1). RNA from primary human islet used as positive controls 

in (Figure 5) was kindly provided by Dr. Hirofumi Noguchi of Ryukyu Univ. Japan. 

Relative quantification was calculated using the 2-ΔΔCt method after normalization to 

the glycelaldehyde-3-phosphate dehydrogenase (GAPDH). 
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Table 1. List of primers used in q RT-PCR 

 

 
 

 

2.3. hPSC Scorecard Assay 
 

qRT-PCR for 96 genes were performed with Taqman hPSC Scorecard panel (Thermo 

Fisher) in accordance with the instruction manual for detection of endoderm lineage-

related gene expression in both KhES-1 and 201B7 cell lines in the undifferentiated state. 

Interpretation of self-renewal, ectoderm, mesoderm, endoderm lineage differentiation 

was carried out based on the publication (2011, 144, 4390-452, Cell). 

 

 

2.4. Immunohistochemistry (IHC) 
 

Differentiated cells were fixed on dishes with 4% PFA overnight at 4°C, and then 

washed 3 times with PBS for 5 min. The cells were permeabilized for 15 min with 2% 

bovine serum albumin and 0.1% TritonX-100 (Sigma-Aldrich, Tokyo, Japan).  

The expression of PDX1 in differentiated cells was detected with the indicated antibody: 

anti-PDX1 antibody (1:250; ab84987, Abcam, Japan). Binding was visualized with a  
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secondary antibody labeled with Alexa Fluor 594 (1:500; A11062, Life Technologies, 

USA), and cells were counterstained with DAPI (D1306, Life Technologies, USA). An 

Olympus FV1200 laser scanning confocal microscope (Japan) was used for fluorescence 

detection. 

 

 

2.5. Statistical Analysis 
 

q RT-PCR experiments were carried out at least three times. Data were presented as 

the average values ± SEM (standard error of the mean). Statistical significance was 

analyzed with paired Student t test. Significance levels or P-values are indicated in the 

figure legends. 

 

 

3. RESULTS 
 

3.1. Generation of IPSCs-Derived Endoderm 
 

 

Figure 1. Schematic diagram for endoderm lineage differentiation protocol. Three stages of 

differentiation are illustrated; growth factors, medium and range of duration for each stage are outlined. 

In this protocol iPSCs cell line (201B7) were differentiated while cultured either on mitomycin 

C-treated SNL76/7 feeders (OF) or Vitronectin (VN) coated-dish as feeder-free cultures. Genes related 

to endoderm differentiation (SOX17, FOX2A, GATA6, FOXA2, CXCR4, MEOX1, SOX1, HNF4A, 

HNF1B, PDX1) were determine by qRT-PCR. ActA, Activin A; KGF, keratinocyte growth factor 

CYC, KAAD-cyclopamine; RA, all-trans retinoic acid; VN, Vitronectin; ES8, Essential 8. 
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Directed differentiation into endoderm followed previously published protocols [22] 

(Figure 1). In the present study only three stages were applied which involved Definitive 

Endoderm (DE) induction, primitive gut tube generation and finally posterior foregut 

specification. Differentiation was initiated as follows; iPSCs were seeded onto 6-well 

plates covered with mitomycin C-treated SNL76/7 cells or VN. Cells were maintained in 

iPSCs medium or Essential 8 medium for 3 to 4 days (with daily medium exchange) until 

they reached 70–80% confluence. Then, the culture medium was changed to RPMI 

(Mediatech, USA) supplemented with Glutamax, penicillin/streptomycin, and varying 

concentrations of FBS (Gibco, USA) or 1% (vol/vol) B27 (Life Technologies, USA) 

supplement where indicated. After a brief wash in PBS (with Mg/Ca) (Nacalai Tesque, 

Kyoto, Japan), cells were cultured in RPMI (without FBS), 100 ng/ml activin A 

(Peprotech, NJ, USA) and 50 ng/ml Wnt3a (Peprotech, NJ, USA) for the first day. The 

next day the medium was changed to RPMI with 0.2% vol/vol FBS and 100 ng/ml activin 

A, and the cells were cultured for 2 additional days. Next, the cells were briefly washed 

with PBS (with Mg/Ca) and then cultured in RPMI with 2% vol/vol FBS and 25 ng/ml 

KGF (Peprotech, NJ, USA) for 3 days. 

 

 

3.2. Differentiated Cells Demonstrate Endoderm Lineage Characteristics 
 

The first stage of differentiation was set to mimic the events of definitive endoderm 

(DE) development. hiPSCs were cultured either on feeder, Matrigel or on VN coated 

dishes in the presence of activin A (Act, a member of the TGF-b superfamily) and Wnt3a 

for two days. To assess the efficiency of differentiation, mRNA expression levels of stage 

specific genes was analyzed by qRT–PCR and compared with those of undifferentiated 

cells. Average of gene expression values for undifferentiated state, ectoderm, mesoderm- 

or endoderm-related genes of hiPSCs cell line and kHES-1 cell line are shown in 

comparison with reference standards of TaqMan hPSC Score-card Panel (Supplementary 

Table 1). In both culture conditions, cells from stage one expressed DE markers SOX17, 

FOXA2, CXCR4 and GATA6, in comparison to undifferentiated hiPSCs, whereas the 

expression level of the marker gene of ectoderm marker; SOX1 and mesoderm marker; 

MEOX1 were decreased (Figure 2). The similar initial differentiation process observed in 

stage 1 was also verified in hESC KhES-1 as show in (Supplementary Figure 1). At stage 

2, KAAD-cyclopamine (cyc); a sonic hedgehog signaling inhibitor, was added to allow 

the transition into primitive gut tube cells. Up-regulation of gut-tube marker genes 

FOXA2, HNF1b, and HNF4a (hepatocyte nuclear factor 4a) were detected by the end of 

stage 2 denoting developing gut tube (Figure 3). Transition of expression of genes related 

to endoderm differentiation of 201B7 cultured on feeder, or on vitronectin-N coated dish 

at all stages is illustrated in (Supplementary Figure 2). 
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Figure 2. Differentiation of iPSCs into definitive endoderm. (A) Protocol applied for stage 1 of 

differentiation. (B) Phase contrast microscopic observation of iPSCs cell line 201B7 at the end of stage 

1 cultured on mitomycin C-treated SNL76/7 (OF, upper photos) or on Vitronectin-N coated-dish 

(VN, lower photo). (C)Expression of genes characteristic for definitive endoderm DE (SOX17, 

FOX2A, GATA6, FOXA2, CXCR4) in addition to mesoderm marker: MEOX1 and ectoderm marker: 

SOX1 for cells cultured on mitomycin C-treated SNL76/7 (on feeder: OF) or on Vitronectin-N coated-

dish (VN) at the end of stage 1 in each graph. The data were analyzed by qRT–PCR and compared with 

undifferentiated iPSCs. Results are presented as mean ± SEM of three independent experiments (n = 3). 

*P < 0.05, **P < 0.01. (Scale bars = 200 μM). 

 

3.3. VN-Coated Culture Promotes Endodermal Differentiation 
 

We hypothesized that the differentiation efficiency of pluripotent cells can be 

affected by the culture system implemented; in terms of the culture medium used, the 

coating material and the cell seeding density. Therefore, we compared gene expression of 

cells differentiated while cultured on VN coated dishes to those cultured on different 

conditions (Figure 2 & 3). q RT-PCR analysis of definitive endoderm-related 

transcription factor genes (SOX17, FOXA2, GATA6, and CXCR4) revealed that VN 

significantly promoted the efficiency of differentiation relative to cultures differentiated 

on a feeder layer. Similarly, differentiation to more mature endodermal lineages 

(primitive gut tube and posterior foregut) was assessed and revealed significantly higher 

expression of HNF1B in cells differentiated on VN than those cultured on feeder layer. It 

was also notable that VN culture condition effectively up regulated DE characteristic 

genes in the first stage and were effectively down regulated in later stages. Interestingly, 
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SOX17 was steadily expressed at decreased levels throughout the differentiation. These 

results demonstrated that culture on VN promoted differentiation efficiency toward 

endodermal lineages. Morphological changes of the induced cells were also examined 

daily under phase contrast microscope. Gradually the cells started to assume typical DE 

cobblestone/petal like appearance, however cells cultured on VN demonstrated a rather 

uniform appearance than those cultured on feeder cells. 

 

 

Figure 3. Differentiation of iPSCs into primitive gut tube. (A) Protocol applied for stage 2 of 

differentiation. (B) Phase contrast microscopic observation of iPSCs cell line 201B7 at the end of stage 

2 cultured on mitomycin C-treated SNL76/7 (OF, upper photos) or on Vitronectin-N coated-dish 

(VN, lower photo). (C) Expression of genes characteristic of primitive gut tube SOX17, GATA6, 

FOXA2, HNF4A and HNF1B for cells cultured on mitomycin C-treated SNL76/7 (on feeder: OF) or on 

Vitronectin-N coated-dish (VN) at the end of stage 2 in each graph. The data were analyzed by 

qRT–PCR and compared with undifferentiated iPSCs. Results are presented as mean ± SEM of three 

independent experiments (n = 3). *P < 0.05, **P < 0.01. (Scale bars = 200 μM). 

 

3.4. Induction of Pancreatic Progenitors 
 

To determine whether the differentiated iPSCs would further differentiate to 

endoderm derivatives, we next analyzed pancreatic differentiation through implementing 

stage three of the previously described protocol [22]. After seven days of culture in 

endoderm differentiation condition, the medium was changed to DMEM with 1% vol/vol 

B27 (Invitrogen, USA) supplement, 0.25µM KAAD-cyclopamine (Toronto Research 

Chemicals, Canada), 1µM all-Trans retinoic acid (RA) (Sigma, Tokyo, Japan) and 30 

ng/ml Noggin (R&D, MN, USA) for 3 days to pattern a foregut fate and induce the 
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development of pancreatic progenitors. Gene expression analysis at this stage, revealed a 

highly significant increase in PDX1 expression in VN cultures while maintaining 

significant up-regulation of HNF1B and HNF4A (Figure 4). This combination of gene 

expression indicated posterior foregut formation. 

 

 

3.5. Effective Induction of PDX1 via VN Culture 
 

At the end of stage 3, we analyzed PDX1 expression as a key pancreatic development 

factor. Gene expression analysis of PDX1 revealed a consistent increase in VN coated 

cultures through all stages of differentiation compared to those differentiated via Matrigel 

or feeder coated dishes (Figure 5). Expression of PDX1 in 201B7 was not detected on 

either Matrigel condition or on feeder condition by ICH. However, an obvious increase in 

PDX1 positive cells was demonstrated in cells cultured on VN (Figure 5) which 

confirmed that iPSCs were efficiently differentiated to pancreatic progenitor cells when 

cultured on VN-coated dishes. The overall result supported that VN-based culture is more 

efficient in inducing endodermal derivatives. 

 

 

Figure 4. Differentiation of iPSCs into posterior foregut. (A) Protocol applied for stage 3 of 

differentiation. (B) Phase contrast microscopic observation of iPSCs cell line 201B7 at the end of stage 

3 cultured on mitomycin C-treated SNL76/7 (OF, upper photos) or on Vitronectin-N coated-dish  

(VN, lower photo). (C) Expression of genes characteristic of posterior foregut. (SOX17, GATA6, 

FOXA2, HNF4A, HNF1B and PDX1) for cells cultured on mitomycin C-treated SNL76/7 (on feeder: 

OF) or on Vitronectin-N coated-dish (VN) at the end of stage 3 in each graph. The data were analyzed 

by qRT–PCR and compared with undifferentiated iPSCs. Results are presented as mean ± SEM of three 

independent experiments (n = 3). *P < 0.05, **P < 0.01. (Scale bars = 200 μM). 
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Figure 5. VN coated dishes efficiently induces PDX-1 expression Immunocytochemistry showing 

increased expression patterns of PDX1-1 (red, pancreatic), positive cells generated at stage 3 on VN 

coated dish (A) than on mitomycin C-treated SNL76/7 feeder (B) layered dishes. Cells were 

counterstained with DAPI (blue) (Scale bars = 200 μM). Transition of gene expression of PDX1 in 

201B7 cultured on feeder (OF), Matrigel or Vitronectin-N (VN) in stage 1-3 is shown as a fold change 

of gene expression of cells cultured on VN at stage 2 (n = 3, analytical replicates) (lower photo). 

 

Figure 6. Expression of genes characteristic of stage three relative to adult human islet expression levels 

by qRT-PCR. Relative mRNA expression levels of (SOX17, GATA6, FOXA2, HNF4A, HNF1B and 

PDX1) in cells generated at stage three cells and cultured on either mitomycin C-treated SNL76/7 

(on feeder: OF) or on Vitronectin-N coated-dish (VN) were compared to pancreatic islet cells. The data 

were expressed as genes to GAPDH ratio with that of islet arbitrarily set as 1. Results are presented as 

mean ± SEM of three independent experiments (n = 3). * P < 0.05, ** P < 0.01. 
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3.6. Pancreatic Markers Demonstrate Expression Levels Relative to Adult 

Human Islet Expression  
 

To further elaborate these transcript levels, gene expression of stage three 

differentiated cells was compared to adult human islets (Figure 6). Remarkably, the 

majority of the pancreatic markers (SOX17, GATA6, FOXA2, HNF4A, HNF1B and 

PDX1) were significantly up-regulated in cultures differentiated on VN and at 

comparable levels to human adult islet cells. On the other hand, the same genes were 

down regulated in cultures differentiated on feeder layer. 

 

 

4. DISCUSSION 
 

Vitronectin is an efficient coating material essential for the maintenance of 

pluripotent stem cells and acts as an alternative to feeder layers and Matrigel [23]. 

However, the role of VN in the induction of endodermal lineage differentiation has not 

been fully investigated. In this report, we demonstrated that VN effectively promoted 

endodermal differentiation of iPSCs. Endoderm development is considered a 

sophisticated and complex process that is controlled by numerous signaling pathways and 

transcription factor cascades [24]. It is believed that the selection of a successful protocol 

to differentiate cells is critical to the success of the differentiation. We implemented an 

established endodermal lineage differentiation protocol that is considered as one of the 

most efficient protocols [22, 25]. Differentiation was initiated in singly seeded cells 

cultured on VN in order to allow cells to fully attach to the extra cellular matrix [16]. 

Konagaya et al. described aggregate culture for generating islet-like aggregates from 

human iPSCs, however creating these aggregates is complicated in manufacturing and 

did not increase the efficiency of differentiation [26]. Extracellular matrix plays an 

important role in endodermal lineage differentiation by allowing cell migration and by 

guiding primitive streak formation and gastrulation [27, 28]. Recent studies reported that 

DE cells differentiated from human embryonic stem cells expressed vitronectin integrin 

alpha-v/ beta-5 receptor, which acts to mediate cell-to-cell and cell-to-ECM interactions 

[18, 19]. Nagaoka, et al., 2015 reported that a fragment of VN is ample to maintain the 

pluripotency of hPSCs and aids in the differentiation of the cells towards hepatocyte 

lineage [29]. We did not consider the use of recombinant human vitronectin-XF (V-XF, 

Stem Cell Technologies) for this study. V-XF contains various binding motifs compared 

with recombinant human VN or physiological VN, which may facilitate the binding to 

various molecules, but at the same time, V-XF might not be optimized to anchor the 

undifferentiated PSCs and cannot afford to maintain them more than 3 passages with Es8 

medium. Thus, we compared feeder-free vitronectin-N-coated condition with that of 

Matrigel-coated condition and feeder coted condition. Gene expression analysis of 



Riham Aly, Takako Yamamoto, Chiemi Takenaka et al. 152 

markers characteristic of endoderm lineage confirmed the role of VN in promoting 

endodermal differentiation. The significant up regulation of endoderm markers CXCR4, 

FOXA2 and SOX17 at the end of the first stage was in consistence with previous reports 

and indicated successful derivation of DE [2, 25, 30]. CXCR4 is a reliable marker for DE 

generated from murine and human embryonic stem cells. It indirectly induces pancreatic 

development through controlling angioblasts migration [31, 32]. FOXA2 is initially 

expressed at the anterior region of the primitive streak, where definitive endoderm 

induction takes place. Co expression of FOXA2 and SOX17 is generally used to exclude 

other lineage differentiation and is considered a defining factor that confirms DE 

differentiation [33]. The expression of GATA6 was also maintained throughout the three 

stages, but with decreasing level which illustrates its critical role in DE formation and in 

posterior foregut specification [34]. GATA6 pattern of expression was consistent with 

recent reports that suggested its critical role in endoderm and pancreas specification [34]. 

Analysis of the mesoderm marker MEOX1 and the ectoderm maker SOX1 expression, 

revealed decreased expression in differentiated cells relative to cells in the 

undifferentiated state. This was in consistence with Wong et al., 2010 and indicated that 

only a relatively small proportion of the differentiated cells differentiated along these 

alternative lineages [30]. In accordance with previous reports, a considerable up 

regulation of stage two gut-tube markers; HNF1B and HNF4A was observed in both 

culture conditions with advancement of cells cultured on VN over those cultured on a 

feeder layer. Increased expression of HNF1B and HNF4A is indicative of posterior 

foregut specification [25]. At the third stage, retinoic acid (RA) cyclopamine and noggin 

were administered to induce iPSCs to differentiate into pancreatic progenitor cells and to 

inhibit hepatic differentiation [31] It has recently been suggested that pancreatic 

differentiation is achieved through simultaneous suppression of the liver transcriptional 

factors by PDX1 [35]. PDX1 is described as a key pancreatic beta-cell marker and the 

hallmark for posterior foregut/pancreatic-committed gut endoderm in differentiated cells 

and human islets [25]. Its expression was significantly high at the end of stage three along 

with strong positive PDX1 staining in almost all cells differentiated on VN. Furthermore, 

gene expression profile at the end of stage 3 in cells differentiated on VN was similar to 

that of adult islet cells. Overall, these results confirmed the successful differentiation of 

iPSCs into pancreatic-committed gut endoderm. In conclusion, VN efficiently promoted 

differentiation of iPSCs into endodermal lineage. Although previous studies suggest that 

the differentiation of hPSCs into endodermal lineage resembles the developmental 

process, it was challenging for us to generate mature β cells when subsequent stages of 

the implemented protocol were attempted. Further improvements are needed in order to 

produce terminally differentiated tissues. In the future; we plan to completely adapt this  
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protocol to xeno-free conditions and to test the stability of these differentiated cells on in 

vivo models. 

 

 

Supplementary Figure 1. Differentiation of iPSCs into definitive endoderm. Expression of genes 

characteristic for definitive endoderm DE (SOX17, FOX2A, GATA6, FOXA2, CXCR4) in addition to 

mesoderm marker: MEOX1 and ectoderm marker: SOX1 for cells cultured on mitomycin C-treated 

SNL76/7 (on feeder: OF) or on Vitronectin-N coated-dish (VN) at the end of stage 1 KhES-1 cell line. 

The data were analyzed by qRT–PCR and compared with undifferentiated cells. 

 

Supplementary Figure 2. Transition of expression of genes related to endoderm differentiation of 

201B7 cultured on feeder (OF), or on vitronectin-N coated dish (VN) at stage 1-3. 
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Supplementary Material to Table 1. Gene expression of endoderm lineage-related 

molecules in ESC/iPSC in undifferentiated state 

 

 
Average gene expression of self-renewal (undifferentiated state), ectoderm- mesoderm- or endoderm-

related genes is compared with reference standards of TaqMan hPSC Scorecard Panel (Life 

Technology) 
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