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Abstract
The first step in differentiation of pluripotent stem cell toward endoderm-derived cell/organ is differentiation to definitive 
endoderm (DE) which is the central issue in developmental biology. Based on several evidences, we hypothesized that activin-
A optimization as well as replacement of fetal bovine serum (FBS) with knockout serum replacement (KSR) is important 
for differentiation of induced pluripotent stem cell (iPSC) line into DE. Therefore, a stepwise differentiation protocol was 
applied on R1-hiPSC1 cell line. At first, activin-A concentration (30, 50, 70 and 100 ng/ml) was optimized. Then, substitu-
tion of FBS with KSR was evaluated across four treatment groups. The amount of differentiation of iPSC toward DE was 
determined by quantitative gene expression analyses of pluripotency (NANOG and OCT4), definitive endoderm (SOX17 
and FOXA2) and endoderm-derived organs (PDX1, NEUROG3, and PAX6). Based on gene expression analyses, the more 
decrease in concentrations of activin-A can increase the differentiation of iPSC into DE, therefore, 30 ng/ml activin-A was 
chosen as the best concentration for the differentiation of R1-hiPSC1 line toward endoderm-derived organ. Moreover, com-
plete replacement of FBS with gradually increased KSR improved the differentiation of iPSC toward DE. For this reason, 
the addition of 0% KSR at day 1, 0.2% at day 2 and 2% for the next 3 days was the best optimal protocol of the differentia-
tion of iPSC toward DE. Overall, our results demonstrate that optimization of activin-A is important for differentiation of 
iPSC line. Furthermore, the replacement of FBS with KSR can improve the efficiency of iPSC differentiation toward DE.
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Introduction

Various methods have been established for the differen-
tiation of pluripotent stem cells into several endoderm-
derived organs in vitro (Han et al. 2017; Memon et al. 
2018). These stepwise differentiation methods are based 
on tight and temporal activation and inhibition of distinct 
signaling pathways including TGFβ, WNT/β-catenin, 
SHH, FGF, and NOTCH in order to direct pluripotent stem 
cells to commit toward specific cells/organs (Hoveizi et al. 
2015; Huggins et al. 2017; Bogacheva et al. 2018). More-
over, maturity and functionality of differentiated cells/
organs highly rely upon the efficiency of each step of the 
differentiation protocol (Bogacheva et al. 2018). This effi-
ciency considerably relies on distinctive cytokines, growth 
factors and small molecules as well as their concentrations 
in each step.

The more interesting concept about all of these proto-
cols is the necessity to differentiate into DE as the first 
interphase step for further differentiation into specific 
cell/organs (Han et al. 2017). This step of differentiation 
defined by induction and expression of various transcrip-
tion factors such as SOX17 and FOXA2 (Bogacheva et al. 
2018). The DE differentiation involves induction of sign-
aling pathways such as nodal and wnt by using activin-
A, nodal, Wnt-3a, CHIR99021, and serum (Pauklin and 
Vallier 2015). It was well known that activin-A, a mem-
ber of TGFβ superfamily and inducer of nodal signaling, 
participate in broad range of biological processes includ-
ing: stem cell renewal, proliferation, differentiation and 
apoptosis as well as cell fate decision, organogenesis and 
homeostasis (Pauklin and Vallier 2015; Bogacheva et al. 
2018). It has been reported that activin-A exerts its activ-
ity through concentration and gradient to ordain positional 
information during development, which finally directs cell 
fate (Brennan et al. 2001). Furthermore, time and dura-
tion of nodal signaling are important for cell fate decision 
and generation of different cell types (Hagos and Dougan 
2007).

It is well shown that activin-A conducts its apoptotic 
activity through activation of caspase in a dose- and 
time-dependent manner, and the Smad pathway plays an 
important role in activin-A-induced programed cell death 
(Chen et al. 2002). Furthermore, activin-A has inductive 
and direct effects on blocking differentiation and main-
taining pluripotency. In addition, Smad2/3, as downstream 
effector of activin/nodal signaling, bind to NANOG and 
OCT4 and then interact with a variety of promoters neces-
sary for maintaining of pluripotency (Vallier et al. 2009). 
Moreover, activin-A can induce mesoderm and endoderm 
differentiation in a dose-dependent manner during normal 
embryonic development (D’Amour et al. 2006; Bogacheva 

et  al. 2018). It has been found that Activin-A signals 
through Smad-2/3 and in collaboration with wnt signaling 
control mesoderm and endoderm differentiation. WNT/β-
catenin collaborates with Smad2/3 and targets the SOX17 
gene and in combination with SOX17 activates FOXA2 
gene expression to promote endoderm development (Pauk-
lin and Vallier 2015). Furthermore, it was shown that the 
concentration of activin-A below 30 ng/ml generates mes-
oderm while concentrations between 30–100 ng/ml induce 
endoderm (Sulzbacher et al. 2009). Although most of the 
researchers preferred to use the highest concentration 
of activin-A in their differentiation protocols (D’Amour 
et al. 2006; Memon et al. 2018; Bogacheva et al. 2018), 
we assumed that activin-A concentration needs appro-
priate optimization according to its numerous functions. 
Additionally, there was evidence that growth factors and 
hormones present in FBS can inhibit the induction effect 
of activin-A (Sulzbacher et al. 2009). Therefore, the use of 
other serum replacement materials was suggested. To this 
aim, we examined the effect of different concentrations of 
activin-A together with the effect of FBS and KSR on DE 
differentiation of our iPSC line.

Material and methods

In vitro differentiation

The R1-hiPSC1 cell line (RSCB0042) was taken from the 
Royan Institute (Tehran, Iran) and cultured on MEF (mouse 
embryonic fibroblasts) layer, which was inactivated by 
mitomycin C (M7949, Sigma, Germany) and fed with iPSC 
medium (Shaer et al. 2016). Contamination with Myco-
plasma spp. was checked using PCR with universal primers 
(Molla Kazemiha et al. 2009). The R1-hiPSC1 cell line was 
differentiated into DE by using a two-step protocol (Fig. 1).

Fig. 1  Schematic representation of R1-hiPSC1 differentiation toward 
DE. Factors involved in this process and duration of each step were 
represented under each step. As indicated, all the steps were per-
formed between 8 and 10 days. iPSCs induced pluripotent stem cells, 
EB embryoid body, ME mesendoderm, DE definitive endoderm
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Step 1. Embryoid body formation The embryoid body 
(EB) was generated from iPSC using static suspension 
method (Rungarunlert et al. 2009). Briefly, the iPSC 
was mechanically detached from flasks by using a cell 
scraper (SPL, South Korea) and then resuspended into 
an ultra-low attachment 6-well plate (SPL, South Korea) 
and incubated for 2–3 days in order to form spherical EB. 
Next, EBs were collected using their self-sedimentation 
characteristic in 15-ml conical tubes (SPL, South Korea) 
and transferred onto 2% gelatin-coated (G1890, Sigma, 
Germany) 35-mm plate and incubated for 1–2 days. Dur-
ing these days, cells were fed with DMEM/F12 medium 
containing 20% FBS (10270106, Gibco, USA), 100 Unit/
ml penicillin, and 100 µg/ml streptomycin (15140122, 
Gibco, USA).
Step 2. Definitive-endoderm Established EBs were sub-
jected to differentiate by treating with activin-A (30, 
50, 70 and 100 ng/ml; H4666, Sigma, Germany) and 
3  µM CHIR99021 (SML1046, Sigma, Germany) in 
RPMI1640 medium (21875034, Gibco, USA) for 1 day, 
which encourage mesendoderm induction. Then, cells 
were treated with activin-A (30, 50, 70 and 100 ng/ml) 
in RPMI 1640 medium with 0.2% FBS for 1 day. Next, 
cells were subjected to treatment with activin-A (30, 50, 
70 and 100 ng/ml) in RPMI 1640 medium with 2% FBS 
for a further 3 days.

It should be noted that at first, cells were subjected to 
treatment with different concentrations of activin-A. For 
evaluation of distinctive DE efficiency (produced from 
various concentrations of activin-A), DE cells further dif-
ferentiated into posterior foregut (Pezzolla et al. 2015) 
and gene expression of PDX1, NEUROG3 and PAX6 was 

evaluated. Then, the best concentration of activin-A was 
subjected to optimization of FBS or KSR (10828010, 
Gibco, USA) by definition of 4 groups including: group 
1—treatment with 0.2% FBS at days 1 and 2 and 2% FBS 
for the next 3 days; group 2—0% FBS at day 1, 0.2% FBS 
at day 2 and 2% FBS for the next 3 days; group 3—0.2% 
KSR at days 1 and 2 and 2% KSR for the next 3 days; 
group 4—0% KSR at day 1, 0.2% KSR at day 2 and 2% 
KSR for the next 3 days.

Gene expression analysis

Total RNA was extracted from each well by using Trizol 
reagent (15596026, Invitrogen, USA) according to the man-
ufacturer’s protocol. Five-hundred ng RNA was adhered to 
complementary DNA synthesis by using PrimeScript First 
Strand cDNA Synthesis Kit (6110A, Takara, Japan). 1 μl of 
cDNA was applied into quantitative real-time PCR (qPCR) 
to analyze gene expression changes after the differentia-
tion process. The qPCR was carried out in the StepOnePlus 
instrument (Applied Biosystem, USA) and performed using 
SYBR® Premix EX Taq™ II kit (RR820A, Takara, Japan) 
and primers presented in Table 1. All reactions were per-
formed in triplicate and GAPDH was used as the reference 
gene. All quantifications were expressed as fold change in 
comparison with undifferentiated hiPSC. All reactions were 
analyzed by LinRegPCR (version 2017.1) software and only 
highly efficient reactions (95% < E > 105% and 0.99 < r2) 
were applied for further analysis. Quality control analysis of 
qPCR, fold change calculation and statistical analysis were 
performed by GenEX v.6.1 software. Relative gene expres-
sion analysis was performed using  2−ΔΔCT analysis.

Table 1  Oligonucleotide 
sequences used for gene 
expression analysis

Adopted from *Khosravi et al. (2018) and **Zare et al. (2015). Others are primers designed by us using the 
GeneRunner software v6

Target Seq. (5′ → 3′) Tm Product size

OCT4 F: GAG AAC CGA GTG AGA GGC AACC 
R: CAT AGT CGC TGC TTG ATC GCTTG 

64 167

NANOG F: GTC CCG GTC AAG AAA CAG AAG 
R: GTC TTC ACC TGT TTG TAG CTG 

58 152

SOX17* F: CGC TTT CAT GGT GTG GGC TAA GGA CG
R: TAG TTG GGG TGG TCC TGC ATG TGC TG

60 186

FOXA2* F: AGC GAG TTA AAG TAT GCT GG
R: GTA GCT GCT CCA GTC GGA 

60 67

PDX1 F: GAA GTC TAC CAA AGC TCA CG
R: CGT GAG ATG TAC TTG TTG AAT AGG 

60 153

NEUROG3 F: CGG TAG AAA GGA TGA CGC 
R: CAG GTC ACT TCG TCT TCC 

58 103

PAX6 F: TAG TAA ACC GAG AGT AGC GAC 
R: GTT TAT TGA TGA CAC GCT TGG 

60 154

GAPDH** F: GGA CTC ATG ACC ACA GTC CA
R: CCA GTA GAG GCA GGG ATG AT

60 119
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Statistical analysis

All experiments were performed in triplicate, and data pre-
sented as a mean ± SEM. One-way ANOVA was used for 
comparison between the control group and treated groups. 
Tukey–Kramer’s test was used as a post hoc test. p value 
was set as statistically significant at the 0.05 level. Statistical 
analyses were performed by GenEX v.6.1 software. Descrip-
tive statistics were performed by EXCEL v.2017 and graph 
design were done by GraphPad Prism v7.01.

Results

Optimization of activin‑A

The iPSC was successfully produced EB after 2 days and 
attached well to the gelatin-coated dish and expand dur-
ing 1–2 days. Then, EBs were subjected to optimization 
of activin-A. Treatment of EBs with 100 ng/ml treatment 
of activin-A represented a high level of mortality among 
the EBs after 3 days and did not generate adequate cell for 
analysis. However, lower concentrations of activin-A pro-
duced sufficient cell for gene expression analysis. Pluripo-
tency genes (NANOG and OCT4) analyses revealed that 
30 ng/ml of activin-A remarkably down-regulated NANOG 
(0.001 ± 3.43 × 10–6; p < 0.001) and OCT4 (0.48 ± 0.02; 
p = 0.88) genes during differentiation. In contrast, 70 ng/ml 
of activin-A significantly increased gene expression of both 
NANOG (2.48 ± 0.10; p < 0.001) and OCT4 (5.02 ± 0.99; 
p = 0.002), while 50 ng/ml activin-A significantly down-
regulated NANOG (0.21 ± 0.005; p < 0.001) and slightly 

increased OCT4 gene expression (1.25 ± 0.04; p = 0.98) 
(Fig. 2a). Therefore, the more decrease in activin-A con-
centrations, the more the down-regulation of pluripotency 
genes.

DE-specific genes (SOX17 and FOXA2) analyses showed 
that a decrease in activin-A concentration results in more 
increases in both SOX17 and FOXA2 gene expressions 
(Fig. 2b). Interestingly, 30 ng/ml activin-A meaningfully 
increased the expression of SOX17 and FOXA2 genes by 
36.26 ± 0.43 (p < 0.001) and 3406.15 ± 632.31 (p < 0.001) 
fold, respectively. Although 50 and 70 ng/ml activin-A con-
siderably improved gene expression of SOX17 (9.55 ± 0.57; 
p < 0.001 and 3.62 ± 0.37; p = 0.008, respectively), but 
they did not significantly increase FOXA2 gene expres-
sion (292.04 ± 19.83; p > 0.05 and 161.76 ± 16.12; p > 0.05, 
respectively). Therefore, 30 ng/ml activin-A brings better 
differentiation of iPSC toward DE.

Additionally, gene expressions of PDX1, NEUROG3, 
and PAX6, in posterior foregut stage of differentiation, 
which participate in the differentiation of endoderm-
derived organs were evaluated. It was shown that 30 ng/
ml activin-A considerably improved expression of PDX1 
to the level (258.66 ± 56.90; p = 0.005) that substantially 
silenced NEUROG3 (0.12 ± 0.01; p = 0.04) and properly 
regulated PAX6 by 25.11 ± 0.30 (p < 0.001) fold increase; 
while 50 ng/ml activin-A could not increase the expres-
sion of PDX1 (138.15 ± 14.86; p > 0.05) to the value that 
silence NEUROG3 (1.28 ± 0.17; p > 0.05) and regulate PAX6 
(1.45 ± 0.08; p > 0.05). Although 70 ng/ml activin-A signifi-
cantly enhanced PDX1 (675.59 ± 45.88; p < 0.001) and PAX6 
(10.98 ± 1.14; p < 0.001) gene expression, it did not supress 
NEUROG3 (1.68 ± 0.28; p > 0.05) gene expression (Fig. 2c).

Fig. 2  The effect of activin-A concentrations on differentiation of 
iPSC toward DE. The iPSC was first differentiated into EB followed 
by treatment with 30, 50 and 70 ng/ml of activin-A, then pluripotency 
genes and DE-specific gens were evaluated. DE cells further differ-
entiated into posterior foregut and endoderm-derived organ-specific 
genes were analyzed. Fold changes (log 10) of each treatment were 
compared with iPSCs. All error bars indicate standard error of mean 
(SEM) of three biological replicates. a Gene expression analyses of 

pluripotency genes (NANOG and OCT4) was performed at DE stage 
and 8th day of differentiation; b gene expression analyses of DE-
specific genes (SOX17 and FOXA2) was performed at DE stage and 
8th day of differentiation; c gene expression analyses of PDX1, NEU-
ROG3 (NGN3), and PAX6 which play a role in endoderm-derived 
organs differentiation was performed at posterior foregut stage and 
14th day of differentiation. *p < 0.05; **p < 0.01; ***p < 0.001; NS 
not significant
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According to gene expression analyses on pluripotency, 
DE and endoderm, 30 ng/ml activin-A was selected as the 
best concentration for differentiation of R1-hiPSC toward 
endoderm-derived organs.

Optimization of serum

Following activin-A optimization in 30 ng/ml as the best 
concentration, optimization of FBS or KSR was performed. 
Expression of NANOG was substantially decreased by 
0.03 ± 0.00 (p = 0.007) and 0.00 ± 0.00 (p = 0.005) among 
FBS-treated groups 1 and 2 and meaningfully increased by 
4.41 ± 0.32 (p < 0.001) and 1.29 ± 0.11 (p < 0.001) among 
KSR-treated groups 3 and 4, correspondingly. Although 
expression of OCT4 was not considerably decreased in group 
1 (0.75 ± 0.12; p > 0.05), its expression was importantly 
decreased in FBS-treated group 2 (0.48 ± 0.02; p < 0.001) 
and significantly decreased by 0.01 ± 0.00 (p < 0.001) and 
remarkably increased by 1.62 ± 0.04 (p < 0.001) among 
KSR-treated groups 3 and 4, respectively (Fig. 3a).

Furthermore, the expression of DE-specific gene, SOX17, 
was significantly increased by 39.76 ± 0.16 (p < 0.001), 
59.31 ± 0.83 (p < 0.001), 182.80 ± 4.39 (p < 0.001), and 
658.73 ± 7.91 (p < 0.001) among group 1 to group 4, respec-
tively. Conversely, expression of FOXA2 was not greatly 
increased in FBS-treated group 1 (6314.22 ± 1099.10; 
p > 0.05) and group 2 (25,365.75 ± 4708.84; p > 0.05), 
while its expression was significantly increased among 
KSR-treated group 3 (429,469.66 ± 39,404.81; p < 0.001) 
and group 4 (101,278.77 ± 27,196.45; p = 0.047) (Fig. 3b). 
According to these expression profiles, group 4 was the best 
group regarding serum optimization.

Discussion

Development of pluripotent stem cell into specific lineage 
or organ embraces the transition from several developmen-
tal stages. These developmental stages are under precise 
regulation and crosstalk between signaling pathways (Deol 
et al. 2017). The first step in the development of pluripotent 
stem cells is differentiation to the three germ layers which 
is highly dependent on the concentrations of activin-A. We 
found that exposure to high concentration (100 ng/ml) of 
activin-A led to elevated mortality of our cell line, while 
decreasing its concentrations to 30–70 ng/ml rescued them 
from early death. It is well shown that a high concentration 
of activin-A (90 ng/ml) inhibits cell growth followed by an 
increase in apoptosis in HepG2 hepatoma cell. Moreover, 
it is indicated that inhibitory effect of activin-A is time- 
and dose-dependent as 1  ng/ml activin-A can decrease 
40% of total cells population, while 100 ng/ml of activin-A 
decreases 80% of total cell population of LNCaP cell line 
(Chen et al. 2002).

To determine the best activin-A concentration, the gene 
expression profiles of three groups, including: pluripo-
tency and DE which applied on DE stage, and 3 endoderm 
genes, which applied on posterior foregut stage were used. 
Our results indicated that the expressions of NANOG and 
OCT4 were highly increased in the presence of 70 ng/ml 
activin-A. On the contrary, the effect of 30 ng/ml activin-A 
decreased the expression of NANOG and OCT4 to 0.0 and 
0.5, respectively. Previous reports showed that the expres-
sions of NANOG and OCT4 were slightly increased (⁓ 1.5-
fold) during first day of differentiation toward DE. During 
second day of differentiation, expressions of NANOG and 
OCT4 were reduced to basal level (⁓ onefold) comparable 

Fig. 3  The effect of serum optimization on gene expression of pluri-
potency and DE-specific genes in four treatment groups. Group 1: 
cells treatment with 0.2% FBS at days 1 and 2 and 2% FBS for the 
next 3 days, group 2: 0% FBS at day 1, 0.2% FBS at day 2 and 2% 
FBS for the next 3 days, group 3: 0.2% KSR at days 1 and 2 and 2% 
KSR for the next 3 days, group 4: 0% KSR at day 1, 0.2% KSR at day 
2 and 2% KSR for the next 3  days. Gene expression analyses were 

performed at DE stage and 8th day of differentiation. Fold changes 
(log 10) of each treatment were compared with iPSCs. All error bars 
indicate standard error of mean (SEM) of three biological replicates. 
a Gene expression analyses of pluripotency genes (NANOG and 
OCT4); b gene expression analyses of DE-specific genes (SOX17 and 
FOXA2). *p < 0.05; **p < 0.01; ***p < 0.001; NS not-significant
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to undifferentiated cells. Afterward, expressions of NANOG 
and OCT4 were more decreased to 0.5 during the third day 
of differentiation toward DE. These changes lead to an 
increased expression of DE markers SOX17 and FOXA2 
on the second day, followed by a gradual increase in their 
expressions during endoderm development (Teo et al. 2011).

Further analyses of DE markers show that gene expres-
sion of SOX17 and FOXA2 were increased by decreasing 
of activin-A concentration. Additionally, high level of 
pluripotency gene expressions clearly shows that they are 
required for germ layer specification. OCT4 in association 
with SOX2 and other factors blocks primitive streak forma-
tion (Teo et al. 2011). Further, NANOG induces EOMES 
expression and EOMES in turn interacts with Smad2/3 
(effectors of nodal signaling) and promotes mesendoderm 
specification, which further developed into DE (Teo et al. 
2011; Pauklin and Vallier 2015). Therefore, not only down-
regulation of NANOG and OCT4 does not favor DE induc-
tion, but also their expression maintenance is essential for 
DE development.

The third group of genes evaluated for the behavior of dif-
ferent EBs in posterior foregut stage were PDX1, NEUROG3 
and PAX6. As previously reported, PDX1 gene expression is 
increased during the early stage of embryonic development 
toward pancreas, liver, etc. (Zhu et al. 2017) and its initial 
increase result in down-regulation of NEUROG3 (Pezzolla 
et al. 2015; Zhu et al. 2017). Interestingly, we observed that 
decreasing of activin-A concentration led to a high increase 
in PDX1 which by its turn results in full silencing of NEU-
ROG3 at 30 ng/ml activin-A. Furthermore, it is reported 
that PAX6 has two functions as an ectoderm marker dur-
ing the patterning of three germ layers (Sulzbacher et al. 
2009; Huggins et al. 2017) as well as a transcription factor 
which in association with PDX1 and NKX2-2 promote pan-
creatic islet differentiation (Shaer et al. 2016; Huggins et al. 
2017). Therefore, it is important to regulate the expression of 
PAX6 during the first step of iPSC differentiation. Although 
increased expression of PAX6 drives differentiation toward 
ectoderm, endoderm markers (SOX17 and FOXA2) did not 
increase to a high level when treated with 50 and 70 ng/
ml activin-A. However, tight regulation of PAX6 expres-
sion (not too high and not too low) directs differentiation 
of iPSC toward pancreatic islets when treated with 30 ng/
ml activin-A.

Serum optimization and replacement of FBS with 
KSR improved expressions of both NANOG and OCT4 to 
1.29 ± 0.11 and 1.62 ± 0.04-fold change in group 4, respec-
tively, which bore more resemblance to those reported in 
other studies (Shaer et al. 2016; Huggins et al. 2017). At 
the same time, the expressions of NANOG and OCT4 did 
not rise in the FBS-treated groups 1 and 2. Moreover, the 
high level of NANOG gene expression and full silencing 
of OCT4 in group 3 were not consistent with the minimum 

gene expression amounts needed for the induction of DE 
markers as described above. Furthermore, when FBS was 
replaced with KSR, the gene expressions of FOXA2 and 
SOX17 were significantly increased in the KSR-treated 
groups 3 and 4. Although expression of FOXA2 in group 
3 was higher than those in group 4, overall coordination 
of gene expression between pluripotency and DE-specific 
genes leads to choose group 4 as the best treatment group 
for differentiation of iPSC to DE.

The reason behind the different effects of FBS and 
KSR is that the presence of insulin/IGF in FBS can acti-
vate PI3K through IGF signaling pathway, in which PI3K 
antagonizes activin-A-dependent differentiation toward 
DE (McLean et al. 2007; Sulzbacher et al. 2009). As a 
result, the addition of PI3K inhibitors (e.g., LY 294002 
and AKT1-II) to FBS-containing medium or replacement 
of FBS with KSR (without IGF but contain insulin) or 
BSA can increase the efficiency of differentiation toward 
DE (Sulzbacher et al. 2009).

The second important outcome of this research is elimi-
nation of high cell confluency which is crucial for initia-
tion of DE differentiation. Most of the researches done on 
differentiation of pluripotent stem cells into DE started 
with 70–90% global confluency on their dish followed by 
treatment by 100 ng/ml activin-A (Rezania et al. 2014; 
Oh et al. 2015; Memon et al. 2018), while our protocol 
required 50–60% local confluency (around each EB) for 
initiation of differentiation followed by 30 ng/ml activin-
A. These findings result in economizing our research 
regarding both providing cell and purchasing activin-A. 
It is important to note that the studied gene expression 
analysis should have been confirmed at the protein level, 
which is the limitation of our study. Thus, further studies 
are needed to elucidate this point.

In conclusion, we showed that activin-A optimiza-
tion was important for iPSC differentiation and 30 ng/
ml activin-A was the best optimal concentration for dif-
ferentiation of R1-hiPSC1 line toward DE. Furthermore, 
replacement of FBS with KSR in the first stage of differ-
entiation protocols can increase the accuracy of regula-
tion of genes involved in differentiation of iPSC toward 
endoderm-derived organs.
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