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ABSTRACT
Stem cell and tissue engineering-based therapies for acute liver failure (ALF) have been limited by 
the lack of an optimal cell source. We aimed to determine the suitability of human parthenogenetic 
embryonic stem cells (hPESCs) for the development of strategies to treat ALF. We studied the ability 
of human parthenogenetic embryonic stem cells (hPESCs) with high whole-genome SNP homo-
zygosity, which were obtained by natural activation during in vitro fertilization (IVF), to differentiate 
into functional hepatocyte-like cells in vitro by monolayer plane orientation. hPESCs were induced 
on a single-layer flat plate for 21 d in complete medium with the inducers activin A, FGF-4, BMP-2, 
HGF, OSM, DEX, and B27. Polygonal cell morphology and binuclear cells were observed after 21 d of 
induction by using an inverted microscope. RT-qPCR results showed that the levels of hepatocyte- 
specific genes such as AFP, ALB, HNF4a, CYP3A4, SLCO1B3, and ABCC2 significantly increased after 
induction. Immunocytochemical assay showed CK18 and Hepa expression in the induced cells. 
Indocyanine green (ICG) staining showed that the cells had the ability to absorb and metabolize 
dyes. Detection of marker proteins and urea in cell culture supernatants showed that the cells 
obtained after 21 d of induction had synthetic and secretory functions. The typical ultrastructure of 
liver cells was observed using TEM after 21 d of induction. The results indicate that naturally 
activated hPESCs can be induced to differentiate into hepatocellular cells by monolayer planar 
induction.
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Introduction

Acute liver failure (ALF) is a serious threat to 
human health and is associated with high mortality. 
Currently, the main clinical strategies to treat ALF 
are pharmaceutical treatment, artificial liver sup-
port, and liver transplantation, which remains the 
most effective way to treat ALF. However, several 
challenges are associated with transplantation, 
including organ source, safety, and cost of treat-
ment. Embryonic stem cells (ESCs), which have 
unlimited renewal and development capacities, are 
one of the main sources of artificial liver cells and 
could be used in novel treatments for ALF.1–2 

However, the expression of genes from both par-
ents in ESs results in heterozygous human leuco-
cyte antigen (HLA) sites, which could lead to 
immune rejection, thereby limiting the clinical 
application of ES-derived cell/tissue engineering.

Human parthenogenetic embryonic stem cell 
(hPESC) lines are embryonic stem cell lines derived 
from a single gamete, which only expresses mater-
nal imprinted genes. The use of hPESCs eliminates 
the ethical complications associated with the use of 
human embryonic stem cells (hESCs). Further, 
hPESCs are capable of infinite self-renewal and 
totipotency and are derived from haploids activated 
by parthenogenesis and homozygous alleles, which 
could prevent immune rejection.3 Parthenogenetic 
activation could be natural or artificial. Whole- 
genome SNP distribution indicates that hPESCs 
obtained by natural activation in IVF are mostly 
homozygous, and better than hPESCs obtained 
from artificial parthenogenetic activation.

To our knowledge, there have been no studies on 
the directional differentiation of naturally activated 
hPESCs into hepatocytes. The aim of this study was 
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to determine whether directional differentiation of 
hPESCs could yield hepatocytes that satisfy the 
requirements of clinical cell transplantation.

Materials and methods

Cell culture

hPESCs (cell line chHES-32) were obtained from 
the National Engineering Research Center of 
Human Stem Cells (Changsha, China). The passage 
number of the hPESCs used in this study ranged 
from 35 to 38. Human foreskin fibroblasts (hFFs) 
were obtained by primary isolation and culture, and 
hPESCs were successfully cultured in vitro on these 
hFFs, which served as the feeder layer,4 in hPESC 
medium (DMEM/F12 medium supplemented with 
15% knockout serum replacement, 1% Glutamax, 
1% nonessential amino acids, 0.1 mM β- 
mercaptoethanol [all from Invitrogen/Gibco], and 
4 ng/ml bFGF [R&D System, MN, USA]), under 
a standard gas atmosphere of humidified air with 
5% CO2. Karyotype analysis indicated that they had 
a normal karyotype.

HepG2 cells were cultured in DMEM complete 
medium (Gibco) containing 10% fetal bovine 
serum (Gibco) under the same conditions as the 
hPESCs.

Hepatic differentiation

hPESCs were divided into group A (experimental 
group) and group B (control group). Hepatic dif-
ferentiation was induced in group A as follows: 
hPESCs were cultured in DMEM/F12 medium sup-
plemented with 100 ng/ml Activin A (R&D System, 
MN, USA) for 2 d. On the following 4 d, FGF-4 
(20 ng/ml; R&D System, MN, USA) and BMP-2 
(10 ng/ml; R&D System, MN, USA) were added 
to this medium. For the next 6 d, the differentiated 
cells were cultured in medium containing HGF 
(R&D System, MN, USA) at a final concentration 
of 20 ng/ml. The differentiated cells were matured 
in medium containing OSM (20 ng/ml; Sigma) and 
DEX (100 nM; Sigma) for 5 d, and further differ-
entiated and maintained in medium supplemented 
with B27 (2%; GIBCO, NY, USA), OSM (10 ng/ml), 
and Dex (100 nM) on the last 4 d. In group B, 

DMEM/F12 complete medium without any indu-
cing factors was used.

Real-time RT-PCR

HepG2 cells and cell samples from groups A and 
B were collected 0, 2, 9, 16, and 21 d after induction 
of differentiation. Total RNA was isolated from 
cells by using TRIzol Reagent (Invitrogen) and 
reverse-transcribed using the RevertAid First 
Strand cDNA Synthesis Kit (Thermo) according 
to the manufacturers’ protocols.

Real-time RT-PCR analysis was performed on an 
ABI Prism 7500 Sequence Detection System using 
the SYBR® Premix Ex Taq™ II (Takara, Japan). 
Primer information is shown in Table 1. The rela-
tive expression was calculated using the 2−ΔΔCT 

method.

Immunocytochemical (ICC) assay

After discarding the cell culture medium, cells were 
washed once with PBS, fixed with ice-cold acetone, 
permeabilized with 1% Triton X-100 and washed 
with PBS, blocked with peroxidase-blocking reagent 
and washed with PBS, incubated at room tempera-
ture with CK18 and Hepa primary antibody working 
solution for 55 minutes, incubated with secondary 
antibody for 25 minutes, washed, DAB stained, and 
photographed after hematoxylin re-staining. The 

Table 1. List of primers used for RT-qPCR.
Gene name Primer Sequence(5ʹ-3ʹ)
β-actin F- TGGCACCCAGCACAATGAA

R- CTAAGTCATAGTCCGCCTAGAAGCA
SOX17 F- CTGCAGGCCAGAAGCAGTGTTA

R- CCCAAACTGTTCAAGTGGCAGA
GSC F-ACCTCCGCGAGGAGAAAGTG

R- GACGACGACGTCTTGTTCCA
AFP F- TGCAGCCAAAGTGAAGAGGGAAGA

R-CATAGCGAGCAGCCCAAAGAAGAA
ALB F-GAGACCAGAGGTTGATGTGATG

R-AGTTCCGGGGCATAAAAGTAAG
HNF4α F-TGCGACTCTCCAAAACCCTC

R-ATTGCCCATCGTCAACACCT
CYP3A4 F-GTGTGGGGCTTTTATGATGGTC

R-AAGGCCTCCGGTTTGTGAAG
CYP3A7 F-GCATGAGGTTTGCTCTCGTG

R-CAGGCTCCACTTACGGTCTC
SLCO1B3 F- TGGAAGGGTCTACTTGGGCT

R-TTCATTGTCCGATGCCTTGGT
SLC10A1 F-GCCATGAAGGGGGACATGAA

R-ATCATGCCAAGGGCACAGAA
ABCC2 F-CCTTGGGCTACCTATGGCTC

R-TCTGTGAGTACAAGGGCCAG
ABCB4 F-TCTTTCAAGCAGTAGCCACG

R-GCCGAGAGTATCTTTGCCCA
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expression of CK18 and Hepa in human fetal liver 
tissue was used as a positive control.

ICG uptake assay

Cells were incubated with 1 mg/mL ICG at 37°C for 
60 minutes, and the color of the cells was observed 
under the microscope. The cells were washed with 
PBS, placed in complete culture medium for 
60 minutes, and photographed to determine the 
ability to absorb and metabolize dyes.

Analysis of cell culture supernatant

After 21 d of induction, cell culture supernatants 
from each group were sent to the Laboratory of the 
First People’s Hospital of Yunnan Province for 
detection of AFP content by chemiluminescence, 
ALB content by the bromocresol green method, 
and urea content by the enzymatic method.

Periodic acid-schiff (PAS) staining for glycogen

The PAS staining system was purchased from 
Solarbio (Beijing, China). HepG2 and cell samples 
from groups A and B on the 21st day of induction 
were collected. Culture dishes containing cells were 
fixed in 4% paraformaldehyde, and the assay was 
performed according to the manufacturer’s 
instructions.

TEM detection

After low-speed centrifugation, the induced cells 
were collected. After glutaraldehyde immobiliza-
tion, the induced cell samples were sent to the 
Electron Microscope Room of the Scientific 
Research Laboratory Center of Kunming Medical 
University, to be examined by transmission elec-
tron microscopy (TEM) to detect typical structural 
characteristics of hepatocytes. Human normal liver 
tissue was used as a positive control.

Statistical analysis

Quantitative data were obtained in triplicate from 
at least three independent donors and presented as 
means ± standard error and inferential statistics 
(p-values). Statistical significance was evaluated 

using paired two-tailed Student’s t-tests. P < .05 
was considered statistically significant.

Results

Effect of induced differentiation on cell morphology

The hPESCs (chHES-32) used in this study are 
derived from naturally activated parthenogenetic 
blastocysts, and their pluripotency has been 
reported previously.4,5 After 40 passages, the 
hPESCs maintained a normal diploid karyotype of 
46, XX (Figure 1a). Under an inverted microscope, 
the undifferentiated hPESCs appeared closely 
arranged and grew in a nested mass (Figure 1b). 
After 4 d of differentiation, the cells became loose 
(Figure 1c). On the seventh day of differentiation, 
the original small, compact, round cell morphology 
changed significantly, and the cells began to acquire 
a polygonal shape (Figure 1d–e). From the 11th day 
after differentiation, the cell volume increased 
further, and most of the cells showed the epithelial 
morphology of hepatocytes, with the occasional 
appearance of fibroblastic morphology (Figure 1f– 
g). By the 21st day of differentiation, the cells 
became uniform and were arranged in an epithe-
lioid manner, with a few binucleate cells 
(Figure 1h).

Effect of induced differentiation on gene expression

In order to confirm the stable expression of hepa-
tocyte genes, we used qRT-PCR to analyze the 
expression of the endoderm genes SOX17 and 
Gsc,6,7 and hepatocyte genes AFP, ALB, HNF4A, 
cytochrome P450 3A4 (CYP3A4), cytochrome 
P450 3A7 (CYP3A7), SLCO1B3, SLC10A1, 
ABCC2, and ABCB4 (Figure 2). Because these 
genes are minimally expressed in hPESCs, undiffer-
entiated hPESCs were selected as a reference. The 
experimental group was designated as group A, and 
relative gene expression in this group on d 0, 2, 9, 
16, and 21 of induction were recorded as A0, A2, 
A9, A16, and A21, respectively. The control group 
was designated as group B, and relative gene 
expression level in this group on d 0, 2, 9, 16, and 
21 was recorded as B0, B2, B9, B16, and B21, 
respectively. Gene expression levels in HepG2 
cells were used as positive controls; although 
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HepG2, a cancer cell line, is not an ideal represen-
tative of liver cells, it is widely used as a cellular liver 
model. SOX17 (Figure 2a) and GSC (Figure 2b) 
expression was negligible in the induced cells until 
d 2, increased sharply on d 2, then decreased and 
remained stable. This suggests that endoderm gene 
expression is the highest on the second day of 
induction, which is conducive to the next step of 
differentiation to hepatocytes. In the control group, 
there was almost no SOX17 and GSC expression 
until d 2, and the expression increased significantly 
on the second day and remained stable until the 
end of the experiment. This showed that the bFGF 
and hPESC culture system on a feeder layer could 
effectively inhibit the spontaneous differentiation of 
hPESCs, which is consistent with previous reports.

In the experimental group, the expression of 
HNF4α (Figure 2e), a common hepatic lineage 
marker gene, increased significantly from the 
ninth day, and subsequently remained high. The 
primary hepatocyte marker AFP (Figure 2c), 
mature hepatocyte marker ALB (Figure 2d), meta-
bolic enzyme genes CYP3A4 (Figure 2f), and 
CYP3A7 (Figure 2g), and liver cells ingesting trans-
portation-related protein SLC10A1 (Figure 2h) 
showed almost no expression before d 16. Their 
expression levels in the experimental group 
increased after induction for 16 d and reached the 
highest level on d 21. Slco1b3 (Figure 2i), ABCC2 

(Figure 2j), and ABCB4 (Figure 2k), which are 
important transporter genes in hepatocytes, were 
found to be significantly expressed at the last stage 
of induction.

Expression of hepatocyte marker proteins in 
induced cells

We detected CK18 and HEPA expression by using 
immunocytochemistry (Figure 3), with fetal liver as 
a positive control (Figure 3c–d). Positive staining 
(yellow or brownish yellow) for CK18 (Figure 3a) 
and HEPA (Figure 3b) was observed in the cyto-
plasm of the experimental group. No positive stain-
ing (Figure 3e–f) was observed in the control group.

Cell function after induction of differentiation

To detect hepatocyte function in cells under-
going 21 d of directional induction and differ-
entiation, we studied the absorption and 
excretion of ICG, glycogen synthesis, and AFP, 
ALB, and urea content in the cell supernatants. 
ICG uptake and metabolism are usually used as 
an index of liver-cell-specific function.8 We 
observed ICG-positive cells (in which the cyto-
plasm turned green) after ICG dye was added to 
the culture medium, indicating that the cells had 
the ability to absorb ICG dye. After the cells 

Figure 1. Morphological changes in hPESCs during induced differentiation. (a) After 40 passages, hPESCs maintained a normal diploid 
karyotype of 46, XX. (b) Undifferentiated hPESCs showed dense nest-like growth and clear contour. (c) On the fourth day of induction, 
the cells were scattered in small clumps at the bottom of the dish. (d–h) cell morphology on the 7th, 9th, 11th, 14th, and 21st day of 
induction, respectively. Cell morphology gradually changed to polygonal and epithelioid. At the end of differentiation, binucleate cells 
were occasionally observed.
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were washed and placed in normal medium for 
1 hour, the original color of the cytoplasm was 
recovered (Figure 4a–b). Thus, the cells had the 

ability to discharge the ICG dye. Normal hepa-
tocytes can synthesize and accumulate glycogen, 
and cellular glycogen appears red after PAS 

Figure 2. Changes in endoderm and hepatocyte marker expression during induced differentiation. qRT-PCR analysis of the endodermic 
marker genes Sox17 and Gsc, and the hepatocellular signature genes AFP, ALB, HNF4a, CYP3A4, CYP3A7, SLC10A1, SLCO1B3, ABCC2, 
and ABCB4. β-Actin was used as an internal control. A0, A2, A9, A16, and A21 indicate samples from the experimental group at d 0, 2, 9, 
16 and 21 of differentiation respectively. Samples of the control group at the corresponding time points are indicated with the letter 
“B”. HepG2 was the positive control. Values are expressed as means ± S.E.M. of three independent experiments. *p < .05, **p < .001 
compared to control.
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staining. After 21 d of induction, a large number 
of hepatocyte-like cells with red cytoplasm were 
observed after PAS staining (Figure 6a–b). This 
suggests that the induced cells could perform 
glycogen synthesis and storage.

Normal hepatocytes have the ability to synthe-
size and secrete ALB and urea. We found that 
the Alb (Figure 5b) and urea (Figure 5c) content 
was significantly higher in the culture superna-
tant of induced hepatocytes than in the control 

Figure 3. Expression of hepatocyte marker proteins CK18 and Hepa in induced cells on d 21. CG represents the control group, EG 
represents the experimental group, and fetal liver tissue was used as the positive control. (a) CK18 staining in the experimental group. 
(b) Hepa staining in the experimental group. (c) CK18 staining in fetal liver. (d) Hepa staining in fetal liver. (e) CK18 staining in the 
control group. (f) Hepa staining in the control group. (g) Proportion of CK18-positive cells. (h) Proportion of Hepa-positive cells. Values 
were obtained from three independent experiments, and the two-tailed test was used. *p < .05, **p < .001 compared to control. Bars: 
50 μm.
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group and in the supernatant of HepG2 cells, 
which may be because HepG2 originated from 
cancer cell lines and the genome instability leads 
to the decline of liver cell function. However, the 
AFP content in the experimental group was also 
much higher than that in the control group 
(Figure 5a), indicating that the hepatocyte-like 
cells obtained resemble fetal hepatocytes.

Ultrastructure of cells after induction

To determine whether the ultrastructure of the 
induced cells was consistent with that of normal 
hepatocytes (large number of mitochondria and 
endoplasmic reticula) we carried out transmission 
electron microscopy with normal liver tissue as 
a positive control (Figure 7b). TEM showed 

Figure 4. Absorption and excretion of ICG dye in induced cells on d 21. Hepatoid cells obtained by induced differentiation were able to 
(a) absorb and (b) expel ICG. (c) and (d) represent the absorption and discharge of ICG, respectively.

Figure 5. AFP, ALB, and urea secretion in induced cells on d 21. HepG2 was the positive control. (a–c) show AFP, ALB, and urea content, 
respectively in the culture supernatant. Results were obtained from three independent experiments. CG: control group, EG: experi-
mental group. *p < .05, **p < .001 compared to control.
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a large number of mitochondria, endoplasmic reti-
cula, and lysosomal organelles (Figure 7a) in the 
induced cells, which corresponds with the typical 
ultrastructure of hepatocytes. These structural fea-
tures were not observed in the cells of the control 
group (Figure 7c). These results suggest that the 
ultrastructure of the induced cells is similar to 
that of normal hepatocytes.

Discussion

ESCs can be induced to differentiate into target cells 
by artificial directional induction9,10 via two main 

routes: via embryoid bodies (EB) or without EB.11 12 

The EB pathway is a classical method of ES direc-
tional differentiation and involves the following basic 
steps: amplifying ES, removing LIF, forming EB by 
suspension culture, and inducing their differentiation 
into target cells. The purpose of the EB pathway is to 
simulate embryonic development in vivo and provide 
a microenvironment for ES differentiation. However, 
the quality of EB obtained is closely related to inocu-
lation density and inoculation size, and directly affects 
the success of subsequent directional differentiation. 
The three-dimensional structure of EB accommo-
dates a large number of cells at different 

Figure 6. Glycogen synthesis ability in hPESCs after 21 d of induced differentiation. (a) PAS staining of hepatoid cells after induced 
differentiation. (b) enlarged image of (a). (c) PAS staining of HepG2. (d) enlarged image of (c).

Figure 7. Ultrastructure of cells obtained 21 d after induction of differentiation° N: Nucleus, Mt: Mitochondrion, Ly: Lysosome, Er: Rough 
endoplasmic reticulum (a) Cell samples obtained after 21 d of induction, (b) adult liver tissue sections, (c) cell samples from the control 
group.
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differentiation stages. However, it also increases the 
probability of cell contact inhibition, which prevents 
optimal absorption of nutrients from the culture 
medium, leading to aging and death. Moreover, this 
method is cumbersome and mostly inefficient. 
Directional differentiation of hESCs can also be 
achieved without the EB pathway.13 The study of 
directed ESC differentiation is still in the early stages. 
Directed differentiation is typically achieved by gra-
dually adding specific cytokines required for the pro-
cess of embryonic development. For example, to 
differentiate ESCs into liver cells in vitro, we first 
add FGF, then HGF, for directed differentiation and 
development of embryonic liver.

As described by DUAN,14 we used direct induc-
tion without the EB pathway, and the combined 
action of seven inducing factors such as Activin 
A on hPESCs. We obtained functional liver-like 
cells that resembled normal hepatocytes in gene 
and protein expression, cell morphology, and 
function.

To date, stem cells such as ESCs, MSCs, and 
iPSCs have been used for directional differentiation 
into hepatocytes. However, the application of ESCs 
is subject to ethical restrictions and is associated 
with immune rejection.15 MSCs have limited 
sources, and are difficult to obtain. These problems 
can be avoided with the use of iPSCs,16 which are 
obtained from the reprogramming of differentiated 
somatic cells. However, the low reprogramming 
efficiency of iPSCs has always been a challenge in 
basic research and clinical application. In addition, 
the safety of induced cells for clinical use is unclear. 
Retroviral vectors were initially used for 
induction.17,18 However, viral vectors and trans-
genes are permanently integrated into the host 
genome and could affect cell function and 
differentiation,17 induce tumor formation, and 
affect the clinical application of induced cells.19 In 
addition, iPSCs are potentially immunogenic, ani-
mal experiments with induced cells from homolo-
gous donors showed immune responses in hosts.20 

Gene instability is another challenge associated 
with iPSCs; chromosome abnormalities and small 
mutations have been observed in stem cells.21–27 

Most of these chromosomal changes can be 
detected in adult cells prior to reprogramming 
and are independent of the reprogramming 
process.28,29 High-resolution analysis of single 

nucleotide polymorphisms (SNPs) showed that 
iPSCs have more copy number variations than 
adult cells from their source do.21 More accurate 
analysis showed that iPSCs require epigenetic and 
gene modifications. In this study, we attempted to 
obtain functional hepatocytes by using hPESCs as 
the initial differentiation material.

HPESCs are cell lines obtained by activation of 
oocytes in the second meiotic phase (M II) without 
sperm fertilization.30 The ethical issues associated 
with ESC research do not apply to these cells 
because they are derived from parthenogenetic 
embryos without developmental potential.31,32 

Further, hPESCs are derived from a single gamete, 
and its MHC allele is homozygote. Theoretically, 
this would minimize immune rejection during cell 
transplantation. The genetic characteristics of the 
cell line are stable,31–37 thereby allowing long-term 
proliferation and maintenance of undifferentiated 
characteristics. Compared with MHC- 
heterozygous stem cell lines, hPESCs can also be 
used to treat unrelated individuals. The availability 
of more MHC-homozygous cell lines in embryonic 
stem cell banks could be of value for clinical and 
research applications. In summary, hPESCs could 
be a good source of target cells and merit extensive 
study.

In this study, seven inducible factors were 
sequentially applied to hPESCs. After 21 d of induc-
tion and differentiation, the cell morphology chan-
ged from a compact nest-like small circle to 
a loosely arranged polygon with occasional double 
or multiple nuclei. At the mRNA level, hepatocyte 
lineage genes such as AFP, ALB, and HNF4a, cyto-
chrome P450 genes such as CYP3A4 and CYP3A7, 
and the transporter genes SLC10A1, SLCO1B3, 
ABCC2, and ABCB4 were highly expressed. CK18 
and Hepa proteins were detected, and AFP, ALB, 
and urea were synthesized and secreted. The results 
of ICG uptake assay also indicate that the cells 
obtained from this study had the ability of meta-
bolic clearance of dyes. ICG is an organic anion. Its 
uptake in the liver is mainly completed by organ 
anion transporting polypeptide 1B3 (OATP1B3/ 
SLCO1B3) and Na+-taurocholate co-transporting 
polypeptide (NTCP/SLC10A1) in hepatocytes. Its 
excretion is mainly carried out by the multidrug 
resistance-associated protein 2 (MRP2/ABCC2) 
carrier system expressed on the bile capillaries.38 
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39 However, the process of polar transport across 
the hepatocyte membrane is very complex. The 
exact process of ICG uptake and secretion in hepa-
tocytes is not completely clear,40 but it can be 
clearly confirmed that the function of hepatocyte 
transport exists.41 Glycogen synthesis and storage 
were also observed in the differentiated cells. TEM 
showed plenty of mitochondria, endoplasmic reti-
cula, lysosomes, and other organelles in the cells, 
which is consistent with the ultrastructure of nor-
mal hepatocytes. These results were consistent with 
those reported worldwide.13,42–44

There are obvious differences in SNP distribu-
tion in the whole genome of hPESCs obtained by 
different parthenogenetic activation methods. Most 
of the sites of hPESCs from natural activation 
sources are homozygous, compared to those in 
cells obtained by chemical activation or electrical 
activation in the pursuit of low rejection rate of 
engineering cells. This study is the first reported 
attempt to use an embryonic cell line obtained by 
natural parthenogenetic activation in IVF to induce 
differentiation of functional hepatocytes. Using the 
single-layer plane induction method, the equip-
ment requirements are low and the process is sim-
ple, which is highly advantageous. In this study, we 
developed a novel strategy to obtain functional 
hepatocytes, which could address the lack of 
sources for clinical hepatocyte transplantation.

However, there were several drawbacks associated 
with the hepatocytes obtained by this induction 
method: 1) After induction, the hepatocyte-like 
cells obtained by direct induction had the character-
istics of hepatocytes, but did not proliferate and 
gradually aged and died, which limits the possibility 
of clinical application. 2) The level of AFP secreted 
by the cells that we eventually obtained was much 
higher than that of normal hepatocytes, and the 
difference between ALB secretion in the experimen-
tal and negative control groups was not as high as 
expected. These results suggest that the cells 
obtained by this method may not be mature enough 
and remain at the level of early hepatocytes. 3) The 
differentiated cells expressed both AFP and ALB 
markers, suggesting cell heterogeneity. 4) It is also 
imperative to find a low-cost, efficient, and simple 
method to quickly obtain target cells for subsequent 

experiments. The solution to these problems still 
needs the unremitting efforts of researchers.
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