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Abstract

Hepatic progenitor cells (HPCs) are a potential cell source for liver cell transplantation but do not function like mature liver cells.
We sought an effective and reliable method to induce HPC maturation. An immortalized HP14.5 albumin promoter-driven
Gaussian luciferase (ALB-GLuc) cell line was established from HPCs isolated from fetal mouse liver of post coitus day 14.5 mice
to investigate the effect of induction factors on ALB promoter. HP14.5 parental cells were cultured in DMEM with different
combinations of 2% horse serum (HS), 0.1 uM dexamethasone (DEX), 10 ng/mL hepatic growth factor (HGF), and/or 20 ng/mL
fibroblast growth factor 4 (FGF4). Trypan blue and crystal violet staining were used to assess cell proliferation with different
induction conditions. Expression of hepatic markers was measured by semi-quantitative RT-PCR, Western blot, and
immunofluorescence. Glycogen storage and metabolism were detected by periodic acid-Schiff and indocyanine green (ICG)
staining. GLuc activity indicated ALB expression. The combination of 2% HS +0.1 uM Dex + 10 ng/mL HGF +20 ng/mL FGF4
induced the highest ALB-GLuc activity. Cell proliferation decreased in 2% HS but increased by adding FGF4. Upon induction, and
consistent with hepatocyte development, DLK, AFP, and CK19 expression decreased, while ALB, CK18, and UGT1A expression
increased. The maturity markers tyrosine aminotransferase and apolipoprotein B were detected at days 3 and 6 post-induction,
respectively. ICG uptake and glycogen synthesis were detectable at day 6 and increased over time. Therefore, we demonstrated
that HPCs were induced to differentiate into functional mature hepatocytes in vitro, suggesting that factor-treated HPCs may be
further explored as a means of liver cell transplantation.
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Introduction

Hepatic stem cells (HSCs) are capable of self-renewal
and multi-potential differentiation into hepatocytes, biliary
epithelial cells, and other cells. HSCs may be involved in
the repair and regeneration of liver, and may also serve as
an important cell source for liver cell transplantation and
generation of bioartificial livers. It has been found that
HSCs transplantation for acute and chronic liver diseases
has a promising therapeutic effect (1,2). HSCs may
include extrahepatic and intrahepatic sources of stem
cells, such as embryonic stem cells, hematopoietic cells,
bone marrow mesenchymal stem cells, hepatic oval cells,
and small hepatic cells (3). Liver stem cells from different
sources have been shown to differentiate into functional
hepatocytes in vitro and in vivo. However, the induction
efficiency of hepatocyte maturation varies significantly.
In vitro studies have shown that lineage-specific hepatic
differentiation from embryonic stem cells and bone

marrow mesenchymal stem cells into hepatic functional
cells is difficult to achieve. The induced cells expressed
surface markers with limited hepatocyte function, the
differentiation efficiency was relatively low, and terminal
differentiation into completely functional hepatocytes has
not been realized (4,5).

Hepatic progenitor cells (HPCs) are the major compo-
nent of the hepatic parenchyma in early liver development,
exhibiting the bio-potential characteristics to directly differ-
entiate into hepatocytes and cholangiocytes. This inter-
mediate state is an essential process of hepatic maturation,
not only in liver organogenesis in vivo, but also in hepatic
differentiation from various stem cells into mature hepato-
cytes in vitro (6,7). HPCs derived from embryonic liver
retain the capability of self-renewal and differentiation
potential, and have low immunogenicity, indicating potential
significant value in clinical applications (8). Thus, HPCs are
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very useful cell sources for studying the mechanisms
behind liver development and for developing novel cell-
based therapies for liver diseases. Nonetheless, HPCs
have to undergo maturation to become functional liver cells.
Most studies thus far have shown that the differentiation
efficiency of HPCs is too low to generate sufficient numbers
of functional mature hepatocytes (4,9-10).

In this study, we investigated the effect of different
induction factors on maturation of HPCs in order to identify
an effective and reliable method to induce maturation of
HPCs in vitro. We found that HPCs can be effectively
induced to differentiate into functional mature hepatocytes
in vitro by the combination of 2% horse serum
(HS)+0.1 uM dexamethasone (Dex)+ 10 ng/mL hepato-
cyte growth factor (HGF)+20 ng/mL fibroblast growth
factor 4 (FGF4). This in vitro model is useful for elucidating
the mechanism of liver development and the directed
differentiation of liver stem cells into mature liver cells,
which would improve the efficiency and biosafety profile
of possible clinical applications for liver stem cell
transplantation (11).

Material and Methods

Cell culture and chemicals

Primary HPCs, designated as HP14.5, were isolated
from embryonic liver of post coitus day 14.5 mice as
previously described (12). Reversibly immortalized HP14.5
containing a simian virus 40 large T (SV40T) antigen
flanked by CrefloxP sites were established by infecting
HP14.5 with the retroviral vector SSR#69 and selecting
the cells in hygromycin B at a concentration of 0.3 mg/mL
(Invitrogen, USA) for 7-10 days. Two-week hepatocytes,
designated as LC14d, were isolated from the liver of
14-day old mice in a similar fashion. Cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% (v/v) fetal bovine serum (FBS, Hyclone, USA),
100 U/mL penicillin, and 100 ug/mL streptomycin at 37°C in
5% CO.. Cells at a confluency of 90% were passaged every
3-4 days. Unless otherwise indicated, all chemicals were
purchased from Sigma-Aldrich (USA).

An HP14.5 albumin promoter-driven Gaussian (ALB-
GLuc) cell line was established as follows. A 2.5-kb genomic
fragment containing mouse ALB promoter was amplified by
PCR and cloned into the luciferase reporter plasmid pSEB-
GLuc to construct a pSEB-ALB-GLuc plasmid in which the
expression of GLuc is driven by the ALB promoter. ALB-
GLuc retrovirus was packaged by co-transfecting pSEB-
ALB-GLuc and a pCL-Ampho plasmid into HEK293 cells,
and then infecting HP14.5 cells to establish a stable cell line,
designated as HP14.5 ALB-GLuc.

Gaussia luciferase reporter assay

HP14.5 ALB-GLuc cells were seeded in 24-well
culture plates at an initial confluence of 20% and then
treated with different induction factors including 0.1 pM
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Dex, HGF or FGF4 at concentrations of 0, 5, 10, 20, 40,
and 80 ng/mL, 10% FBS or 2% HS (Hyclone). Relative
ALB promoter-driven GLuc activity can indirectly measure
the ALB expression and maturation of hepatocytes.
Therefore, the effects of single factors and different
combinations of culture conditions on induced maturation
of HP14.5 in vitro were detected by GLuc assay. Culture
medium was collected from HP14.5 ALB-GLuc cells
exposed to different treatments at each of the indicated
times. GLuc activity was assayed by using the Gaussian
Luciferase Assay Kit (New England Biolabs, USA). All
measurements were performed in triplicate.

Cell proliferation assessed by trypan blue staining
and crystal violet staining

Trypan blue staining was carried out at D3, D6, D9,
D12, and D15 after treatments. Both adherent and floating
cells were collected in 2X trypan blue buffer (Beyotime,
China) to make suspensions of approximately 10° cells/
mL. A 10 pL volume of cell suspension was placed in a
hemocytometer counting chamber and the cells in each
large square of the grid were counted by light microscopy
(TS100, Nikon, Japan). Blue-stained cells were recorded
as dead cells. Crystal violet staining was performed at
D12 after treatments. Briefly, 20,000 HP14.5 cells per well
were seeded in 24-well culture plates and treated with
different induction factors. After 12 days, cells were fixed
in 4% paraformaldehyde for 10 min and stained with
0.05% crystal violet for 30 min. The plates were washed
twice with tap water, drained upside down on paper
towels, and photographed. Five hundred microliters of
100% methanol was added to each well to dissolve the
dye, which was measured for absorbance at 540 nm.
Three independent experiments were performed in
duplicate, and representative results are shown.

RT-PCR analysis

At the indicated times, total RNA was extracted from
treated cells, and 10 ug of RNA was reverse-transcribed
into cDNA with hexamer primers using Superscript Il
reverse transcriptase (Invitrogen, USA). Five- to 10-fold
diluted first strand cDNA was used as PCR templates.
PCR primers were 18-20mers, designed by using the
Primer 3 program to amplify the 3’-end (approximately
120-150 bp) of the gene of interest (Supplementary Table
S1). A touchdown protocol was performed as follows:
94°C, 65°C, and 72°C, 20 s at each temperature, for 10
cycles with a 1°C decrease per cycle. This was followed
by 25-30 cycles at 94°C, 55°C, and 72°C, 20 s at each
temperature. All PCR products were resolved on 1.5%
agarose gels with normalization relative to GAPDH
expression in each sample. Real-time PCR reactions
were carried out using a Bio-Rad protocol: 94°C, 55°C,
and 70°C, 20 s at each temperature, reading plates after
40 cycles. Data are reported as the fold-change with
GAPDH normalization.
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Immunofluorescence staining

As previously described (13), methanol was used to fix
the treated cells at -20°C for 15 min, 5% goat serum was
used to block cells at room temperature (RT) for 1 h.
Then, cells were incubated with primary antibodies
against delta-like protein (DLK), ALB, o-fetoprotein
(AFP), or glucuronosyltransferase 1 A (UGT1A) (Santa
Cruz Biotechnology, USA) at RT for 1 h, followed by
incubation with DyLight 488-labeled secondary antibodies
(Jackson ImmunoResearch Laboratories, USA) at RT for
30 min. The presence of those proteins was recorded
under a fluorescence microscope (TE2000-S, Nikon).
Untreated cells stained with nonspecific IgG (Santa Cruz
Biotechnology, USA) were used as negative controls.

Periodic acid-Schiff (PAS) staining

Cells were seeded in 24-well plates, treated for 12
days and fixed with 4% paraformaldehyde for 10 min,
followed by washing with water. Cells were oxidized by
staining with 0.5% periodic acid solution for 5 min, and
then incubated with Schiff's reagent for 15 min with tap
water rinses between treatments. The stained cells were
counterstained with hematoxylin solution for 2 min, and
thoroughly washed in tap water. In each group, more than
10 non-overlapping fields with positive purple-red cells
were recorded under a microscope.

Indocyanine green (ICG) uptake and release

Cells were treated as described previously for 12 days
(14). ICG was prepared in DMSO (25 mg/mL stock) and
freshly diluted in complete DMEM medium at a final
concentration of 1 mg/mL. Cells were washed with PBS
and incubated in ICG working solution at 37°C for 1 h.
Positive stained cells (green color in the nucleus) were
photographed under a microscope after careful washing
with several changes of PBS. Complete medium was
added to the same cells, which were cultured at 37°C for
an additional 6 h, and then observed again to document
ICG release. At least 10 non-overlapping vision fields
were recorded.

Statistical analysis

Data are reported as means = SD and analyzed using
the SPSS 15.0 software (USA). Significant differences
among more than three groups were evaluated by
analysis of variance, while differences between two
groups were evaluated by two-tailed Student t-tests. A P
value <0.05 was considered to be statistically significant.

Results

Relative ALB-GLuc activity with treatment by different
factors

First, we detected an effect of different induction factors
on maturation of HP14.5. ALB is the most abundant protein
produced by the liver and its expression is correlated with
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the maturation of hepatocytes. In HP14.5 cells, an ALB
promoter was used to drive the expression of GLuc, which is
an indirect indicator of the level of ALB in cells (Figure 1A).
Treatment with 2% HS induced higher ALB-GLuc activity
than 10% FBS. The activity of ALB-GLuc in 0.1 uM Dex-
treated HP14.5 was higher at 4 days than in controls
(P<0.05). Both HGF and FGF4 induced ALB-GLuc activity
at the beginning of induction day 4 and day 6, respectively.
The ALB-GLuc activity plateaued with HGF at concentra-
tions ranging from 10 to 40 ng/mL (P>0.05 among HGF
groups, P<0.05 vs control), but decreased with 80 ng/mL.
The effect of FGF4 was dose dependent at concentrations
between 5 and 20 ng/mL (P<0.05 among FGF 4 groups,
P<0.05 vs control; Figure 1B). Thus, the concentrations
of HGF and FGF4 chosen to test the optimal induction
condition in the following experiment were 10 and 20 ng/mL,
respectively.

Next, we sought to determine the effect of combina-
tions of different induction factors on maturation of
HP14.5. While single factors or combinations of two
factors could improve the expression of ALB-GLuc, a
combination of 0.1 uM Dex+ 10 ng/mL HGF +20 ng/mL
FGF4 was the best induction combination in both 10%
FBS and 2% HS (P<0.05 vs control). Meanwhile, HP14.5
cells were more sensitive to induction factors in 2% HS
than in 10% FBS (P<0.05, 2% HS vs 10% FBS in same
treatment of 0.1 uM Dex+10 ng/mL HGF +20 ng/mL
FGF4). When the initial cell density was 20-30% in culture
medium with 2% HS, the expression of ALB-GLuc
increased with induction time, peaked at day 12, and
sharply decreased at day 15. However, in culture medium
with 10% FBS, the ALB-GLuc activity increase was
apparent and peaked at day 9 (Figure 1C). Therefore,
our results indicated that the combination of 2%
HS+0.1 uM Dex+ 10 ng/mL HGF +20 ng/mL FGF4
may be the best induction condition for ALB activity. We
thus chose this condition for the following experiments.

Proliferation of cells treated with different single
factors

Why were the peak times of ALB-GLuc activity different
in 10% FBS and 2% HS? Is there any single factor that
affects cell proliferation? To answer these questions, we
further analyzed cell growth with single factor treatments.
Figure 2A shows that cells proliferated more slowly in 2%
HS than in 10% FBS (P<0.05). Cell numbers reached a
maximum at day 9 in 10% FBS but continued to increase
after that time in 2% HS. HGF and Dex did not affect cell
growth, while FGF4 promoted cell proliferation (P<<0.05).
The cells in the 10% FBS group were not available for
counting at day 15 post-induction because of limited space.
We also performed crystal violet staining at day 12 to
examine the cell populations in each group. As presented
in Figure 2B, the staining intensity was higher in 2% HS
than that in 10% FBS, while FGF4 treatment had the
highest staining intensity. The result from the colorimetric
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Figure 1. Effect of different induction factors on albumin promoter-driven Gaussian luciferase (ALB-GLuc) activity. HP14.5 ALB-Gluc cells
were treated with induction factors. ALB-GLuc activity was assayed on the indicated day (D). A, Schematic representation of the ALB-GLuc
reporter. B, ALB-GLuc activity of HP14.5 cells at D2, D4, and D6 treated with (7) different complete DMEM medium with 10% fetal bovine
serum (FBS) and 2% horse serum (HS) (*P<0.05, two-tailed Student t-test); (2) 0.1 uM dexamethasone (Dex) in 10% FBS medium
(*P<0.05, two-tailed Student t-test); (3) different concentrations of hepatic growth factor (HGF) (*P<0.05, 10 ng/mL vs 0 ng/mL control,
two-tailed Student t-test); (4) different concentrations of fibroblast growth factor 4 (FGF4) (*P<0.05, 20 ng/mL vs 0 ng/mL control, two-
tailed Student t-test). C, ALB-GLuc activity of HP14.5 cells at D3, D6, D9, D12, and D15 with single factors and different combinations of
culture conditions. Three independent assays were carried out for each group. *P<0.05, Dex+HGF +FGF4 vs control with 2% HS;
**P<0.05, Dex+HGF + FGF4 with 2% HS compared to the same treatment with 10% FBS (two-tailed Student t-test).

assays was correlated with the growth curve at day 12
(Figure 2C). Thus, our results indicated that cell prolifera-
tion was inhibited in 2% HS but enhanced by FGF4.

In vitro induced maturation of HPCs

We investigated whether the optimal induction condition
for ALB-GLuc activity could also induce maturation of
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HP14.5 cells. Morphologically, untreated HP14.5 cells were
large, flat, had an irregular polygonal shape and some of
them had two or more nuclei. By day 3 of induction, the
untreated cells were 80% confluent and actively proliferat-
ing. Compared with untreated HP14.5 cells, at day 12, the
induced cells became tightly arranged and exhibited the
typical paving stone morphology of hepatic cells (Figure 3A).
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Figure 2. Cell proliferation of the induced hepatic progenitor cells (HPCs). Cells were plated onto 24-well plates at an initial density of
20,000/well, and treated with 0.1 pM Dex, 10 ng/mL HGF, 20 ng/mL FGF4 in 10% FBS or 2% HS. A, Cell proliferation was determined
using trypan cell counting. *P<0.05 FGF4 vs control; P<0.05 2% HS vs 10% FBS; P>0.05 control vs Dex or HGF (two-tailed Student
t-tests). B, Crystal violet staining of HP14.5 cells at day 12 of induction. C, Absorbance of dissolved blue dye in each well in the same
set of cells as in B. See Figure 1 for explanation of abbreviations. *P<0.05 vs control; **P<0.05 2%HS vs 10%FBS in same FGF4

treatment (two-tailed Student t-tests).

RT-PCR was performed to detect the expression of liver cell
markers over 12 days of induction. As shown in Figure 3B,
DLK and cytokeratin-19 (CK19), two hepatic stem cell
markers, began to decline at day 3 and continued to decline
until day 12. The expression of AFP initially increased,
followed by a decrease from D6 onward. The expression of
the liver cell specific markers ALB and cytokeratin-18
(CK18) continuously increased during the whole induction
period. Two other liver-specific proteins, tyrosine amino-
transferase (TAT) and apolipoprotein B (ApoB) were
detectable at day 3 and day 6, respectively, and continued
to increase during induction. Immunofluorescence staining
results of DLK, AFP, and ALB were consistent with those
obtained using RT-PCR. DLK protein was localized on cell
membranes while the other proteins were largely distributed
in the cytoplasm. The liver microsomal marker UGT1A also
appeared in the cytoplasm and its expression increased
significantly during induction (Figure 3C). Real-time PCR
results further indicated that the expression of AFP, ALB,
CK18, and TAT in the treated cells at day 12 was
significantly greater than in the untreated cells, and was
nearly the same as the expression level seen in LC14d cells,
which were used as positive liver cell controls (Figure 3D).

Glycogen storage and ICG uptake/release function of

induced HP14.5 cells in vitro
Mature hepatocytes are able to carry out the function
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of glycogen storage and accumulation in granule form in
the cytosol, which can be demonstrated by PAS staining
(15). The untreated HP14.5 cells were mostly PAS-
negative. After 6 days of induction, PAS-positive granules
started to appear in the cytoplasm and significantly
increased at day 9 and day 12 of induction. ICG is a
cyanine dye used to determine hepatic function (16). No
ICG-positive cells were observed in the untreated group.
At day 3 of induction, fewer than 5% of the cells took up
ICG (green nuclear stain) from the medium and excluded
the absorbed ICG 6 h later. The ICG positivity gradually
increased along the induction time, and more than 70% of
the cells were positive at day 12. The above results
demonstrated that the reported induction method could
induce not only the expression of liver cell markers but
also the function of HP14.5 cells, providing an effective
means to induce the maturation of HPCs in vitro.

Discussion

End-stage liver diseases and acute liver failure have
been considered treatable only with liver transplantation
(17). Liver transplantation is an organ transplantation that
involves major surgery and is limited by the scarcity of
donor organs, need of life-long immunosuppression, and
high cost. Recent interest has focused on cell transplan-
tation as an alternative to organ transplantation. Liver cell
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Figure 3. Expression of liver cell markers during the induced maturation of hepatic progenitor cells (HPCs). Cells were treated with the
combination condition of 2% HS+0.1 uM Dex+ 10 ng/mL HGF + 20 ng/mL FGF4. A, The morphology of untreated and treated cells at
D3, D6, D9, and D12 days after induction. Panels 1, 2, 3, and 4 are untreated cells; 7, 8, 9, and 10 are induced cells. Scale
bar=200 um. B, RT-PCR analysis of hepatic-related genes DLK, CK19, AFP, ALB, CK18, TAT, and ApoB at DO, D3, D6, D9, and D12
after induction. RT-PCR results were confirmed in at least three independent experiments, and representative results are shown.
C, Immunofluorescence staining of DLK, AFP, ALB, and UGT1A markers at DO, D3, D6, D9, and D12 days after induction. Negative
controls (NC) are cells stained with nonspecific IgG. Scale bar=200 um. D, Real-time PCR analysis of hepatic related genes AFP,
ALB, CK18, TAT of the induced cells at D12 compared with untreated cells as negative controls and adult liver cells as positive controls.
See Figure 1 for explanation of abbreviations. *P<0.05 induced D12 vs control D12 (two-tailed Student t-test); **P<0.05 LC14d vs

induced D12 (two-tailed Student t-test).

transplantation is a simple, safe, and relatively less costly
procedure that can take advantage of freshly discarded
liver segments, and shows great promise for the
treatment of many liver diseases (18). Embryonic stem
cells, bone marrow hematopoietic cells, mesenchymal
stem cells, and umbilical cord blood cells have all been
shown to differentiate into a hepatic linage with hepato-
cyte-like morphology and cell markers. But few hepatic
functions have been demonstrated in vivo (4,19). HPCs
are progenitor cells originated from liver and capable of
differentiating into hepatocytes and biliary cells. HPCs
also express the stem cell-related markers with self-
renewal capacity, serving as a continual and readily
available source of cells for liver cell transplantation (20).
However, HPCs are not mature enough to recover liver
function in vivo. In this study, we tested various induction
conditions of in vitro culture of HP14.5 cells in order to
identify the best method to induce maturation of HPCs.
Dex, HGF, and/or FGF4 have been shown to induce
bone marrow mesenchymal stem cells, hematopoietic
cells, or mouse embryonic stem cell differentiation to
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hepatic cell lines (21,22). However, there are still no
corresponding reports on the optimal concentration and
combinations of induction factors in the differentiation of
HPCs to mature hepatocytes. ALB is a marker of mature
liver cells and is widely used to detect the maturation of
hepatic cells (23). Here, we constructed a stable cell line
expressing an ALB-promoter-driven GLuc reporter gene.
During the liver cell differentiation process, many transcrip-
tional factors regulate the expression levels of ALB by
activating or inhibiting the ALB promoter. Moreover, GLuc
is a natural secretary luciferase isolated from the marine
copepod Gaussia princeps that can be released into the
culture medium (24). Here, we observed that the combina-
tion of 2% HS+0.1 uM Dex+ 10 ng/mL HGF +20 ng/mL
FGF4 induced the highest ALB-GLuc activity. Our results
differed from those reported by Oh et al. (25) in which high,
0.5-5.0 mg/mL, concentrations of HGF were used to
induce the differentiation of bone marrow mesenchymal
stem cells into liver cells. The time point of ALB increase in
this study was much earlier than that for the induced
extrahepatic stem cells (26), probably because HP14.5

www.bjournal.com.br
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Figure 4. Hepatic functions of induced hepatic progenitor cells (HPCs). Hepatic functions of induced HPCs were analyzed at DO, D3,
D6, D9, and D12 following treatment with 2% HS+0.1 uM Dex+ 10 ng/mL HGF +20 ng/mL FGF4. A, PAS staining of the glycogen
storage and accumulation function in the induced HP14.5 cells. The red granular staining in cytoplasm is indicated with arrows. B, ICG
uptake and release assay for the transport and metabolism function of the induced HPCs. Green-stained cells are indicated with
arrows. The staining was performed in at least three independent experiments, and representative results are shown. See Figure 1 for

explanation of abbreviations. Scale bar=200 um.

cells are more committed fetal HPCs and hence more
responsive to the exogenous induction factors.

ALB-GLuc activity was only an indicator. We further
confirmed the effect of this combination induction method.
Compared with untreated cells, induced cells became neatly
arranged and exhibited the typical liver cell morphology of
polyhedron-shape. As previously reported (10), HP14.5
highly expressed the hepatic stem/progenitor cell markers
DLK, AFP, and CK19. Upon induction, the expression of
DLK and CK19 gradually decreased. CK19 is not a unique
marker for liver stem cells, as it is also a marker of biliary
differentiation (27), its marked reduction reflects HP14.5 cell
differentiation into mature hepatic cells, but not bile duct
cells. AFP is a major plasma protein produced by the liver
during fetal development and is thought to be the fetal form
of serum albumin. The highest AFP levels are presentin the
fetus and decrease at the end of the first trimester (28).
HP14.5 cells were isolated from post-coitus day 14.5
embryonic liver, which may not represent the high point of
the APF level. Thus, APF expression firstly increased and
then decreased by day 6 during the induction process.
Furthermore, other hepatic-specific proteins ALB, CK18,
UGT1A produced by mature liver cells continued to rise.
TAT became detectable by day 3, and ApoB, by day 6 after
induction. On day 12, the induced cells exhibited expression
of liver markers comparable to adult mouse liver cells.
Therefore, our result revealed that HP14.5 cells could be
effectively differentiated into mature hepatocytes.

To become a reliable cell source for liver cell
transplantation, the induced HPCs should have good liver
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function. PAS staining is primarily used to identify
glycogen in tissues. Functional hepatocytes are capable
of glycogen synthesis and accumulation (15). ICG is a
nontoxic cyanine dye used in hepatic function diagnostics.
ICG is metabolized microsomally in liver cells and
removed from the liver exclusively in bile juice (16).
Microsomes were present in the nucleus, thus the green
nuclear staining reflected the function of ICG metabolism.
With the induction conditions used here, ICG uptake/
release and PAS-positive cells were observed at day 6,
and gradually increased to more than 70% by day 12,
suggesting the induced HP14.5 cells had hepatic function.
Taken together, the results demonstrate that the
combination of 2% HS+0.1 uM Dex+10 ng/mL
HGF +20 ng/mL FGF4 effectively induced the maturation
and function of HPCs. It is conceivable that more effective
methods need to be further explored because fewer than
100% of the induced cells had hepatic functions.
Nevertheless, we report a relatively effective method to
induce hepatic differentiation and maturation of HPCs.
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