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The molecular mechanisms regulating differentiation of hepatic progenitor cells (HPCs), which play pivotal roles in liver
regeneration and development, remain obscure. Autophagy and Wnt signaling pathways regulate the development and
differentiation of stem cells in various organs. However, the roles of autophagy and Wnt signaling pathways in hepatic
differentiation of HPCs are not well understood. Here, we describe the effects of autophagy and Wnt signaling pathways during
hepatic differentiation of HPCs. We used a well-established rat hepatic progenitor cell line called WB-F344, which was treated
with differentiation medium to promote differentiation of WB-F344 cells along the hepatic phenotype. Firstly, autophagy was
highly activated in HPCs and gradually decreased during hepatic differentiation of HPCs. Induction of autophagy by rapamycin
or starvation suppressed hepatic differentiation of HPCs. Secondly, Wnt3a signaling pathway was downregulated, and Wnt5a
signaling pathway was upregulated in hepatic differentiation of HPCs. At last, Wnt3a signaling pathway was enhanced, and
Wnt5a signaling pathway was inhibited by activation of autophagy during hepatic differentiation of HPCs. In summary, these
results demonstrate that autophagy regulates hepatic differentiation of hepatic progenitor cells through Wnt signaling pathway.

1. Introduction

Chronic liver disease is a common clinical liver disease with
high morbidity and mortality worldwide [1]. The only cure
for end-stage chronic liver disease is liver transplantation;
however, donor organ availability cannot meet demand [2].
For this reason, other alternative treatment strategies like
controlling regeneration in chronic liver disease become
adapted and developed [3]. The liver regeneration usually
comes from hepatic progenitor cells (HPCs) [4]. HPCs are
multipotent stem cells resided within a central component
of the ductular reaction, which differentiate into hepatocyte
or cholangiocyte in an activated niche to regenerate the dam-
aged liver [5, 6]. The differentiation of HPCs has been

reported to be regulated by various signaling pathways,
including autophagy, Notch, Wnt, bone morphogenetic pro-
tein (BMP), hepatocyte growth factor (HGF), and fibroblast
growth factor (FGF) signaling pathways [7, 8]. Therefore,
the mechanism regulating the differentiation of HPCs is
complex and unclear; it is necessary to understand the mech-
anisms regulating the differentiation of HPCs into functional
hepatocytes.

Wnt signaling pathway plays a crucial role in the differ-
entiation, proliferation, and self-renewal of stem cells in var-
ious organs [9, 10]. Traditionally, the Wnt signaling pathway
is classified into two categories: the canonical Wnt (or β-
catenin-dependent) and noncanonical Wnt (or β-catenin-
independent) signaling pathways [11]. The canonical and
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noncanonical signaling pathways form intersecting signaling
networks that coordinately regulate complex processes, such
as embryonic development, stem cell maintenance and dif-
ferentiation, and tissue homeostasis [12–15]. A recent study
has demonstrated that noncanonical Wnt signaling pathway
plays an important role in modulating canonical Wnt-
regulated stemness, proliferation, and differentiation of
HPCs [16].

Autophagy is an evolutionarily conserved ubiquitous
process in eukaryotic cells [17]. Autophagy has been charac-
terized as an essential process associated with cellular
homeostasis [18]. Under stress or starvation conditions,
autophagy-related protein P62 delivers unnecessary and
damaged biomacromolecules and organelles in the cyto-
plasm to lysosomes for degradation via double-membrane
autophagosomes, thus promoting cell survival and growth
[19]. Recent studies have shown autophagy plays a crucial
part in the self-renewal and differentiation of stem cells
[20–23]. We previously reported that autophagy regulated
biliary differentiation of HPCs through Notch1 signaling
pathway [24]. Autophagy also regulates Wnt signaling path-
way in cell development and differentiation [25–27]. How-
ever, whether autophagy regulates Wnt signaling pathway
in hepatic differentiation is not well understood.

In this study, we investigated the roles of autophagy and
Wnt signaling pathways during the hepatic differentiation
process of HPCs. We found that autophagy was highly acti-
vated in HPCs and gradually decreased during hepatic differ-
entiation of HPCs. Induction of autophagy by rapamycin or

starvation suppressed hepatic differentiation of HPCs. Fur-
ther study reported thatWnt3a signaling pathway was down-
regulated, and Wnt5a signaling pathway was upregulated in
hepatic differentiation of HPCs. Wnt3a signaling pathway
was enhanced, and Wnt5a signaling pathway was inhibited
by activation of autophagy during hepatic differentiation of
HPCs. These results demonstrate that autophagy regulates
hepatic differentiation of hepatic progenitor cells through
Wnt signaling pathway.

2. Materials and Methods

2.1. Reagents. The P62 (Cell Signaling Technology, Danvers,
Massachusetts, USA), LC3A/B (Cell Signaling Technology,
Danvers, Massachusetts, USA), Alb (Santa Cruz Biotechnol-
ogy, Inc, Dallas, Texas, USA), Aldob (Santa Cruz Biotechnol-
ogy, Inc, Dallas, Texas, USA), Wnt3a (Abcam, Cambridge,
UK), β-catenin (Abcam, Cambridge, UK), Sox9 (Merck
KGaA, Darmstadt, Germany), Wnt5a (Abcam, Cambridge,
UK), CaMKIIα (Cell Signaling Technology, Danvers, Massa-
chusetts, USA), Phospho-CaMKIIα (Thr286) (Cell Signaling
Technology, Danvers, Massachusetts, USA), and Actin (Bio-
world Technology, Bloomington, USA) antibodies were used
for Western blotting staining. HGF (315–23) and EGF (400–
25) were obtained from Peprotech. OSM (495-MO) was pur-
chased from R&D Systems. ITS-X (51500–056) was obtained
from Lifetech. 2-Mercaptoethanol (21985023) was purchased
from Thermo Fisher Scientific. VitC (A4403) and nicotin-
amide (N0636) were purchased from Sigma-Aldrich. Dexa-
methasone and gentamicin were purchased from Mengchao
Hepatobiliary Hospital of Fujian Medical University.

2.2. Cell Culture and Treatments. WB-F344 cells were pur-
chased from the Chinese Academy of Sciences, Shanghai.
WB-F344 cells were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 4.5 g/L glucose and
10% foetal bovine serum (FBS) at 37°C with 5% CO2. WB-
F344 cells were cultured with DMEM supplemented with
4.5 g/L glucose, 10% FBS, 0.1mmol/L 2-mercaptoethanol,
1x ITS-X, 10 ng/mL HGF, 20ng/mL EGF, 20 ng/mL OSM,
0.5mmol/L VitC, 50mg/mL gentamicin, 10mmol/L nicotin-
amide, and 10-6mol/L dexamethasone for 4 days for hepato-
cyte differentiation. We examined the effects of two
autophagy stimuli, mTOR inhibitor rapamycin, and cell star-
vation, on hepatic differentiation of WB-F344 cells. WB-
F344 cells were treated with hepatic differentiation medium
for 2 days and cocultured rapamycin 200nM for 24h or
serum-free medium for starve 24 h.

2.3. Western Blotting Analysis. Treated cells were washed
with phosphate buffer saline (PBS) and lysed with RIPA
buffer containing PMSF at a ratio of 100 : 1 to obtain total
protein for Western blot analysis. Proteins were separated
by electrophoresis on 10–12% SDS-polyacrylamide gels,
transferred to polyvinylidene fluoride membrane, and incu-
bated with corresponding primary antibodies overnight at
4°C. Following incubated with secondary antibody 1h at
room temperature. Immunoblots were developed using the
BeyoECL (Beyotime) and Tanon 5200 system, and the blot

Table 1: Primers used for RT-PCR.

Gene Sequence (5′-3′) Product
length (bp)

Alb F: AGAACCAGGCCACTATCTC 110

R: CAGATCGGCAGGAATGTTGT

Aldob F: CTGTGCCTCTTCTCTAACCAAC 152

R: GAACATCCATCCAAGAGAAGAA

Wnt1 F: ATGAACCTTCACAATAACGAG 202

R: GGTTGTTGCCTCGGTTG

Wnt3a F: ATTGAATTTGGAGGAATGGT 318

R: CTTGAAGTATGTGTAACGTG

Wnt4 F: GAGCAGGACATCCGCAGT 120

R: CTCCACTTGCGCTGTGTG

Wnt5a F: CCAAGTCCGGACTACTGTGT 189

R: CTTGACATAGCAGCACCAGTG

Wnt9a F: ACACTGGTGGAGGCCGTA 151

R: TCCTTGAAGCCTCGCTTG

β-Catenin F: AAGTTCTTGGCTATTACGACA 169

R: ACAGCACCTTCAGCACTCT

Sox9 F: GAGCCGGATCTGAAGAAGGA 151

R: GCTTGACGTGTGGCTTGTTC

Axin2 F: TGACTCTCCTTCCAGATCCAA 105

R: TGCCCACGCTAGGCTGACA

Gapdh F: CCGTGTTCCTACCCCCAATG 116

R: CCTTTAGTGGGCCCTCGGC
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Figure 1: Continued.
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was scanned and densitometric analysis with the Image J
software. The primary antibodies are used in our experiment
including P62 (1 : 1000), LC3A/B (1 : 1000), Alb (1 : 1000),
Aldob (1 : 1000), Wnt3a (1 : 1000), β-catenin (1 : 5000), Sox9
(1 : 1000), Wnt5a (1 : 1000), CaMKIIα (1 : 1000), Phospho-
CaMKIIα (Thr286) (1 : 1000), and Actin (1 : 5000).

2.4. Cell Proliferation Assay. Cell proliferation was measured
by Cell Counting Kit-8 (CCK8, Dojindo, Japan) assay
according to the manufacturer’s instructions. Experiments
for CCK8 were performed in 96-well plates. Cells were
seeded at a density of 1 × 104 cells/mL. 20μL CCK-8 solution
was added into each well (containing 200μL medium) and
further cultured for 2 h at 37°C. The absorbance of each
group at 450nm was detected using an absorbance micro-
plate reader.

2.5. Real-Time Polymerase Chain Reaction (RT-PCR). Total
RNA from different groups of cells was extracted using TRI-
ZOL reagent (Invitrogen, USA) according to the manufac-
turer’s protocol. RT-PCR was performed using SYBR Green
PCR Kit. The relative quantities of mRNAs were obtained by
using the comparative Ct method and were normalized with
glyceraldehydes-3-phosphate dehydrogenase (GAPDH). The
primers were presented in Table 1.

2.6. Electron Microscopic Analysis. Cells were fixed in 2.5%
glutaraldehyde in PBS for 2 h at room temperature, then fixed
in 1% osmium tetroxide in water for 1 h, dehydrated in an
ascending series of ethanol, and at last embedded in Araldite
(Basel, Switzerland). After solidified, 50nm sections were cut
on LKB-I ultramicrotome and picked up on copper grids,

poststained with uranyl acetate and lead citrate, and observed
in a Philips CM-120 TEM.

2.7. Statistical Analysis. All of the experiments were repeated
at least 3 times. Data was expressed as mean ± standard
deviation (SD). Statistical analysis of the data was done by
using GraphPad Prism 6. The student’s t-test was used to
compare between mean values of the two groups. P < 0:05
was considered statistically significant.

3. Results

3.1. Autophagy Was Highly Activated in HPCs and Gradually
Decreased during Hepatic Differentiation of HPCs. To inves-
tigate whether autophagy was involved in hepatic differenti-
ation of HPCs, we used a well-established rat hepatic
progenitor cell line called WB-F344, which was treated with
differentiation medium to promote differentiation of WB-
F344 cells along the hepatic phenotype. First, the morphol-
ogy of WB-F344 cells was notably changed (Figure 1(a)).
Second, the hepatic lineage makers Alb and Aldob were
also significantly increased (Figures 1(b) and 1(c)). Third,
the proliferation ability of WB-F344 cells with differentia-
tion medium for 4 days was significantly lower than that
of normal medium (Figure 1(d)), indicating that WB-
F344 cells could differentiate into hepatocytes in differenti-
ation medium.

Next, we detected the level of autophagy (LC3-II/LC3-I
and P62) during the progression of hepatic differentiation.
We observed that the level of LC3-II/LC3-I was highly
activated in WB-F344 cells; when treated with differentia-
tion medium, LC3-II/LC3-I level was gradually decreased

1.0μmx5.0k Zoom-1 HC-1 100kv 2015/11/19 16 : 52
Hitachi Ten System.

Ctrl HGF

2015/11/19 16 : 29 1.0μmx5.0k Zoom-1 HC-1 100kv
Hitachi Ten System.

(g)

Figure 1: Autophagy was highly activated in HPCs and gradually decreased during hepatic differentiation of HPCs. (a) The morphology of
WB-F344 cells cultured in normal medium (left panel, Ctrl, control) or treated with hepatic differentiation medium (HGF) for 4 days (right
panel, HGF) (scale bars = 20μm, Inset: 2x magnification). (b) RT-PCR analyzing expression of hepatic lineage markers (Alb and Aldob) in
WB-F344 cells treated with hepatic differentiation medium (HGF) for 4 days. (c) Western blot showing expression of hepatic lineage
markers (Alb and Aldob) in WB-F344 cells treated with hepatic differentiation medium (HGF) for 4 days. (d) The proliferation ability of
WB-F344 cells cultured in normal medium (Ctrl) or treated with hepatic differentiation medium (HGF) for 4 days. (e) Western blot
showing autophagy (LC3-II/LC3-I and P62) in WB-F344 cells treated with hepatic differentiation medium (HGF) for 4 days. (f)
Densitometric analysis of LC3-II relative to LC3-I normalized to time 0 d (0 d vs. 1 d-4 d). (g) Autophagic vacuoles (arrowheads) were
observed at WB-F344 cells cultured in normal media (Ctrl) or treated with differentiation medium (HGF) for 4 days under an electron
microscope (scale bars = 1μm). Data represent mean ± SD; ∗P < 0:05; ∗∗P < 0:01. n = 3.
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(Figure 1(e)). On the contrary, the P62 level was increased
(Figure 1(e)). The quantitation of LC3-II/LC3-I was also
decreased (Figure 1(f)). To observe the formation of autopha-
gic vacuoles intuitively, the electron microscopy was employed.
Without differentiation medium induction, autophagic va-
cuoles were easy to detect in WB-F344 cells. Oppositely,
autophagic vacuoles were few in WB-F344 cells treated
with differentiation medium for 4 days (Figure 1(g)).
These results showed that autophagy was highly activated
in HPCs and gradually decreased during the progression
of hepatic differentiation.

3.2. Induction of Autophagy Suppressed Hepatic
Differentiation of HPCs. To further investigate the effect of

autophagy on hepatic differentiation of HPCs, we examined
the effects of two autophagy stimuli, mTOR inhibitor rapa-
mycin and nutrient deprivation medium, on hepatic differen-
tiation of WB-F344 cells. WB-F344 cells were treated with
differentiation medium for 2 days and cocultured DMSO,
rapamycin, or starvation for 24 h. Western blot analysis indi-
cated that LC3-II/LC3-I level was increased, and P62 level
was decreased by rapamycin (Figure 2(a)) or starvation
(Figure 2(d)). Rapamycin decreased the expression of Alb
and Aldob relative to DMSO (Figures 2(b) and 2(c)). Star-
vation also attenuated the expression of Alb and Aldob
relative to DMSO (Figures 2(e) and 2(f)). These results
indicated that activation of autophagy suppressed hepatic
differentiation of HPCs.
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Figure 2: Induction of autophagy suppressed hepatic differentiation of HPCs. (a) Western blot showing the level of LC3-II/LC3-I and P62 in
WB-F344 cells treated with differentiation medium (HGF) for 2 days and coculture DMSO or rapamycin (200 nM; Rapa) for 24 h. (b) RT-
PCR analyzing the expression of hepatic lineage markers (Alb and Aldob) in WB-F344 cells treated with differentiation medium (HGF)
for 2 days and coculture DMSO or rapamycin (200 nM; Rapa) for 24 h. (c) Western blot showing the expression of hepatic lineage
markers (Alb and Aldob) in WB-F344 cells treated with differentiation medium (HGF) for 2 days and coculture DMSO or rapamycin
(200 nM; Rapa) for 24 h. (d) Western blot showing the level of LC3-II/LC3-I and P62 in WB-F344 cells treated with differentiation
medium (HGF) for 2 days and coculture DMSO or starvation (serum-free medium; Starve) for 24 h. (e) RT-PCR analyzing the expression
of hepatic lineage markers (Alb and Aldob) in WB-F344 treated with differentiation medium (HGF) for 2 days and coculture DMSO or
starvation (serum-free medium; Starve) for 24 h. (f) Western blot showing the expression of hepatic lineage markers (Alb and Aldob) in
WB-F344 treated with differentiation medium (HGF) for 2 days and coculture DMSO or starvation (serum-free medium; Starve) for 24 h.
Data represent mean ± SD; ∗P < 0:05. n = 3.
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3.3. Wnt Signaling Pathway Was Involved during Hepatic
Differentiation of HPCs. We have demonstrated that activa-
tion of autophagy suppressed hepatic differentiation of
HPCs. Next, we explored how autophagy influenced hepatic
differentiation.We firstly investigated whetherWnt signaling
pathway took part in hepatic differentiation of HPCs. After
exposing to differentiation medium for 4 days, the expression
of Wnt3a was decreased, and Wnt5a was elevated; Wnt1,
Wnt4, and Wnt 9a were not change (Figure 3(a)). Mean-
while, the expressions of β-catenin (central role of Wnt3a
signaling pathway), Sox9, and Axin2 (target transcripts of
Wnt3a signaling pathway) were downregulated during
hepatic differentiation of WB-F344 cells (Figures 3(b) and
3(c)). Western blot analysis revealed that the levels of Wnt5a
and phosphorylated CaMKIIα (P-CaMKIIα) were increased
(Figure 3(d)). These data demonstrated that Wnt3a signaling
pathway was downregulated, and Wnt5a signaling pathway
was upregulated in hepatic differentiation of HPCs.

3.4. Autophagy Regulated Wnt Signaling Pathway during
Hepatic Differentiation of HPCs. To further investigate

whetherWnt signaling pathway could be regulated by autoph-
agy during hepatic differentiation of HPCs. We also examined
the effect of two autophagy stimuli, mTOR inhibitor rapamy-
cin and starvation, on hepatic differentiation of WB-F344
cells. The expression of Wnt3a, β-catenin, Sox9, and Axin2
were significantly higher in cultured cells supplemented with
rapamycin relative to DMSO (Figures 4(a)–4(c)). The expres-
sion of Wnt5a and P-CaMKIIα were significantly downregu-
lated in cultured cells supplemented with rapamycin relative
to DMSO (Figures 4(a) and 4(d)). Starvation also promoted
the expression of Wnt3a, β-catenin, Sox9, and Axin2
(Figures 4(e)–4(g)) and attenuates the expression of Wnt5a
and P-CaMKIIα relative to DMSO (Figures 4(e) and 4(h)),
indicating that Wnt3a signaling pathway was enhanced and
Wnt5a signaling pathway was inhibited by activation of
autophagy during hepatic differentiation of HPCs.

4. Discussion

Hepatocytes have sufficient regenerative capacity [28]. This
regenerative ability is enhanced in chronic liver disease with

0

5
NS

NS NS

⁎⁎

⁎⁎

Ctrl
HGF

Wnt1 Wnt3a Wnt5a Wnt9aWnt4

15

10

(a)

0

2

4

6

⁎

⁎⁎

⁎

Sox9 Axin2β-Catenin

Ctrl
HGF

(b)

Actin

Wnt5a

P-CaMKIIα

CaMKIIα

Ctrl HGF

(c)

Actin

Wnt3a

β-Catenin

Sox9

Ctrl HGF

(d)

Figure 3: Wnt signaling pathway was involved during hepatic differentiation of HPCs. (a) RT-PCR analyzing the mRNA expression ofWnt1,
Wnt3a, Wnt4, Wnt5a, andWnt9a inWB-F344 cells treated with hepatic differentiation medium (HGF) for 4 days. (b) RT-PCR analyzing the
mRNA expression of β-catenin, Sox9, and Axin2 inWB-F344 cells treated with hepatic differentiation medium (HGF) for 4 days. (c) Western
blot showing the level of Wnt5a, P-CaMKIIα, and CaMKIIα in WB-F344 cells treated with hepatic differentiation medium (HGF) for 4 days.
(d) Western blot showing the level of Wnt3a, β-catenin, and Sox9 in WB-F344 cells treated with hepatic differentiation medium (HGF) for 4
days. Data represent mean ± SD; ∗P < 0:05; ∗∗P < 0:01. n = 3.
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the ductular reactions (DR) [29]. Within the DR are cells that
express both bile duct cell and hepatocyte features [30, 31]. It
is thought that these cells can be hepatic progenitor cells
(HPCs) that differentiate into both hepatocytes and cholan-
giocytes [5, 6]. It has been reported that the differentiation
of HPCs is regulated by a variety of signaling pathways,
including autophagy, Notch, Wnt, BMP, HGF, and FGF sig-
naling pathways [7, 8]. In this study, we demonstrated that
autophagy and Wnt signaling pathways regulated hepatic
differentiation of HPCs.

Wnt signaling pathway plays an essential role in liver
development [13, 32]. Wnt1, Wnt2, Wnt3, Wnt3a, Wnt7b,
Wnt8a, andWnt8b have shown a preferential ability to signal
through β-catenin [14]. Similarly, Wnt4, Wnt5a, Wnt9a,
Wnt10a, and Wnt11 were reported to emit signals through
different intracellular signaling mechanisms, including
Ca2+-mediated pathways or the c-Jun N-terminal kinase
cascade [15]. Generally, the canonical Wnts that signal
through β-catenin associate to cell proliferation, while the
noncanonical Wnts seem to promote differentiation and
oppose proliferation and cellular multipotency [33]. Specif-
ically, Wnt5a is shown to promote differentiation in a vari-
ety of tissues while opposing the proliferative effects of
canonical Wnts, including Wnt1 and Wnt3a [16, 34]. Our
data showed that the stemness and proliferation of hepatic
progenitor cells were regulated by Wnt3a/β-catenin path-
way. On the other hand, Wnt5a/Ca2+-mediated pathway
was shown to promote differentiation of hepatic progenitor
cells.

An increasing number of studies have shown that
autophagy plays a vital role in stem cell maintenance and dif-
ferentiation [20, 23, 35]. It has been reported that autophagy
regulates stemness and self-renewal of HPCs [36]. We previ-
ously reported that autophagy regulated biliary differentia-
tion of HPCs through Notch1 signaling pathway [24]. In
this study, we found that high autophagic activity is observed
in HPCs and decreased in the process of hepatic differentia-
tion. Activation of autophagy by rapamycin or starvation
suppressed hepatic differentiation of HPCs.

Autophagy is also reported to be related to Wnt signaling
pathway in different cell models. Autophagy negatively regu-
lates Wnt signaling by promoting Disheveled (Dvl) degrada-
tion in the late stages of colon cancer development [25]. β-
Catenin suppresses autophagosome formation and directly
repressed the autophagy adaptor P62 expression [26].
Autophagy stimulates the proliferation of porcine pancreatic
stem cells, which is regulated by the canonical Wnt signaling
pathway [37]. Autophagy eliminates cytoplasmic β-catenin
to promote cardiac differentiation [27]. However, whether
autophagy regulates Wnt signaling pathway in hepatic differ-
entiation is not clear. In our study, we found that autophagy
was decreased, and canonical Wnt pathway (Wnt3a/β-
catenin) was suppressed, and noncanonical Wnt pathway
(Wnt5a/Ca2+) was enhanced during hepatic differentiation
of HPCs; activation of autophagy was enhanced Wnt3a/β-
catenin signaling pathway and impeded hepatic differentia-
tion. β-Catenin plays a key role in the transduction of Wnt
pathway [14]. Therefore, autophagy may regulate β-catenin
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Figure 4: Autophagy regulated Wnt signaling pathway during hepatic differentiation of HPCs. (a) RT-PCR analyzing the mRNA expression
of Wnt1, Wnt3a, Wnt4, Wnt5a, and Wnt9a in WB-F344 cells treated with differentiation medium (HGF) for 2 days and coculture DMSO or
rapamycin (200 nM; Rapa) for 24 h. (b) RT-PCR analyzing the mRNA expression of β-catenin, Sox9, and Axin2 inWB-F344 cells treated with
differentiation medium (HGF) for 2 days and coculture DMSO or rapamycin (200 nM; Rapa) for 24 h. (c) Western blot showing the level of
Wnt5a, P-CaMKIIα, and CaMKIIα in WB-F344 cells treated with differentiation medium (HGF) for 2 days and coculture DMSO or
rapamycin (200 nM; Rapa) for 24 h. (d) Western blot showing the level of Wnt3a, β-catenin, and Sox9 in WB-F344 cells treated with
differentiation medium (HGF) for 2 days and coculture DMSO or rapamycin (200 nM; Rapa) for 24 h. (e) RT-PCR analyzing the mRNA
expression of Wnt1, Wnt3a, Wnt4, Wnt5a, and Wnt9a in WB-F344 cells treated with differentiation medium (HGF) for 2 days and
coculture DMSO or starvation (serum-free medium; Starve) for 24 h. (f) RT-PCR analyzing the mRNA expression of β-catenin, Sox9, and
Axin2 in WB-F344 cells treated with differentiation medium (HGF) for 2 days and coculture DMSO or starvation (serum-free medium;
Starve) for 24 h. (g) Western blot showing the level of Wnt5a, P-CaMKIIα, and CaMKIIα in WB-F344 cells treated with differentiation
medium (HGF) for 2 days and coculture DMSO or starvation (serum-free medium; Starve) for 24 h. (h) Western blot showing the level of
Wnt3a, β-catenin, and Sox9 in WB-F344 cells treated with differentiation medium (HGF) for 2 days and coculture DMSO or starvation
(serum-free medium; Starve) for 24 h. Data represent mean ± SD; ∗P < 0:05; ∗∗P < 0:01. n = 3.
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during hepatic differentiation of HPCs. Although the study
of the mechanism underlying hepatic differentiation of HPCs
is not sufficiently explained, the results will be helpful to fur-
ther understand the mechanism of hepatic differentiation of
HPCs.

5. Conclusion

The present results describe a direct link between autophagy
andWnt signaling pathways, both of which regulated hepatic
differentiation. Firstly, autophagy was highly activated in
HPCs and gradually decreased during hepatic differentiation
of HPCs. Induction of autophagy by rapamycin or starvation
suppressed hepatic differentiation of HPCs. Secondly, Wnt3a
signaling pathway was downregulated, and Wnt5a signaling
pathway was upregulated in hepatic differentiation of HPCs.
At last, Wnt3a signaling pathway was enhanced, and Wnt5a
signaling pathway was inhibited by activation of autophagy
during hepatic differentiation of HPCs. These results demon-
strate that autophagy regulates hepatic differentiation of
hepatic progenitor cells through Wnt signaling pathway.
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