
© 2018 Saudi Journal of Gastroenterology | Published by Wolters Kluwer ‑ Medknow 157

Pokeweed antiviral protein attenuates liver fibrosis in mice 
through regulating Wnt/Jnk mediated glucose metabolism
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INTRODUCTION

Liver fibrosis has been considered as a wound‑healing response 
of  liver to repeated liver injuries such as hepatitis, drugs, and 

alcohol, and it is characterized by an excessive deposition of  
extracellular matrix (ECM). Hepatic stellate cell (HSC) is the 
main source of  ECM and its activation is the key event in liver 
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fibrosis.[1] As many signaling pathways and cytokines participate 
in HSC activation, the mechanism involved in HSC activation 
and liver fibrogenesis remains poorly understood.

Among various pathways involved in HSC activation, 
Wnt signaling pathway has been regarded as the most 
important. [2] Furthermore, Wnt signaling has been 
mainly divided into two specific pathways according to 
the transducer it depends on –the canonical pathway 
and the noncanonical signaling pathway.[3] Wnt/Jnk 
pathway was noncanonical, which has been reported to 
promote HSC activation.[4] Moreover, Wnt/Jnk pathway 
has various cellular functions including cell proliferation 
and gene expression. Recent studies showed that this 
signaling predominated metabolism such as glucose 
metabolism.[5,6] Unfortunately, whether Wnt/Jnk‑mediated 
glucose metabolism participates in liver fibrogenesis and its 
molecular mechanism has not been completely elucidated.

Pokeweed antiviral protein (PAP), an extraction from 
traditional Chinese herb, has been demonstrated to have 
various pharmaceutical activities including inhibiting 
hepatitis B replication and ameliorating liver fibrosis.[7,8] 
Many other studies also proved the inhibitory effects of  
PAP on Jnk signaling pathway.[9] However, whether the 
anti‑fibrosis effect of  PAP is related to the inhibition 
of  Wnt/Jnk signaling remains unclear. This study was 
designed to further investigate the molecular mechanism 
involved in the suppressive effects of  PAP on liver fibrosis 
and found that PAP attenuated liver fibrosis in rats through 
mediating Wnt/Jnk mediated glucose metabolism.

MATERIALS AND METHODS

Materials
Kits for determining serum alanine transaminase (ALT), 
aspartate transaminase (AST), lactic dehydrogenase 
(LDH), and hydroxyproline (Hyp) were all bought 
from Nanjing Jiancheng Bioengineering Institute 
(Nanjing, China).  Cyto Tox 96 Nonradioactive 
Cytotoxicity assay for cell viability was obtained from 
Promega (USA). TGF‑β1 was purchased from R&D 
Systems (USA). The primary antibodies were as following: 
mouse antibody against HK‑2(TA500856, Origene), 
mouse antibody against PFKP (TA503979, Origene), 
mouse antibody against PCK1 (ab87340, Abcam), 
rabbit anti‑FBP1 (ab109020, Abcam), rabbit anti‑Jnk 
(#9252, Cell signaling), rabbit anti‑pJnk (Thr 183/Tyr 
185,#4668, Cell signaling), mouse anti‑α‑SMA (ab5694, 
Abcam), and mouse anti‑β‑actin (ab8227, Abcam). 
Secondary antibodies of  anti‑mouse and rabbit IgG 
conjugated with horseradish peroxidase were obtained 
from GE Healthcare (UK).

Cell culture
HSC line HSC‑T6 cells were purchased from the Cancer 
Institute and Hospital, Chinese Academy of  Medical 
Sciences. Cells were maintained in Dulbecco’s modified 
Eagle’s medium (DMEM, Invitrogen, California, USA) 
containing 10% new bovine serum (Hangzhou, China), 
100 U/ml penicillin, and 100ug/ml streptomycin, under a 
humidified 5% (v/v) CO2atmosphere at 37℃. Cells were 
divided into 4 groups: normal group, cells treated with 
DMEM containing 1000mg/L glucose; control group, cells 
treated with DMEM containing 1000mg/L glucose together 
with pXF3H‑neo transfection; treatment group, cells treated 
with DMEM containing 4500mg/L glucose together with 
pXF3H‑PAP transfection; model group, cells treated with 
DMEM containing 4500mg/L glucose without transfection.

Animal treatments
Male mice (body weight 18–22g) were provided by 
the Experiment Animal Center of  Anhui Medical 
University (Hefei, China). Mice were housed at the Animal 
House Facility of  Anhui Provincial Hospital, Anhui 
Medical University. All animal procedures were performed 
under the guidelines set by the Animal Care and Use 
Committee of  Anhui Medical University.

Mice were randomly divided into four groups (n = 25 to 
30mice per group). Mice in model group (n = 17) were 
injected subcutaneously with CCl4 at a dose of  3 ml/kg 
twice a week for 8 weeks. At the same time, mice in the 
treatment group (n = 25) were treated with 50 ug of  
pXF3H‑PAP by hydrodynamic injection through the 
tail vein in combination with CCl4. Those in control 
group (n = 19) received equal volume of  pXF3H‑neo plus 
CCl4. Mice in normal group (n = 22) received equal volume 
of  vehicle solution without CCl4.

At the end of  the experiment, mice were anesthetized with 
10% chloral hydrate and killed. Serum samples were collected 
from mice and stored at −80℃ for ELISA kits. Liver tissue 
was harvested 3 days after the last injection for 3 purposes: (1) 
fixed in 10% formalin for histological examinations; (2) stored 
at −80℃ for HYP determination; and (3) preserved in RNA 
later (Invitrogen, USA) for RNA isolation.

Biochemical determination
The serum levels of  ALT, AST, and LDH in mice were 
detected by ELISA kits, and the content of  HA and LN 
in serum of  mice were measured by radioimmunoassay.

Hyp content test
Hyp content in l iver  t issue was evaluated by 
spectrophotometric method according to the instructions. 
Results were expressed as Hyp (mg)/wet liver weight (g).
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Liver pathology
Liver tissues from mice were fixed in 10% formalin, 
embedded in paraffin and cut at a thickness of  5 µm. 
Hematoxylin and eosin (H and E) staining was employed to 
examine the changes in liver pathology. Masson’s trichrome 
staining was engaged to assess the collagen distribution 
in liver tissue. Fibrosis score were determined by two 
independent pathologists blindly according to the score 
system described by Hou et al.[10]

Plasmid preparation
Expression plasmid pXF3H‑PAP driven by a CMV 
promoter was presented by Prof. Yongwen He 
(Union Hospital, Wuhan China), the plasmid was amplified, 
purified, and resuspended in ddH2O at a final concentration 
of  1ug/ul.

Cell viability assay
HSC‑T6 viability was tested by CytoTox 96 Nonradioactive 
Cytotoxicity assay. Cells were seeded into 96 well plate at a 
density of  5 × 104 cells with 200ul culture media. Cells were 
incubated in culture media with or without PAP transfection 
for 12, 24, 36, and 48 h. Then cells were harvested and 
lysed by 30ul lysis solution, followed by incubation at 
37℃ for 50 min. Supernatants were transferred to a fresh 
96‑well plate. Reconstituted Substrate Mix and stop solution 
were added to the sample according to the instruction, 
respectively. The plate was read at 560nm absorbance.

Quantitative real‑time polymerase chain reaction
RNA was extracted from cells and mice liver tissue using 
RNA easy mini kit (Qiagen) according to manufacturer’s 
instructions. The RNA was reverse transcribed into cDNA 
by First Strand cDNA Synthesis kit (Toyobo, Japan).
The qPCR was carried in a 7500 Fast Real‑Time PCR 
System (Applied Biosystems). Amplification was done in a 
total volume of  20ul for 35 cycles and the production was 
detected by SYBR green Plus reagent kit (Roche Applied 
Science, Germany). GAPDH was used as the reference 
gene and the samples were run in triplicate. The primers 
were as follows:
1. GAPDH (Invitrogen, Shanghai):
 Forward, 5’‑ ACCACAGTCCATGCCATCAC‑3’;
 Reverse, 5’‑ TCCACCACCCTGTTGCTGTA‑3’
2. α‑SMA (Invitrogen, Shanghai):
 Forward, 5’‑ GATCACCATCGGGAATGAACGC‑3’;
 Reverse, 5’‑ CTTAGAAGCATTTGCGGTGGAC‑3’
3. Col 1A1 (Invitrogen, Shanghai):
 Forward,5’‑ACTGCAACATGGAGACAGGTCA 

GA‑3’;
 Reverse, 5’‑ATCGGTCATGCTCTCTCCAAACCA‑3’
4. HK2 (Invitrogen, Shanghai):

 Forward, 5’‑ TCAAAGAGAACAAGGGCGAG ‑3’;
 Reverse, 5’‑ AGGAAGCGGACATCACAATC‑3’
5. PFKP (Invitrogen, Shanghai):
 Forward, 5’‑ ACTGAAGGGCTCCCACGGCA‑3’;
 Reverse, 5’‑ GGCCGCAGTTTCAGCCACCA ‑3’
6. PCK1(Invitrogen, Shanghai):
 Forward, 5’‑AGTCACCATCACTTCCTGGAAGA‑3’;
 Reverse, 5’‑ GGTGCAGAATCGCGAGTT ‑3’
7. FBP1(Invitrogen, Shanghai):
 Forward, 5’‑ GACTGCCTCGCGTCCATCGG‑3’;
 Reverse, 5’‑ GCTGCCACCAGGGTTCCTGCC‑3’.

Western blot analysis
HSC‑T6 cells and Matrigel treated T6 cells were seeded 
into 6‑well plate at a density of  1 × 106cells/well. Next 
day, cells were transfected with pXF3H‑PAP. At 48h after 
transfection, cells were harvested and lysed in 1ml lysis 
buffer. The extracted protein was separated by SDS gel 
and PVDF membrane (Roche, USA). The membranes were 
incubated with antibodies at 4℃ overnight. Next day, the 
membranes were probed with a HRP coupled secondary 
antibody. In the end, membranes were developed with the 
ECL Plus Western Blotting Detection System (Amersham 
Life Science, UK). β‑Actin was used as reference gene

Statistical analysis
Results were depicted as mean ± SEM. Data were analyzed 
by Student’s t‑test when only two groups were compared, 
and analysis of  variance (ANOVA) when three or more 
than three groups were involved. P < 0.05 was considered 
to be significant.

RESULTS

Effect of PAP on liver fibrosis in mice induced by CCl4
As shown in Table 1, plasma levels of  ATL, AST, and LDH 
in CCl4‑treated mice increased significantly compared with 
control mice, while they were obviously decreased by PAP 
treatment compared with model group. Moreover, HA and 
LN levels in the liver tissue of  PAP treatment group were 
remarkably higher than control group, but significantly 
lower than model group. There were no significant 
differences in ATL, AST, LDH, HA, and LN levels between 
the control and normal groups. These results indicated that 
PAP could improve the liver function of  mice.

At the end of  the experiment, H and E staining and 
Masson’s trichrome staining were used to examine the 
changes in liver pathology. Liver tissue samples from 
the model group showed that PAP not only ameliorated 
adipose degeneration of  hepatocytes but also reduced 
the inflammatory cell infiltration. As shown by Masson 
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in Figure 1, the collagen fibers in CCl‑4 treated mice were 
significantly more than those in normal mice, while they 
were markedly decreased by PAP treatment compared with 
the model group (P < 0.05).

In addition, Hyp content assay was also used to evaluate 
the collagen content in the livers [Table 1]. The Hyp 
content was obviously higher in CCl4 treated group than 
in control group (P < 0.05), but lower than PAP treatment 
group (P < 0.05).

Effect of PAP on cell viability of HSC‑T6 cells
The effect of  PAP on T6 cells was examined by 
cytotoxicity assay. As shown by Figure 2, viability of  
T6 cells of  control and treatment group showed a lower 
viability than the model group (P < 0.05, respectively). 
There was no significant difference in the cell viability 
between cells from normal, treatment, and control groups 
(P > 0.05, respectively), suggesting that PAP reduced 
glucose‑induced HSC activation.

Effect of PAP on mRNA and protein expressions of 
HK2, PFKP, PCK1, FBP1, α‑SMA, and Col1A1 in 
T6 cells and liver tissue
To observe the effect of  PAP on Wnt/Jnk‑mediated glucose 
metabolism and liver fibrosis. qPCR and western‑blot were 

used to observe the mRNA and protein expressions of  
key enzymes and fibrosis genes in T6 cells and liver tissue, 
respectively. As shown in Figure 3, both mRNA and protein 
expressions of  HK2, PFKP, α‑SMA, and Col1A1 increased 
significantly in T6 cells from model group compared with 
normal group, while they were remarkably reduced by PAP 
treatment (P < 0.05, respectively). On the contrary, mRNA 
expressions of  PCK1 and FBP1 were lower in T6 cells 
from the model group than T6 cells from the normal 
group, whereas they were remarkably increased by PAP 
treatment (P < 0.05, respectively).

When it comes to CCl4 treated mice, mRNA and protein 
expressions of  HK2, PFKP, α‑SMA, and Col1A1 
increased significantly in the model group compared with 
the normal group, while they were remarkably reduced 
by PAP treatment (P < 0.05, respectively). Similar to 
T6 cells, shown by Figure 4, mRNA expressions of  
PCK1 and FBP1 were lower in the model group than 
normal group, while they were both remarkably increased 
by PAP treatment (P < 0.05, respectively). There were 
no significant differences in the mRNA and protein 
expression of  HK2, PFKP, PCK1, FBP1, α‑SMA, 
and Col1A1 between the model and control groups 
(P > 0.05, respectively).

Table 1: Levels of ATL, AST, LDH, HA and LN in serum and Hyp in liver tissue
Group n ALT (U/L) AST (U/L) LDH (U/L) HA (mg/ml) LN (ng/ml) HYP (ug/mg protein)

Normal 22 41.23±6.21 45.12±5.32 87±55.34 47.23±6.23 66.21±7.44 11.66±2.41
Treatment 25 98.51±13.24* 102.33±9.91* 1872±112.34* 98.32±14.34* 143.35±10.34* 18.55±6.22*
Control 19 521.45±22.65† 553.24±27.34† 3346.78±125.32† 234.41±21.87† 96.11±24.31† 28.66±9.12†

Model 17 540.21±25.43ǂ 530.33±29.26ǂ 3320.21±136.71ǂ 245.71±27.43ǂ 289.64±22.65ǂ 29.02±8.9ǂ

Data were expressed as mean±SD. *P<0.05 compared with normal group. †P<0.05 compared with treatment group. ǂP<0.05 compared with control group

Figure 1: Liver pathology (×200) by H and E (a-d) and Masson’s staining (e-h). Liver samples from normal group showed normal liver architecture, 
few infiltrated inflammatory cells and trace collagen (a and e). On the contrary, there were much more inflammatory cells and collagen in model 
group than normal group, the liver structure was disordered (d and h). The liver condition was significantly improved by PAP treatment (b and f) 
compared with model group. There was no significant difference in cell infiltration and collagen deposition between model group (d and h) and 
control group (c and g)
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Effect of PAP on Wnt/Jnk pathway in T6 cells and 
liver tissue
To investigate the effects of  PAP on Jnk signaling, we 
tested the expression of  total Jnk and pJnk in HSC‑T6 cells 
and liver tissue by western‑blot. As shown in Figure 5, the 
pJNK expression increased significantly in HSC‑T6 cells 
from the model group compared with the normal group, 
while it was remarkably reduced by PAP treatment 

(P < 0.05, respectively).However, there is no significant 
difference in the expression of  total Jnk among the four 
groups (P > 0.05, respectively). Interestingly, the pJNK levels 
in the normal, treatment, and control groups showed no 
significant difference (P > 0.05, respectively), indicating that 
PAP treatment could remarkably reduce glucose‑induced 
HSC activation through downregulating Wnt/Jnk pathway.

Regarding the expression of  Jnk in liver tissue, CCl4 
induced the phosphorylation of  Jnk in liver tissue 
compared with normal group, while it was obviously 
reduced by PAP treatment compared with the model group 
(P < 0.05, respectively). Similar to HSC‑T6 cells, there was 
no significant difference in total JNK expression among 
mice from four groups as well as pJNK level between the 
normal and control groups (P > 0.05, respectively). These 
results suggested that PAP inhibited liver fibrosis in mice 
by suppressing the phosphorylation of  Jnk.

DISCUSSION

In general, liver fibrosis represents the wound‑healing 
response of  liver to various liver injures including hepatitis, 
alcohol, and immune compounds. Hepatitis virus and 
alcohol occupied the leading position in the etiology of  
liver fibrosis over the past decades and went down with the 
progress of  medical science and society. On the contrary, at 

Figure 3: mRNA (a) and protein (b, c) expressions of HK2, PFKP, PCK1, FBP1, α-SMA and Col1A1 in HSC-T6 cells. PAP significantly reduced 
both mRNA and protein expressions of HK2, PFKP, α-SMA and Col1A1 while increased PCK1 and FBP1 in HSC-T6 cells treated by high glucose 
*P > 0.05 compared with normal group.  †P > 0.05 compared with control group. ǂP < 0.05 compared with treatment group

c

ba

Figure 2: Viability of HSC-T6 cells. High glucose up-regulated viability 
of HSC-T6 cells, while it was significantly reduced by PAP treatment. 
There was no significant difference among normal, treatment and 
normal group.  *P > 0.05 compared with normal group.  †P < 0.05 
compared with treatment group. ǂP > 0.05 compared with control group
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present, metabolic disturbance has risen to the front place 
as the cause of  liver fibrosis. Interesting, recent studies 
demonstrated that disorder of  glucose metabolism plays an 
important role in liver fibrosis and that many liver fibrosis 
patients also have diabetes mellitus.[11] Thus, researchers 

have tried to explore the interaction among cytokines, liver 
fibrosis, and glucose metabolism.

Liver fibrosis has been regarded as the excessive deposition 
of  ECM in the liver.[12] Owing to the repeated liver injures, 

Figure 4: mRNA (a) and protein (b, c) expressions of HK2, PFKP, PCK1, FBP1, α-SMA and Col1A1 in liver tissue. PAP significantly reduced 
both mRNA and protein expressions of HK2, PFKP, α-SMA and Col1A1 while increased PCK1 and FBP1 in liver tissue of mice induced by CCl4. 
*P > 0.05 compared with normal group.  †P < 0.05 compared with treatment group. ǂP > 0.05 compared with control group

c

ba

Figure 5: Expression of Jnk/pJnk in HSC-T6 cells and liver tissue. PAP reduced phosphorylation of Jnk in HSC-T6 cells treated with high glucose 
(a and c), and liver tissue induced by CCl4 (b and d). c, *P > 0.05 compared with normal group,  †P > 0.05 compared with control group, ǂP < 0.05 
compared with treatment group; d, *P > 0.05 compared with normal group,  †P < 0.05 compared with treatment group, ǂP > 0.05 compared with 
control group

dc

ba
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HSC became activated and transferred into myofibroblast 
cells to produce more ECM in liver, resulting in liver 
fibrosis.[13] Most importantly, activated HSC can convert 
into quiescent‑like stellate cells to avoid immune clearance 
and necrosis,[14] but these quiescent‑like cells can produce 
more ECM than activated ones when exposed to stimulus.
[14]Therefore, suppression of  HSC activation may prevent 
and reverse liver fibrosis.

Liver fibrosis has also been regarded as a chronic 
inflammation associated disease, which involves the 
interplay of  different inflammatory mediators, cytokines, 
and signaling pathways.[15‑17] That is, cytokines or signaling 
mediators may exert their influence on liver fibrosis 
through regulating glucose metabolism.Wnt/Jnk has been 
demonstrated to be one of  the most important pathways 
contributing to liver fibrosis. Furthermore, Wnt/Jnk 
signaling has also been reported to participate in various 
physiological processes such as glucose metabolism.[18‑21]

Further, PAP is known as an anti‑fibrosis agent and has 
been shown to have numerous pharmaceutical properties, 
including regulating Wnt/Jnk pathway and inhibiting liver 
fibrosis.[22,23] In this study, PAP was shown to significantly 
downregulate Wnt/Jnk pathway both in HSC‑T6 cells 
and mice.

Moreover, HK2, PFKP, PCK1, and FBP1 are important 
enzymes regulating glucose metabolism. It has also 
been reported that high concentration of  glucose could 
induce HSC activation.[24] To testify the effect of  glucose 
metabolism on HSC activation, we treated HSC with 
high concentration of  glucose. Consequently, glucose 
increased viability and enhanced the mRNA and protein 
expressions of  α‑SMA together with glycolysis enzymes 
such as HK2 and PFKP in HSC‑T6 cells compared with 
normal cells, which were all reduced by PAP treatment. 
Most importantly, PAP treatment also reduced Jnk 
phosphorylation compared with model group, suggesting 
that PAP inhibited glucose‑induced HSC activation by 
regulating Jnk mediated glycolysis. These results were 
consistent with previous studies.[25,26]

CCl‑4‑induced liver fibrosis in mice is a widely accepted 
research model.[27] Using this model, our study has 
demonstrated that PAP significantly inhibited CCl4‑induced 
liver fibrosis in mice.[8] Contents of  HA and LN in serum 
and Hyp in liver have been regarded as accurate indices 
reflecting liver fibrosis score.[28‑30] In this study, the contents 
of  HA and LN in serum and Hyp in liver tissue were all 
higher in the model group than that in the control group, 
while they were significantly reduced by PAP treatment, 
suggesting that PAP inhibited liver fibrosis. Moreover, 

mRNA and protein levels of  α‑SMA and Col1A1in the 
liver of  mice were remarkably increased in the model 
group compared with the control group, while they were 
obviously reduced by PAP treatment, suggesting that PAP 
had a strong anti‑fibrosis effect. Furthermore, we tested the 
expressions of  key proteins of  glucose metabolism in liver 
tissue and found that, with increasing liver fibrosis score, 
the levels of  key proteins involved in glycolysis including 
HK2 and PFKP in liver tissue from mice increased while 
the levels of  PCK1 and FBP1 decreased. On the contrary, 
compared to the model group, PAP decreased mRNA and 
protein expressions of  HK2 and PFKP while increased 
PCK1 and FBP1 expressions, suggesting that PAP inhibited 
liver fibrosis by regulating glucose metabolism.

In addition, Jnk is well known as an important subgroup 
of  mitogen‑activated protein kinases (MAPKs), which 
are highly conserved kinases. Jnk has been reported to 
participate in many physiological processes including cell 
proliferation, apoptosis, and gene expression. Importantly, 
Jnk has also been demonstrated to be a vital mediator 
of  noncanonical Wnt pathways and linked with diabetes 
and obesity[31‑33] and liver fibrosis.[34] However, the roles 
of  Wnt/Jnk in glucose metabolism and liver fibrosis 
remain enigmatic. Interestingly, our study suggested that 
PAP reduced the phosphorylation of  Jnk in activated 
HSC‑T6 cells and liver tissue from CCl‑4‑induced mice, 
indicating that PAP inhibited liver fibrosis through 
suppressing Wnt/Jnk‑mediated glucose metabolism.

Nevertheless, our study has some limitations, the non 
inclusion of  study in mice model with diabetes mellitus, the 
lack of  observation of  effect of  insulin on HSC activation 
and liver fibrosis. These limitations may make it difficult 
to elucidate the interaction between diabetes mellitus and 
liver fibrosis. To verify the mechanism involved in diabetes 
mellitus‑induced liver fibrosis, further precise studies are 
warranted.

CONCLUSION

In conclusion, this study demonstrated that PAP suppressed 
HSC activation and attenuated CCl4‑induced liver fibrosis, 
and its anti‑fibrosis effect was related to the inhibition 
of  glycolysis through regulating Wnt/Jnk pathway. As 
liver fibrosis is a complicated process, further studies are 
needed to explore the underlying mechanisms involved in 
anti‑fibrosis effect of  PAP.
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