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Abstract

Hepatitis B virus (HBV)/hepatitis C virus (HCV) coinfection accelerates liver fibrosis progression
compared to HBV or HCV mono-infection. The transcription factors octamer binding protein

4 (OCT4) and Nanog are direct targets of the profibrogenic transforming growth factor beta-1
(TGF-p1) signaling cascade. We leveraged a coculture model to monitor the effects of HBV and
HCV coinfection on fibrogenesis in both NTCP-transfected Huh7.5.1 hepatoma cells and LX2
hepatic stellate cells (HSCs). We used CRISPR/Cas9 to knockout OCT4 and Nanog to evaluate
their effects on HBV-, HCV-, or TGF-p1-induced liver fibrogenesis. HBV/HCV coinfection

and HBx, HBV preS2, HCV core and HCV NS2/3 over-expression increased TGF-f1 mRNA
levels in NTCP-Huh7.5.1 cells compared to controls. HBV/HCV coinfection further enhanced
profibrogenic gene expression relative to HBV or HCV mono-infection. Coculture of HBV and
HCV mono-infected or HBV/HCYV coinfected hepatocytes with LX2 cells significantly increased
profibrotic gene expression and LX2 cell invasion and migration. OCT4 and Nanog gRNA
independently suppressed HBV-, HCV-, HBV/HCV-, and TGF-B1-induced a-SMA, TIMP-1
and Col1A1 expression and reduced Huh7.5.1, LX2, primary hepatocyte and pHSC migratory
capacity. OCT4/Nanog protein expression also correlated positively with fibrosis stage in liver
biopsies from patients with chronic HBV or HCV infection. In conclusion, HBV and HCV
independently and cooperatively promote liver fibrogenesis through a TGF-B1-induced OCT4/
Nanog-dependent pathway.
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Introduction

Liver fibrosis is an immune-mediated wound-healing response to recurrent liver injury,
marked by excessive deposition of extracellular matrix (ECM) proteins in the perisinusoidal
space (1, 2). Hepatic stellate cells (HSCs) are the main source of ECM and the key

drivers of the profibrotic process. Chronic liver injury enhances production of transforming
growth factor beta-1 (TGF-B1), a canonical profibrogenic cytokine, in both hepatocytes and
HSCs, that in turn activates HSCs to produce ECM proteins, such as collagen, fibronectin,
and proteoglycans (1-5). Globally, approximately 240 million people suffer from chronic
hepatitis B virus (HBV) infection while 71 million people have chronic hepatitis C virus
(HCV) infection (6-8). HBV and HCV are primary causes of progressive liver fibrosis

and hepatocellular carcinoma (HCC) worldwide, and thus are associated with significant
morbidity and mortality (8-14). In contrast to mono-infection with HBV or HCV, HBV/
HCV-coinfected patients have a higher risk of accelerated progression to cirrhosis, end-stage
liver disease, and HCC (15-19). Interestingly, HBV and HCV actually inhibit each other’s
replication in hepatocytes but cooperate in deteriorating normal hepatocellular processes
and enhancing cytopathic effects (20). However, the precise mechanisms involved in HBV/
HCV-induced liver disease remain unclear. In prior studies, we have demonstrated that
HCV induces liver fibrosis through TGF-B1 production in HSCs and hepatocytes (21).
Moreover, HBV infection has also been reported to increase hepatic TGF-$1 mRNA and
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protein levels (22). Therefore, both HBV and HCV appear to act through the TGF-p1
signaling pathway in the promotion of liver fibrosis (3, 23). Octamer-binding transcription
factor 4 (OCT4) and Nanog, two important pluripotent markers that play significant roles in
stem cell regulation and self-renewal (24), transduce TGF-p1 signaling in physiologic and
pathologic processes (25, 26). Notably, TGF-p1-induced OCT4/Nanog activity is involved
in both HBV replication and liver cancer (27-29). Huang et a/ found that HCC patients
with elevated hepatic OCT4/Nanog mRNA and protein levels had a higher rate of HCC
recurrence (30). Furthermore, HBV-associated HCC is associated with increased hepatic
OCT4/Nanog expression relative to HCV-associated HCC (30). The HBV protein HBx has
also been reported to promote Nanog expression in liver stem cells leading to increased
self-renewal, tumorigenicity, chemoresistance and migration—properties associated with
liver cancer progression. (31, 32).

In this study, we used JFH1 HCV-infected and HBV-infected NTCP (sodium taurocholate
cotransporting polypeptide)-transfected Huh7.5.1 hepatoma cells (33-39) to support HBV
and HCV infection /n vitro. We also established HBV/HCV coinfection in NTCP-transfected
Huh7.5.1 cells and primary human hepatocytes (PHHS) to explore the effects of HBV/HCV
coinfection on liver fibrogenesis in a coculture model with LX2 hepatic stellate cells (HSCs)
or primary human HSCs (pHSCs). We used gRNAs to knockdown OCT4 and Nanog

in hepatocytes and HSCs to investigate the regulatory roles of TGF-p1/OCT4/Nanog in
mediating HBV/HCV-induced liver fibrogenesis. We found that HBV and HCV infection
enhance TGF-B1 production and hepatic fibrogenesis in hepatocytes and HSCs through
OCT4 and Nanog.

Materials and methods

Cell culture

Huh7.5.1, LX2 HSCs, and HepAD38 cells (40) (which stably generate infectious HBV
virions) were grown in Dulbecco’s modified Eagle’s medium (Thermo Fisher Scientific,
Waltham, MA) with 10% FBS (GIBCO, Waltham, MA), 100 1U/mL penicillin, and 100
ug/mL streptomycin (Invitrogen, Waltham, MA). We transfected Huh7.5.1 cells with an
NTCP expression plasmid to generate NTCP-Huh7.5.1 stable cell lines using Lipofectamine
LTX (Life Technologies, Carlsbad, USA) with G418 (Life Technologies) selection as
previously described (39). pHSCs and PHHs were purchased from TRIANGLE Research
Lab (Durham, NC, USA) and cultured according to the manufacturer’s protocol. In brief,
PHHSs or pHSCs were seeded onto matrix-coated plates and cultured with Hepatocyte
Plating Medium (Durham, NC, USA). Cell viability was determined using the Cell Titer-Glo
luminescent cell viability assay kit (Promega, Madison, WI) according to the manufacturer’s
instructions and as previously described (1, 3).

Plasmids and transfection

HBYV sub-genomic constructs including HBV P, X, C, pre C, S, preS1, and preS2

were synthesized and cloned into a pcDNA3.1(+) vector, carrying a neomycin resistance
gene (GenScript corporation, Piscataway, NJ, USA). A full-length HBV construct pAAV-
HBV1.2 was obtained from Dr. Pei-Jer Chen (National Taiwan University) (41). A pPCMV-
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NTCP DNA construct was obtained from OriGene (Rockville, Maryland, USA). We used
CRISPR/Cas9 guide RNAs (gRNASs) (pSpCas9 BB-2A-Puro PX459 all-in-one system,
GenScript Corporation, NJ, USA) to generate OCT4 gRNA and Nanog gRNA. HCV sub-
genomic constructs including HCV E1, Core, NS2/3, NS4A, NS4B, NS5A, NS5B and the
pcDNA3.1(+) empty vector were purchased from Sino Biological (Beijing, China).

Infectious HBV was derived from the culture supernatant of HepAD38 cells as previously
described (37-39). In brief, the supernatant of HepAD38 was filtered through a 0.45

mm filter. HBV was precipitated using 2.3% NaCl and 10% PEGB8000. The precipitates
were washed with phosphate-buffered saline (PBS) and resuspended at approximately 200-
fold concentration. HBV DNA was quantified by quantitative polymerase chain reaction
(gPCR) (38, 39). Infectious HCV was collected from JFH1-infected Huh7.5.1 supernatant
as previously described (39, 42, 43). The JFH1 crude virus supernatant (200 mL) was
concentrated by centrifugation in a Centricon centrifugal device with a 100-kDa cutoff
(Millipore, Temecula, CA), washed with PBS and resuspended to 1 mL as previously
described (44). The purified HBV and HCV particles are referred to as HBVvp and HCVvp
to distinguish from HBVs, HCVs, (HBV/HCV)s from the supernatants of HBV, HCV, or
HBV/HCV co-infected NTCP-Huh7.5.1 cell.

Small molecular inhibitors

HCV NS5A inhibitor daclatasvir (Dac, BMS-790052), TGF-B1 receptor inhibitor
(SB525334) (Shelleckchem, Houston, TX, USA) and entecavir (ETV) (Sigma, St. Louis,
MO, USA) were dissolved in DMSO and further diluted with DMEM to the working
concentrations.

TGF-B1 signaling-luciferase reporter assay.

TGF-p1 signaling activity in NTCP-Huh7.5.1 and LX2 cells was monitored by the Cignal
SMAD Response Luciferase Reporters assay (SABiosciences, Frederick, MD, USA).
pSMAD-Iluc (expressing firefly luciferase) and pRL-TK (expressing renilla luciferase) were
co-transfected into the cells. The luciferase lysates were harvested at 72-hours post vector
transfection and 24-hours post TGF-B1 treatment. TGF-B1-induced SMAD luciferase levels
were normalized to RL-TK luciferase levels yielding the relative luciferase unit (RLU).

Enzyme-linked immunosorbent assay (ELISA)

TGF-p1 ELISA kits (no. DY240-05; R&D Systems) were used to measure the
concentrations of the active form of TGF-B1 in cell culture supernatant and purified virus
according to the manufacturers’ instructions.

Wound-healing scratch assay

The wound-healing scratch assay was performed in a six-well plate. NTCP-Huh7.5.1 or LX2
cells were transfected with Neg gRNA, OCT4 gRNA or Nanog gRNA for overnight. The
cell monolayer was scratched using a sterilized P200 pipette tip. HBVvp, HCVvp, HBVS,
HCVs, uninfected supernatant or TGF-B1 were added to the appropriate well for for 48
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hours. Cell was captured using a phase-contrast microscope (200 X amplification, EVOS XL
Core Cell Imaging System, Life Technologies, Carlsbad, CA, USA) at 0 and 48 hours.

Cell migration and invasion assays

The cell migration and invasion assay was performed in an 8 um pore size transwell
membrane (Corning Incorporated, NY, USA). The treated cells were placed in the upper
chamber of the transwell for 48 hours. Cells that migrated from the upper chamber to the
lower chamber were washed with PBS, fixed with 4% paraformaldehyde and stained with
0.05% crystal violet. Migrating or invading cells in the lower chamber were then counted
using an inverted light microscope (200 X).

Transwell coculture of hepatocytes and hepatic stellate cells

To assess HBV/HCV-induced liver fibrogenesis in both hepatocyte and hepatic stellate

cells, we employed a transwell coculture system as previously reported (45). Briefly, NTCP-
Huh7.5.1 cells or PHHs were seeded onto the lower chamber of 12-well plates, and LX2
cells or pHSCs were plated on the upper chamber of a 0.4 pm transwell membrane. HBVvp,
HCVvp, HBVs, HCVs, uninfected supernatant or TGF-p1 was added to the appropriate
well. After coculture for 72 hours, cells were washed with PBS and each cell type was
harvested in bulk for mRNA or protein studies.

DNA, RNA extraction and qPCR

Human liver

HBYV DNA was isolated from cells or supernatants by use of the QlAamp mini

kit as previously described (39). Total cellular RNA was harvested from cells using

the QlAshredder and RNeasy mini kits (QIAGEN, Valencia, CA, USA) as reported
previously (35, 39, 42). RNA concentrations were determined using the NanoDrop
ND-1000 spectrophotometer (NanoDrop Inc., DE, USA). cDNA was synthesized by reverse
transcription using the High-Capacity cDNA Kit (Thermo Fisher Scientific). g°PCR was
performed using the Power Up SYBR Green Master Mix (Thermo Fisher Scientific) using
the Quant Studio 3 platform gPCR machine (Thermo Fisher Scientific, Waltham, MA). The
target MRNA expression was normalized to GAPDH using the 2-2ACt method to obtain
mRNA arbitrary units (fold-change). Primer sequences are listed in Table 1.

specimens.

Liver sections from patients with HBV mono-infection (n=4), HCV mono-infection

(n=4), HBV/HCV coinfection (n=4) and uninfected controls (n=4), were obtained from
Anhui Provincial Hospital and The Affiliated Infectious Diseases Hospital of Soochow
University and immediately stored in RNALater (Ambion, TX, USA) or fixed in formalin.
H&E staining and Masson’s trichrome staining were used to score hepatic inflammation

and fibrosis according to the Ishak scoring system. Immunohistochemical staining was
performed on 4 pum thickness paraffin-embedded liver sections to determine the expression
and distribution of OCT4 and Nanog. We determined OCT4 and Nanog protein expression
in human liver samples using primary antibodies, rabbit anti-OCT4 (Cat# ab134218, Abcam,
Cambridge, MA, USA) and rabbit anti-Nanog (Cat# ab109250, Abcam). Liver sections were
scored by two independent expert pathologists blinded to sample study groups. Protein
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expression of OCT4 and Nanog was evaluated by immunoreactive score (IRS), assessing
the staining intensity as follows: 0=negative, 1=weak intensity, 2=moderate intensity, and
3=strong intensity.

This study was approved by the Medical Ethics Committee of the First Affiliated Hospital
of University of Science and Technology of China (Anhui Provincial Hospital), China and
The Affiliated Infectious Diseases Hospital of Soochow University, China. Written informed
consent was obtained from each patient, and all ex vivo human experiments were carried in
accordance with the ethical standards of the institutional and/or national research committee,
the Helsinki declaration and its later amendments, or comparable ethical standards.

Western blot assays

Cells were washed with PBS and lysed using protein RIPA Lysis Buffer containing

protease inhibitor cocktail (Sigma Life Science and Biochemicals, St. Louis, MO, USA).
Equal quantities of protein (20 pug) were loaded into each lane. Protein samples were
separated by SDS-PAGE gel electrophoresis with NUPAGE Novex pre-cast 4-12% Bis-Tris
gradient gels (Thermo Fisher Scientific) and blotted onto nitrocellulose membranes. The
membranes were blocked with 5% bovine serum albumin (BSA). Targeted proteins were
detected with specific primary antibodies including mouse anti-HCV core C7-50, rabbit anti-
Col1A1 (Thermo Fisher Scientific), rabbit anti-a-SMA, rabbit anti-TIMP-1 (Cell Signaling
Technology, Danvers, MA, USA), rabbit anti-OCT4, and rabbit anti-Nanog (Abcam). The
secondary antibodies used were horseradish peroxidase (HRP)-conjugated ECL donkey anti-
rabbit 19G and HRP-conjugated ECL sheep anti-mouse 1gG (GE Healthcare Biosciences,
Pittsburgh, PA, USA). The blots were detected by chemiluminescence using the Amersham
ECL Western blotting detection kit (GE Healthcare Biosciences).

Statistical analysis

Statistical differences between groups were assessed by one-way analysis of variance
(ANOVA) and SNK-q test using GraphPad Prism v6 (GraphPad, La Jolla, CA, USA). Data
are expressed as mean + standard deviation (error bar) of at least three sample replicates,
unless stated otherwise. In all analyses, * P < 0.05; ** P < 0.01; *** P < 0.001 indicates
statistically significant differences between indicated experimental comparisons.

Results

HBYV infection increases TGF-$1/OCT4/Nanog gene expression in hepatocytes.

To explore the effects of HBV and HCV on the TGF-p1/OCT4/Nanog pathway, we used the
HBYV inhibitor entecavir (ETV, 20 uM) and the HCV NS5A inhibitor daclatasvir (Dac,

10 pM). Treatment with 20 uM ETV significantly reduced HBV DNA levels in both
HepAD38 cells and supernatant in a time-dependent manner (Fig. 1A-B). Furthermore,
HBV-induced TGF-B1/OCT4/Nanog upregulation in HepAD38 cells (Fig. 1C-D) was
markedly suppressed by ETV treatment (Fig. 1C-D). Based on previous studies, we also
used Huh7.5.1 cells overexpressing NTCP to investigate HBV pathogenesis (37-39). HBV
increased OCT4 and Nanog expression in NTCP-Huh7.5.1 cells while ETV treatment
significantly reduced HBV DNA levels and TGF-B1/0OCT4/Nanog mRNA levels in HBV-
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infected NTCP-Huh7.5.1 cells (Fig.1E-H). In PHHSs that supported HBV replication, ETV
treatment significantly reduced HBV DNA levels in both cells and supernatant in a time-
dependent fashion(Fig. 11-J). As in the hepatoma cell lines, HBV-induced TGF-p1/0CT4/
Nanog upregulation could be suppressed by ETV treatment (Fig. 1K).

HBV/HCYV coinfection further enhances TGF-B1/OCT4/Nanog expression in hepatocytes
relative to HBV or HCV monoinfection.

HBV and JFH1-HCV mono-infection significantly increased TGF-p1/OCT4/Nanog
expression compared to uninfected NTCP-Huh7.5.1 cells (Fig. 2A). HBV/JFH1-HCV
coinfection in NTCP-Huh7.5.1 cells further increased TGF-p1/OCT4/Nanog expression
relative to either HBV or JFH1-HCV mono-infection (Fig. 2A). In addition, HCV

RNA levels were lower in HBV/JFH1-HCV coinfected cells than in JFH1-HCV mono-
infected cells (Table 2), which is consistent with prior reports on the inhibition of HCV
replication in the context of HBV coinfection (20). Treatment with either ETV or Dac
significantly reduced HBV/JFH1-HCV-induced TGF-p1/OCT4/Nanog upregulation (Fig.
2A, 2B). Combination therapy of ETV and Dac further reduced TGF-p1/OCT4/Nanog
expression to levels similar to those observed in uninfected controls (Fig. 2A-B). Western
blot analyses confirmed that treatment with ETV and Dac inhibited HBV and HCV core
protein in HBV and JFH1-HCV-infected NTCP-Huh7.5.1 cells, respectively (Fig. 2B).
These experiments were repeated in PHHs, where HBV and JFH1-HCV mono-infection
also resulted in TGF-B1/OCT4/Nanog upregulation, while HBV/JFH1-HCV coinfection
further enhanced TGF-p1/OCT4/Nanog activity relative to controls, suggesting an additive
or synergistic effect of the two viruses in activation of the TGF-p1/OCT4/Nanog pathway
(Fig. 2C). HBV/HCYV infection, ETV and Dac treatment did not significantly affect cell
viability (Fig. 2D-F).

HBV or HCV infection is associated with increased OCT4/Nanog expression in human liver

samples.

We performed immunohistochemistry (IHC) to assess OCT4/Nanog protein expression

in liver tissue from HBV-, HCV- and HBV/HCV-infected patients (Table 3). HBV/HCV
coinfected patients had the highest expression levels compared to either HCV or HBV
mono-infected patients, while uninfected controls had the lowest OCT4 and Nanog protein
expression (Fig. 2G-I). Furthermore, patients with HBV/HCV coinfection had higher Ishak
fibrosis scores compared to liver samples from patients with HCV or HBV mono-infection
(Fig. 2G-I).

Knockdown of either OCT4 or Nanog in NTCP-Huh7.5.1 and LX2 cells inhibits TGF-p1-
induced hepatic fibrogenesis.

To determine how HBV and HCV infection affect signaling downstream of TGF-p1
ligation, we utilized a SMAD luciferase reporter assay. HBV and JFH1-HCV infection
increased TGF-B1 signaling by 3.8 £ 0.4 and 5.5 + 0.6-fold, respectively, when compared

to uninfected controls (Fig. 3A). In NTCP-Huh7.5.1 cells, HBV/JFH1-HCV coinfection and
TGF-p1 (10 ng/mL) further enhanced luciferase activity to 6.2 = 0.7 and 7.0 + 0.6-fold,
respectively (Fig. 3A). We observed similar effects of HBV and JFH1-HCV exposure on
TGF-p1 signaling in LX2 cells (Fig. 3A). We next measured secreted TGF-1 by ELISA
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and found that HCV and HBV monoculture and HCV/HBYV coculture significantly increased
TGF-B1 production compared to uninfected Huh7.5.1 cells (Figure 3B). Furthermore,
OCT4/Nanog was significantly upregulated in LX2 cells exposed to HBV, HCV, and
HBV+HCV supernatant relative to cells exposed to uninfected supernatant. Notably, the
highest expression levels of OCT4/Nanog were observed in cells incubated in supernatant
from both viruses (HBVs/HCVs) (Fig. 3C-D). However, the purified virus (HBVvp and
HCVvp without TGF-p1) did not upregulate profibrotic genes, TGF-p1, OCT4 and Nanog
in HSCs (Fig. 3B-D).

We next sought to evaluate the role of OCT4 and Nanog in HBV- and HCV-induced TGF-B1
activation. TGF-B1 (10 ng/mL) exposure to NTCP-Huh7.5.1 and LX2 cells for 12-96 hours
significantly increased profibrotic gene expression, including a-SMA, TIMP-1, and Col1A1,
along with OCT4/Nanog (SFig. 1A,1B). OCT4 and Nanog gRNAs significantly reduced
profibrotic gene expression and protein levels in NTCP-Huh7.5.1 and LX2 cells both in the
presence and absence of TGF-B1 (Fig. 3E-G). Interestingly, both OCT4 and Nanog gRNA
inhibited Nanog mRNA and protein expression in NTCP-Huh7.5.1 and LX2 cells, while
Nanog gRNA did not affect OCT4 expression (Fig. 3E-G) suggesting that OCT4 may lie
upstream of Nanog in its intersection with the TGF-p1 signaling pathway. OCT4 and Nanog
gRNAs did not affect cell viability in NTCP-Huh7.5.1 or HSC LX2 cells (Fig. 3H-I).

Since HSC migration is important to the wound-healing process, we also performed

scratch and invasion assays with NTCP-Huh7.5.1 and LX-2 cells. TGF-B1 (10 ng/mL),

and HBV/HCYV coinfection/coexposure increased cell migration and invasion compared to
cells incubated with uninfected supernatant (Fig. 4A-D). Notably, both OCT4 and Nanog
gRNAs inhibited TGF-1- and HBV/HCV-induced cell migration in Huh7.5.1 cells and LX2
cells (Fig. 4A-D).

HBV/HCV-induced fibrogenesis through OCT4/Nanog is dependent on the surface TGF-p1

receptor

We used a TGF-B1 receptor inhibitor (SB525334) to determine whether HBVs- and HCVs-
induced HSC activation through OCT4/Nanog occurs through TGF-B1 receptor activation
(46). In LX2 cells, HBVs, HCVs and (HBV/HCV)s exposure significantly increased
expression of TGF-p1, OCT4/Nanog and fibrosis-related genes (SFig. 2), while SB525334
treatment attenuated HBV- and HCV-induced fibrogenesis (SFig. 2). These findings suggest
HBYV and/or HCV replication in hepatocytes results in the release of TGF-B1 that activates
HSCs through TGF-B1 surface receptor ligation.

HBV preS2 and HBXx proteins promote liver fibrosis via activation of the OCT4/Nanog

pathway.

To determine which HBV proteins induce hepatic fibrogenesis and whether they act through
the OCT4/Nanog pathway, we overexpressed HBV genome proteins including HBV P, X,
C, preC, S, preS1, preS2 as well as full-length HBV construct pAAV-HBV1.2 in Huh7.5.1
cells. pcDNA 3.1vector (pEmpty) was transfected as a negative control. We found that only
overexpression of HBV preS2, HBx and full-length HBV genes significantly up-regulated
TGF-p1 production (Fig. 5A) and enhanced mRNA and protein expression of OCT4/Nanog
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and the profibrotic genes a-SMA, TIMP-1 and Col1A1l in Huh7.5.1 cells compared to

cells transfected with pEmpty (Fig. 5B-D). Western blot analyses confirmed overexpression
of HBV P, X, C, preC, S, preS1, preS2, and full-length HBV in Huh7.5.1 cells (Fig.

5E). Overexpression of HBV proteins did not significantly affect cell viability in Huh7.5.1
cells (Fig. 5F). Importantly, HBV preS2- and HBX-induced hepatic fibrogenesis could be
abrogated by OCT4 or Nanog knockdown via gRNA (Fig. 5G-I).

HCV Core and NS2/3 proteins promote liver fibrosis via activation of the OCT4/Nanog

pathway.

We next examined HCV sub-genomic constructs including HCV E1, Core, NS2/3, NS4A,
NS4B, NS5A and NS5B to determine which specific HCV proteins promote fibrogenesis
through OCT4/Nanog. HCV Core and NS2/3 were the only proteins that significantly
up-regulated TGF-p1 production (Fig. 6A) and enhanced mRNA and protein expression

of OCT4/Nanog and the profibrotic genes TGF-B1, a-SMA, TIMP-1 and Col1Al in
Huh7.5.1 cells compared to cells transfected with pEmpty (Fig. 6 B-D). The aforementioned
constructs were overexpressed in NTCP-Huh7.5.1 cells and confirmed by western blot
analyses (Fig. 6E). Overexpression of HCV proteins did not significantly affect cell viability
in Huh7.5.1 cells (Fig. 6F). As with the HBV proteins, OCT4 and Nanog silencing
attenuated HCV Core- and NS2/3-induced liver fibrogenesis (Fig. 6G-I).

OCT4 and Nanog gRNA inhibit HBV/JFH1-HCV-induced fibrogenesis in hepatocytes and
hepatic stellate cells in a coculture system.

We previously demonstrated that HCV induces fibrogenesis in HSC monoculture, with
additive induction observed in HSC and hepatocyte coculture, thereby demonstrating the
importance of cooperative interactions between cell types in the promotion of liver fibrosis.
To determine whether HBV- and JFH1-HCV-induced fibrosis depends on synergistic
interactions between liver cell types, we performed coculture studies using hepatocytes and
hepatic stellate cells in a transwell system. In this model, the 0.4 um pore membrane allowed
cellular communication between compartments via soluble mediators.

We found that JFH1-HCV and HBV mono-infection in NTCP-Huh7.5.1 cells significantly
enhanced expression of Co/1A1 and TIMP-1 as well as OCT4/Nanog in co-cultured NTCP-
Huh7.5.1 and LX2 cells (Fig. 7A-C; SFig. 3A-B), which was potentiated in the setting of
HBV/JFH1-HCV coinfection (Fig. 7A-C; SFig. 3A-B). In this coculture system, TGF-p1
levels in the supernatant from HBV/HCV monoinfected hepatocytes were significantly
higher than mock infection while lower than HBV/HCV coinfected hepatocytes (SFig.

3C). Interestingly, HBV/HCV coinfetion in NTCP-Huh7.5.1 cells inhibited HBV or HCV
replication (SFig. 3D). HBV/HCV exposure or OCT4 gRNA and Nanog gRNA did not
affect LX2 cell viability (SFig. 3E).

We then confirmed these findings in PHHs and pHSCs with HBV and JFH1-HCV in
coculture(Fig. 7D-F; SFig. 4A-F). Our data shows that JFH1-HCV and HBV replication in
PHHs significantly upregulated Col1A1, TIMP-1, and OCT4/Nanog in cocultured PHHS
and pHSCs (Fig. 7D-F, SFig. 4A-B). Moreover, HBV/HCV coinfection produced the
highest levels of TGF-p1 compared to uninfected mock and HBV and HCV mono-infection

J Immunol. Author manuscript; available in PMC 2023 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lietal Page 10
(SFig. 4C). Similarily, HBV/HCV coinfetion in PHHSs inhibited HBV or HCV replication
(SFig. 4D). As in prior experiments, OCT4 and Nanog knockdown via gRNA (Fig. 7D-F,
SFig. 4A-B) suppressed HBV- and JFH1-HCV-induced fibrogenesis in the coculture model
without any effect on cell viability (SFig. 4E-F).
Discussion

HBYV and HCV infection remain major public health concerns worldwide (6, 7) and ,
unfortunately due to shared routes of transmission, HBV/HCV coinfection is common (15,
47). Several studies have shown that coinfection is associated with accelerated progression
to cirrhosis, end-stage liver disease and HCC (8, 15, 48, 49). Currently, there are no
approved antifibrotic therapies and treating the underlying virus may not fully reverse the
liver damage that has accumulated over years of infection prior to initiation of antiviral
therapy. It is therefore important to understand the mechanisms through which HBV/HCV
coinfection results in progressive liver fibrosis, to identify novel targets and strategies that
may ameliorate or reverse the hepatic profibrogenic state.

TGF-B1 is perhaps the most important cytokine involved in liver fibrosis as binding to its
cell surface receptor activates SMAD proteins that promote profibrotic gene transcription
(50). The transcription factors OCT4 and Nanog are also regulated by TGF-beta signaling
(27, 51), activated by HBV replication in hepatocytes (28, 52), and associated with liver
fibrosis and liver cancer (30). We previously determined that HCV initiates liver fibrosis
through the TGF-B1 signaling pathway (1, 4), however, the role of the TGF-p1/OCT4/
Nanog pathway in HBV/HCV coinfection is not well understood. Using various cell culture
models that support HBV infection, including HepAD38 cells, NTCP-Huh 7.5.1 cells and
PHHSs, we have shown that HBV replication potentiates TGF-B1/OCT4/Nanog activity,
and that OCT4/Nanog upregulation is inhiibited by anti-HBV treatment, suggesting that
HBV-induced fibrogenesis occurs through the TGF-B1/0CT4/Nanog pathway.

In accordance with prior studies, we also found that JFH1-HCV infection inhibits HBV
replication (and vice versa) in HBV/JFH1-HCV coinfected NTCP-Huh 7.5.1 cells and
PHHSs. However, in the context of HBV/JFH1-HCV coinfection, there was upregulation of
TGF-B1, OCT4, and Nanog beyond what was observed in HBV mono-infection in both
NTCP-Huh 7.5.1 cells and PHHSs. Furthermore, only concurrent inhibition of both HBV and
JFH1-HCV replication could decrease TGF-p1/OCT4/Nanog activity in HBV/JFH1-HCV
coinfected NTCP-Huh 7.5.1 and PHHs. More importantly, HBV/HCV coinfected patients
had higher fibrosis scores and hepatic OCT4/Nanog protein levels than mono-infected
patients. These findings suggest that the additive or synergistic effect of HBV and HCV

on hepatic fibrogenesis is dependent on OCT4 and Nanog (Figure 8). In addition, we
demonstrated that TGF-B1 increased profibrotic gene expression in both hepatocytes and
HSCs, through an OCT4 or Nanog-dependent pathway. Silencing of OCT4 or Nanog also
inhibited TGF-B1-induced Huh7.5.1 and LX-2 cell migratory capacity. It was previously
shown that the HBXx protein is directly involved in the pathogenesis of liver fibrosis and liver
cancer (32, 52). Our data further demonstrate that the HBx and preS2 viral proteins increase
profibrogenic gene expression in hepatocytes in an OCT4 or Nanog-dependent manner.
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Furthermore, we found that HCV Core and NS2/3 proteins also induced fibrogenesis
through the TGF-B1/OCT4/Nanog pathway (53, 54).

In this study, we applied a multicellular coculture system to simulate the more complex
in vivo liver microenvironment where cell-cell communication is important for maximal
induction of a profibrogenic program (45). This model consisted of hepatocytes with or
without HBV/JFH1-HCV infection and HSCs. The expression of profibrotic genes, such
as Col1Al and TIMP-1, in LX2 cells was significantly greater in the coculture system
compared to LX2 cells in monoculture. Furthermore, dual exposure to supernatants from
both HBVs and HCVs further augmented HSC activation. Using this model, we then
depleted OCT4/Nanog in HSCs, which precluded HBVs- and HCVs-induced fibrogenesis
in HSCs. Notably, purified HCV or HBV (without TGF-B1) did not induce a profibrotic
response in HSCs, indicating that the cytokines and chemokines produced by hepatocytes
infected with HBV and HCV are responsible for HSC activation.

The novel aspect of this study is the elucidation of a mechanism of HBV- and HCV-induced
liver fibrosis through OCT4 and Nanog that is mediated by TGF-B-1 signaling. Furthermore,
this pathway may be involved in hastened fibrosis progression seen in HBV-HCV coinfected
patients and may serve as a new therapeutic target. Although this study did not involve all
relevant cell types, a major strength of our study is the use of primary hepatic cells including
PHHSs and pHSCs, which allowed us to more aptly mimic /n vivo conditions. These cells
were used to confirm the results obtained in immortalized hepatic cell lines, specifically

that HBV/HCYV coinfection in hepatocytes induced liver fibrogenesis via the OCT4/Nanog
pathway. Furthermore, PHH exposure to HBV/HCV increased TGF-B1 cytokine production.

In conclusion, HBV/HCV coinfection in hepatocytes and HBVS/HCVs coexposure to

HSCs enhanced fibrogenesis relative to HBV or HCV mono-infection/exposure. TGF-p1
receptor blockade prevented HBVs and HCVs-induced liver fibrosis through the TGF-p1-
OCT4/Nanog pathway. In HBV protein overexpression studies, we identified HBx and
preS2 as the two primary triggers of HBV-related fibrogenesis, while the HCV core and
NS2/3 proteins were the two main inducers of HCV-related liver fibrosis through the
TGF-B1/0OCT4/Nanog pathway. These experiments demonstrate that HBV, HCV, HBV/HCV
coinfection/coexposure in hepatocytes and HSCs induces fibrogenesis through the TGF-p1-
OCT4/Nanog pathway. Taken together, these findings provide new and exciting evidence
that OCT4/Nanog may be a novel target(s) for antifibrotic therapeutic development.
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Key Points:

HBV/HCV coinfection enhanced profibrogenic compared to HBV or HCV mono-
infection.

HBV, HCV, and HBV/HCYV induced liver fibrogenesis through the TGF-B1-OCT4/Nanog
pathway.
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Figure 1. HBV replication enhances TGF-B1, OCT4 and Nanog expression in NTCP-Huh7.5.1
and PHHs.

HepAD38 cells (30,000 cell/well in 1 mL) were seeded into 24-well plates and incubated
overnight. NTCP-Huh7.5.1 (30,000 cell/well) and PHHSs (30,000 cell/well) were seeded into
24-well plates (1 mL) and infected with 100 uL HBVvp (0.2 MOI) overnight. Culture
supernatant was aspirated, and the cells were washed with PBS and maintained with

fresh 10% FBS DMEM. Entecavir (ETV) (20 uM final concentration) was added to the
appropriate wells. The culture supernatant and cellular mMRNA, DNA and protein were
harvested at 24, 48 and 72 hours post ETV treatment, respectively.

(A). ETV treatment significantly reduced HBV DNA levels in the supernatant of HepAD38
cells in a time-dependent manner.

(B). ETV significantly inhibited HBV DNA and cccDNA expression in HepAD38 cells.
(C). HBV replication in HepAD38 cells significantly increased TGF-B1, OCT and Nanog
MRNA levels compared to HepG2 cells. ETV treatment blocked HBV replication-induced
TGF-p1, OCT4 and Nanog upregulation in HepAD38cells.

(D). HBV replication in HepAD38 cells significantly increased HBV core, OCT and Nanog
protein levels compared to HepG2 cells. ETV treatment blocked HBV replication-induced
OCT4 and Nanog upregulation and reduced HBcAg levels in HepAD38cells.
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(E). ETV treatment significantly reduced HBV DNA levels in the supernatants of NTCP-
Huh7.5.1 in a time-dependent manner.

(F). ETV significantly inhibited HBV DNA and cccDNA expression in HBV infected
NTCP-Huh7.5.1 cells.

(G). ETV treatment leads to a significant decrease in mRNA expression of TGF-1, OCT4,
Nanog in NTCP-Huh 7.5.1 cells.

(H). ETV treatment leads to a significant decrease in protein expression of OCT4, Nanog,
HBCcAg in NTCP-Huh 7.5.1 cells.

(). ETV treatment significantly reduced HBV DNA levels in the supernatants of PHHSs cells
in a time-dependent manner.

(J) ETV significantly inhibited HBV DNA and cccDNA expression in HBV infected PHHs.
(K). ETV treatment leads to a significant decrease in mRNA expression of TGF-1, OCT4,
Nanog in PHHs.

Data are representative of 3 independent experiments with similar results. Bars represent
means + SD of 3 biological repeats. *, p< 0.05. **, p< 0.01. ***, p< 0.001.
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Figure 2. HBV/JFH1-HCV coinfection/coexposure additively promotes TGF-1 and OCT4/
Nanog activity in NTCP-Huh7.5.1, PHHs and human liver tissue.

NTCP-Huh7.5.1 (30,000 cell/well) and PHHs (30,000 cell/well) in 1 mL were seeded into
24-well plates and infected with 100 uL. HBVvp (0.2 MOI) overnight. Cells were washed
and maintained with fresh media with 20 pM ETV or 10 pM Dac for 72 hrs. Cellular mMRNA
and protein were harvested for gPCR or western blotting, respectively. Cell viability was
determined using the Cell Titer-Glo luminescent cell viability assay kit (Promega, Madison,
WI1) according to the manufacturer’s instructions.

(A). ETV and Dac treatment blocked HBV/JFH1-HCV coinfection enhanced TGF-B1/
OCT4/Nanog mRNA levels in NTCP-Huh7.5.1 cells.

(B). ETV and Dac treatment blocked HBV/JFH1-HCV coinfection enhanced TGF-p1/
OCT4/Nanog protein levels in NTCP-Huh7.5.1 cells.

(C). ETV and Dac treatment blocked HBV/JFH1-HCV coinfection enhanced TGF-B1/
OCT4/Nanog mRNA levels in PHHSs.

(D). HBV/HCYV infection and ETV or Dac treatment did not significantly affect cell viability
in NTCP-Huh7.5.1 cells.
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(E). HBV/HCYV infection and ETV or Dac treatment did not significantly affect cell viability
in PHHs.

(F). HBV infection and ETV treatment did not significantly affect cell viability of
HepAD38.

(G). Representative Immunohistochemistry images of OCT4 and Nanog (200 X) in liver
specimens from non-HBV/HCV (NBNC), HBV-infected, HCV-infected and HBV/HCV
coinfected patients.

(H). Quantification of OCT4 and Nanog in HBV-infected, HCV-infected or HBV/HCV
coinfected liver samples.

(). Ishak liver fibrosis scores.

Data are representative of 3 independent experiments with similar results. Bars represent
means + SD of 3 biological repeats. *, p< 0.05. **, p< 0.01. *** p< 0.001.
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Figure 3. OCT4 and Nanog gRNA decreases TGF-B1-induced profibrogenic gene expression in
HBV/JFH1-HCV coinfection/coexposure in NTCP-Huh7.5.1 and LX2 cells.

(A). HBVvp/HCVvp infection in NTCP-Huh7.5.1 cells or HBVs/HCVs (HBV/HCV)s
exposure in LX2 cells increased pSMAD signaling. NTCP-Huh7.5.1 and LX2 cells (100,000
cell/well in 2 mL) were seeded into 6 well-plates and co-transfected with pSMAD-luc
(expressing firefly luciferase) and pRL-TK (expressing renifla luciferase) overnight. After
that, cells were harvested and seeded into 96 well plate (3000 cell/well in 100 pL). 10 pL

of HBVvp or HCVvp was added to the appropriate well for 48 hours. 10 pL of 100 ng/mL
TGF-B1 (10 ng/mL final concentration) was added to the appropriate well for another 24
hours. TGF-p1 signaling activity in these cells were tested by the dual-luciferase assay.

(B). Exposure of LX2 cells to HBVs, HCVs, or (HBV/HCV)s increased TGF-p1 protein
levels. Levels of TGF-B1 in the supernatant or medium were examined by ELISA Kits for
the samples including DMEM, DMEM+10%FBS, HBVvp, HCVvp, and supernatants from
LX2 cells exposure to HBVs, HCVs, (HBV/HCV)s or uninfected NTCP-Huh7.5.1 cell. We
found that there is little TGF-p1 in DMEM, HBVvp, HCVvp. Exposure of LX2 cells to
HBVs, HCVs, or (HBV/HCV)s increased TGF-B1 protein levels compared to the uninfected
NTCP-Huh7.5.1 cell supernatant.
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(C). Exposure of LX2 cells to HBVs and/or HCVs increased TGF-p1, OCT4 and Nanog
MRNA. LX2 cells were seeded (30,000 cell/well in mL) into 24 well-plates and 100 uL of
uninfected supernatant, HBVs, HCVs, (HBV/HCV)s, HBVvp, and/or HCVvp was added for
48 hours. Cellular mRNA was collected for qPCR. Exposure of LX2 cells to HBVs and/or
HCVs increased OCT4 and Nanog mRNA levels compared to uninfected supernatant.

(D). Exposure of LX2 cells to HBVs and/or HCVs increased OCT4 and Nanog protein
level. LX2 cells treatments were described in (C). Cellular protein lysates were collected
for Western blot. Exposure of LX2 cells to HBVs and/or HCVs increased OCT4 and Nanog
protein levels compared to uninfected supernatant.

(E). OCT4 gRNA and Nanog gRNA independently inhibited TGF-B1-induced mRNA
enhancement of a-SMA, TIMP-1 and Col1Al in NTCP-Huh7.5.1. NTCP-Huh7.5.1 (30,000
cell /well in 1 mL) cells were seeded into 24 well-plates and transfected with Neg gRNA,
OCT4 gRNA or Nanog gRNA in combination with 10 ng/mL TGF-B1 and incubated for

72 hours. Cellular mRNA was collected for gPCR. TGF-B1 treatment increased mRNA
level of a-SMA, TIMP-1 and CoL1A1 in NTCP-Huh7.5.1. OCT4 gRNA and Nanog gRNA
independently blocked TGF-p1-stimulated mRNA level of a-SMA, TIMP-1 and Col1Al in
NTCP-Huh7.5.1 cells. OCT4 gRNA decreased OCT4 and Nanog mRNA levels.

(F). OCT4 gRNA and Nanog gRNA independently inhibited TGF-p1-induced mRNA
enhancement of liver fibrosis related genes in LX2 cells. LX2 cells (30,000 cell /well in 1
mL) cells were seeded into 24 well-plates and transfected with Neg gRNA, OCT4 gRNA or
Nanog gRNA in combination with 10 ng/mL TGF-p1 and incubated for 72 hours. Cellular
mMRNA was collected for gPCR. TGF-B1 treatment increased mRNA level of a-SMA,
TIMP-1 and Col1A1 in LX2 cells. OCT4 gRNA and Nanog gRNA independently blocked
TGF-p1-stimulated mRNA level of a-SMA, TIMP-1 and Col1Al in LX2 cells. OCT4
gRNA decreased OCT4 and Nanog mRNA expression.

(G). OCT4 gRNA and Nanog gRNA independently inhibited TGF-p1-induced protein levels
of a-SMA, TIMP-1 and Col1Al in NTCP-Huh7.5.1 and LX2 cells. NTCP-Huh7.5.1 and
LX2 cells treatments were described in (E) and (F). Cellular protein lysates were collected
for Western blot. WB confirmed that TGF-B1 treatment increased protein level of a-SMA,
TIMP-1 and Col1Al in NTCP-Huh7.5.1 and LX2 cells. OCT4 gRNA and Nanog gRNA
independently inhibited TGF-B1-induced protein levels of a-SMA, TIMP-1 and Col1Al in
NTCP-Huh7.5.1 and LX2 cells.

(H) OCT4 gRNA and Nanog gRNA did not significantly affect NTCP-Huh 7.5.1 cell
viability.

(I) OCT4 gRNA and Nanog gRNA did not significantly affect LX2 cell viability.

Data are representative of 3 independent experiments with similar results. Bars represent
means + SD of 3 biological repeats. *, p< 0.05. **, p< 0.01. ***, p< 0.001.
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Figure 4. OCT4 and Nanog gRNA inhibit TGF-B1-induced NTCP-Huh7.5.1 and LX2 cell

migratory capacity.
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NTCP-Huh7.5.1 or LX2 (100,000 cell/well in 2 mL) cells were seeded into 6 well-plates

and transfected with Neg gRNA, OCT4 gRNA or Nanog gRNA for overnight. The cell

monolayer was scratched using a sterilized P200 pipette tip. Cells were washed with PBS
and maintained in 2 mL fresh DMEM with 10% FBS. 100 pL of HBVvp and 100 pL
HCVvp were added to the appropriate NTCP-Huh7.5.1 wells, 100 uL of HBVs and 100
pL HCVs were added to the appropriate LX2 wells, 200 pL of uninfected supernatant or
TGF-p1(100 ng/mL) was added to the appropriate well for 48 hours.
(A). Images of NTCP-Huh7.5.1 (top) and LX-2 cell (bottom) scratch assays at 0 and 48

hours.
(B). Proportion of migrated NTCP-Huh7.5.1 or LX2 cells.

(C). NTCP-Huh7.5.1 or LX2 cells (100,000 cell/well in 2 mL) were seeded into 6 well-

plates and transfected with empty gRNA, OCT4 gRNA or Nanog gRNA for overnight.

The treated cells were harvested and seeded onto the up chamber (50,000 cell/well in 2
mL) of a 12 well Corning transwell plate (with 8 um transmembrane pore). 100 uL of
HBVvp and 100 pL of HCVvp were added to the appropriate NTCP-Huh7.5.1 cells, 100
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uL of HBVs and 100 pL of HCVs were added to the appropriate LX2 cells, 200 uL of
uninfected supernatant or TGF-B1(100 ng/mL) was added to the appropriate well for 48
hours. Cells that migrated to the bottom chamber were washed three times with PBS,

fixed with 4% paraformaldehyde and stained with 0.05% crystal violet. Cells in the bottom
chamber were counted using an inverted light microscope (200 X). (D) Number of migrated
NTCP-Huh7.5.1 or LX2 cells. Data are representative of 3 independent experiments with
similar results. Bars represent means = SD of 3 biological repeats. *, p< 0.05. **, p<0.01.
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Figure 5. OCT4 and Nanog gRNA attenuate HBV-induced liver fibrosis in NTCP-Huh7.5.1 cells.
NTCP-Huh7.5.1 cells (30,000 cells/well in 1 mL) were seeded into a 24-well plate and

incubated overnight. The cells were transfected with HBV full length and sub-genomic
constructs including HBV P, X, C, preC, S, preS1, preS2 or pcDNA3.1(+) empty vector for
72 hr. Cell lysates were harvested for mRNA quantification or protein analysis by western
blot.

(A). Overexpression of HBV full length and HBV X and preS2 significantly increased
TGF-B1 levels in supernatant compared to the empty vector in NTCP-Huh7.5.1 cells. In
contrast, overexpression of HBV P, C, PreC, S, preS1 or Empty vector did not significantly
affect TGF-B1 levels in supernatant.

(B). Overexpression of HBV X, preS2 and the full-length HBV genome significantly
increased mRNA of liver fibrosis-related genes (a-SMA, TIMP-1, and Col1A1) in NTCP-
Huh7.5.1 cells. In contrast, HBV P, C, PreC, S, preS1 and empty vector did not have
significant effects on these profibrotic genes.

(C). Overexpression of HBV X, preS2 and the full-length HBV genome significantly
increased OCT4/Nanog mRNA levels in NTCP-Huh7.5.1 cells. In contrast, HBV P, C, PreC,
S, preS1 and empty vector did not have significant effects on Oct-4/Nanog mRNA levels.
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(D). Overexpression of HBV X, preS2 and the full-length HBV genome significantly
increased protein levels of a-SMA, TIMP-1, Col1Al and Oct-4/Nanog in NTCP-Huh7.5.1
cells. In contrast, HBV P, C, PreC, S, preS1 and empty vector did not have significant effects
on these gene protein expressions.

(E). Confirmation of HBV full length and subgenomic overexpression in NTCP-Huh7.5.1
cells. The antibodies used for western blotting included anti-HBV P (Affinity, DF13563,
USA), anti-HBX (Abcam, ab2741), anti-HBV Core (Abcam, ab8637), anti-HBV preC
(Abcam, ab228709), anti-HBV S (Abcam, ab8636), anti-HBV preS1(Abm59501-4, Beijing,
China), and anti-preS2 (Abcam, ab8635).

(F). Overexpression of HBV full length and sub-genomic constructs including HBV P, X, C,
preC, S, preS1, preS2 did not significantly affect cell viability in NTCP-Huh7.5.1 cells.

(G) OCT4 and Nanog gRNA attenuate HBV-induced liver fibrosis related gene mRNA
enhancement in NTCP-Huh7.5.1 cells. NTCP-Huh7.5.1 cells (30,000 cell /well in 1 mL)
were seeded into a 24-well plate and incubated overnight. The cells were transfected with
HBX, preS2 and/or OCT4 gRNA, Nanog gRNA, or Neg gRNA for 72 hours. Cell lysates
were harvested for mRNA quantification by gRT-PCR. Both OCT4 gRNA and Nanog gRNA
reduced HBx- or HBV preS2-induced a-SMA, TIMP-1 and Col1A1 mRNA expressions.
(H) OCT4 and Nanog gRNA attenuate HBV-stimulated OCT4/Nanog mRNA levels in
NTCP-Huh7.5.1 cells. NTCP-Huh7.5.1 cells treatments were described in (G). We found
that both OCT4 gRNA and Nanog gRNA blocked HBx- or HBV preS2-induced OCT4/
Nanog mRNA levels.

(1) OCT4 and Nanog gRNA blocked HBV-stimulated liver fibrosis related gene and
Oct-4/Nanog protein levels in NTCP-Huh7.5.1 cells. NTCP-Huh7.5.1 cells treatments were
described in (G). Cell lysates were harvested for protein analysis by western blot. We found
that both OCT4 gRNA and Nanog gRNA attenated HBx- or HBV preS2-induced a-SMA,
TIMP-1, Col1Al and OCT4/Nanog protein levels.

Data are representative of 3 independent experiments with similar results. Bars represent
means + SD of 3 biological repeats. *, p< 0.05. **, p< 0.01. *** p< 0.001.
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Figure 6. OCT4 and Nanog gRNAs reduce HCV-induced liver fibrogenesis in NTCP-Huh7.5.1

cells.

(A). Overexpression of HCV Core or NS2/3 significantly increased TGF-B1 levels
in supernatant compared to the Empty vector in NTCP-Huh7.5.1 cells. In contrast,
Overexpression HCV E1, NS4A, NS4B, NS5A, NS5B or Empty vector did not significantly

affect TGF-p1 levels in supernatant.

(B). Overexpression of HCV Core or NS2/3 significantly increased mRNA expression of
liver fibrosis-related genes (a-SMA, TIMP-1 and Col1A1). NTCP-Huh7.5.1 cells (30,000
cell /well in 1 mL) were seeded into a 24-well plate and incubated overnight. The cells

were transfected with HCV sub-genomic constructs including HCV EL1, core, NS2-3, NS4A,
NS4B, NS5A, NS5B or the pcDNA3.1(+) empty vector for 72 hours. Cell lysates were
harvested for mRNA quantification by gRT-PCR. We found that overexpression of HCV
Core or NS2/3 significantly increased mRNA expression of liver fibrosis-related genes
a-SMA, TIMP-1 and Col1AL. In contrast, HCV E1, NS4A, NS4B, NS5A, NS5B and empty
vector did not have significant effects on profibrotic gene expression.
(C). Overexpression of HCV Core or NS2/3 significantly increased OCT4/Nanog mRNA
levels. NTCP-Huh7.5.1 cells treatments were described in (B). We found that overexpression
of HCV Core or NS2/3 significantly increased OCT4/Nanog mRNA expression. In contrast,
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HCV E1, NS4A, NS4B, NS5A, NS5B and empty vector did not have significant effects on
OCT4/Nanog mRNA levels.

(D). Overexpression of HCV Core or NS2/3 significantly increased a-SMA, TIMP-1,
Col1Al and OCT4/Nanog protein levels. NTCP-Huh7.5.1 cells treatments were described
in (B). Cell lysates were harvested for protein analysis by western blot. We found that
overexpression of HCV Core or NS2/3 significantly increased a-SMA, TIMP-1, Col1Al
and OCT4/Nanog protein levels. In contrast, HCV E1, NS4A, NS4B, NS5A, NS5B and
empty vector did not have significant effects on these gene protein levels.

(E). Confirmation of HCV sub-genomic construct overexpression, including HCV EL1, Core,
NS2-3, NS4A, NS4B, NS5A, NS5B or pcDNA3.1(+) Empty vector in NTCP-Huh7.5.1
cells. The antibodies used included anti-His (Biovision, 3646-100), anti-Myc (Abcam,
ab32072), or anti-Flag (Abcam, ab205606). (HRP)-conjugated ECL donkey anti-rabbit 1gG
(GE Healthcare Biosciences, Pittsburgh, PA, USA) was used as a secondary antibody.

(F). Overexpression HCV sub-genomic constructs including HCV E1, Core, NS2-3, NS4A,
NS4B, NS5A, NS5B or Empty vector in NTCP-Huh7.5.1 cells did not significantly affect
cell viability.

(G) OCT4 and Nanog gRNAs blocked HCV-stimulated liver fibrosis related gene mRNA in
NTCP-Huh7.5.1 cells. NTCP-Huh7.5.1 cells (30,000 cell /well in 1 mL) were seeded into

a 24-well plate and incubated overnight. The cells were transfected with HCV Core, NS2/3
and/or OCT4 gRNA, Nanog gRNA, or Neg gRNA for 72 hours. Cell lysates were harvested
for mRNA quantification by gRT-PCR. Both OCT4 gRNA and Nanog gRNA suppressed
HCV Core- or NS2/3-induced mRNA expression of a-SMA, TIMP-1, and Col1A1.

(H) OCT4 and Nanog gRNAs reduced HCV-stimulated OCT4/Nanog mRNA in NTCP-
Huh7.5.1 cells. NTCP-Huh7.5.1 cells treatments were described in (G). Both OCT4

gRNA and Nanog gRNA suppressed HCV Core- or NS2/3-induced OCT4/Nanog mRNA
enhancements.

(1) OCT4 and Nanog gRNAs attenuated HCV-stimulated liver fibrosis related gene and
OCT4/Nanog protein expression in NTCP-Huh7.5.1 cells. NTCP-Huh7.5.1 cells treatments
were described in (G). Cell lysates were harvested for protein analysis by western blot. Both
OCT4 gRNA and Nanog gRNA suppressed overexpression of HCV Core- or NS2/3-induced
of a-SMA, TIMP-1, Col1A1 and OCT4/Nanog mRNA expressions.

Data are representative of 3 independent experiments with similar results. Bars represent
means + SD of 3 biological repeats. *, p< 0.05. **, p< 0.01. ***, p< 0.001.
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Figure 7. OCT4 and Nanog gRNA attenuate enhanced profibrogenic gene expression induced by
HBV/JFH1-HCV in hepatocytes and hepatic stellate cells in coculture.

NTCP-Huh7.5.1 or PHHs (50,000 cell/well) were seeded onto the lower chamber of 12-well
transwell plates. LX2 cells or pHSCs (50,000 cell/well) were plated in 2 mL 10%FBS
DMEM on the upper chamber with a 0.4 micrometer (um) membrane. NTCP-Huh7.5.1/LX2
cells were in one chamber while PHHs/pHSCs were in another chamber. 200 pL HBVvp

or HCVvp were added to the appropriate well for 4 hours. Cells in the corresponding

wells were transfected with OCT4, Nanog, or Neg gRNA for 72 hours. Cells were washed
with PBS and cell lysates were harvested for mRNA quantification by gRT-PCR or protein
analysis by western blot.

(A). OCT4 and Nanog gRNA inhibited HBV-, JFH1 HCV- or HBV+HCV-induced a-SMA,
TIMP-1 and Col1A1 mRNA upregulation in NTCP-Huh7.5.1 in NTCP-Huh7.5.1/LX2
coculture.

(B). OCT4 and Nanog gRNA inhibited HBV-, JFH1 HCV- or HBV+HCV-induced a-SMA,
TIMP-1 and Col1A1 mRNA level in LX2 in NTCP-Huh7.5.1/LX2 coculture.

(C). OCT4 and Nanog gRNA blocked HBV-, JFH1 HCV- or HBV+HCV-stimulated a.-
SMA, TIMP-1 and Col1A1 protein upregulation in NTCP-Huh7.5.1 and LX2 cells in
NTCP-Huh7.5.1/LX2 coculture.

(D). OCT4 and Nanog gRNA reduced HBV-, JFH1 HCV- or HBV+HCV-induced a-SMA,
TIMP-1 and Col1A1 mRNA upregulation in PHHSs in PHHs/pHSCs coculture.

J Immunol. Author manuscript; available in PMC 2023 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Lietal.

Page 30

(E). OCT4 and Nanog gRNA inhibited HBV-, JFH1 HCV- or HBV+HCV-induced a-SMA,
TIMP-1 and Col1A1 mRNA level in pHSCs in PHHs/pHSCs coculture.

(F). OCT4 and Nanog gRNA blocked HBV-, JFH1 HCV- or HBV+HCV-stimulated a-SMA,
TIMP-1 and Col1A1 protein upregulation in PHHs and pHSCs cells in PHHs/pHSCs
coculture.

Data are representative of 3 independent experiments with similar results. Bars represent
means + SD of 3 biological repeats. *, p< 0.05. **, p< 0.01. *** p<0.001.
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Figure 8. Proposed pathway of hepatic fibrogenesis in HBV/HCV coinfection.
HBV and HCV stimulate TGF-B1 production in hepatocytes, which activates OCT4/Nanog

in both hepatocytes and hepatic stellate cells. OCT4/Nanog then translocate to the nucleus,
where they potentiate the expression of profibrogenic genes such as a-SMA, TIMP-1 and
Col1A1.
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Table 1.

Primers used for quantitative reverse transcription-PCR

Gene Forward Primer (5°-3°) Reverse Primer (5°-3%)
TGF-p1 CTCTCCGACCTGCCACAGA AACCTAGATGGGCGCGATCT

OCT4 GTCCGAGTGTGGTTCTGTA CTCAGTTTGAATGCATGGGA
NANOG CTAAGAGGTGGCAGAAAAACA CTGGTGGTAGGAAGAGTAAAGG
a-SMA AAAAGACAGCTACGTGGGTGA GCCATGTTCTATCGGGTACTTC
Col1Al CAGCCGCTTCACCTACAGC TCAATCACTGTCTTGCCCCA
TIMP-1 ACTTCCACAGGTCCCACAAC GCTAAGCTCAGGCTGTTCCA
cccDNA GGAAAGAAGTCAGAAGGCAA GTGCCTTCTCATCTGCCGG

HBV DNA GGAAAGAAGTCAGAAGGCAA CACCTCTGCCTAATCATC

JFH1 TCTGCGGAACCGGTGAGTA TCAGGCAGTACCACAAGGC

GAPDH ACCTTCCCCATGGTGTCTGA GCTCCTCCTGTTCGACAGTCA
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Table 2

JFH1 replication in NTCP-Huh7.5.1 cells with antiviral treatments

Cell Treatment JFH1/GAPDH in cells
NTCP-Huh 7.5.1 NA 1.00
NTCP-Huh 7.5.1+HBV NA 1.12
NTCP-Huh 7.5.1+JFH1 NA 942,156.23
NTCP-Huh 7.5.1+HBV+JFH1 NA 86,105.11
NTCP-Huh 7.5.1+HBV+JFH1 ETV 808,241.42
NTCP-Huh 7.5.1+HBV+JFH1 Dac 10.33
NTCP-Huh 7.5.1+HBV+JFH1  ETV+Dac 11.02
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Table 3
Patient demographics

Characterize NBNC HBV HCV HBV/HCV P
Gender (M/F) 1/3 212 3/1 1/3 >0.05
Age (years) 202499  253%7.6 31.3x82 27.1#112  >0.05
ALT(IU/L) 24.5+9.6 453+11.4 53.1+10.7 63+13.4 <0.05
AST(IU/L) 22.8+9.6 42.3+109 52.3%12.2 59.5+9.9 <0.05
Total bilirubin(umol/L) 8.0%3.2 11.3+6.4 13.2+35.7  25.9+9.3 <0.05
Albumin (g/L) 48.1+153 35.4+10.2 37.5%¢12.6 33.1+10.9 <0.05
HBV DNA (log copy/ml) 0 6.5£1.1 0 4715 <0.05
HCV RNA (log copy/ml) 0 0 6.8+1.7 3.5£1.0 <0.05
Ishak Score 0.50+0.28 4.75+0.48 5.00+0.41 5.75+0.25
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