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A B S T R A C T

Although hepatitis B virus (HBV)-related cirrhosis and hepatocellular carcinoma (HCC) cause a sever health
problem worldwide, the underlying mechanisms are still elusive. This study aimed to investigate the responses of
different cell types isolated from HBV transgenic mice. A cross-sectional set of hepatocytes and oval cells were
obtained from HBV transgenic and control mice. Flow cytometry, immunohistochemistry and microarray were
applied to investigate the cell biology of the hepatocytes and oval cells. Our results showed that HBV induced the
proliferation of both cell oval cells and hepatocytes, and induced cell death of HBV hepatocytes while had
minimal effects on oval cells. Further molecular and pathways analysis identified some genes and signaling
pathways may be responsible for the different responses between oval cells and hepatocytes. In addition, ana-
lyses of selectively ten genes by IHC staining in human samples were consistent with microarray data. In
summary, HBV transgenic mice is a useful model for studying the biological behaviors of oval cells affected by
HBV and HBV-cirrhosis. Also, our results help better understand the mechanisms of HBV induced cirrhosis, and
provide novel progenitor markers or prognostic/therapeutic markers.

1. Introduction

Hepatitis B virus (HBV) infection is a major global health problem,
which affects 257 million people worldwide. It has been reported that
75% of HBV-infected people are Asian while it only has a lower pre-
valence (0.3%–1.5%) in Western countries. Despite significant progress
has been made over the past decades, HBV-induced liver cirrhosis still
represents a major health burden, and the risk of developing hepato-
cellular carcinoma (HCC) significantly increases in patients with
chronic hepatitis B and type B-related liver cirrhosis [1–4]. It is esti-
mated that over 1.3 million deaths have been yearly reported from
complications of liver cirrhosis, liver failure and HCC. Over 12% of
patients with HBV cirrhosis die of liver failure, and up to 10% perish
from HCC [5–8].

Although many studies have attempted to understand the

physiological, cellular, and molecular mechanisms of the hepatitis
diseases, the pathogenesis of which is not fully understood. Liver pro-
genitor cells, named as oval cells in rodents, are thought to be localized
in canals of Hering and exhibit bipotential differentiation into both
hepatocytes and cholangiocytes [9,10]. Recent studies showed that
expansion of oval cells was observed in human chronic liver diseases,
including HBV cirrhosis [11–15]. And in HBV induced liver damage,
activated immune response impaired the regeneration of hepatocytes
regardless of hepatic progenitor cells [16,17]. In addition, a fibrogenic
response and the severity of liver diseases was positively correlated
with the activation of oval cells [18–21]. Furthermore, reports have
documented that stem/progenitor cells might be the cell origins of HCC.
Indeed, detailed immunophenotyping of human liver cancers revealed
that they expressed progenitor cell markers [22,23]. Importantly, an-
imal studies further showed that oval cells were involved in the

https://doi.org/10.1016/j.canlet.2018.11.020
Received 5 October 2018; Received in revised form 20 November 2018; Accepted 24 November 2018

∗ Corresponding author. Hepatic Surgery Center, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, 1095 Jiefang Avenue,
Wuhan, 430030, People's Republic of China.

∗∗ Corresponding author. Department of Surgery, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, 1095 Jiefang Avenue,
Wuhan, 430030, People's Republic of China.

E-mail addresses: wgzhuang@medmail.com.cn (W.-G. Zhang), chenxp@medmail.com.cn (X.-P. Chen).
1 These authors contributed equally to this work.

Cancer Letters 443 (2019) 47–55

0304-3835/ © 2018 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03043835
https://www.elsevier.com/locate/canlet
https://doi.org/10.1016/j.canlet.2018.11.020
https://doi.org/10.1016/j.canlet.2018.11.020
mailto:wgzhuang@medmail.com.cn
mailto:chenxp@medmail.com.cn
https://doi.org/10.1016/j.canlet.2018.11.020
http://crossmark.crossref.org/dialog/?doi=10.1016/j.canlet.2018.11.020&domain=pdf


formation of liver tumors in rodent models [24–27] and the data from
our lab also showed that hepatic progenitor cells might play a role in
combined hepatocellular cholangiocarcinoma development [28]. Taken
together, all these facts suggest that oval cells is tightly related to HBV
associated diseases. However, few reports elucidate the role of oval cells
in HBV transgenic animal models [29,30]. So identification of key genes
and biological pathways responsible for oval cell activation induced by
HBV infection will improve our understanding of oval cell biology and
HBV-related cirrhosis and hepatocarcinogenesis.

The aim of the present study was to identify the characteristics of
oval cells and hepatocytes and to analyze the gene expression patterns
in these two types of cells isolated from HBV transgenic mice using a
combination of large-scale microarray and sequencing strategies. Our
results showed that HBV expression induced the proliferation of both
cell types and the cell death of hepatocytes but with minimal effects on
oval cells. Furthermore, we identified genes and signaling pathways
differently displayed in oval cells and hepatocytes upon HBV infection.
Our study help people better understand the response of oval cells and
hepatocytes after HBV infection and give insights into how to target
oval cells to battle against HBV related diseases.

2. Materials and methods

2.1. Materials and samples

8-week male HBV transgenic BALB/c mice (n = 20) were obtained
from PLA Liver Center (No. 458 Hospital of PLA, Guangzhou, China)
and control mice (n = 20) were obtained from the Laboratory Animal
Center of Tongji Medical College (Huazhong University of Science and
Technology, China). HBV transgenic mice were generated as previously
reported [31]. Briefly, the HBV DNA containing 1.3 times of HBV
genome obtained from pUC19-HBV(C)1.3 plasmid following Sma I di-
gestion was micro-injected into blastocysts of female BALB/c mice. The
female transgenic mice were crossed with male wild type mice and the
offspring HBV mice were used in this study. The animals were housed
under pathogen-free conditions. Rat anti-A6 antibody was a generous
gift from Dr. Valentina M Factor (National Cancer Institute, National

Institutes of Health, Bethesda, USA). Kinase inhibitors, Assay Kit and
other chemicals as well as the antibodies were listed in Sup Tables 1
and 2

2.2. Microarray analysis

Primary hepatocytes and oval cells isolated from normal and HBV
transgenic mice were lysed in Trizol reagent and the mRNA were iso-
lated and purified. Reverse transcription was performed using the
Ambion® Illumina TotalPrep RNA Amplification Kit according to the
manufacturer's protocol. Labelled cDNAs were hybridized and dis-
pensed onto Illumina Mouse WG-6 v2.0 Expression BeadChips, which
contains 45,281 genes. The arrays were read and imaged using the
Illumina BeadArray Reader … A quality control analysis was performed
within the Illumina BeadStudio software to eliminate the systematic
variation of non-biologic origin within the raw microarray data using
the Cubic Spline method. The significant E-dependent differentially
expressed genes were obtained from comparison of HBV transgenic
cells to the control cells and were defined by Diffscore > 20.0 and a P-
value cut-off of 0.05 (derived from ANOVA). Microarray data was up-
loaded to the NCBI database with GEO number as GSE39289.

2.3. Statistical analysis

Data are presented as the mean ± SEM, and analyzed statistically
using the Student's t-test, ANOVA or the χ2 test as appropriate. A p
value < 0.05 was considered to be statistically significant.

Other detailed methods were listed in supplementary materials and
methods.

3. Results

3.1. Estimation of HBV profile in sera

To confirm the genotype of HBV transgenic mice, the HBV mRNA
and the associated antigen proteins were analyzed. The data from RT-
PCR showed that HBV mRNA was expressed in transgenic mice (the

Fig. 1. HBV induced severe liver injury and
oval cell proliferation. Compared with healthy
controls, HBV transgenic mice had a significant
higher level of both ALT and AST (a) and liver to
body weight ratio (b). (c) HE staining showed
that no histological changes were observed in
livers of control mice (A); there were hepatic
steatosis (B, arrow), fibrosis (C, thick arrow),
inflammatory infiltration (C, thin arrow) and
hyperplastic nodules (D) in the transgenic livers
(H&E, × 100). NL: normal liver; HN: hyper-
plastic nodules. (d) Adult control mice were
only positive for A6 in biliary cells and for PKM2
in few early hepatocytes. HBV accelerated oval
cell response in the livers. A6-and PKM2-posi-
tive cell number was increased ( × 200).
Quantitation of A6-and PKM2-positive cells
confirmed an increase in oval cell number. Data
were represented from the replicate analysis as
the mean ± SD. *p < 0.05.
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data were provided by PLA Liver Center, data not shown). Further,
HBsAg, HBsAb, HBeAg, HBeAb and HBcAb were qualitatively assessed
in the Dept. of Clinical Laboratory of Tongji Hospital. In HBV transgenic
mice, the detection of HBsAg and HBeAg was positive while negative
results were obtained using these three antibodies:HBsAb, HBeAb and
HBcAb. The concentration of HBsAg was 250 IU/ml (normal: < 0.5 IU/
ml) and the concentration of HBeAg was 1.66 S/CO (normal: < 1.0 S/
CO). The results were consistent with the other previous studies
[32,33].

3.2. HBV transgenic mice show low survival rates and increased liver
damage

Although transgenic mice are not the natural host of HBV, increased
mortality was observed in HBV transgenic mice (60%; 12/20 vs. 0%; 0/
20 in control). To assess liver injury in HBV transgenic mice, we mea-
sured serum ALT and AST levels, which were markedly elevated in HBV
transgenic mice compared to those in control cohorts (Fig. 1(a)). The
ratio of liver to body weight in HBV mice was also higher than that in
control (Fig. 1(b)). No histological alterations were observed in livers of
control mice (Fig. 1 (c).A). However, we clearly observed ballooning of
the hepatocytes and cytoplasmic vacuoles in the transgenic livers. In
addition, fibrosis, immune cell infiltration and increased mitosis were
also frequently observed in HBV transgenic livers (Fig. 1 (c).B-C).
Furthermore, hyperplastic nodules were present in some HBV trans-
genic mice (Fig. 1 (c).D).

3.3. Oval cells amplification in HBV transgenic mice

Oval cell activation was frequently observed in human cirrhotic
samples [11–15]. To confirm whether HBV expands oval cell popula-
tion in mice, we performed immune-histochemical staining for two
well-known oval cell markers: A6 and PKM2. PKM2 was expressed in
the oval cell and early hepatocyte, while A6 was in the oval cell and
biliary tract. Analysis of liver sections from healthy control mice re-
vealed that few oval cells were noted in the livers, where A6 was
stained in biliary cells and PKM2 was stained in few early hepatocytes
(Fig. 1 (d)). However, the number of oval cells was increased in the
transgenic mice, as A6 and PKM2-positive cells were frequently ob-
served in the periportal zone and in the vicinity of the portal tracts
(Fig. 1 (d)). These cells were organized into clusters, with a few cells
forming primitive ductular structures with a poorly defined lumen.
Quantification of A6 and PKM2-positive cells exhibited that oval cell
amplification existed in HBV transgenic mice (Fig. 1 (e)).

3.4. Primary culture and characterization of oval cells and hepatocytes

Oval cells isolated from control mice adhered to plates within 2
days, and started to proliferate at day 7 (Fig. 2 (a)). In contrast, primary
oval cells isolated from HBV mice proliferated much more quickly than
controls, with a half shorter population doubling time (data not shown).

Double immunofluorescence staining was performed to characterize
the primary oval cells and hepatocytes. The results showed that oval

Fig. 2. Primary culture and characterization of oval cells. (a) Phase-contrast morphology of cultured oval cells. Original magnifications, × 100. (b) The confocal
IF analysis showed that primary cultured hepatocytes were negative for A6 (green), PKM2 (red), AFP(green), and CK19(green), and positive for HNF4α(red) and
albumin (red). And primary cultured oval cells were positive for A6 (green), PKM2 (red), AFP(green), CK19(green) and albumin (red), and negative for HNF-4α(red).
Hochest 33258 was used to stain for nuclei (blue). Original magnifications, × 200.
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cells expressed A6, PKM2, AFP, CK19 and albumin, but were negative
for HNF-4α. However, cultured hepatocytes were negative for A6,
PKM2, AFP, and CK19. Albumin and HNF-4α were positively detected
in these primary cultured hepatocytes (Fig. 2 (b)).

3.5. HBV causes an imbalance in apoptosis and cell proliferation

As shown in Fig. 3 (a), the number of annexin V and/or PI-positive
hepatocytes was significantly increased in HBV transgenic mice com-
pared with the controls, suggesting that early apoptosis and necrosis

were the predominant mechanisms accounting for cell death in hepa-
tocytes induced by HBV. On the contrary, oval cells from both control
and HBV transgenic mice underwent very low levels of cell death (Fig. 3
(a)). Furthermore, PCNA staining in Fig. 3 (c) revealed that HBV had
better capacity to promote cell proliferation of oval cells (69.97%) than
that of hepatocytes (21.32%). Collectively, we postulated that higher
proliferation and slight cell death of oval cells allowed them to persist
for a sufficient length of time to acquire the requisite number of genetic
changes for neoplastic development.

We further analyzed the related genes involved in cell death and
proliferation. The data showed that 15 out of 23 and 24 out of 28 cell
death related genes were deregulated in hepatocytes and oval cells,
respectively. As to proliferation, 11 out of 34 and 10 out of 35 asso-
ciated genes were altered in hepatocytes and oval cells, respectively.
Detailed changes of these gene expression and the accompanying re-
lations were shown in Fig. 3 (b) and (d). These data suggested different
genes were involved in HBV-induced cell death and proliferation in
these two different cells.

3.6. HBV causes different transcriptional responses in oval cells and
hepatocytes

In gene expression analyses, 31,394 probes gave detectable signals.
Cubic Spline normalization was used according to Illumina BeadStudio
Gene Expression Module protocol. Compared with the controls, a total
of 403 distinct genes were identified in hepatocytes from HBV trans-
genic mice with a Diffscore > 20.0 and fold change > 2. Of these, 123
were up-regulated and 280 were down-regulated (Fig. 4, Sup. Table 4).
Comparison of the gene profiles in oval cells isolated from HBV trans-
genic mice and control mice showed that 1732 genes were differentially
expressed. Of these, 728 were up-regulated and 1004 were down-
regulated. Interestingly, only 36 up-regulated and 60 down-regulated
genes were overlapped in both cell types (Fig. 4), indicating they re-
sponded differently to HBV at the molecular level.

To gain evidence for possible altered biological processes and sig-
naling pathways, the identified genes was subjected to analysis using
the Ingenuity Pathways Analysis (IPA) database (http://www.
ingenuity.com), which were shown in Sup. Table 5. Among 403 iden-
tified genes in hepatocytes, 232 genes were mapped to the database (65
up-regulated and 167 down-regulated). Network analysis of these genes
(Sup Figs. 2–5) showed 18 networks modules across four major net-
works were identified (Fig. 4): a) Cell-medicated immune response,
cellular movement, cellular function and maintenance (Network Score
71, Sup. Fig. 3(a)); b) Cellular growth, development, tissue develop-
ment, (Network Score 44, Sup. Fig. 2 (a), Sup. Fig. 4(a)); c) cellular
morphology, cellular assembly and organization (Network Score 33,
Sup. Fig. 5(a)), d) cell death and survival (Network Score 37, Sup. Fig. 2
(c)). Overall, genes in this group were associated with the following
diseases and biological processes: cancer, inflammatory disease, hepa-
tocellular carcinoma, hepatic fibrosis, liver hyperplasis/hyperproli-
feration, liver damage, and liver cirrhosis.

For these 1732 altered genes in oval cells, 926 genes were mapped
to IPA database (315 upregulated and 611 down-regulated genes).
Thirty modules across four major networks were identified (Fig. 4): a)
Antimicrobial response, inflammatory response (Network Score 48, Sup
Fig. 3 (b)), b) Cell death and survival (Network Score 37, Sup. Fig. 2
(d)); c) Cell growth, cellular movement (Network Score 50, Sup. Fig. 2
(b)); d) cellular assembly and organization (Network Score 25, Sup
Fig. 5(b)); e) cell cycle and DNA replication, recombination, and repair
pathways (Network Score 52, Sup Fig. 6 (a)(b)). Genes in this group
were associated with the following diseases and biological processes:
Organismal injury and abnormalities, Hepatic system disease, increased
levels of ALT/AST/LDH/Hematocrit, liver steatosis, liver proliferation,
liver inflammation/Hepatitis, liver damage, and liver cholestatsis.

Fig. 3. HBV had different effects on cell death and cell proliferation be-
tween hepatocytes and oval cells. (a) Flow cytometric analysis was used to
measure annexin-V-FITC/PI-positive cells. The statistical analysis of the data
showed that HBV had a significant effect on cell death of the hepatocytes but
had little effect on those of oval cells. (b) Cell death and survival genes in
hepatocytes and oval cells; (c) PCNA staining showed that there was significant
higher PCNA-positive ratio in HBV transgenic oval cells that that in HBV
transgenic hepatocytes. (d) Cellular growth and proliferation associated genes
in hepatocytes and oval cells affected by HBV. Data were represented from the
replicate analysis as the mean ± SD. *p < 0.05.
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3.7. Identification of oncogenes and tumor suppressor genes deregulated by
HBV expression

Although failure of HCC formation was found in transgenic mice,
hyperplastic nodules and precancerous lesion of HCC were observed in
transgenic mice. Therefore, we analyzed gene expression levels of on-
cogenes and tumor suppressor in hepatocytes and oval cells. 344 on-
cogenes and 115 tumor suppressors from a comprehensive list obtained
from several websites: http://www.ncbi.nlm.nih.gov/sites/entrez/,
http://www.sabiosciences.com/and http://www.genome.jp/kegg/
were selected to investigate. Table 1 displayed the dysregulated onco-
genes and tumor suppressors affected by HBV. Interestingly, we found
that the number of down-regulated oncogenes (n = 14) was greater
than that of up-regulated ones (n = 5), while the number of down and
up-regulated tumor suppressor genes was similar (n = 8 and n = 7,

separately) in hepatocytes. In oval cells, HBV induced dysregulation of
cancer-related genes to a greater extent: although the number of up-
regulated oncogenes was same as that of down-regulated oncogenes
(n = 22), HBV suppressed the expression of many tumor suppressors
(Table 1). In order to confirm the accuracy of the data, we compared
our results to previously published literatures (Sup. References), in
which genes were deregulated in HBV-related HCC or HCC caused by
other factors. Of note, a consistence was gotten from the comparison in
Table 2A and Table 2B.

According to this exhaustive literature search, ten of genes from
Table 1 (IGFBP3, PECI, RelB, TTP, c-Fos, Rb, p21, DLC1, c-Jun, and p8)
were selected to validate by qRT-PCR (primer were listed in Sup.
Table 2), which displayed a good correlation between these two
methods (Sup. Fig. 1).

Fig. 4. Schematic illustration of the different effects of HBV on hepatocytes and oval cells. HBV induced deregulation of less genes and pathways in hepatocytes but
affected more genes and pathways in oval cells. And HBV failed to affect cell death but induced cell proliferation of oval cells.

Table 1
Oncogenes and tumor suppressor affected by HBV.

Hepatocyte Oval cell

UEO (n = 5): c-Fos*, c-Jun*, FDPS, Crk1,Fgfr1op2 (n = 22): ets2, FAT10, Magee1, LAPTM5, LMO2, MCL-1, c-Fos*, c-Jun*, RBM17, rras2, Snai2,
Spy, mafg, rab39, rab8b, Fosb, maff, rap2c, Nr2f1, Il6, Il10, Aff1

DEO (n = 14): p8*, PECI*, RelB*, Akt3, bcl-3, HGF, maf, NF-kappa B, Id1,
IGF2, LAPTM5, rab27a, vav1, rgl2

(n = 22): p8*, PECI*, RelB*, Bad, BRE, CCT3, erbB1, ets1, park7, rab8a, mcm3, MRPS11, h-ras1,
HSPCB, Gsto1, sas, Ruvbl2, rab13, rab1b, rab4a, rab5a, rab7

UET (n = 7): Rb*, TTP*, RhoE, DSCR1, DUSP6, FHIT, smad3 (n = 7): Rb*, TTP*, PDCD7, Spred1, WT1, RhoB, Notch1
DET (n = 8): DLC1*, IGFBP3*, p21*, DKK3, TGF-β1, IGFBP7, Notch1,

RhoB
(n = 12): DLC1*, IGFBP3*, P21*, RhoE, CEACAM1, COPEB, TIP30, DDB1, Drg1, Drg2, ku70,
FGL1

Abbreviation: UEO: up-expressed oncogene; DEO: down-expressed oncogene; UET: up-expressed tumor suppressor gene; DET: down-expressed tumor suppressor
gene.
*: selected genes co-expressed in both hepatocyte and Oval cell, and verified with qRT-PCR.
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Table 2A
Deregulation of tumor-related genes in hepatocytes.

Hepatocyte Hepatocyte

oncogene Regulation Reported results Diseases Tumor suppressor gene Regulation Reported results Diseases
c-Fos Up Up HBV1, HBV-HCC2 RhoE Up Up HBV-HCC25

c-Jun Up Up HBV1, HBV-HCC2 DSCR1 Up Up Lung cancer26

FDPS Up Up HBV3,HBV-HCC4 DUSP6 Up Up HBV, HBV-HCC27

Crk1 Up Up HCC5 FHIT Up Up HCC28

Fgfr1op2 Up Up HCC6 Rb Up Up HBV, HBV-HCC29

Akt3 Down Up HCC7 Smad3 Up Up HBV30, HCC31

Bcl-3 Down Up HBV8, HCC9 TTP Up Up HBV32, HCC33

PECI Down Down Prostate cancer10

p8 Down Down HBV, HBV-HCC11

HGF Down Up HBV12, HBV-HCC13 DKK3 Down Down HCC34

MAF Down Up HCC14 DLC1 Down Down HBV-HCC35

NF-kappa B Down Up HBV,HBV-HCC15 IGFBP3 Down Down HBV36, HBV-HCC37

Id1 Down Up HBV,HBV-HCC16 TGF-β1 Down Down HBV, HBV-HCC38

IGF2 Down Up HBV,HBV-HCC17 IGFBP7 Down Down HCC39

LAPTM5 Down Up HCC18 p21 Down Down HBV40, HBV-HCC41

RelB Down Down HBV19,HCC20 RhoB Down Down HBV, HCC42

rab27a Down Up HBV21, HCC22 Notch1 Down Down HBV, HCC43

Vav1 Down Up HBV,HBV-HCC23

rgl2 Down Up Pancreatic cancer24

Note: All references listed in this table are Sup References. Italic and bold names of genes mean that expression of these genes is contrary to the data of literatures.
Abbreviation: HBV: positive Hepatitis B virus; HCC: hepatocellular carcinoma.

Table 2B
Deregulation of tumor-related genes in oval cells.

Oval cell Oval cell

Oncogene Regulation Reported results Diseases Oncogene Regulation Reported results Diseases

c-Fos Up Up HBV1, HBV-HCC2 Bad Down Up HBV70, HBV-HCC71

c-Jun Up Up HBV1, HBV-HCC2 BRE Down Up HCC72

ets2 Up Up HBV44, HCC45 CCT3 Down Up HCC73

FAT10 Up Up HBV46, HBV-HCC47 erbB1 Down Up HCC74

Magee1 Up Up Breast cancer48 ets1 Down Up HBV75, HCC76

LAPTM5 Up Up HCC18 park7 Down Down HBV-HCC77

LMO2 Up Up Lung cancer, teratocarcinoma49 rab8a Down Up HBV-HCC78

MCL-1 Up Up HBV50, HBV-HCC51 p8 Down Down HBV, HBV-HCC11

RBM17 Up Up HCC52 PECI Down Down Prostate cancer10

rras2 Up Up HCC53 RelB Down Down HBV19,HCC20

Snai2 Up Up HCC54 mcm3 Down Up HCC79

Spy Up Up Krebs-2 carcinoma55 MRPS11 Down Down HCC80

mafg Up Up HBV, HCC56 h-ras1 Down Up Liver tummor81

rab39 Up Up Many types57 HSPCB Down Up HBV82, HCC4

rab8b Up Up Testicular cancer58 Gsto1 Down Down HBV-HCC83

Fosb Up Up HBV59, HBV-HCC60 sas Down Up HCC84

maff Up Up Breast cancer61 Ruvbl2 Down Up HCC85

rap2c Up Up colorectal cancer62 rab13 Down Up HCC86

Nr2f1 Up Up HBV63, HCC64 rab1b Down Up HCC87

Il6 Up Up HBV65, HBV-HCC66 rab4a Down Up Breast cancer99

Il10 Up Up HBV67, HBV-HCC68 rab5a Down Up Breast cancer88

Aff1 Up Up HCC69 rab7 Down Down Many types89

Tumor suppressor gene Tumor suppressor gene

Rb Up Up HBV, HBV-HCC29 DLC1 Down Down HBV-HCC35

TTP Up Up HBV32, HCC33 IGFBP3 Down Down HBV36, HBV-HCC37

PDCD7* Up Up acute myeloid leukemia90 p21 Down Down HBV40, HBV-HCC41

Spred1 Up Up HCC91 CEACAM1 Down Down HBV, HBV-HCC93

WT1* Up Up HCC92 COPEB Down Down HCC94

RhoB Up Down HBV, HCC42 TIP30 Down Down HBV, HBV-HCC95

Notch1 Up Down HBV, HCC43 DDB1 Down Down HBV96, HCC97

Drg1 Down Down Colon cancer98

Drg2 Down Down HBV, HBV-HCC99

ku70 Down Down HBV100, HCC101

FGL1 Down Down HCC102

RhoE Up Down HBV-HCC25

Note: All references listed in this table are Sup References. Italic and bold names of genes mean that expression of these genes is contrary to the data of literatures. *
Up-regulations of genes works as oncogenes.
Abbreviation: HBV: positive Hepatitis B virus; HCC: hepatocellular carcinoma.
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3.8. Expression of selected genes in HBV positive patients

To further validate the results from microarray analysis, im-
munohistochemistry (IHC) was performed on 56 human samples in-
cluding 10 normal controls, 10 HBV without HCC, and 36 HBV with
HCC. Patients’ preoperative clinical and laboratory data were shown in
Table 3. We verified these 10 co-expressed genes based on the inter-
section of up/down-regulated genes list from Table 1. Staining results of
these 10 genes were shown in Fig. 5. The positive rates of selected genes
in human samples were listed in Table 4. Statistical analyses of the
relative grayscale values and the positive rates showed that changes in
the protein expression of the selected genes were consistent with the
changes observed in mice models.

4. Discussion

Using HBV transgenic mice, Kim, et al. first reported that the HBx
gene caused HCC [34]. Since then, transgenic mice have become a
useful experimental model for defining the molecular events of HBV
hepatitis, and HBV-related hepatocarcinogenesis. In the present study,
we first confirmed viral persistence in the mice, which was reflected by
positive expression of HBV mRNA and viral proteins (HBsAg+, HBeAg
+). Chronic HBV infection in patients is associated with chronic he-
patitis and liver fibrosis, which is characterized by leukocyte infiltration
and collagen deposition in portal/periportal regions of the liver [35].
Attack towards liver by HBV virus will lead to its damage. Fibrosis
represents early damage in the liver while cirrhosis is resulted from
severe damage with scar in the liver tissue. In this model, liver injury
and degeneration, including elevated serum ALT and AST levels, bal-
looning of hepatocytes, fatty changes, fibrosis, inflammation and hy-
perplastic nodules were noticeable in the late stage of HBV-mediated
liver pathogenesis (around 10 months of age). Importantly, we also
observed different responses of oval cells and hepatocytes upon HBV
infections at the cellular and molecular level. To the best of our
knowledge, this is the first report to identify oval cell activation in-
duced by HBV expression in rodent model. We believe oval cells acti-
vation may be involved in HBV induced pathogenesis and carcinogen-
esis.

The HBV x protein (HBx) is involved in numerous biological pro-
gresses by either interacting with cellular proteins or serving as a
coactivator for various transcription factors [36]. For example, HBx is
preferentially recruited to the promoters or distal enhancers of certain
genes which contain consensus binding sites for NFĸB, AP1 and CREB
[36]. Here, we found that HBV had minimal effects on the apoptosis of
oval cells while induced higher levels of cell death of hepatocytes. On
the contrary, a higher proliferation rate was observed in oval cells

compared to hepatocytes in HBV transgene mice. The possible ex-
planation is that the HBx binding transcription factors are differentially
expressed between oval cells and hepatocytes so that the participation
of HBx into transcriptional regulation or signaling transduction varies
in these two types of cells. In addition, HBV DNA integration into
genome also causes dysregulation of gene expression which is attribu-
table to the interruption of gene transcription resulted from the inser-
tion of HBV DNA into the active transcriptional sites. The difference on
the accessibility of HBV DNA into the chromatin between oval cells and
normal hepatocytes probably results in different molecular responses,
leading to the differential response of oval cells and hepatocytes upon
HBV infection. The active response of oval cells indicates that they can
survive from HBV-induced injury and persist for a sufficient length of
time to acquire genetic alterations for neoplastic development.

HBV related diseases is a complex disease with a multi-step process
from preneoplastic lesions. Although we failed to detect the HCC in this
model, precancerous lesion and hyperplastic nodules were present in
livers expressing HBV. So we deemed this model is a valuable tool to
explore the underlying molecular mechanisms of HBV-induced hepa-
titis, cirrhosis and liver tumors. To our knowledge, the molecular pa-
thogenesis of HCC development resulted from simple investigation of
liver tissues in rodent models and few genetic alterations within various
cell types were explored in the liver upon HBV infection, mainly be-
cause of difficulties associated with the isolation and culture of primary
adult oval cells. In this manuscript, we successfully isolated and cul-
tured primary adult oval cells from both HBV transgenic mice and
healthy controls, which guaranteed us to explore the molecular changes
of oval cells after HBV infection. Interestingly, we found there is dif-
ferential regulation of certain genes between oval cells and hepatocytes
in response to HBV infection, suggesting some genes may serve as new
progenitor markers or therapeutic targets for oval cells. For instance,
our data showed that the TNF, EGF, IFNα, IL6, PPAR, and TGF-β signal
pathways were deregulated in HBV-infected oval cells, which was
consistent with the results from the previous study [37]. Therefore,
inhibitors specific to these pathways may be an ideal treatments for
HCC development.

Furthermore, we also found that both activation of oncogenes and
inactivation of tumor suppressor genes occurred in HBV oval cells,
which showed opposite pattern in HBV hepatocytes. These genes might
take part in neoplastic transformation of oval cells induced by HBV
regarding the multipotent role of oval cells. Given the regulatory ele-
ments of evolutionarily related species are conserved, the gene ex-
pression signatures reflecting similar phenotypes in different species
may also be conserved [38]. This hypothesis is supported by numerous
studies showing that comparison of gene expression data from human
HCC and rodent HCC models can identify conserved molecular path-
ways responsible for aberrant phenotypes [39–41]. Indeed, staining
results from human samples were consistent with microarray data from
HBV mice, suggesting molecules and signaling pathways identified in
this model help us understand the biology and carcinogenesis of HBV
related diseases.

Collectively, our data have demonstrated that HBV could trigger
differential responses in hepatocytes and oval cells. The molecules and
signaling pathways identified in HBV transgenic oval cells may be in-
volved in their activation and malignant transformation. Therefore, it is
promising to develop these genes as progenitor markers and therapeutic
targets for HBV related hepatocarcinogenesis. Our data also facilitates
further research into the molecular mechanisms of proliferation and
transformation of oval cells induced by HBV.

Table 3
Preoperative clinical data for three groups.

Variable Normal group HBV group HBV + HCC group p value

Case 10 10 36
Age 43.1 ± 13.93 42.5 ± 9.63 45.4 ± 8.39 0.203
Sex (M/F) 4/6 6/4 23/13 0.002
ALT (U/L) 10.2 ± 3.19 24.6 ± 11.06 55.6 ± 31.66 0.042
AST (U/L) 17.4 ± 3.03 23.3 ± 7.76 53.1 ± 22.72 0.001
AFP (ng/ml) 2.93 ± 1.32 2.95 ± 2.57 8486.9 ± 3133.51 0.519

Abbreviation: HBV: positive Hepatitis B virus; HCC: hepatocellular carcinoma;
ALT: alanine aminotransferase.
AST: Aspartate Aminotransferase; AFP: alpha-fetoprotein.
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Fig. 5. Histological analysis of 10 selected genes in human samples. The expression levels were determined by immunohistochemistry using sections from the
healthy controls, patients with HBV infection, patients with HBV induced HCC. Specific signals were represented by brown staining. Original magnifications, × 100.

Table 4
The positive rates of selected gene in human samples.

Groups IGFBP3 PECI RelB TTP c-Fos Rb p21 DLC1 c-Jun p8

Normal 10/10 10/10 9/10 1/10 1/10 1/10 7/10 9/10 2/10 10/10
HBV 5/10 7/10 3/10 8/10 9/10 7/10 2/10 5/10 8/10 8/10
HBV + HCC 15/36 24/36 4/36 29/36 34/36 25/36 11/36 7/36 33/36 30/36
Χ2 10.5769 4.4179 23.451 18.351 33.4815 11.828 6.4948 19.07 19.6138 0.0100
P value 0.0050 0.1098 < 0.0001 0.0001 < 0.0001 0.0027 0.0389 < 0.0001 < 0.0001 0.995

Abbreviation: HBV: positive Hepatitis B virus; HCC: hepatocellular carcinoma.
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