











Figure 3: Peritumoral HBsAg, NTCP, and ASGPR expression positively correlates with necroinflammatory activity
in HCC tissues. A. HCC surrounding tissues with different HBsAg expression has different scores of inflammation grade (P < 0.001)
and fibrosis stage (P = 0.003). B. Scatterplot with fitting line shows HBsAg expression positively correlates with inflammation scores (» =
0.477, P <0.001), as well as fibrosis scores (> =0.277, P = 0.002). C. The histomorphology of inflammation subtypes including IH, CN,
FAF and PI by H&E staining. D. Scatterplot with fitting line shows the association of HBsAg expression, as wll as receptors expressions,
with the four inflammation subtypes respectively. The correlation coefficient () and P value are showed in figure.

DISCUSSION

Persistence of HBV infection has long been
considered the most common cause of HCC, as well as
HCC recurrence after its curative treatment [13, 14].
Recent evidence suggests that high HBsAg levels or
high ASGPR expression in HCC tissues are associated
with lower cumulative survival of HCC patients [4]. In
the current study, we demonstrated that HBsAg-positive
HCC patients exhibited significantly higher HBsAg
expression in peritumoral tissues than intratumoral tissues,
which significantly correlated with peritumoral NTCP and
ASGPR expression. Importantly, we showed that high
peritumoral HBsAg, NTCP and ASGPR expression was
associated with high recurrence risk of HBsAg-positive
HCC patients. To our knowledge, few studies have
evaluated the prognostic significance of intratumoral and
peritumoral expression of HBsAg and its specific receptors

NTCP and ASGPR in HBsAg-positive HCC patients. Our
analysis indicates that peritumoral expression of HBsAg,
NTCP and ASGPR correlates with patient recurrence and
may serve as useful biomarkers for patient outcomes.

Although an etiological association between HBV
infection and HCC development has long been established,
the molecular mechanism of hepatocarcinogenesis still
remains poorly understood. Our current findings showed
that HBsAg expression correlating with NTCP and
ASGPR is consistent with the role of NTCP and ASGPR
as specific HBV receptors. Another striking finding of the
current study is high peritumoral HBsAg expression in
HBsAg-positive HCC patients, which is consistent with
the finding of a smaller study on 13 HBsAg-positive HCC
tissues [15]. This high peritumoral HBsAg expression
mirrors high peritumoral NTCP and ASGPR expression,
suggesting reliance on the viral receptors by HBV to gain
entry into hepatocytes.
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Figure 4: Scant expression of HBsAg and receptors on HPCs activated in inflammation microenvironment. A. PI-DR
was showed a positive association with the stage of fibrosis. B. There was a significant positive correlation between PI-DR with the grade
of inflammation, as well as interface hepatitis or confluent necrosis, focal lytic necrosis/apoptosis/focal inflammation, portal inflammation.
C. The double immunostaining shows that co-expression of K7 and HBV receptors (NTCP or ASGPR) in hepatocytes is rare virtually. D.
Immunostaining in the serial section presented that HBsAg expressed mostly in mature hepatocytes, but not in portal area, especially K7

positive HPCs.

Furthermore, we have also found that HBsAg is
mostly expressed in mature hepatocytes. During HCC
development, absence or decreased expression of HBsAg
in tumor cells is a common phenomenon [16—18], but the
exact mechanism is still not clear. Wang et al. attributed
it to direct HBV integration in tumor cells [17]. Our
findings offer a more plausible explanation that absence
or decreased expression of HBsAg in tumor cells is due
to low intratumoral expression of NTCP and ASGPR.
NTCP expression in the indicated HCC cell lines and
primary hepatocytes has also been detected by Yan et al
in lab experiment, the results showed that the levels of
NTCP mRNA in Huh-7 and HepG2 cells were about
10,000 times lower than that in primary human and Tupaia
hepatocytes, which was consistent with our observation
in clinical tissues [19]. However, how HBsAg, NTCP
and ASGPR contribute to HCC development remains
unknown. Our multivariate analysis indicates that high
peritumoral expression of HBsAg, NTCP and ASGPR in
HBsAg-positive HCC patients is associated with higher
risk of tumor recurrence.

We speculated that the association of high
peritumoral expression of HBsAg, NTCP and ASGPR
with the distal outcome of HBsAg-positive HCC patients
may be due to the intimate association of HBV infection
and inflammation. Previous studies have proved that
chronic HBV infection leads to ongoing inflammation
and continuous hepatocyte regeneration [20, 21].
Inflammation associated with chronic active hepatitis is a
major contributor in hepatocarcinogenesis [22]. Repeated
episodes of inflammation, apoptosis and hepatocyte
regeneration also increase the risk of HCC recurrence
[22]. Our Pearson correlation analysis has demonstrated a
positive correlation of peritumoral HBsAg expression with
inflammation grade and focal inflammation and portal
inflammation. In the inflammatory microenvironment,
HPCs, which lack HBV receptors, are activated. If the
HPCs become differentiated into hepatocytes, they would
be infected with HBV. Conversely, if they continued to
maintain their undifferentiated state in the inflammatory
microenvironment, they would be free of HBV infection,
the mainly diagrammatic drawing was shown in Figure 6.
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Figure 5: Overexpression of peritumoral HBsAg, NTCP and ASGPR is associated with HPCs activation and predicted
higher recurrence risk of HCC patients. A. Higher expression of HBsAg showed greater percentage of PI-DR in non-tumor sections.
B. Expression of HBsAg and receptors in peri-tumor tissues showed a positive correlation with PI-DR, Pearson correlation provides
correlation coefficient () and P value. C. and D. Cumulative recurrence hazard analysis showed that patients with high peritumoral HBsAg

and receptors expression were more likely to have recurrence.

Substantial clinical evidence indicates that persistent
HBYV infection accelerates the progression of liver fibrosis,
which is considered the most important risk factor for
HCC development. Libbrecht ef al. found that the number
of HPCs correlated significantly with the severity of
parenchymal inflammation [23]. We have previously
shown that the PI-DR in HCC tissues correlated with the
number of isolated HPCs and intermediate hepatobiliary
cells [11]. The current study also revealed that the PI-
DR was significantly higher in peritumoral tissues with
high HBsAg expression than those with low HBsAg
expression in HBsAg-positive HCC patients and showed
a positive association with the grade of inflammation and
the stage of fibrosis (Supplementary Figure S2). HPCs in
the inflammatory microenvironment are not infected with
HBYV, which may be related with lack of HBV receptors.
When HPCs are active within the liver streaming line,
regenerated hepatocytes with HBV receptors may still
have a chance to become infected with HBV (Figure 6).

At present, the exact role of HBV in the
development of HCC remains complex and enigmatic,
our study sheds light on an important role of HBsAg
and its specific receptors and the implication of an
inflammatory microenvironment. Our data collectively
lends support to an important role of HBsAg and HBV
receptors in the clinical outcome of HBsAg-positive HCC
patients. The strong association of peritumoral HBsAg,
NTCP and ASGPR expression with tumor recurrence
suggests that these molecules could serve as useful
biomarkers to stratify outcome and tumor recurrence risk.

However, the basic researches about HBV and the related
development of HCC have both been hindered by the lack
of suitable in vitro infection systems and animal models,
moreover, the inflammation microenvironment during
the process of HCC formation is complicated and not
invariable, which is difficult to demonstrate in vitro. If
the effective infection systems and animal models are
constructed, we would supply more experimental data
to support our speculation. In conclusion, peritumoral
expression of HBsAg and its specific receptors correlates
with certain patient clinicopathologic characteristics and
predicts survival and tumor recurrence in HBsAg-positive
HCC patients.

MATERIALS AND METHODS

Patients and clinical data

Fresh and archived, formalin-fixed, paraffin-embedded
liver tissue specimens were all acquired from HBsAg-
positive patients with pathologically proven HCC who
underwent curative resection at the Eastern Hepatobiliary
Surgery Hospital between January 1997 and December 2007.
HCC was staged according to the UICC TNM classification
system (7" Edition) and tumor differentiation was graded by
the Edmondson-Steiner grading system. Acquisition of tissue
specimens was approved by the Hospital Research Ethics
Committee and performed in accordance with institutional
and state guidelines on the use of human tissue specimens for
experimental purposes.
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Figure 6: Diagrammatic drawing. HBV receptors determined the fate of cells with or without HBV infection. Mature hepatocytes
with HBV receptors (NTCP and ASGPR) were apt to HBV infection, persistent HBV infection resulted in prolonged and consistent
inflammation, and in the inflammation microenvironment, HPCs were activated exactly, but not co-expressed with HBsAg, which mainly
resulted from lack of HBV receptors. If the progenitor cells existing in the inflammation microenvironment continued to differentiate into
hepatocytes, then the mature cells with polarization would be infected with HBV. Conversely, if the progenitor cells continued to maintain
this undifferentiated state in the ongoing inflammation microenvironment, then the immature cells would be gathered and eventually
deteriorate into tumors, which may further explain the phenomenon of lower HBV infection in tumor tissues.

Follow-up

Patients were followed up by clinic visit every 2
months during the first postoperative year and at least
every 3—4 months thereafter until study closure in October
2012 with serum AFP and abdominal ultrasonography.
Progressive elevation of serum AFP levels and/or
ultrasonographic detection of a new hepatic lesion
prompted hospitalization for confirmation of diagnosis
and appropriate management, including repeat resection,
radiofrequency ablation (RFA), transcatheter arterial
chemoembolization (TACE), or supportive therapy.
Recurrence was confirmed by contrast-enhanced imaging
studies according to standard guidelines for HCC as
described previously [24]. OS was defined as the interval
between the dates of surgery and death, whereas RFS

was defined as the interval between the dates of surgery
and recurrence. If recurrence was not diagnosed, patients
were censored on the date of death or the last follow-
up. Clinical follow-up was not disclosed to laboratory
personnel until statistical analysis.

Tissue microarray and immunohistochemistry

After hematoxylin and eosin (H&E)-stained slides
were reviewed by three independent pathologists, we
constructed slides for tumor microarray. Two cores were
taken from each formalin-fixed, paraffin-embedded HCC
and peritumoral tissue specimen, respectively, by using
punch cores measured 1.5 mm in the greatest dimension
from the non-necrotic area of the tumor and peritumoral
tissue. Peritumoral tissue was 1.5 cm from the edge of the
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tumor. Standard heat-induced antigen retrieval was carried
out. Immunohistochemistry was performed by a standard
two-step method. The following primary antibodies were
used: anti-HBsAg antibody (dilution 1:50; Invitrogen,
Carlsbad, CA, USA), anti-NTCP antibody (dilution
1:40) and anti-ASGPR antibody (dilution 1:100) (both
from Abcam, Cambridge, UK), anti-PCNA antibody
(dilution 1:2000; Cell Signaling Technology, Danvers,
MA, USA), anti-K7 antibody (dilution 1:50; Dako,
Glostrup, Denmark), anti-CYP3A4 antibody (dilution
1:400; Sata Cruz Biotechnology, Santa Cruz, CA, USA)
and anti-MRP2 antibody (dilution 1:200; Abcam). In
negative controls, phosphate buffered saline (PBS) was
used instead of the primary antibody. Cytoplasmic and
membranous staining with yellow particles was considered
positive under a Leica DMRA microscope (Leica
Microsystems Imaging Solutions, Ltd., Cambridge, UK).
For immunofluorescence microscopy, primary antibodies
against the following proteins were used: HBsAg, NTCP,
ASGPR and K7. Alexa488-conjugated goat anti-mouse (or
anti-rabbit) IgG and Alexa568-conjugated goat anti-rabbit
(or anti-mouse) IgG (all from Invitrogen) were used as
secondary antibodies.

All sections with immunohistochemical staining
were observed and the pictures of four representative
fields were photographed by an Olympus microscope
(IX-70 OLYMPUS, Japan) under high power view. The
integrated optical density (IOD) in each image was
measured with the same setting for all the slides, and
the density was calculated as IOD/total area of each
image. IOD > median in microarray tissue samples was
considered high HBsAg, NTCP or ASGPR expression
while IOD < median was considered low HBsAg,
NTCP or ASGPR expression. The proliferative index
of ductular reaction (PI-DR) was calculated as the ratio
of the number of PCNA immunoreactive nuclei to the
total number of reactive ductular cells as described
[11]. Specifically, four representative fields within
each section were randomly chosen and captured under
200 x. The same fields were captured in consecutive
sections and stained with anti-K7 antibodies for
quantification of the number of reactive ductular cells
in reactive ductules.

Evaluation of necroinflammatory activity

Necroinflammatory activity was graded as described
by Ishak et al. [25]. A score was assigned for each of
interface hepatitis, confluent necrosis, focal lytic necrosis/
apoptosis/focal inflammation and portal inflammation. A
score of 1 to 4 represented no activity, 5-8 mild activity,
9-12 moderate activity, and 13—18 severe activity. Fibrosis
was assessed as suggested by Desmet et al. [21] and
categorized as absent or mild fibrosis (0), moderate or
severe fibrosis (1-4), and cirrhosis (5-6).

Fluorescence in situ hybridization (FISH)

Total DNA was extracted from 20 fresh HCC tissue
specimens using Gentra Puregene tissue kits (Invitrogen)
according to the manufacturer’s instructions. HBV
DNA was quantified according to a standard curve by
fluorescence quantitative real-time polymerase chain
reaction (PCR) using HBV PCR Diagnostic Kit (Daan
Genetic Diagnosis Inc., Guangzhou, China) following
the manufacturer’s instruction. A HBV DNA FISH Kit
(Haoyang Biotechnology, Tianjin, China) was used for
dual color FISH. Tissue sections were deparaffined and
dehydrated in gradient alcohol. After heat denaturation,
hybridization solution containing full-length HBV DNA
probes was added dropwise to paraffin sections. Then,
they were conventionally incubated and washed at room
temperature. Hybridization signals were detected by
diaminobenzidine staining or fluorescence-conjugated
antibody. The slices were washed with Tris buffered saline
solution and observed by fluorescence microscopy.

Statistical analysis

Statistical analysis was performed using SPSS
20.0 for Windows (SPSS Inc., Chicago, IL). Difference
between paired-data was confirmed to be normally
distributed and then analyzed by 7-test, and differences
between categorical variables were assessed by the Chi-
square test or Fisher’s exact test, when necessary. OS was
defined as the interval between the dates of surgery and
death, whereas RFS was defined as the interval between
the dates of surgery and recurrence. If recurrence was not
diagnosed during this study, patients were censored on the
date of death or the last follow-up. Pearson’s correlation
coefficient was used to determine correlations between
normally distributed continuous variables. Spearman’s
rank correlation test was employed to show rank-order
correlations between the variables. Kaplan-Meier analysis
was used to determine the survival. Log-rank test was
used to compare patients’ survival between subgroups.
Differences were considered statistically significant for
p-values less than 0.05 (two-tailed).

ACKNOWLEDGMENTS AND FUNDING

This project was supported by the Key Basic
Research Project of China (Grant NO. 2012CBA01303);
National Natural Science Foundation of China (Grant No.
81372312, 81472737, 81402018, 81402020, 81401308,
81402026); Special Funds for National Key Sci-Tech
Sepcial Project of China (Grant No. 2012ZX10002-
016, 2012ZX10002011-011); Shanghai Science and
Technology Committee (Grant No. 14ZD1900403,
14ZR1409200, 15PJ1410600); Shanghai Municipal
Education Commission (Grant No. 14ZZ086).

www.impactjournals.com/oncotarget

42960

Oncotarget



CONFLICTS OF INTEREST
The authors declare no conflict interest.

Author contributions

Y-YJ and W-TL performed the research, analyzed
data, and participated in writing the paper. Q-MF, G-FY,
and D-DY analyzed data and composed this paper. LG,
KS, RL, YY and Q-DZ participated in performing this
study. G-SW and FY conceived this study and analyzed
the data. L-XW, H-YW and M-CW conceived this study,
provided funding, and gave final approval of this paper.

Abbreviations

HBYV, Hepatitis B virus; HCC, hepatocellular
carcinoma; RFS, recurrence-free survival; HPCs, hepatic
progenitor cells; NTCP, sodium taurocholate cotransporting
polypeptide; ASGPR, asialoglycoprotein receptor;

REFERENCES

1. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epi-
demiology and molecular carcinogenesis. Gastroenterology.
2007; 132:2557-2576.

2. El-Serag HB. Epidemiology of viral hepatitis and hepa-
tocellular carcinoma. Gastroenterology. 2012; 142:1264—
1273. e1261.

3. Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL,
Kuo SF, Liu CH, Chen PJ, Chen DS, Kao JH. High lev-
els of hepatitis B surface antigen increase risk of hepa-
tocellular carcinoma in patients with low HBV load.
Gastroenterology. 2012; 142:1140-1149. e1143; quiz
el113-1144.

4. Liu WR, Tian MX, Jin L, Yang LX, Ding ZB, Shen YH,
Peng YF, Zhou J, Qiu SJ, Dai Z, Fan J, Shi YH. High
Levels of Hepatitis B Surface Antigen are Associated with
Poorer Survival and Early Recurrence of Hepatocellular
Carcinoma in Patients with Low Hepatitis B Viral Loads.
Ann Surg Oncol. 2015; 22:843-850.

5. Treichel U, Meyer zum Buschenfelde KH, Dienes HP,
Gerken G. Receptor-mediated entry of hepatitis B virus
particles into liver cells. Archives of virology. 1997,
142:493-498.

6. Zollner G, Wagner M, Fickert P, Silbert D, Fuchsbichler A,
Zatloukal K, Denk H, Trauner M. Hepatobiliary transporter
expression in human hepatocellular carcinoma. Liver inter-
national : official journal of the International Association
for the Study of the Liver. 2005; 25:367-379.

7. Shi B, Abrams M, Sepp-Lorenzino L. Expression of asialo-
glycoprotein receptor 1 in human hepatocellular carcinoma.
The journal of histochemistry and cytochemistry : official
journal of the Histochemistry Society. 2013; 61:901-909.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Mu H, Lin KX, Zhao H, Xing S, Li C, LiuF, LuHZ, Zhang Z,
Sun YL, Yan XY, Cai JQ, Zhao XH. Identification of bio-
markers for hepatocellular carcinoma by semiquantitative
immunocytochemistry. World journal of gastroenterology.
2014; 20:5826-5838.

Yang J, Bo XC, Ding XR, Dai JM, Zhang ML, Wang XH,
Wang SQ. Antisense oligonucleotides targeted against
asialoglycoprotein receptor 1 block human hepatitis B virus
replication. Journal of viral hepatitis. 2006; 13:158-165.

Chen ZJ, Ye J. Getting to grips with hepatitis. eLife. 2012;
1:¢00301.

Cai X, Zhai J, Kaplan DE, Zhang Y, Zhou L, Chen X, Qian G,
Zhao Q, Li Y, Gao L, Cong W, Zhu M, Yan Z, Shi L,
Wu D, Wei L, et al. Background progenitor activation is
associated with recurrence after hepatectomy of combined
hepatocellular-cholangiocarcinoma. Hepatology. 2012;
56:1804-1816.

Schulze A, Mills K, Weiss TS, Urban S. Hepatocyte polar-
ization is essential for the productive entry of the hepatitis
B virus. Hepatology. 2012; 55:373-383.

Liang T, Chen EQ, Tang H. Hepatitis B virus gene muta-
tions and hepatocarcinogenesis. Asian Pacific journal of
cancer prevention. 2013; 14:4509-4513.

Guan YS, He Q. Role of antiviral therapy in the manage-
ment of hepatocellular carcinoma. Anti-cancer drugs. 2013;
24:337-343.

Tian X, Li J, Ma ZM, Zhao C, Wan DF, Wen YM. Role of
hepatitis B surface antigen in the development of hepatocel-
lular carcinoma: regulation of lymphoid enhancer-binding
factor 1. Journal of experimental & clinical cancer research.
2009; 28:58.

Wang WL, London WT, Feitelson MA. Hepatitis B x anti-
gen in hepatitis B virus carrier patients with liver cancer.
Cancer research. 1991; 51:4971-4977.

Wang Y, WuMC, Sham JS, Tai LS, Fang Y, Wu WQ, Xie D,
Guan XY. Different expression of hepatitis B surface anti-
gen between hepatocellular carcinoma and its surrounding
liver tissue, studied using a tissue microarray. The Journal
of pathology. 2002; 197:610-616.

Farza H, Dragani TA, Metzler T, Manenti G, Tiollais P,
Della Porta G, Pourcel C. Inhibition of hepatitis B virus
surface antigen gene expression in carcinogen-induced liver
tumors from transgenic mice. Molecular carcinogenesis.
1994; 9:185-192.

Yan H, Zhong G, Xu G, He W, Jing Z, Gao Z, Huang Y,
Qi Y, Peng B, Wang H, Fu L, Song M, Chen P, Gao W,
Ren B, Sun Y, et al. Sodium taurocholate cotransporting
polypeptide is a functional receptor for human hepatitis B
and D virus. eLife. 2012; 1:¢00049.

Xie Y, Zhai J, Deng Q, Tiollais P, Wang Y, Zhao M. Entry
of hepatitis B virus: mechanism and new therapeutic target.
Pathologie-biologie. 2010; 58:301-307.

Scheuer PJ. Classification of chronic viral hepatitis: a need
for reassessment. Journal of hepatology. 1991; 13:372-374.

www.impactjournals.com/oncotarget

42961

Oncotarget



22.

23.

Xu C, Zhou W, Wang Y, Qiao L. Hepatitis B virus-
induced hepatocellular carcinoma. Cancer letters. 2014;
345:216-222.

Libbrecht L, Desmet V, Van Damme B, Roskams T. Deep
intralobular extension of human hepatic ‘progenitor cells’
correlates with parenchymal inflammation in chronic viral
hepatitis: can ‘progenitor cells’ migrate?. The Journal of
pathology. 2000; 192:373-378.

24.

25.

Bruix J, Sherman M Practice Guidelines Committee
AAftSoLD . Management of hepatocellular carcinoma.
Hepatology. 2005; 42:1208—1236.

Ishak K, Baptista A, Bianchi L, Callea F, De Groote J,
Gudat F, Denk H, Desmet V, Korb G, MacSween RN, et al.
Histological grading and staging of chronic hepatitis.
Journal of hepatology. 1995; 22:696—699.

www.impactjournals.com/oncotarget

42962

Oncotarget



