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recently reported that HCV promotes hepatic gluconeogenesis via
an NS5A-mediated, forkhead box O1 (FoxO1)-dependent path-
way, resulting in increased cellular glucose production in hepato-
cytes (Deng et al., 2011). This paper discusses our current model
for HCV-induced glucose metabolic disorders.

HCV REPLICATION DOWN-REGULATES CELL SURFACE
EXPRESSION OF GLUT2

The uptake of glucose into cells is conducted by the facilitative
glucose carrier, glucose transporters (GLUTs). GLUTs are inte-
gral membrane proteins that contain 12 membrane-spanning
helices. To date, a total of 14 isoforms have been identified in the
GLUT family (Wu and Freeze, 2002; Macheda et al., 2005; Godoy
et al., 2006). Glucose is transported into hepatocytes by GLUT2.
We previously reported that HCV J6/JFHI infection suppresses
hepatocytic glucose uptake through down-regulation of surface
expression of GLUT?2 in human hepatoma cell line, Huh-7.5 cells
(Kasai et al., 2009). We also demonstrated that GLUT2 expres-
sion in hepatocytes of the liver tissues from HCV-infected patients
was significantly lower than in those from patients without HCV
infection. Our data suggest that HCV infection down-regulates
GLUT?2 expression at transcriptional level. We are currently ana-
lyzing transcriptional control of human GLUT2 promoter in HCV
replicon cells as well as in HCV J6/JFH1-infected cells.

HCV INFECTION PROMOTES HEPATIC GLUCONEOGENESIS

Then we analyzed hepatic glucose production and expression of
transcription factors using HCV replicon cells and HCVcc system
in order to clarify a role of HCV infection in glucose meta-
bolic changes. Hepatic glucose production is usually regulated by

gluconeogenesis and glycolysis. Therefore, we examined whether
HCV infection induces gluconeogenesis or glycolysis. We found
that the PEPCK and G6Pase genes were transcriptionally up-
regulated in J6/JFH1-infected cells (Figure 1). On the other
hand, the GK gene was transcriptionally down-regulated in HCV-
infected cells. We obtained similar data in HCV replicon cells (both
in subgenomic replicon cells and full-genomic replicon cells).
When HCV replication was suppressed by IFN treatment, the
up-regulation of PEPCK and G6Pase gene expression as well as
the down-regulation of GK gene expression were canceled. From
these results, HCV infection selectively up-regulates PEPCK and
G6Pase genes, whereas HCV infection down-regulates GK gene
(Dengetal., 2011).

Both HCV replicon cells and HCV-infected cells produced
greater amounts of glucose than the control cells. IEN treatment
canceled the enhanced glucose production in HCV replicon cells
as well as in HCV-infected cells. G6P is an important precur-
sor molecule that is converted to glucose in the gluconeogenesis
pathway (Figure 1). Our metabolite analysis showed that a sig-
nificantly higher level of G6P was accumulated in HCV-infected
cells than in the control cells, suggesting that HCV indeed pro-
motes hepatic gluconeogenesis to cause hyperglycemia. There is a
trend toward an increase in gluconeogenesis in HCV-infected cells
(Figure 1).

HCV SUPPRESSES Fox01 PHOSPHORYLATION AT Ser319,
LEADING TO THE NUCLEAR ACCUMULATION OF Fox01

It has been reported that G6Pase, PEPCK, and GK are regu-
lated by certain transcription factors, including FoxO1 (Hirota

et al., 2008), hepatic nuclear factor 4o (HNF-4q; Hirota et al.,
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FIGURE 1 | Regulation of Gluconeogenesis and Glycolysis in the
HCV-infected cells. HCV infection promotes gluconeogenesis via
transcriptional up-regulation of the genes for PEPCK and G6Pase, the
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rate-limiting enzymes for hepatic gluconeogenesis, and transcriptional
down-regulation of the gene for GK, the rate-limiting enzyme for hepatic
glycolysis.
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2008), Kriippel-like factor 15 (KLF15; Takashima et al., 2010), and
cyclic AMP (cAMP) response element binding protein (CREB;
Rozance et al., 2008). While we were analyzing these factors in
both HCV replicon cellsand HCV J6/JFH1-infected cells, we found
the involvement of the FoxO1 in the transcriptional activation of
G6Pase and PEPCK (Deng et al., 2011). It is known that the FoxO1
enhances gluconeogenesis through the transcriptional activation
of various genes, including G6Pase and PEPCK (Gross et al., 2008).
The function of FoxOl is regulated by post-translational modifi-
cations, including phosphorylation, ubiquitylation, and acetyla-
tion (Tzivion et al., 2011). The phosphorylated form of FoxO1
is exported from the nucleus to the cytosol, resulting in loss
of its transcriptional activity (Figure 2). Phosphorylation sta-
tus of FoxOl at Ser319 is critical for FoxO1 nuclear exclusion
(Zhao et al., 2004). Although the total amounts of FoxO1 protein
were unchanged, FoxO1 phosphorylation at Ser319 was markedly
suppressed in HCV-infected cells compared to that in the mock-
infected cells. It is known that the FoxO1 is phosphorylated by the
protein kinase Akt and is exported from the nucleus to the cytosol,
resulting in loss of its transcriptional activity (Tzivion et al., 2011).
The majority of FoxO1 was accumulated in the nuclear fraction in
HCV-infected cells, whereas in control cells FoxO1 was distributed
in both the nuclear and cytoplasmic fractions. Akt phosphoryla-
tion was enhanced in HCV-infected cells, although the protein
levels of total Akt protein were comparable, which is consistent
with the report by Burdette et al. (2010). Our findings suggest
an interesting scenario in which the HCV-mediated suppression
in FoxO1 phosphorylation is caused by an unknown mechanism
independent of Akt activity.

HCV-INDUCED JNK ACTIVATION IS INVOLVED IN THE
SUPPRESSION OF Fox01 PHOSPHORYLATION

It is known that the stress-sensitive serine/threonine kinase JNK
regulates FoxO at multiple levels (van der Horst and Burgering,
2007; Karpac and Jasper, 2009). We demonstrated that HCV infec-
tion induces phosphorylation and activation of JNK in a time-
dependent manner, which is similar to that observed for the sup-
pression of FoxO1 phosphorylation. As a result, c-Jun, a key sub-
strate for JNK, got phosphorylated and activated in HCV-infected
cells. The JNK inhibitor SP600125 clearly prevented the phospho-
rylation of c-Jun, and concomitantly recovered the suppression
of FoxO1 phosphorylation in HCV-infected cells, suggesting that
HCV activates the JNK/c-Jun signaling pathway, resulting in the
nuclear accumulation of FoxO1 by reducing its phosphorylation
status. The detailed mechanisms of HCV-induced suppression
of FoxO1 phosphorylation via the JNK/c-Jun signaling pathway
remain to be explored. There are at least two possibilities. The
JNK/c-Jun signaling pathway (1) suppresses a protein kinase, or
(2) activates a protein phosphatase to reduce phosphorylation of
FoxO1.

HCV-INDUCED MITOCHONDRIAL REACTIVE OXYGEN
SPECIES PRODUCTION IS INVOLVED IN INCREASED
GLUCOSE PRODUCTION THROUGH JNK ACTIVATION
Hepatitis C virus infection increases mitochondrial reactive oxy-
gen species (ROS) production (Deng et al., 2008). N-acetyl cys-
teine (NAGC; a general antioxidant) clearly prevented the phos-
phorylation of JNK, and concomitantly canceled the suppression
of FoxO1 phosphorylation in HCV-infected cells, suggesting that
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FIGURE 2 | A proposed mechanism of HCV-induced glucose metabolic
disorders. HCV infection down-regulates cell surface expression of GLUT2 in
hepatocytes at the transcriptional level. HCV down-regulates a transcription
factor involved in GLUT2 gene expression through an unknown mechanism.
HCV infection induces mitochondria damage and ROS production, leading to
JNK activation. HCV NS4A protein is involved in mitochondrial damage. HCV

NSBA protein is involved in ROS production. HCV-induced ROS production
causes JNK activation, resulting in the decreased phosphorylation and nuclear
accumulation of FoxO1. Nuclear accumulation of FoxO1 up-regulates gene
expression of PEPCK and G6Pase, leading eventually to increased glucose
production by gluconeogenesis. High glucose levels in the hepatocytes may
confer an advantage in efficient replication of HCV.

www.frontiersin.org

January 2012 | Volume 2 | Article 278 | 3

-734 -



Shoji et al.

HCV-induced glucose metabolic disorders

HCV-induced ROS production is involved in the JNK activation.
There was no significant difference in HCV RNA replication or
infectious virus release between SP600125- or NAC-treated HCV-
infected cells and non-treated HCV-infected cells. These results
suggest that ROS-mediated JNK activation plays a key role in the
suppression of FoxO1 phosphorylation, nuclear accumulation of
FoxO1, and enhancement of glucose production in HCV-infected
cells (Deng et al., 2011).

HCV NS5A IS INVOLVED IN THE ENHANCEMENT OF
GLUCOSE PRODUCTION

Then we sought to determine which HCV protein(s) is involved
in the enhancement of glucose production. Transient expres-
sion of NS5A protein in Huh-7.5 cells significantly promoted
the gene expression levels of G6Pase and PEPCK determined
by real time quantitative RT-PCR. Promoter assay revealed that
the level of PEPCK promoter activity was significantly higher in
NS5A-expressing cells than in the control cells. Our results suggest
that NS5A activate both the PEPCK promoter and the G6Pase
promoter, leading to an increase in glucose production (Deng
et al,, 2011). The study by Banerjee et al. (2010) suggests that
the HCV core protein modulates FoxO1 and FoxA2 activation
and affects insulin-induced metabolic gene regulation in human
hepatocytes. Our results, however, suggest that the HCV core pro-
tein is not significantly involved in the increased gluconeogenesis
(Dengetal.,2011). The difference between these two studies needs
to be explored.

There were previous reports suggesting that ROS production
is induced in NS5A-expressing cells (Dionisio et al., 2009) or in
hepatocytes of NS5A transgenic mice (Wang et al.,2009). We there-
fore sought to determine whether NS5A contributes to increased
hepatic gluconeogenesis through the induction of ROS produc-
tion. NS5A-expressing cells displayed a much stronger signal of
ROS than in control cells. NS5A-expressing cells promoted phos-
phorylation level at Ser63 of c-Jun and suppressed FoxO1 phos-
phorylation at Ser319, suggesting that NS5A mediates JNK/c-Jun
activation and FoxO1 phosphorylation suppression. These results
suggest that NS5A play a role in the HCV-induced enhancement of
hepatic gluconeogenesis through JNK/c-Jun activation and FoxO1
phosphorylation suppression.

CONCLUSION AND FUTURE PERSPECTIVES

Taken together, we propose a model of HCV-induced glucose
metabolic disorders as shown in Figure 2. HCV infection down-
regulates cell surface expression of GLUT2 in hepatocytes at the
transcriptional level. HCV down-regulates a transcription fac-
tor involved in GLUT2 gene expression through an unknown
mechanism. As GLUT2 is a facilitative GLUT, it ensures large
bidirectional fluxes of glucose in and out the cell due to its low
affinity and high capacity (Leturque et al., 2009). Down-regulated
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Polymorphisms of the Core, NS3, and NS5a Proteins
of Hepatitis C Virus Genotype 1b Associate with
Development of Hepatocellular Carcinoma

Ahmed El-Shamy,"* Michiko Shindo,>* Ikuo Shoji,' Lin Deng,' Tadao Okuno,® and Hak Hotta"

Hepatocellular carcinoma (HCC) is one of the common sequels of hepatitis C virus (HCV)
infection. It remains controversial, however, whether HCV itself plays a direct role in the de-
velopment of HCC. Although HCV core, NS3, and NS5A proteins were reported to display
tumorigenic activities in cell culture and experimental animal systems, their clinical impact
on HCC development in humans is still unclear. In this study we investigated sequence poly-
morphisms in the core protein, NS3, and NS5A of HCV genotype 1b (HCV-1b) in 49
patients who later developed HCC during a follow-up of an average of 6.5 years and in 100
patients who did not develop HCC after a 15-year follow-up. Sequence analysis revealed
that Gln at position 70 of the core protein (core-Gln”®), Tyr at position 1082 plus Gln at
1112 of NS3 (NSS—Tyrmsz/ Gln'''?), and six or more mutations in the interferon/ribavirin
resistance-determining region of NS5A (NS5A-IRRDR>>6) were significantly associated with
development of HCC. Multivariate analysis identified core-Gln”®, NS3-Tyr'®*?/Gln"""?, and
a-fetoprotein (AFP) levels (>20 ng/L) as independent factors associated with HCC. Kaplan-
Meier analysis revealed a higher cumulative incidence of HCC for patients infected with
HCV isolates with core-Gln”°, NSS—Tyrwsz/ GIn'"'? or both than for those with non-(Gln”°
plus NS3-Tyr'%®%/GIn""?). In most cases, neither the residues at position 70 of the core pro-
tein nor positions 1082 and 1112 of the NS3 protein changed during the observation pe-
riod. Conclusion: The present results suggest that HCV isolates with core-Gln”® and/or NS3-
Tyr'%%2/GIn"""? are more closely associated with HCC development compared to those with
non-(Gln”° plus NSS—TyrmSZ/Glnuu). (HepaToLoGy 2012;00:000—-000)

epatitis C virus (HCV) is a major etiologic agent
of chronic hepatitis worldwide, with the esti-

mated number of infected individuals being
more than 180 million. Approximately 15% to 20% of
chronically infected individuals undergo liver cirrhosis in a
decade or so after infection, with hepatocellular carcinoma
(HCC) arising from cirrhosis at an estimated rate of 1%
to 4% per year." Several host factors such as male gender,
older age, elevated a-fetoprotein (AFP) level, advanced
liver fibrosis as well as nonresponsiveness to interferon
(IFN) therapy have been reported as important predictors
of HCC development.*” Recently, a host genetic factor,

i.e., the DEPDC5 locus polymorphism, was reported to
be associated with progression to HCC in HCV-infected
individuals.® On the other hand, it remains controversial
as to whether HCV itself plays a direct role in the develop-
ment of HCC. Experimental data suggest that HCV con-
tributes to HCC by modulating pathways that promote
malignant transformation of hepatocytes. HCV  core,
NS3, and NS5A proteins were shown to be involved in a
number of potentially oncogenic pathways in cell culture
and experimental animal systems.” HCV core protein
rendered cultured cells more resistant to apoptosis™ and
promoted 7z oncogene-mediated transformation.'®!!

Abbreviations: HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IFN, interferon; IRRDR, interferon/ribavirin resistance-determining region; ISDR,

interferon sensitivity-determining region.
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Moreover, transgenic mice expressing the HCV core pro-
tein in the liver developed HCC."* However, the clinical
impact of HCV proteins on HCC development in
humans and whether all HCV isolates are equally associ-
ated with HCC is yet to be determined. In a clinical set-
ting, HCV core protein mutations at positions 70 (Gln”®)
and/or 91 (Met’!) were closely associated with HCC de-
velopment.'>'® GIn”® and/or Met”® were also linked to
resistance to PEG-IFN/ribavirin (RBV) treatment.!”?° In
addition, we and other investigators reported that an N-
terminal part of the NS3 protein has the capacity to trans-
form NIH3T3 and rat fibroblast cells*>** and to render
NIH3T3 cells more resistant to DNA damage-induced
apoptosis, which is thought to be a prerequisite for malig-
nant transformation of the cell.*® Also, the NS5A protein
is a pleiotropic protein with key roles in both viral RNA
replication and modulation of the host cell functions.* In
particular, the links between NS5A and the IFN responses
have been widely discussed. It was proposed initially that
sequence variations within a region in NS5A spanning
from amino acids (aa) 2209 to 2248, called the IFN sensi-
tivity-determining region (ISDR), were correlated with
IFN responsiveness.”” Subsequently, in the era of PEG-
IFN/RBV  combination therapy, we identified a new
region near the C-terminus of NS5A spanning from aa
2334 to 2379, which we referred to as the IFN/RBV re-
sistance-determining region (IRRDR).*** The degree of
sequence variations within the IRRDR was significantdy
associated with the clinical outcome of PEG-IFN/RBV
therapy. In the context of HCC, several retrospective stud-
ies suggested that IFN-based therapy might reduce the risk
of HCC development.***%°

In an attempt to clarify whether v1ral factors, in par-
ticular those within the core, NS3, and NS5A proteins,
are involved in HCC development, we carried out a
comparative analysis of the aa sequences obtained from
HCV patents who developed HCC and those who did
not. In addition, we studied the sequence evolution of
these genes in the interval between chronic hepatitis C
and HCC development over a period of 15 years.

Patients and Methods

Ethics Statement. The study protocol, which con-
forms to the provisions of the 1975 Declaration of
Helsinki, was approved beforehand by the Ethic Com-
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mittees in Akashi City Hospital and Kobe University
Graduate School of Medicine, and written informed
consent was obtained from each patient enrolled in
this study.

Patients. A total of 49 HCV-infected patients who
developed HCC (HCC group) were retrospectively
examined. They were followed up (from 1988 to
2003) with an average period until HCC development
being 6.5 * 2.9 years. Paired serum samples at the
time of chronic hepatitis C (pre-HCC sample) and
HCC development (post-HCC sample) were collected.
As a control group, 100 HCV-infected patients who
were followed up over a period of 15 years (from
1988 to 2003) without HCC development were retro-
spectively examined. Serum samples of the control
group were available at the time of first visit to the
clinic. All patients enrolled in this study were chroni-
cally infected with HCV genotype 1b (HCV-1b).
HCV subtype was determined as reported previously.”'
Serum HCV RNA titers were quantitated by reverse-
transcription polymerase chain reaction (RT-PCRO
with an internal RNA standard derived from the 5’
noncoding region of HCV (Amplicor HCV Monitor
test, v. 2.0, Roche Diagnostics, Tokyo, Japan). All
patients underwent liver biopsy and were diagnosed as
chronic hepatitis. All HCC and 68% (68/100) of non-
HCC patients received IFN-monotherapy, either natu-
ral IFN alpha (Sumiferon, Dainipponsumitomo Phar-
maceutical, Osaka, Japan) at a dose of 6 million units
(MU) or recombinant IFN alpha 2b (Intron A; Sche-
ring-Plough, Osaka, Japan) at a dose of 10 MU, 3
times a week for 6 months. All HCC patients were
nonresponders (NR), who had detectable viremia dur-
ing the entire course of IFN treatment. On the other
hand, 18 (26%) of the 68 non-HCC patients treated
with IEN achieved HCV RNA negativity at the end of
treatment followed by rebound viremia within 6
months after the treatment and, therefore, they were
referred to as relapsers. The other 50 IFN-treated,
non-HCC patients were NR. The remaining 32 non-
HCC patients did not receive IFN. All patients were
seen every 2 months and tested for liver function
markers during the follow-up period.

Sequence Analysis of HCV Core, NS3, and NS5A
Proteins. HCV RNA was extracted from 140 uL of
serum using a commercially available kit (QIAmp viral

Address reprint requests to: Hak Hotza, M.D., Ph.D., Division of Microbiology, Kobe University Graduate School of Medicine, 7-5-1 Kusunoki-cho, Chuo-ku,
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RNA kit; Qiagen, Tokyo, Japan). The core, NS3, and
NS5A regions of the HCV genome were amplified as
described  elsewhere.?*?**  The sequences of the
amplified fragments were determined by direct
sequencing. The aa sequences were deduced and
aligned using GENETYX Win software version 7.0
(GENETYX, Tokyo, Japan). The numbering of aa was
according to the polyprotein of the prototype of
HCV-1b; HCV-].%

Statistical Analysis. Statistical differences in the
baseline parameters of HCC and control groups were
determined by Student’s # test for numerical variables
and Fisher’s exact probability or chi-square tests for
categorical variables. Likewise, statistical differences in
viral mutations between HCC and control groups
were determined by Fisher’'s exact probability test.
Kaplan-Meier analysis was performed to estimate the
cumulative incidence of HCC. The data obtained were
evaluated by the log-rank test. Univariate and multi-
variate logistic analyses were performed to identify var-
iables that independently associated with HCC devel-
opment. Variables with 2 < 0.1 in univariate analysis
were included in a backward stepwise multivariate
logistic regression analysis. The odds ratios and 95%
confidence intervals (95% CI) were calculated. All sta-
tistical analyses were performed using SPSS v. 16 soft-
ware (Chicago, IL). Unless otherwise stated, P < 0.05
was considered statistically significant.

Nucleotide Sequence Accession Numbers. The
sequence data reported in this article have been depos-
ited in the DDB]/EMBL/GenBank nucleotlde
sequence databases with the

AB719460 through AB719842.

Results

Demographic Characteristics of HCC and Control
Groups. The clinical characteristics of HCC and con-
trol groups are shown in Table 1. The HCC group
had significantly higher titers of ALT, AST, and AFD,
and higher fibrosis staging score than that of the con-
trol group. There was no significant difference in vire-
mia titers between the two groups.

Correlation Between Core Protein Sequence Poly-
morphism and HCC Development. HCV core pro-
tein sequences were obtained from all (49/49) and
94% (94/100) of pre-HCC and control patients’ sera,
respectively. Comparative sequence analysis revealed
that 22 (45%) of 49 HCV isolates in the pre-HCC
sera (pre-HCC isolates) and 59 (63%) of 94 HCV iso-

lates from the control group (control isolates) had

T2 wild-core (Arg70/Leu91) (Table 2). The difference

accession numbers -
- pre-HCC and control isolates, respectively. We found
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Table 1. Demographic Characteristics of HCC and Control

Groups

Factor HCC Control P-value
Age 57.3 = 7.0* 56.4 = 8.3 0.54
Sex (male/female) 31/18 54/46 0.29
ALT (IU/L) 159.4 = 79.8 129.7 = 51.5 0.007
AST (IU/L) 113.0 = 62.2 91.6 = 44.1 0.017
AFP (ng/L) 29.1 + 33.7 184 = 44 0.002
Platelets (x 10%/mm®) 16.2 = 2.8 16.2 + 2.4 0.88
Inflammation grading score 8.7 =09 8.4 £ 12 0.05
Fibrosis staging score 24 £ 05 22 +05 0.02
HCV-RNA (KIU/mL) 593.4 + 112.3 618.1 = 95.9 0.17

*Mean = SD. HCC, hepatocellular carcinoma; ALT, alanine aminotransferase;
AST, aspartate transaminase; AFP; c-fetoprotein.

between HCC and control groups was hovering at 2
statistically significant level (P = 0.05). When the

* sequence pattern’at position 70 alone was examined, a

stronger association with HCC was observed. We
found that 21 (43%) of 49 pre-HCC isolates had
Gln”® while only 13 (14%) of 94 control isolates did
(P = 0.0002). On the other hand, there was no signif-
icant correlation between sequence pattern at position

91 and HCC. Thus, a single mutation at position 70

(GIn”®) was the only polymorphic factor within core
protein that was significantly associated with HCC de-
velopment. It should be noted that there was no signif-
icant correlation between Gln’® and the degree of fi-
brosis progression (data not shown).

Correlation Between NS3 Protein Sequence Poly-
morpbism and HCC Development. Sequences of NS3
serine protease domain (aa 1027 to 1146) were

obtained from 94% (46/49) and 93% (93/100) of

that 29 (63%) of 46 pre-HCC isolates had Tyr and
Gln at positions 1082 and 1112, respectively (Tyr'°®/
GIn'''?), while 39 (42%) of 93 control isolates did
(Table 2). The difference in the proportion between
pre-HCC and control isolates was statistically signifi-
cant (P = 0.029). On the other hand, there was no
significant correlation between Tyr'%®?/Gln'''? and the
degree of fibrosis progression (data not shown).
Correlation Between NS5A Protein Sequence
Polymorphism and HCC Development. NS5A pro-
tein sequences were obtained from 92% (45/49) and
74% (74/100) of pre-HCC and control isolates,
respectively. Twenty-four (53%) of 45 pre-HCC iso-
lates had IRRDR of 6 or more mutations (IRRDR>6)
while only 15 (20%) of 74 control isolates did (Table
2; P = 0.0003). We also found that pre-HCC isolates
tended to have a higher degree of sequence heterogene-
ity in ISDR than control isolates, although not statisti-
cally significant due probably to the small number of
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Table 2. Correlation Between HCC and Sequence
Polymorphic Factors of Core, NS3 and NS5A

No. of Subjects / No. of Total*

HCV Protein Factor HCC Control P-value
Core WiId-che (Arg™®/  22/49 (45%) 59/94 (63%)  0.05
Leu™")
Non-wild-core 27/49 (55%)  35/94 (37%)
GIn™ 21/49 (43%)  13/94 (14%)  0.0002
Non-GIn™® 28/49 (57%)  81/94 (86%)
Leu®? 37/49 (76%)  70/94 (74%) 1.0
Non- Leu®? 12/49 (24%)  24/94 (26%)
NS3 Tyri%2 7 GIn't'2  29/46 (63%)  39/93 (42%)  0.029
Non-(Tyr'%82 / 17/46 (37%)  54/93 (58%)
Gln1212)
NS5A IRRDR>6 24/45 (53%)  15/74 (20%)  0.0003
IRRDR<5 21/45 (47%)  59/74 (80%)
ISDR>3 11/45 (24%)  8/74 (11%) 0.07
ISDR<2 34/45 (16%)  66/74 (89%)
Asn?218 11745 (24%)  3/74 (4%) 0.002
Non-Asn?218 34/45 (76%)  T1/74 (96%)

*Number of subjects with a given factor / total number of HCC or control.
HCC, hepatocellular carcinoma; Arg’®, arginine at position 70 of the core pro-
tein; Leu®?, leucine at position 91 of the core protein; GIn’°, glutamine at posi-
tion 70 of the core protein; Tyr*%®2, tyrosine at position 1082 of NS3; GIn'?*?,
glutamine at position 1212 of NS3; IRRDR, interferon/ribavirin resistance-deter-
mining region; ISDR, interferon sensitivity-determining region; Asn?2'8, aspara-
gine at position 2218 of NS5A-ISDR.

cases examined; 11 (24%) of 45 pre-HCC isolates and
8 (11%) of 74 of control isolates had ISDR with three
or more mutations (” = 0.07). Moreover, Asn at posi-
tion 2218 (Asn**'®) within the ISDR was found in
24% (11/45) of pre-HCC isolates and only in 4% (3/
74) of the control isolates (P = 0.002), suggesting that
Asn®*'® s significantly associated with development of
Cumulative HCC Incidence on the Basis of Core-
Gln”°, NS3-Tyr'%?/GIn"'"?, NS54-IRRDR>6, and
NS5A4-Asn”?*®, Follow-up study revealed that the cu-
mulative HCC incidence in patients infected with
HCV-1b isolates with core protein of GIn”® and those
of non-GIn”°, respectively, was 29% and 5% at the
end of 5 years, 56% and 23% at the end of 10 years,
and 63% and 26% at the end of 15 years (Fig. 1A),
with the differences between the two groups being
statistically significant (P < 0.0001; Log-rank test).
Likewise, the cumulative HCC incidence in patients
infected with HCV-1b isolates with NS3 of Tyr'°®%/
GIn'""? and those of non-(Tyr'%**/GIn''"?), respec-
tively, was 15% and 7% at the end of 5 years, 37%
and 24% at the end of 10 years, and 45% and 24% at
the end of 15 years (P = 0.02) (Fig. 1B). Also, the cu-
mulative HCC incidence in patients infected with
HCV-1b isolates of IRRDR>6 and those of
IRRDR<S5, respectively, was 18% and 10% at the end
of 5 years, 59% and 22% at the end of 10 years, and
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63% and 27% at the end of 15 years (2 = 0.0002)
(Fig. 1C). Similarly, the cumulative HCC incidence in
patients infected with HCV-1b isolates of Asn**'® and
those of non-Asn®*'®, respectively, was 31% and 9%
at the end of 5 years, 77% and 28% at the end of 10
years, and 77% and 33% at the end of 15 years (P =
0.0003) (Fig. 1D).

Identification of Independent Factors Correlated
with HCC Development by Univariate and Multi-
variate Logistic Regression Analyses. In order to
identify significant independent factors associated with
HCC development, all available data of baseline
patients’ parameters and core, NS3, and NS5A poly-
morphic factors were first analyzed by univariate logis-
tic analysis. This analysis yielded eight factors that
were significantly associated with HCC development:
core-Gln”®, NS3-(Tyr'*®*/GIn''"?), NS5A-IRRDR>G,
NS5A-Asn***® increased levels of ALT (>165 IU/L),
AST (>65 IU/L), and AFP (>20 ng/L), and fibrosis
staging score (>3). Subsequently, those eight factors
were entered in multivariate logistic regression analysis.
This analysis identified two viral factors, core-Gln”®
and NS3-(Tyr'%®%/GIn'''?), and a host factor, AFP
levels (>20 ng/L), as independent factors associated
with HCC development (Table 3).

The vast majority of pre-HCC isolates (85%; 39/
46) had core-GIn”® and/or NS3-Tyr'*®%/GlIn''"* and
only 15% (7/46) had non-(Gln”® plus NS3-Tyr!%®%/
GIn''"?). By contrast, about a half of control isolates
(52%; 46/89) had non-(GIn”® plus NS3-Tyr'%%?/
GIn''"?) (Fig. 2A). The difference in the proportion

~ between HCC and control groups was statistically sig-

nificant (P < 0.0001). Furthermore, the cumulative
HCC incidence after 15-year follow-up was highest
(63%) among patients with core-Gln”® plus NS3-
(Tyr1082/G1n1112), whereas it was lowest (11%) among
patients with non-(GIn”® plus NS3-Tyr'%*%/Gln'''?)
(Fig. 2B), with the difference being statistically signifi-
cant (P < 0.0001; Log-rank test).

Evolution of the Sequences of the Core, NS3, and
NS5A Proteins During the Follow-up Period from
Chronic Hepatitis to HCC Development. Finally, we
investigated sequence evolution of the core protein,
NS3 and NS5A (IRRDR and ISDR) during the fol-
low-up period from chronic hepatitis to HCC devel-
opment by comparing the sequences between pre- and
post-HCC isolates. The residue at position 70 of the
core protein was conserved in 91% (41/45) of
sequence pairs analyzed. The substitutions observed at
this position were from Arg’® and His’® each to Gln”°
in two cases and from GIn”® to Arg’® in the other two
cases. The residues at positions 1082 and 1112 of
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Fig. 1. Cumulatlve HCC incidence on the basis of HCV-1b sequence patterns.-(A) Position 70 of the core protein. The numbers of core- -GIn"™
and non-GIn™° analyzed were 34 and 109, respectively. (B) Positions 1082 and 1112 of NS3. The numbers of NS3-(Tyr'°®?/GIn***?) and non-
(Tyr'%82/GIn"**?) analyzed were 68 and 71, respectively. (C) NS5A-IRRDR. The numbers of NS5A-IRRDR>6 and IRRDR<5 analyzed were 39 and
80, respectively. (D) NS5A-Asn?2'8, The numbers of NS5A-Asn?2*8:and non-Asn?2'® analyzed were 14 and 105, respectively.

NS3 were conserved in 95% (41/43) and 100% (43/ between pre- and post-HCC isolates in 66% (25/38)
43), respectively, of the sequence pairs analyzed. of cases analyzed (Fig. 3). IRRDR sequences tended to

IRRDR and ISDR showed a high degree of be more polymorphic at the time of HCC occurrence.
sequence evolution. IRRDR sequences were different Frequency of HCV isolates with IRRDR>6 was

Table 3. Univariate and Multivariate Regression Analyses to Identify Independent Factors Associated with HCC

Univariate Multivariate

Variable 0dds Ratio (95% CI) P-value 0dds Ratio (95% Cl) P-value
Core-GIn"® 0.23 (0.10 - 0.52) 0.0004 6.8 (2.1 - 23.0) 0.001
NS3-Tyrt%82 / Gint2t? 24 (1.1-4.9) 0.029 3.4 (1.1 - 10.0) 0.03
NS5A-IRRDR>6 45 (2.0 - 10.0) 0.0003
NSB5A-Asn?218 7.7 (2.0 - 29.0) 0.002
AFP (>20 ng/L) 12 (5.1 - 30.0) 0.0001 19.5 (4.7 - 80.0) 0.0001
ALT (>165 1U/L) 4.0 (1.8 - 8.6) 0.0006
AST (>65 1U/L) 3.9 (1.5 - 10.0) 0.003
Fibrosis staging score (>3) 24 (1.1 - 4.9) 0.02

GIn™, glutamine at position 70 of the core protein; Tyr'°®2, tyrosine at position 1082 of NS3; GIn2'?, glutamine at position 1212 of NS3; IRRDR, interferon/rib-

avirin resistance-determining region; Asn?'8, asparagine at position 2218 of NS5A-ISDR, ALT, alanine aminotransferase; AST, aspartate transaminase; AFP; o-feto-
protein; IFN; interferon.
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Fig. 2. (A) Proportions of HCV-1b isolates of the HCC high-risk
group (core-GIn™® and/or NS3-[Tyr'°®%/GIn**'?]) and the low-risk
group (non-GIn™ and non-[Tyr*®®2/GIn'*2]) among HCC and control
groups. (B) Cumulative HCC incidence on the basis of different com-
bined sequence patterns of position 70 of the core protein and posi-
tions 1082 and 1112 of NS3. Core-GIn™ and NS3- (ryr1°82/eln“12),
n = 18; core-GIn’® and non- (Tyr1°82/Gln“12),kn = 16; non-GIn™®

and NS3-(yri%2/GInt112), n = 48 non- Gln7°/non (TyrlOSQ/Glnlm),'

n = 53.

significantly higher in post-HCC isolates than in pre-
HCC isolates; IRRDR>6 was found in 47% (18/38)
of post-HCC isolates compared to 24% (9/38) of pre-
HCC isolates (P = 0.03). On the other hand,
ISDR>3 was found in 21% (8/38) of post-HCC iso-
lates compared to 11% (4/38) of pre-HCC isolates,
with the difference between the two groups being not
statistically significant (P = 0.3).

Discussion

HCC is one of the common long-term complica-
tions of HCV infection. However, whether HCV itself
plays a direct role in the development of HCC and
whether all HCV isolates are equally associated with
HCC development remain to be determined. HCV
core, NS3, and NS5A proteins have been reported to
affect a wide variety of potentially oncogenic pathways
in cell culture and experimental animal systems.” In
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the present study, we demonstrated that HCV isolates
with core-GIn”®, NS3-Tyr'%%/GIn''"* or NS5A-
IRRDR>6 were closely associated with HCC develop-
ment. In addition, a follow-up study revealed that
sequence patterns at position 70 of the core protein
and positions 1082 and 1112 of NS3 did not signifi-
cantly alter during the progression from chronic hepa-
titis to HCC while NS5A-IRRDR showed a signifi-
cantly higher degree of sequence heterogeneity in post-
HCC than in pre-HCC isolates.

Correlation between polymorphisms at positions 70
and 91 of HCV-1b core protein and IFN-based treat-
ment outcome was extensively studied, especially in a
Japanese population.'”?° Interestingly, the same muta-
tions were also associated with progression to HCC in
the Japanese population with HCV-1b infection.'?
Results obtained in the present study confirmed and
emphasized the significant association between the
mutation at position 70 (core-Gln”®), but not at posi-
tion 91, and HCC development (Tables 2, 3; Fig.
1A). Despite the clinical evidence that strongly sup-
ports the correlation between core-Gln’® and HCC
development, the molecular mechanism underlying
this correlation is still obscure. Delhem et al.>® found
that tumor-derived HCV core proteins, but not nontu-
mor-derived ones, interact with and activate double-
stranded RNA-dependent protein kinase (protein ki-
nase R or PKR), which might modulate viral persist-
ence and carcinogenesis. Gln”® was found in two of
the three tumor-derived sequences, whereas Arg’® was
found in two of the three nontumor-derived ones.

As for the NS3 protem of HCV, the possible link
between an N-terminal portion of NS3 encoding viral
serine protease (aa 1027 to 1146) and hepatocarcino-
genesis was reported.zh22 However, information about
the relationship between NS3 sequence diversity and
HCC development is still limited. We previously
reported a significant correlation between predicted
secondary structure of an N terminal portion of NS3
and HCC development.>* In the present study, we
demonstrated that HCV patients infected with HCV
isolates with NS3-(Tyr'%%*/GIn'''?) were at a higher
risk to develop HCC than those infected with HCV
isolates with non—Tyrwgz/Gln1112 (Tables 2, 3; Fig.
2B). Computer-assisted secondary structure analysis of
NS3 revealed that Tyr'*®? was associated with the pres-
ence of a turn structure at around position 1083 while
Phe'®? was associated with the absence of the turn
structure.>* Notably, the catalytic triad of NS3 serine
protease consists of His'%, Asp''”’, and Ser''®3”
Since positions 1082 and 1112 are in close vicinity of
the catalytic triad, sequences diversity at these positions
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Fig. 3. Pairwise comparison of IRRDR sequences of HCV-1b during the follow-up period between chronic hepatitis and HCC development.
Sequence pairs that differ between pre- (numbered with -1) and post-HCC isolates (numbered with -2) are shown. The consensus sequence
(Cons.) is shown at the top. The numbers along the sequence indicate the aa positions. Dots indicate residues identical to those of the Cons.

sequence. The numbers of IRRDR mutations are shown on the right.

might influence the serine protease actmty and also
pathogenicity of HCV. Large—scale, multicenter clinical

studies as well as more detailed experimental studies at
the molecular and cellular levels are needed to clarify
the importance of sequence diversity at positions 1082
and 1112 of NS3 in  HCV-mediated
hepatocarcinogenesis.

HCV heterogeneity in NS5A-ISDR and NS5A-
IRRDR are correlated with  IFN-responsive-
ness.!””182>%6 As IFN-based therapy reduces the risk
of HCC development,®*®%° we were interested to
investigate whether there is a correlation between
sequence heterogeneity in NS5A and development of
HCC. Our present results revealed that a high degree
of sequence heterogeneity in IRRDR (IRRDR>6) was
closely associated with HCC development (Table 2).
We previously reported that IRRDR>6 was signifi-
cantly associated with good responses to PEG-IFN/
RBV combination therapy.?*?” These results collec-
tively suggest that oncogenic properties and PEG-IFN/
RBV responsiveness are independent viral characteris-

tics and that PEG IFN/RBV therapy helps eliminate
oncogenic HCV isolates, thus reducing the risk of
HCC development.

Position 2218 of NS5A, located within ISDR,
appears to tolerate a wide range of aa substitutions as
observed in different HCV-1b isolates.”>*®* Interest-
ingly, Asn at position 2218 (Asn**'®) was detected sig-
nificantly more frequently in pre-HCC isolates than in
the control isolates. Further studies are needed to
determine the possible importance of this residue in
hepatocarcinogenesis.

Another focus of attention is how the sequences of
the core protein, NS3, and NS5A-IRRDR evolve dur-
ing the interval between chronic hepatitis and HCC
development. One of the significant advantages of the
present study was that we could conduct a longitudinal
investigation by analyzing the target sequences of pre-
and post-HCC isolates. We found that core-Gln”® and
NSB-(Tyrlosz/Gln“lz) were well conserved in each
paired sample. This indicates that core-Gln”® and
NS3-(Tyr'%®?/GIn''*?) were already present before the
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development of HCC. Non-Gln”® of the core pro-
tein and non-Tyr'°®? and non-Gln'''? of NS3 were
also well conserved in each paired sample. These
results imply the possibility that these sequence pat-
terns were not a result of HCC but, rather, they
were a possible causative factor for the development
of HCC. We hypothesize, therefore, that HCV iso-
lates with core-Gln’® and/or NS3—(Tyr1082/Gln“12)
are highly oncogenic, whereas those with non-(Gln”®
plus NS3-Tyr'*®?/GIn'''?) are less oncogenic. It is
not clear yet as to whether these oncogenic muta-
tions were present from the very beginning of HCV
infection or if they emerged at a certain timepoint
(before the initiation of follow-up) during the long-
term persistence through an adaptive viral evolution
in the host. More comprehensive follow-up study is
needed to address this issue. In any case, the core-
Gln”® and NS3-(Tyr'%%/GIn''"?) would be consid-
ered an index for prediction of HCC development.
On the other hand, IRRDR in NS5A is more toler-
ant for sequence evolution. IRRDR in post-HCC
isolates showed a significantly higher degree of
sequence heterogeneity compared with that in pre-
HCC isolates. This observation suggests that IRRDR
is under strong selective pressure during the course
of HCV infection and that the high degree of
IRRDR heterogeneity (IRRDR>6) in HCV isolates
from patients with HCC may not be a causative fac-
tor for development of HCC.

In conclusion, the present results suggest the possi-
bility that patients infected with HCV isolates with
core-Gln”® and/or NS34(Tyr1082/GIﬁ,1112) are at a
higher risk to develop HCC compared to those with
non-(Gln”® plus NS3-Tyr'%*%/GIn"'1%).

References

1. Lauer GM, Walker BD. Hepatitis C virus infection. N Engl J Med
2001;345:41-52.

2. Niederau C, Lange S, Heintges T, Erhardt A, Buschkamp M, Hurter
D, et al. Prognosis of chronic hepatitis C: results of a large, prospective
cohort study. HepaTOLOGY 1998;28:1687-1695.

3. lkeda K, Saitoh S, Suzuki Y, Kobayashi M, Tsubota A, Koida I, et al.
Disease progression and hepatocellular carcinogenesis in patients with
chronic viral hepatitis: a prospective observation of 2215 patients.
J Hepatol 1998;28:930-938.

4. Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M, et al.
Interferon therapy reduces the risk for hepatocellular carcinoma:
national surveillance program of cirrhotic and noncirrhotic patients
with chronic hepatitis C in Japan. IHIT Study Group. Inhibition of
hepatocarcinogenesis by interferon therapy. Ann Intern Med 1999;131:
174-181.

5. Lok AS, Seeff LB, Morgan TR, di Bisceglie AM, Sterling RK, Curto
TM, et al. Incidence of hepatocellular carcinoma and associated risk
factors in hepatitis C-related advanced liver disease. Gastroenterology
2009;136:138-148.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Stage: Page: 8

HEPATOLOGY, Month 2012

. Miki D, Ochi H, Hayes CN, Abe H, Yoshima T, Aikata H, et al. Vari-

ation in the DEPDCS locus is associated with progression to hepatocel-
lular carcinoma in chronic hepatitis C virus carriers. Nat Genet 2011;
43:797-800.

. Banerjee A, Ray RB, Ray R. Oncogenic potential of hepatitis C virus

proteins. Viruses 2010;2:2108-2133.

. Marusawa H, Hijikata M, Chiba T, Shimotohno K. Hepatitis C virus

core protein inhibits Fas- and tumor necrosis factor alpha-mediated
apoptosis via NF-kB activation. ] Virol 1999;73:4713-4720.

. Ray RB, Meyer K, Ray R. Suppression of apoptotic cell death by hepa-

titis C virus core protein. Virology 1996;226:176-182.

Chang J, Yang SH, Cho YG, Hwang SB, Hahn YS, Sung YC. Hepati-
tis C virus core from two different genotypes has an oncogenic poten-
tal but is not sufficient for transforming primary rat embryo
fibroblasts in cooperation with the H-7zs oncogene. ] Virol 1998;72:
3060-3065.

Ray RB, Lagging LM, Meyer K, Ray R. Hepatitis C virus core protein
cooperates with ras and transforms primary rat embryo fibroblasts to
tumorigenic phenotype. J Virol 1996;70:4438-4443.

Moriya K, Fujie H, Shintani Y, Yotsuyanagi H, Tsutsumi T, Ishibashi
K, et al. The core protein of hepatitis C virus induces hepatocellular
carcinoma in transgenic mice. Nat Med 1998;4:1065-1067.

Akuta N, Suzuki E Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y, et al.
Amino acid substitutions in the hepatitis C virus core region are the
important predictor of hepatocarcinogenesis. HepaToLoGY 2007;46:
1357-1364.

Akuta N, Suzuki E Hirakawa M, Kawamura Y, Sezaki H, Suzuki Y,
et al. Amino acid substitutions in hepatitis C virus core region predict
hepatocarcinogenesis following eradication of HCV RNA by antiviral
therapy. ] Med Virol 2011;83:1016-1022.

Akuta N, Suzuki F, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y, et al.
Substitution of amino acid 70 in the hepatitis C virus core region of
genotype 1b is an important predictor of elevated alpha-fetoprotein in
patients without hepatocellular carcinoma. J Med Virol 2008;80:
1354-1362.

Kobayashi M, Akuta N, Suzuki E Hosaka T, Sezaki H, Kobayashi M,
et al. Influence of amino-acid polymorphism in the core protein on
progression of liver disease in patients infected with hepatitis C virus
genotype 1b. ] Med Virol 2010;82:41-48.

El-Shamy A, Shoji 1, Saito. T, Watanabe H, Ide YH, Deng L, et al.
Sequence heterogeneity of NS5A and core proteins of hepatitis C virus
and virological responses to pegylated-interferon/ribavirin combination
therapy. Microbiol Immunol 2011;55:418-426.

El-Shamy A, Kim SR, Ide YH, Sasase N, Imoto S, Deng L, et al. Poly-
morphisms of hepatitis C virus non-structural protein 5A and core pro-
tein and clinical outcome of pegylated-interferon/ribavirin combination
therapy. Intervirology 2012;55:1-11.

Akuta N, Suzuki F, Sezaki H, Suzuki Y, Hosaka T, Someya T, et al.
Association of amino acid substitution pattern in core protein of hepa-
titis C virus genotype 1b high viral load and non-virological response
to interferon-ribavirin combination therapy. Intervirology 2005;48:
372-380.

Akuta N, Suzuki E, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y, et al.
Predictive factors of early and sustained responses to peginterferon plus
ribavirin combination therapy in Japanese patients infected with hepati-
tis C virus genotype 1b: amino acid substitutions in the core region
and low-density lipoprotein cholesterol levels. J Hepatol 2007;46:
403-410.

Sakamuro D, Furukawa T, Takegami T. Hepatitis C virus nonstructural
protein NS3 transforms NIH 3T3 cells. J Virol 1995;69:3893-3896.
Zemel R, Gerechet S, Greif H, Bachmatove L, Birk Y, Golan-Gold-
hirsh A, et al. Cell transformation induced by hepatitis C virus NS3
serine protease. ] Viral Hepat 2001;8:96-102.

Fujita T, Ishido S, Muramatsu S, Itoh M, Hotta H. Suppression of ac-
tinomycin D-induced apoptosis by the NS3 protein of hepatitis C vi-
rus. Biochem Biophys Res Commun 1996;229:825-831.

ID: nagarajulum | Black Lining: [ON] | Time: 02:54 | PatiyM:/3b2/HEP#/V0l00000/120697/APPFile/JW-HEP#120697



J_ID: ZHE Customer A_ID: 12-1705.R1 Customer Art: ZHE26205 Date: 29-December-12

HEPATOLOGY, Vol. 000, No. 000, 2012

24.

25.

26.

27.

28.

29.

30.

31.

32.

Macdonald A, Harris M. Hepatitis C virus NS5A: tales of a promiscu-
ous protein. ] Gen Virol 2004;85:2485-2502.

Enomoto N, Sakuma I, Asahina Y, Kurosaki M, Murakami T, Yama-
moto C, et al. Mutations in the nonstructural protein 5A gene and
response to interferon in patients with chronic hepatitis C virus 1b
infection. N Engl ] Med 1996;334:77-81.

El-Shamy A, Nagano-Fujii M, Sasase N, Imoto S, Kim SR, Hotta H.
Sequence variation in hepatitis C virus nonstructural protein 5A pre-
dicts clinical outcome of pegylated interferon/ribavirin combination
therapy. HEPATOLOGY 2008;48:38-47.

Kim SR, El-Shamy A, Imoto S, Kim KI, Ide YH, Deng L, et al. Pre-
diction of response to pegylated interferon/ribavirin combination ther-
apy for chronic hepatitis C genotype 1b and high viral load. ]
Gastroenterol 2012;47:1143-1151.

Ikeda K, Saitoh S, Arase Y, Chayama K, Suzuki Y, Kobayashi M, et al.
Effect of interferon therapy on hepatocellular carcinogenesis in patients
with chronic hepatitis type C: A long-term observation study of 1,643
patients using statistical bias correction with proportional hazard analy-
sis. HepATOLOGY 1999;29:1124-1130.

Okanoue T, Iroh Y, Minami M, Sakamoto S, Yasui K, Sakamoto M,
et al. Interferon therapy lowers the rate of progression to hepatocellular
carcinoma in chronic hepatitis C but not significantly in an advanced
stage: a retrospective study in 1148 patients. Viral Hepatitis Therapy
Study Group. ] Hepatol 1999;30:653-659.

Benvegnu L, Chemello L, Noventa E Fattovich G, Pontisso B, Alberti
A. Retrospective analysis of the effect of interferon therapy on the clini-
cal outcome of patients with viral cirrhosis. Cancer 1998;83:901-909.
Okamoto H, Sugiyama Y, Okada S, Kurai K, Akahane Y, Sugai Y,
et al. Typing hepatitis C virus by polymerase chain reaction with type-
specific primers: application to clinical surveys and tracing infectious
sources. ] Gen Virol 1992;73:673-679.

El-Shamy A, Sasayama M, Nagano-Fujii M, Sasase N, Imoto S, Kim
SR, et al. Prediction of efficient virological response to pegylated inter-
feron/ribavirin combination therapy by NS5A sequences of hepatitis C

33.

34.

35.

36.

37.

38.

39.

Stage: Page: 9

EL-SHAMY ETAL. 9

virus and anti-NS5A antibodies in pre-treatment sera. Microbiol
Immunol 2007;51:471-482.

Ogata S, Nagano-Fujii M, Ku Y, Yoon S, Hotra H. Comparative
sequence analysis of the core protein and its frameshift product, the F
protein, of hepatitis C virus subtype 1b strains obtained from patients
with and without hepatocellular carcinoma. J Clin Microbiol 2002;40:
3625-3630.

Ogata S, Florese RH, Nagano-Fujii M, Hidajat R, Deng L, Ku Y,
et al. Identification of hepatitis C virus (HCV) subtype 1b strains that
are highly, or only weakly, associated with hepatocellular carcinoma on
the basis of the secondary structure of an amino-terminal portion of
the HCV NS3 protein. ] Clin Microbiol 2003;41:2835-2841.

Kato N, Hijikata M, Ootsuyama Y, Nakagawa M, Ohkoshi S, Sugi-
mura T, et al. Molecular cloning of the human hepatitis C virus ge-
nome from Japanese patients with non-A, non-B hepatitis. Proc Natl
Acad Sci U S A 1990;87:9524-9528.

Delhem N, Sabile A, Gajardo R, Podevin B Abadie A, Blaton MA,
et al. Activation of the interferon-inducible protein kinase PKR by he-
patocellular carcinoma derived-hepatitis C virus core protein. Oncogene
2001;20:5836-5845.

Love RA, Parge HE, Wickersham JA, Hostomsky Z, Habuka N, Moo-
maw EW, et al. The crystal structure of hepatitis C virus NS3 protein-
ase reveals a trypsin-like fold and a structural zinc binding site. Cell
1996;87:331-342.

Saiz JC, Lopez-Labrador FX, Ampurdanes S, Dopazo J, Forns X, San-
chez-Tapias JM, et al. The prognostic relevance of the nonstructural SA
gene interferon sensitivity determining region is different in infections
with genotype 1b and 3a isolates of hepatitis C virus. ] Infect Dis
1998;177:839-847.

Sarrazin C, Berg T, Lee JH, Teuber G, Dietrich CE Roth WK, et al.
Improved correlation between multiple mutations within the NS5A
region and virological response in European patients chronically
infected with hepatitis C virus type 1b undergoing combination ther-
apy. ] Hepatol 1999;30:1004-1013.

ID: nagarajulum | Black Lining: [ON] | Time: 02:54 | Pgtbfzéfgzl_?:bZIHEP#Nol00000I120697IAPPFileIJW-HEP#120697



Hepalology (Eseane

SH c

Hepatology Research 2013

Original Article

doi: 10.1111/hepr.12053

Detection of highly prevalent hepatitis B virus co-infection

with HIV in Indonesia

Takako Utsumi,’? Yoshihiko Yano,? Maria I. Lusida,’ Nasronudin,' Mochamad Amin,’
Juniastuti,’ Soetjipto,’ Hak Hotta? and Yoshitake Hayashi?

‘Indonesia-Japan Collaborative Research Center for Emerging and Re-emerging Infectious Diseases, Institute of
Tropical Disease, Airlangga University, Surabaya, Indonesia; and *Center for Infectious Diseases, Kobe University

Graduate School of Medicine, Kobe, Japan

Aim: The prevalence of hepatitis B virus (HBV) co-infection
with HIV is increasing worldwide because of shared transmis-
sion routes. This study aimed to assess the prevalence of HBV
and HIV co-infection in Indonesia, and its molecular and clini-
cal characteristics.

Methods: A total of 118 serum samples from HiV-infected
patients (age 33.3 £ 8.9 years, 99 male, 19 female) collected in
2009 were serologically examined. HBV DNA was assessed by
polymerase chain reaction (PCR) analysis targeting the S
region.

Results: Overall, 15.3% (18/118) of the patients were hepati-
tis B surface antigen (HBsAg) positive, whereas 27.1% (32/118)

were HBsAg negative but HBV DNA positive, and were con-
sidered to have occult HBV infection. HBsAg antibodies
and/or HBV core antibodies were detected in 45.6% (31/68) of
HBV DNA negative patients.

Conclusion: HBV co-infection, including occult HBV infec-
tion, was common in Indonesian HIV patients. Hepatic
damage by the interaction of host immunity and HBV is still a
remaining issue in these immunosuppressive patients, and
further study will be needed.

Key words: co-infection, hepatitis B virus, HIV, Indonesia

INTRODUCTION

HERE ARE AN estimated 400 million people world-

wide with chronic hepatitis B virus (HBV) infection
and an estimated 40 million people are infected with
HIV. Co-infection with HBV and HIV is common
because of shared blood-borne transmission routes, par-
ticularly injection drug use (IDU), with estimates for the
prevalence of co-infection ranging 4-23%.'-® In areas of
highly endemic HBV infection, co-infection with HBV
was reported in 50% of HIV patients.*

In this setting, the mortality rate was higher in
patients with HBV and HIV co-infection than for HIV or
HBV infection alone.’ Since the introduction of highly
active antiretroviral therapy (HAART) in many coun-
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tries, including Indonesia, the mortality rate attributed
to AIDS has declined. Liver disease, however, has
emerged as a significant cause of morbidity and mortal-
ity among HIV-infected individuals®~® because HIV pro-
motes HBV replication and the progression of hepatic
damage.’® These changes cause prolonged elevations
in alanine aminotransferase (ALT) levels,'' shorten the
time to the onset of cirrhosis'? and increase the risk of
developing hepatocellular carcinoma. The risk of death
attributable to liver diseases in patients with HBV and
HIV co-infection is 14-times higher than that of patients
infected with either virus alone.!*!* The prevalence of
HBV-related liver diseases is expected to increase in
HIV-infected patients because HAART has now been
introduced in HBV endemic areas and the incidence of
AIDS-related death is decreasing.

Occult HBV infection is defined as the presence of
HBV DNA in serum and/or liver tissue of individuals
with HBV core antibodies (anti-HBc) without hepatitis
B surface antigen (HBsAg)."* The prevalence of occult
HBV infection varies greatly in HIV-infected patients
and its clinical significance is unclear.’® Occult HBV
infection is possibly caused by changes in antigenicity,
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but it may also occur following suppression of viral
replication, gene expression and virus secretion.'

Indonesia is experiencing one of the fastest increases
in the incidence of HIV in Asia,'” with a concentrated
HIV epidemic in populations characterized by high-risk
behaviors. In HBV endemic countries, such as Indonesia
(5-20%), transmission mostly occurs perinatally or in
early childhood. Therefore, HBV infection usually pre-
cedes HIV infection by several decades.? The main
route of HIV transmission is IDU, followed by sexual
contact.’’"" The aims in this study were to assess the
prevalence of HBV, including occult HBV infection, in
HIV-infected patients in Surabaya, Indonesia, and deter-
mine its molecular and clinical characteristics, to under-
stand the interaction between these two chronic viral
infections.

METHODS

Study population

ERUM SAMPLES WERE collected from 118 HIV-

infected individuals (mean age, 33.3 £+ 8.9 years; 99
male, 19 female) with unknown HBsAg status who rou-
tinely visited a private clinic in Surabaya, the second
biggest city in Indonesia, in 2009. Most of the patients
were male (83.9%). The main routes of HIV transmis-
sion were IDU (63.8%; 74/118), sexual contact (35.6%;
42/118) and unknown exposure (1.7%; 2/118). Ninety-
four percent of patients (109/118) were on HAART
with activity against AIDS (lamivudine, zidovudine,
and nevirapine or efavirenz). The study protocol was
reviewed and approved by the Ethics Committees of
Kobe University in Japan and Airlangga University
in Indonesia. Informed consent was obtained from all
patients. Demographic, clinical and laboratory data
were also retrieved from the patient database main-
tained at the clinic.

Serological assays

Serological tests for HBV markers were performed on all
118 serum samples from HIV-infected patients. Com-
mercially available kits were used to assess HBsAg
by reverse passive hemagglutination (Mycell II HBsAg;
Institute of Immunology, Tokyo, Japan), HBsAg anti-
bodies (anti-HBs) and anti-HBc by passive hemaggluti-
nation (Mycell II anti-HBs and Mycell anti-tHBc;
Institute of Immunology). An enzyme immunoassay
(EIA) (Espline HBsAg; Fuji Rebio, Tokyo, Japan) and an
enzyme-linked immunosorbent assay (ELISA) (Surase
B-96; General Biologicals, Hsin Chu, Taiwan) were used

© 2012 The Japan Society of Hepatology
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to confirm HBsAg positivity in samples positive for HBV
DNA on polymerase chain reaction (PCR).

HBV amplification and sequencing

After assaying HBV serological status, DNA was
extracted from 200 pL of serum that had been stored at
~80°C using a DNA extractor kit (QIAamp DNA Blood
Mini Kit; QIAGEN, Tokyo, Japan) from all 118 HIV-
infected individuals. The presence of HBV DNA was
assayed by PCR with primer pairs for the precore/core
(nt. 1611-2072) and S (nt. 18-557 and/or 414-989)
regions. PCR amplification was performed as previously
described.*® The amplified fragments were directly
sequenced using a Big Dye Deoxy Terminator cycle
sequencing kit with an ABI PRISM 310 genetic analyzer
(Applied Biosystems, Foster City, CA, USA).

Phylogenetic analysis

The HBV genotypes/subgenotypes were determined
using the phylogenetic tree of 13 strains in the S (nt.
84-465) region. If the genotypes/subgenotypes could
not be determined using these methods, the amplified
fragments (nt. 406-646) of the small S region detected
by real-time PCR were genotyped. Reference sequences
were retrieved from the DNA Data Bank of Japan/
European Molecular Biology Laboratory/GenBank data-
base. Alignments were performed using CLUSTAL X
software, and phylogenetic trees were constructed by the
neighbor-joining method. To confirm the reliability of
phylogenetic tree analysis, bootstrap resampling and
reconstruction were carried out 1000 times. These analy-
ses were carried out using Molecular Evolutionary
Genetics Analysis (MEGA) software (available at www.
megasoftware.net).

Detection of HBV mutations and
measurement of the HBV viral load

Hepatitis B virus nucleotide sequences encoding the a
determinant region of HBsAg were translated to amino
acid sequences (124-147) and aligned with reference
sequences. Lamivudine-resistance mutations, within
the amino acid sequence 125-213 of HBV polymerase,
were assessed as previously described.?! Viral load was
assessed by real-time PCR using an ABI 7500 real-time
PCR system (Applied Biosystems). HBV DNA was
amplified with a primer and probe set, as described
previously.?

Statistical analysis

Statistical analysis was performed using the y’-test or
Fisher's exact test for categorical variables. The indepen-
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dent Student’s t-test was used for continuous variables.
Values of P < 0.05 were considered to be significant.

RESULTS

HBsAg seroprevalence in HiV-infected
individuals

MONG 118 HIV infected patients, 15 samples were

HBsAg positive by all three assays. Three HBV DNA
positive samples were HBsAg positive on the EIA and/or
ELISA alone. Overall, 18 patients (15.3%) were consid-
ered to be positive for HBsAg.

Prevalence of HBV DNA

Hepatitis B virus DNA was detected in 50 out of 118
HIV-infected patients (42.4%). Of these, 32 patients
(64% [27.1% of all patients]) were HBsAg negative,
indicating occult HBV infection. Meanwhile, seven
patients with occult HBV infection were serologically
positive for the anti-HBc antibody,” 12 patients were
negative for all serological markers, and three patients
were positive for anti-HBc and anti-HBs (data not

HBV and HIV co-infection in Indonesia 3

shown). HBV DNA was detected in all HBsAg positive
subjects, and the mean HBV viral load was 6.1 £ 1.6 log
copies/mL.

Characteristics of patients with HBV and HIV
co-infection according to HBsAg status

The virological, serological and clinical characteristics
of patients positive for HBsAg and patients with
occult HBV infection and HIV co-infection are shown
in Table 1. High HBV viral loads (25 log copies/mL,
P=0.0002) and high aspartate aminotransferase (AST)
levels (240 IU/L, P = 0.047) were significantly more fre-
quent in HBsAg positive carriers than those in occult
HBV infected patients.

Serological status and clinical
characteristics of HBV DNA
negative patients

The serological status and clinical characteristics of HBV
DNA negative patients are summarized in Table 2. AST
levels were 40 IU/L or more in 15 out of 31 patients
(48.4%) positive for anti-HBs and/or anti-HBc but nega-
tive for HBV DNA. The prevalence of AST of 40 IU/L or

Table 1 Characteristics of patients with HBV and HIV co-infection according to HBsAg status

Characteristic HBsAg positive Occult HBV-infected All patients
patients (n=18) patients (n=32) (n=50)
Males, 7 (%) 17 (94.4) 28 (87.5) 45 (90.0)
Age, years (mean + SD) 30.9+7.7 33.2%+83 33.3+8.9
CD4 count <200 cells/mm?, n (%) 11 (61.1) 25 (78.1) 36 (72.0)
CD4 cell count, cells/mm?® (mean + SD) 160.9+£116.9 141.1+151.0 148.3+138.7
HBV viral load =5 log copies/mL, 11 (%) 12 (66.7)* 4 (12.5)* 16 (32.0)
AST 240 TU/L, n (%) 12 (66.7)** 12 (37.5)** 24 (48.0)
AST level (mean £ SD) 74.3+102.4 38.44£24.9 51.4+65.8
ALT 240 IU/L, n (%) 12 (66.7) 14 (43.8) 26 (52.0)
ALT, IU/L (mean * SD) 70.4+71.9 4174328 52.0+51.7

HBV subgenotypes, n 13 29 42

HBV/B3, 1 (%) 11 (84.6) 28 (96.6) 39 (92.9)

HBV/C1, n (%) 2(15.4) 1(3.4) 3(7.1)

Transmission route, n (%)
IDU 13 (72.2) 22 (66.8) 35 (70.0)
Sexual contact 5(27.8) 10 (31.3) 15 (30.0)
Anti-HBs antibody, n (%) 1(5.6) 12 (37.5) 13 (26.0)
Mutation in the a determinant region, n 17 31 48
T123A, n (%) 0 2 (6.5) 2(4.2)
Q129H, n (%) 2(11.8) 0 2(4.2)
M133L, 1 (%) 6 (35.3) 19 (61.3) 25 (52.1)

*P=0.0002, **P=0.047. ALT, alanine aminotransferase; anti-HBc, HBV core antibodies; anti-HBs, hepatitis B surface antigen
antibodies; AST, aspartate aminotransferase; HBV, hepatitis B virus; IDU, injection drug use; SD, standard deviation.
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Table 2 Serological and clinical characteristics of HBV DNA negative patients (n = 68)

Anti-HBs positive

Anti-HBc positive Anti-HBs and/or anti-HBc

patients patients positive patients

Number (%) 18 (26.5) 17 (25.0) 31 (45.6)
Males, 7 (%) 14 (77.8) 15 (88.2) 26 (83.9)

Age, years (mean * SD) 33.2+6.8 36.3+10.3 35.1+£8.7
CD4 cell count <200 cells/mm?, n (%) 13 (72.2) 13 (76.5) 24 (77.4)

CD4 cell count, cells/mm?® (mean * SD) 129.1+151.6 131.1+154.8 115.3+£137.7
AST 240 IU/L, 1 (%) 5(7.4) 8 (11.9) 15 (48.4)

AST, IU/L (mean + SD) 42.7+35.4 49.4+273 47.4%33.1
ALT 240 IU/L, 1 (%) 7 (10.3) 10 (14.7) 18 (26.5)

ALT, TU/L (mean * SD) 48.9+31.0 58.7+38.3 53.6£35.9

ALT, alanine aminotransferase; anti-HBc, HBV core antibodies; anti-HBs, hepatitis B surface antigen antibodies; AST, aspartate

aminotransferase; HBV, hepatitis B virus; SD, standard deviation.

more was not significantly different between HBV DNA
negative and HBV DNA positive patients. Previous HBV
infection was recorded in 45.6% (31/68) of HBV DNA
negative patients.

CD4 cell count

The mean CD4 cell count was 148.7 £ 149.9 cells/mm?
in all 118 HIV-infected patients, 161.0 £ 116.9 in HBsAg
positive patients and 141.1 +£151.0 in patients with
occult HBV infection and HIV co-infection. The CD4 cell
count was less than 200 cells/mm?® in 83 out of 118
HIV-infected patients (70.3%). Among HBV DNA posi-
tive patients, 36 out of 50 (72.0%) had a CD4 cell count
of less than 200 cells/mm?®. The prevalence of ALT of
40 IU/L or more was much higher in patients with a
CD4 cell count of less than 200 cells/mm?®. Among
HBsAg positive patients, the mean AST and ALT levels
tended to be higher in those with a CD4 cell count of
less than 200 cells/mm?® compared with those with a cell
count of 200 cells/mm? or more, although this was not
statistically significant (see Table S1 in the supplemental
material).

Identification of HBV genotypes

Consensus nucleotide sequences were generated and
aligned with reference sequences. Based on the pre-S2-§
region (nt. 84-465), HBV subgenotypes B3 (HBV/B3)
(n=7) and HBV/C1 (n=2) were identified in HBsAg
positive patients, while HBV/B3 (n=3) and HBV/C1
(n = 1) were identified in patients with occult HBV infec-
tion (Fig. 1). In the S region (nt. 406-646), HBV/B3
(n=4) was identified in HBsAg positive patients and
HBV/B3 (n =25) was identified in patients with occult
HBV infection. Similar to Indonesian patients with HBV

© 2012 The Japan Society of Hepatology

infection alone, HBV/B3 was the most prevalent sub-
genotype in patients with HIV co-infection regardless of
HBsAg positivity.

Mutational analysis in relation to HBsAg
status and drug resistance

The amino acid substitutions in the a determinant
region (amino acids 124-147) are shown in Figure 2. A
single amino acid substitution (T123A) was found in
two patients with occult HBV infection. G145R and
K12R, common escape mutations, were not detected in
this study. One hundred and nine subjects (92.4%)
were on HAART (lamivudine, zidovudine, and nevirap-
ine or efavirenz) to control HIV. Amino acid mutations
in the polymerase region were detected in two HBsAg
positive patients; one was rtM2041 and the other was
rtL180M plus rtM2041. The patient with tM2041 had
high ALT levels (80 IU/L), while HBV viral loads were
relatively high in both of these patients with mutations
in the polymerase region.

DISCUSSION

NDONESIA IS A country with a moderate to high

prevalence of HBV. It was reported that co-infection
with HBV and HIV was prevalent in countries with
highly endemic HBV infection because of shared routes
of transmission.?* In this study, 15% of the HIV-infected
patients were HBsAg positive, which is extremely high
compared with the prevalence of HBsAg carriers in the
general population in Indonesia. It is also noteworthy
that 42.2% of the HIV-infected patients were considered
to have HBV and HIV co-infection, if we included
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Figure 1 Phylogenetic tree constructed with the neighbor-joining method based on the partial nucleotide sequence of the S region
of 22 hepatitis B virus (HBV) reference strains. Reference isolates are indicated with their accession numbers and the country of
origin is reported for each HBV/B and HBV/C strain. The number inside the tree indicates the bootstrap reliability.

occult HBV infection. Moreover, 68.6% of the HIV-
infected patients in this study had current or previous
HBYV infection.

The clinical significance of occult HBV infection in
HIV-infected patients is still controversial.**?* Therefore,
we evaluated whether occult HBV infection contributes

to liver damage in HIV-infected patients. It was previ-
ously reported that mutations in a determinant region,
such as G145R, may induce HBsAg immune escape.” In
this study, only two patients had an amino acid substi-
tution (T123A) in this region, which suggests that the
escape mutants including G145R and K122R are rarely

© 2012 The Japan Society of Hepatology -
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Figure 2 Surface antigen a determinant amino acid sequence alignment for hepatitis B virus (HBV). The first-line sequence is the
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detected in Indonesian HBV patients and it is probably
because of the presence of different HBV subgenotypes
in Indonesian patients compared with those in other
countries. We also found that the AST level and HBV
viral load were significantly higher in HBsAg positive
patients compared with occult HBV-infected patients,
suggesting that hepatic damage is partly dependent on
HBV viral factors.

In general, the hepatic damage associated with HBV
infection is dependent on viral factors and the host’s
immune response to HBV-infected hepatocytes. In this
study, the AST and the ALT level in HBsAg positive
patients tended to be higher in those with a CD4 cell
count of less than 200 cells/mm? than in patients with a
CD4 cell count of 200 cells/mm?® or more. This also
suggests that hepatic damage is partly derived from host
immunity in the severe immunosuppressive state.?
In addition, the prevalence of occult HBV infection
detected in this study was significantly higher than that
previously found in Indonesian blood donors (8.1%).”
This observation may be due to an advanced stage of
HIV disease (70.3% with a CD4 cell count <200 cells/
mm?® in this study).*

In this study, the mode of transmission was mainly
IDU, unlike in the USA and Europe where HIV is mainly
transmitted by sexual contact followed by IDU.** HBV
genotyping revealed that several strains were of sub-
genotype C1, which originated in southeastern Asian
countries, including the Philippines, Vietnam and Thai-
land. These results suggest that HIV also spread through
the same mode of transmission. Indonesia is facing one
of the most rapidly growing HIV epidemics in Asia,
except for Papua, and this increase is mainly driven by
IDU." The prevalence of HIV in the general population
is still quite low (0.2%), but its prevalence among IDU
exceeds 50%,* increasing the risk of HIV and HBV
co-infection. A significant increase in IDU among young
adults was recently reported in Indonesia, and IDU was
identified as the main cause of the rapid spread of HIV/
AIDS in southeastern Asia.*®

Highly active antiretroviral therapy is used to treat
patients worldwide, and HIV is now well controlled in
many countries. Consequently, viral hepatitis caused
by HBV and liver toxicity caused by HAART are issues
for patients with HBV and HIV co-infection undergo-
ing HAART therapy.** Lamivudine frequently induces
multidrug resistance in the RT domain of the poly-
merase region. M204I and L180M are common amino
acid mutations that cause multidrug resistance. We
found two HBsAg positive patients with high HBV viral
loads and lamivudine resistance, even though lamivu-

HBV and HIV co-infection in Indonesia 7

dine was used for the treatment of HIV. The combina-
tion of tenofovir plus emtricitabine or lamivudine
should therefore be preferred in this setting.** Clearly,
studies are needed to examine HBV DNA status and to
establish individualized treatment plans for patients
with multidrug resistance.

In conclusion, HBV co-infection, including occult
HBV infection, was common in Indonesian HIV positive
patients. Additional studies are needed to understand
how prolonged HIV infection accelerates the course of
chronic HBV. Moreover, clinicians and health workers
should consider the national guidelines for prophylaxis,
screening and treatment.
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