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Article history: Patients with long-lasting hepatitis C virus (HCV) infection are at major risk of hepatocellular carcinoma (HCC).
Received 8 September 2014 Iron accumulation in the livers of these patients is thought to exacerbate conditions of oxidative stress. Transgen-
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ic mice that express the HCV core protein develop HCC after the steatosis stage and produce an excess of hepatic
reactive oxygen species (ROS). The overproduction of ROS in the liver is the net result of HCV core protein-
induced dysfunction of the mitochondrial respiratory chain. This study examined the impact of ferric nitrilacetic
acid (Fe-NTA)-mediated iron overload on mitochondrial damage and ROS production in HCV core protein-
expressing HepG2 (human HCC) cells (Hep39b cells). A decrease in mitochondrial membrane potential and
ROS production were observed following Fe-NTA treatment. After continuous exposure to Fe-NTA for six days,
cell toxicity was observed in Hep39b cells, but not in mock (vector-transfected) HepG2 cells. Moreover,
mitochondrial iron (*°Fe) uptake was increased in the livers of HCV core protein-expressing transgenic mice.
This increase in mitochondrial iron uptake was inhibited by Ru360, a mitochondrial Ca>* uniporter inhibitor.
Furthermore, the Fe-NTA-induced augmentation of mitochondrial dysfunction, ROS production, and cell toxicity
were also inhibited by Ru360 in Hep39b cells. Taken together, these results indicate that Ca** uniporter-
mediated mitochondrial accumulation of iron exacerbates hepatocyte toxicity caused by the HCV core protein.
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Introduction

Hepatitis C virus (HCV) infection is a major cause of chronic liver dis-
ease. About 120-200 million people are infected with HCV, increasing
their risk of developing chronic hepatitis, cirrhosis, and eventually
hepatocellular carcinoma (HCC) (Ikeda et al, 1998; Nishioka et al.,
1991). The HCV genome is approximately 9.6 kb in size and encodes a
polyprotein of ~3000 amino acids. The large HCV polyprotein is cleaved
by host and viral proteases to generate at least ten smaller proteins, in-
cluding four structural proteins (one core protein, two envelope pro-
teins, and the E1, E2, and p7 ion channels) (Bukh et al., 1995) and six

Abbreviations: HCV, hepatitis C virus; HCC, hepatocellular carcinoma; ROS, reactive ox-
ygen species; Fe-NTA, ferric nitrilacetic acid; JC-1, 5,5’,6,6'-tetrachrolo-1,1",3,3'-
tetraethylbenzimidazoly-carbocyanine iodide; CCCP, carbonyl cyanide-m-chlorophenyl
hydrazine; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; HPF,
hydroxyphenyl fluorescein; ANT, adenine nucleotide translocator; HRP, horseradish
peroxidase; DMEM, Dulbecco's Modified Eagle's Medium; CL, chemiluminescence; TTBS,
Tris-buffered saline/0.05% Tween 20; BSA, bovine serum albumin; Hep39b, HCV core
protein-expressing HepG2; Hepswx, vector-transfected HepG2.

* Corresponding author at: Faculty of Pharmaceutical Sciences, Teikyo Heisei University,
4-21-2 Nakano, Nakano-ku, Tokyo 164-8530, Japan. Fax: +81 3 5860 4237.
E-mail address: t.horie@thu.acjp (T. Horie).

http://dx.doi.org/10.1016/j.taap.2014.12.004
0041-008X/© 2014 Elsevier Inc. All rights reserved.

non-structural proteins (NH2-NS2, NS3, NS4A, NS4B, NS5A, and NS5B-
COOH) (Bartenschlager and Lohmann, 2000). These proteins participate
in viral replication and also influence cellular functions of the host.
Oxidative stress is commonly observed following HCV infection and
is caused by increased levels of cellular reactive oxygen species (ROS) or
by changes in cellular antioxidant capacities (Choi and Ou, 2006;
Oberley, 2002; Otani et al,, 2005). In particular, HCV core protein is
known to be closely associated with the mitochondria and causes the
increase in host ROS production, lipid peroxidation (Lau et al., 1998;
Moriya et al., 2001; Okuda et al,, 2002) and mitochondrial Ca® " uptake.
HCV core protein also reduces GSH and NADPH concentrations and mi-
tochondrial complex I activities. These undertakings ultimately disrupt
mitochondrial membrane permeability and trigger mitochondrial dys-
function (Wang et al., 2010; Wang and Weinman, 2006). As mitochon-
drial function is the master regulator of cellular energy and apoptotic
cell death, mitochondrial injury can culminate in metabolic deficits
and steatohepatitis, further exacerbating cell injury and dysfunction.
Due to the relationship between chronic HCV infection and the de-
velopment of HCC, numerous studies have attempted to identify the
HCV proteins that are responsible for hepatocarcinogenesis. These stud-
ies indicate that the HCV core protein can promote the immortalization
of primary human hepatocytes (Ray et al,, 2000), whereas the non-
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structural proteins NS3 and NS4B can transform NIH 3T3 cells, either
individually or in combination with Ha-ras (Park et al.,, 2000). Iron over-
load in the liver, which is associated with the genetic disorder heredi-
tary hemochromatosis, has been thought to increase the risk of HCC
by about 200-fold (Bonkovsky et al,, 1997; Kowdley, 2004). For exam-
ple, the livers of patients afflicted with HCV are characterized by the el-
evated expression of transferrin receptor 1 and hepcidin, both of which
stimulate iron uptake into hepatocytes (Bonkovsky et al., 1997; Hayashi
et al,, 1994). In contrast, iron depletion (in the form of dietary iron re-
striction and/or phlebotomy) can improve hepatic inflammation and
lower serum aminotransferase activity in HCV patients (Hayashi et al.,
1994). Thus, a major precipitating factor for the pathogenesis of HCV-
related liver disease has been attributed to the augmentation of oxida-
tive stress following iron accumulation. However, no underlying cellular
mechanism has yet been elucidated.

This study investigated the effect of iron exposure on mitochondrial
dysfunction, ROS production and cell toxicity in human hepatoma cells
stably expressing the HCV core protein (Hep39b cells). The underlying
mechanism responsible for mitochondrial iron accumulation in
Hep39b cells and in the livers of HCV core protein-expressing transgenic
mice was also examined.

Materials and methods

Chemicals and reagents. Ferric nitrate nonahydrate, nitrilotriacetic
acid (NTA), 5,5',6,6'-tetrachrolo-1,1’,3,3'-tetraethylbenzimidazoly-
carbocyanine iodide (JC-1), carbonyl cyanide-m-chloropheny! hydra-
zine (CCCP) and G418 disulfate were from Sigma Aldrich (St. Louis,
MO). MitoTracker® Red was from Invitrogen (Carlsbad, CA). 3°FeSO,4
was from Perkin-Elmer (Waltham, MA). Ru360 was from Merck
Millipore Japan (Tokyo, Japan). MTT [3-(4,5-dimethylthiazol-2-y1}-2,5-
diphenyltetrazolium bromide] was from Wako Pure Chemical Indus-
tries, Ltd. (Osaka, Japan). Hydroxypheny! fluorescein (HPF) was from
Sekisui Medical Co., Ltd. (Tokyo, Japan). Adenine nucleotide translocator
(ANT) goat polyclonal IgG, CCDC109A goat polyclonal IgG and horserad-
ish peroxidase (HRP)-conjugated anti-goat IgG were from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA). All chemicals and solvents were
of analytical grade.

Preparation of Fe-NTA. The Fe-NTA complex was prepared as described
by Awai et al. (1979). Briefly, ferric nitrate was dissolved in 1 N HCl to
form a 50 mM solution, and NTA was dissolved in 1 N NaOH to form a
150 mM solution. Equal volumes of the two solutions were mixed just
before the experiment, and the pH was adjusted to 7.4 with NaHCOs.

Assessment of cytotoxicity. Cytotoxicity was assessed by the MTT assay.
Briefly, Hep39b and Hepswx cells were seeded into 96 well culture
plates at a density of 8.4 x 102 cells/well and were exposed to various
concentrations of Fe-NTA the following day, the medium was replaced
with fresh medium containing the same component every 24 h. In
some conditions, cells were treated with 20 pM Ru360, a mitochondrial
Ca®* uniporter inhibitor, for 1 h prior to Fe-NTA exposure. After six
days, the cell culture medium was replaced by 50 pl MTT solution
(5 mg/ml MTT in phenol red-free Dulbecco's Modified Eagle's Medium
(DMEM)), and the cells were incubated for 2 h at 37 °C. To dissolve
the reduced MTT crystals, 200 pl isopropanol was added. The absor-
bance of the dye was measured at a wavelength of 570 nm, and the
turbidity of the cells (background absorbance) was measured at a refer-
ence wavelength of 630 nm. The absorbance of the controls (Hepswx
and Hep39b) was set at 100%, and cytotoxicity was calculated as the ab-
sorbance of the experimental sample relative to that of the control.

Assessment of ROS production. ROS production was first assessed by
chemiluminescence (CL) analysis. Briefly, cells were seeded into
35 mm glass-bottomed dishes at a density of 2.5 x 10° cells/dish and ex-
posed to 300 pM Fe-NTA the following day, the medium was replaced

with fresh medium containing the same component every 24 h. In
some cases, cells were treated with Ru360 for 1 h prior to Fe-NTA
treatment. After five days, the cell culture medium was replaced with
phenol red-free DMEM containing Fe-NTA and Ru360, and the dish
was protected from light. The following day, spontaneous CL was mea-
sured using a single photoelectron counting system (CLD-10; Tohoku
Electronic Industrial Co., Ltd., Sendai, Japan), as described previously
(Maeda et al., 2010). Emission was expressed in counts/10 min/mg
protein.

ROS production was also assessed using HPF as a fluorescent probe
for the selective detection of hydroxyl radicals. Briefly, cells were seeded
into 35 mm glass-bottomed dishes, as described for CL analysis. After
7 days, the cell culture medium was replaced with modified Hanks' bal-
anced salt solution (HBSS) containing 10 mM HEPES, 1 mM MgCl,,
2 mM CaCl, and 2.7 mM glucose (pH 7.4). Next, 10 uM HPF and
20 nM MitoTracker® Red (a fluorescent probe for the mitochondria)
were added, and cells were incubated for 15 min at 37 °C. Images of
HPF and MitoTracker® Red staining were obtained using a laser scan-
ning confocal microscope (FV300; Olympus Optical Co., Ltd., Tokyo,
Japan). The wavelengths (excitation/emission) for the detection of
HPF (green) and MitoTracker® Red (red) were 488 nm/515 nm and
579 nm/599 nm, respectively.

Assessment of mitochondrial membrane potential. Measurement of mito-
chondrial membrane potential was performed using the JC-1 stain, a li-
pophilic cation fluorescent dye that accumulates in the mitochondria. At
a low mitochondrial membrane potential, the JC-1 dye exists as a mono-
meric molecule and fluoresces green, whereas at a higher membrane
potential the JC-1 dye forms polymeric aggregates and fluoresces red.
A fall in the mitochondrial membrane potential is therefore indicated
by a decrease in the ratio of red signal to green signal.

Cells were cultured in 96 well black culture plates at a density of
8.4 x 103 cells/well and exposed to various concentrations of Fe-NTA
the following day, the medium was replaced with fresh medium con-
taining the same component every 24 h. After six days, the culture me-
dium was replaced with 200 pl JC-1 solution (10 pg/ml JC-1 in HBSS),
and cells were incubated in the dark for 30 min at 37 °C. After washing
twice with HBSS, the absorbance of the cells in each well was immedi-
ately measured using a fluorescence plate reader with the excitation
and emission wavelengths set at 490 nm and 530 nm (green)/590 nm
(red), respectively.

Animals. The production of transgenic mice expressing the HCV core
protein has been described previously (Moriya et al., 2001). Briefly, the
HCV core protein gene was placed downstream of a transcriptional reg-
ulatory region from the hepatitis B virus and introduced into C57BL/6
mouse embryos (Clea Japan, Tokyo, Japan). All of the animals were treat-
ed humanely in accordance with the guidelines issued by the National
Institute of Health and all procedures described below were approved
by the animal care committee of Chiba University.

Isolation of mouse liver mitochondria. The mouse liver mitochondrial
fraction was prepared according to a previously described method
(Masubuchi et al., 2002). Livers were isolated from two mice and placed
in ice-cold buffer containing 250 mM sucrose, 10 mM HEPES-KOH, and
0.5 mM EGTA (pH 7.4). Livers were cut into small cubes with scissors in
the same buffer and homogenized five times with a Potter homogenizer.
The homogenates were diluted to 0.25 g liver/ml and were centrifuged
at 770 x g for 5 min at 4 °C. The resulting supernatant was decanted and
further centrifuged at 9800 x g for 10 min. The pellet was resuspended
to yield a concentration of 0.5 g liver/ml in buffer containing 250 mM
sucrose, 10 mM HEPES-KOH and 0.3 mM EGTA (pH 7.4), and centri-
fuged at 4500 x g for 10 min. The pellet was resuspended to yield a con-
centration of 1 g liver/ml in the same buffer and centrifuged at 2000 xg
for 2 min, followed by further centrifugation at 4500 x g for 8 min. The
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Western blotting analysis. The mouse liver mitochondrial fraction (10 pg
protein) was subjected to electrophoresis on a 12.5% polyacrylamide
slab gel containing 0.1% sodium dodecyl sulfate and transferred onto
an Immobilon-P Transfer Membrane filter (Millipore Corporation,
Billerica, MA). The membrane was blocked for 1 h at room temperature
with Tris-buffered saline/0.05% Tween 20 (TTBS) containing 3%
bovine serum albumin (BSA) and probed overnight at 4 °C with the
CCDC109A goat polyclonal IgG (1:200) against the Ca** uniporter and
the ANT goat polyclonal IgG (1:1000). The membrane was then incubat-
ed for 1 h at room temperature with donkey anti-goat IgG-HRP
(1:3333). All antibodies were diluted in TTBS containing 0.1% BSA. Im-
munoreactive bands were detected using a LAS-1000 imaging system
(Fuji Film, Tokyo, Japan) and an enhanced CL system (GE Healthcare,
Little Chalfont, Buckinghamshire, UK).

Statistical analysis. All data are represented as the mean - the standard
error (S.E.). Data were statistically analyzed by using one-way ANOVA
followed by the Bonferroni test for multiple comparison. For compari-
son among two groups, two-tailed Student's t-test was adopted.
Differences between means at the level of P < 0.05 were considered
significant.

Results
Iron-induced cytotoxicity in HCV core protein-expressing HepG2 cells

The iron uptake system is perturbed in HCV-infected hepatocytes
due to elevated expression of transferrin receptor 1. However, because
of its hydrophobicity, Fe-NTA is taken up into the cell in a transferrin re-
ceptor 1-independent manner by passive diffusion. Fe-NTA is then con-
verted into free Fe? ™ by several types of esterases. Therefore, Fe-NTA
was used in the current study to control for intrinsic differences in active
iron uptake between HCV core protein-expressing HepG?2 cells (Hep39b
cells) and vector-transfected HepG2 cells (Hepswx cells). After treat-
ment with Fe-NTA for six days, cytotoxicity was assessed using the
MTT assay. Concentration-dependent cytotoxicity of Fe-NTA against
Hep39b cells was observed. By contrast, no cytotoXicity was observed
against control Hepswx cells at Fe-NTA concentrations of less than
1000 pM (Fig. 1). These data indicate that HCV core protein expression
affects the susceptibility of hepatocytes to Fe-NTA-induced iron
cytotoxicity.

Effect of iron accumulation on ROS production in HCV core
protein-expressing versus control hepatocytes

To directly measure free radical formation, we took advantage of
methodology for measuring spontaneous CL and compared the levels
of CL in HCV core protein-expressing Hep39b and control Hepswx
cells (Fig. 2a). As shown in Fig. 2a, spontaneous CL was significantly
higher in Hep39b cells by approximately 156% compared with that in
Hepswx cells (6015 versus 3856 arbitrary units; P < 0.01). In the pres-
ence of 300 pM Fe-NTA, iron-induced CL was also significantly higher
in Hep39b cells relative to Hepswx cells (2.61-fold versus 1.54-fold in-
crease; P <0.01 and P < 0.001, respectively) (Fig. 2a).

Fe-NTA (uM)

Fig. 1. Iron-induced cytotoxicity in control versus HCV core protein-expressing hepato-
cytes. Hepswx (dashed line) and Hep39b (solid line) cells were exposed with Fe-NTA
(30, 100, 300, 500 and 1000 uM) for six days. Hepatotoxicity was determined using
the MTT assay. Viability was calculated as the absorbance of the experimental sample
relative to that of the controls (without Fe-NTA treatments). Values are the mean -+ the
S.E.*P < 0.05 and **P < 0.01, significantly different from the control (without Fe-NTA).
P < 0.05 and #p < 0.01, significantly different from respective control cells (Hepswx)
(n=6),

Effect of iron accumulation on mitochondrial ROS production

Mitochondria are a major source of ROS production. Therefore, we
next examined the production of mitochondrial hydroxyl radicals by
free iron catalyzation (i.e., the Fenton reaction). Since increased produc-
tion of ROS was observed in Hep39b cells in the presence of Fe-NTA, we
next examined mitochondrial ROS production by double staining with
MitoTracker® Red (red), a fluorescent probe for the mitochondria, and
HPF (green), a fluorescent probe for the selective detection of hydroxyl
radicals. As shown in Fig. 2D, a strong fluorescent signal derived from
HPF was observed in Hep39b cells in the presence of Fe-NTA. This
fluorescence overlapped with that generated by MitoTracker® Red
(Fig. 2b). The fluorescent signal derived from HPF in overlapped area
was significantly higher in Hep39b cells by approximately 200% com-
pared with that in Hepswx cells (Fig. 2¢). These data indicate that mito-
chondrial hydroxyl radical production was increased in the presence of
the HCV core protein and Fe-NTA.

Effect of HCV core protein on mitochondrial membrane potential

The HCV core protein is known to inhibit mitochondrial respiratory
complex I activity (Korenaga et al., 2005). Inhibition of complex I
leads to ROS formation due to premature electron leakage from the
complex. Therefore, we next examined the effect of Fe-NTA on mito-
chondrial membrane potential in Hep39b cells by using JC-1, a lipophilic
cationic dye that selectively enters the mitochondria and reversibly
changes color from green to red as the membrane potential increases.
Fig. 3 demonstrates that the mitochondrial membrane potential was de-
creased in HCV core protein-expressing Hep39b cells compared with
control Hepswx cells. The decrease in membrane potential was signifi-
cantly increased following exposure to Fe-NTA (300 and 1000 pM) for
six days (Fig. 3).

Mitochondrial free iron uptake in HCV core protein-expressing versus
control hepatocytes

Because mitochondrial hydroxyl radical production was increased in
the presence of Fe-NTA (Fig. 2), the uptake of free iron into isolated mi-
tochondria was next examined. To ensure a sufficient quantity and qual-
ity of the mitochondria for this experiment, mitochondria were isolated
from the liver of HCV core protein-expressing transgenic and wild-type
(control) mice. Fig. 4 shows that the concentration of mitochondrial free
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Fig. 2. Iron-induced mitochondrial ROS production is enhanced in HCV core protein-expressing hepatocytes. (a) Hepswx and Hep39b cells were exposed to Fe-NTA (300 pM) for six days.
ROS production was determined using a CL analyzer. Detected counts were normalized by protein content of cell lysate. Values are given as the mean = the SE. **P <0.01 and **P < 0.01,
significantly different from respective control (n = 3-4). (b) Hepswx and Hep39b cells were pretreated with HPF (green) and MitoTracker® Red (red). Mitochondrial ROS production was
determined by the strength of yellow fluorescence in the merged pictures. The scale bar represents 100 um. (c) Analysis of merged fluorescence microscopy images was done by Image].
Integrated density of merged area was automatically selected and fluorescence intensity of HPF was calculated within the merged area of 200-300 cells.

iron (*°Fe?*) was significantly increased in the mitochondria derived
from the transgenic versus the control mouse liver (62.2 4 4.2 versus
79.5 + 2.1 pmol/mg protein, respectively; P < 0.05), whereas the pas-
sive diffusion of *®Fe** into the mitochondria (estimated by >°Fe? ™ up-
take at 4 °C) was 31.1 4 3.2 pmol/10 min/mg protein in Hepswx cells,
and 29.2 + 1.8 pmol/10 min/mg protein in Hep39b cells (not signifi-
cantly different). Moreover, >°Fe? ™ uptake into the transgenic and con-
trol mitochondria was attenuated to the same level by Ru360 (48.2 +
4.1 versus 47.5 £+ 1.2 pmol/mg protein, respectively) (Fig. 4). These
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Fig. 3. The iron-induced reduction in mitochondrial membrane potential is increased by
the expression of HCV core protein. Hepswx and Hep39b cells were exposed to Fe-NTA
for six days. Mitochondrial membrane potential was estimated fluorometrically. Values
are given as the mean % the S.E. *P < 0.05, **P < 0.01 and **P < 0.01, significantly different
from respective €ontrol (n = 6).

data indicate that calcium uniporter plays a role in free iron uptake
into the mitochondria and that the activity of the Ca®* uniporter is in-
creased by the HCV core protein.

Effect of Ru360 on Fe-NTA-induced ROS production and cytotoxicity

We next examined the effect of Ru360 on Fe-NTA-induced ROS pro-
duction and cytotoxicity in Hep39b versus Hepswx cells. As shown in
Fig. 5a, in the absence of Fe-NTA, Ru360 had no effect on ROS production
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Fig. 4. Mitochondrial iron uptake is augmented by the expression of HCV core protein and
inhibited by Ru360. Mitochondria were isolated from wild-type and HCV core protein
transgenic (Tg) mice and exposed to *°FeSO, with/without Ru360. Free iron uptake was
measured in the isolated mitochondria and the free iron uptake amount was normalized
by mitochondrial protein content. The dashed line represents the passive diffusion into
the mitochondria. Values are given as the mean = the S.E. **P < 0.01 and *P < 0.05, signif-
icantly different from respective control (n = 3-8).
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Fig. 5. Iron-induced ROS production and cytotoxicity are inhibited by Ru360 in HCV core protein-expressing hepatocytes. (a) Hepswx and Hep39b cells were exposed to Fe-NTA (300 pM)
and Ru360 (20 uM) for six days. ROS production was determined using a CL analyzer. Values are given as the mean < the S.E. **P < 0.01, significantly different from respective control (n =
8). (b) Hepswx and Hep39b cells were exposed to Fe-NTA (300, 600, 800, and 1000 M) and Ru360 (20 M) for six days. Cytotoxicity was determined using the MTT assay. Values are given
as the mean = the S.E. *P < 0,05 and **P < 0.01, significantly different from Hepswx Ru360(—). *P < 0,05 and *#P < 0.01, significantly different from Hep39b Ru360(—) (n = 6).

in Hepswx cells and Hep39b cells. On the other hand, Ru360 significantly
suppressed Fe-NTA (300 pM)-induced ROS production in Hep39b but
not Hepswx cells (Fig. 5a). Moreover, cytotoxicity following exposure
to (300, 600, 800 and 1000 M) Fe-NTA for six days was also specifically
inhibited by Ru360 treatment in Hep39b cells (Fig. 5b).

Expression of the Ca® ™ uniporter in isolated mitochondria

Given that mitochondrial free iron uptake is enhanced in HCV core
protein-expressing Hep39b cells (Fig. 4), we next examined the expres-
sion of the Ca®* uniporter in the mitochondria isolated from the liver of
HCV core protein-expressing transgenic mice relative to control mice.
As shown in Fig. 6, mitochondrial expression of the uniporter was
similar in transgenic versus control mice, as assessed by Western blot
analysis.
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Fig. 6. Expression of mitochondrial Ca®* uniporter in the livers of HCV core protein-
expressing transgenic versus wild-type mice. Mitochondria were isolated from the livers
of wild-type (control) and HCV core protein-expressing transgenic (Tg) mice. The expres-
sion levels of the Ca®* uniporter and ANT (loading control) were determined by Western
blot analysis. Mitochondrial proteins (10 pg) were loaded into each lane of the gel. The
band density of the uniporter was normalized to the band density of ANT. Values are
given as the mean = the SE. n.s.: not significantly different (n = 3).

Discussion

The accumulation of iron into the liver of HCV core protein-
expressing transgenic mice fed a normal diet is similar to that observed
in chronic HCV patients (Farinati et al., 1995; Kato et al,, 2001). On the
other hand, the expression level of hepcidin, which regulates iron me-
tabolism by inhibiting iron absorption from the intestine and the hepat-
ic portal system, is reportedly decreased in the liver of HCV patients and
full-length HCV genome-expressing transgenic mice, but not in the liver
of HCV core protein-expressing transgenic mice (Moriya et al,, 2010;
Muckenthaler, 2008). Therefore, although the precise regulation of
iron transport into the mitochondria is essential for heme biosynthesis,
hemoglobin production, and Fe-S clustering, the mechanism(s) behind
mitochondrial iron homeostasis is not yet fully understood.

Previous work from our group revealed elevated ROS generation in
HCV core protein-expressing transgenic mice (Moriya et al.,, 2001).
Moreover, our previous work, along with that of others (Korenaga
etal, 2005), showed that the core protein interacts with the outer mito-
chondrial membrane and impairs the mitochondrial respiratory chain
in the normal mouse liver via inhibition of complex I activity (unpub-
lished data). Inhibition of respiratory chain complexes ultimately leads
to the overproduction of ROS via electron leakage from the mitochon-
dria. Therefore, we hypothesized that the inducible mitochondrial iron
transport system exacerbates hepatic toxicity caused by the HCV core
protein.

This study employed Fe-NTA to exclude intrinsic differences in iron
uptake into HCV core protein-expressing Hep39b cells and vector-
transfected Hepswx cells. In addition, we demonstrated that HCV core
protein-induced alterations in mitochondrial ROS production and mem-
brane potential were augmented in the presence of iron (Figs. 2 and 3).
These data may indicate that iron-dependent mitochondrial dysfunc-
tion was amplified via the Fenton reaction, which produces potent reac-
tive free radicals (i.e., hydroxyl radicals) (Fig. 7).

Iron is absolutely essential for the sustenance of all forms of life due
to its unusual ability to serve as both an electron donor and acceptor. On
the other hand, free iron is also potentially toxic, which is related to its
ability to donate and accept electrons within the cell. Free iron catalyzes
the conversion of hydrogen peroxide into free radicals, which can cause
damage to the mitochondria and cellular structures. For this reason, the
iron homeostasis is strictly regulated, and the impairment of iron ho-
meostasis is related to several diseases. In patients with HCV, hepatic
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Fig. 7. Proposed mechanism of mitochondrial iron accumulation and hepatic cytotoxicity caused by the HCV core protein. The HCV core protein induces mitochondrial ROS production by
inhibiting mitochondrial complex I. In addition, it is suggested that the HCV core protein stimulates mitochondrial iron uptake through the mitochondrial Ca?* uniporter. The excess iron
then leads to mitochondrial ROS production and mitochondrial/cellular malfunction/disorder when the HCV core protein is expressed.

and serum free iron concentrations are ~7-fold higher (12.5 mmol/g
liver and 134 mg/dl, respectively) than those of a normal individual
(Farinati et al., 1995; Kageyama et al., 1998; Olynyk et al., 1995; Silva
et al., 2005). In this study, significant hepatotoxicity was observed at
30 uM Fe-NTA in HCV core protein-expressing Hep39b cells (Fig. 1).
Therefore, a physiologically relevant concentration of iron (30 pM),
which is not sufficient to induce cell toxicity by itself, was synergistic
with the toxic actions of the core protein (Fig. 1). This interplay was sim-~
ilarly revealed by the synergy between iron and the core protein in in-
ducing mitochondrial dysfunction and ROS production (Figs. 2 and 3).

This study further demonstrated that mitochondrial free iron uptake
was partially mediated by the Ca®* uniporter. The Ca® " uniporter was
selectively inhibited by Ru360 and exhibited an increased capacity to
uptake iron into HCV core protein-expressing liver mitochondria versus
normal liver mitochondria (Fig. 4). However, the expression of the
uniporter was unaltered in core protein-expressing transgenic mice
relative to normal mice (Fig. 6). Li et al. (2007) reported that the activity
of the Ca®?™ uniporter was up-regulated in the presence of the core
protein: The in vitro incubation of mouse liver mitochondria with HCV
core protein (100 ng/mg) increased the Ca®>™* entry rate by ~2-fold.
The Ca®™* uniporter is located in the inner mitochondrial membrane
and transports not only Ca2™ but also other metal cationic ions
(e.g., Fe>™) into the mitochondrial matrix space in a mitochondrial
membrane potential-dependent fashion (Bernardi, 1999).

Iron uptake was significantly suppressed to the same level by Ru360
in the mitochondria isolated from both core protein-expressing trans-
genic and normal mice (Fig. 4). Moreover, as free iron uptake into the
mitochondria was still observed at 4 °C for both types of the mitochon-
dria, about half of the iron (Hepswx; 31.1 & 3.2 pmol/10 min/mg
protein, Hep39b; 29.2 + 1.8 pmol/10 min/mg protein) was estimated
to enter into the mitochondria by passive diffusion (Fig. 4, dashed
line). These data indicate that the up-regulation of iron uptake in the
mitochondria isolated from transgenic mice was mediated by the HCV
core protein-induced stimulation of Ru360-sensitive Ca?* uniporter
transport activity. However, the mechanism by which the core protein
alters the function of the mitochondrial uniporter is still unclear,
especially given that the core protein binds to the outer mitochondrial
membrane, and the uniporter is located in the inner mitochondrial
membrane. It is known that mitochondrial calcium uniporter possibly

forms multi-molecular complex (Raffaello et al., 2012). Mitochondrial
calcium uniporter function could be altered by the effect on essential
regulator and/or protein involved in the assembly of the channel. In
this regard, though our current study demonstrated that HCV core pro-
tein had no effect on Ca%™ uniporter expression (Fig. 6), it is possible
that other mechanisms are involved in the HCV core protein-induced
stimulation of Ca? T uniporter transport activity. Further study should
be addressed in the future.

Interferon-c has been used as monotherapy for chronic hepatitis C,
yet only about 40-50% of hepatitis C patients experience an initial bio-
chemical response to the cytokine. Interestingly, high iron accumulation
in chronic HCV carriers is related to a poor response to interferon
therapy (Walters et al,, 1973). In addition, some investigators have sug-
gested that iron removal therapy (via phlebotomy or food therapy
(i.e., restriction of an iron rich-diet)) can attenuate liver damage in
hepatitis C patients by still unknown mechanisms (Hayashi et al.,
1994; Kato et al., 2007). The current study showed that the HCV core
protein-induced mitochondrial iron uptake is responsible for exacerbat-
ing mitochondrial dysfunction and ROS production, which finally seems
to lead to hepatocyte toxicity (Fig. 7). Based on these results, we suggest
that inhibition of the mitochondrial Ca®* uniporter may provide a new
therapeutic approach to treat liver disease in HCV patients.
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Abstract
A 47-year-old man presented with general fatigue and

dark urine. The laboratory data showed increased levels
of hepatic transaminases. The patient was positive for
hepatitis B virus (HBV) markers and negative for anti-
human immunodeficiency virus. The HBV-DNA titer was
set to 7.7 log copies/mL. The patient was diagnosed with
acute hepatitis B. The HBV infection route was obscure.
The serum levels of hepatic transaminases decreased
to normal ranges without any treatment, but the HBV-
DNA status was maintained for at least 26 mo, indicating
the presence of persistent infection. We isolated HBV
from the acute-phase serum and determined the ge-
nome sequence. A phylogenetic analysis revealed that
the isolated HBV was genotype H. In this patient, the
elevated peak level of HBV-DNA and the risk alleles at
human genome single nuclectide polymorphisms s3077
and rs9277535 in the human leukocyte antigen-DP locus
were considered to be risk factors for chronic infection.
This case suggests that there is a risk of persistent infec-
tion by HBV genotype H following acute hepatitis; further
cases of HBV genotype H infection must be identified
and characterized. Thus, the complete determination of
the HBV genotype may be essential during routine clini-
cal care of acute hepatitis B outpatients.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Acute hepatitis; Chronic hepatitis; Genotyp-
ing; Hepatitis B virus; Single nucleotide polymorphisms

Core tip: Hepatitis B virus (HBV) genotype H: infection
is rare in Asia, particularly in Japan. Here, we report a
case of acute hepatitis B caused by a genotype H strain
with persistent infection, although most adult cases of
acute hepatitis B are self-limiting in Japan. This case
suggests that the HBV genotype H infection can be a
risk factor for persistent infection. Therefore, it is nec-
essary to investigate the characteristics of genotype
H infection in an accumulation of cases. Thus, the
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complete determination of the HBV genotype may be
essential in the routine clinical care of acute hepatitis B
patients.
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terol 2014; 20(11): 3044-3049 Available from: URL: http://www.
wignet.com/1007-9327/full/v20/i11/3044.htm DOI: hitp://dx.doi.
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INTRODUCTION

Hepatitis B is a potentially life-threatening liver infec-
tion caused by the hepatitis B virus (HBV); it represents
a major global health problem. HBV can cause chronic
liver diseases and increases the tisk of death from cir-
rhosis and liver cancer. Worldwide, an estimated two bil-
lion people have been infected with HBV and more than
240 million have chronic infections". The HBV genome
consists of approximately 3200-nucleotides of DINA;
the virus replicates using a reverse transcriptase enzyme
that lacks proofreading ability. Therefore, HBV possesses
diverse genetic variability, and the viral population is clas-
sified into at Jeast eight genotypes that are designated A
-HP. Tn Japan, genotypes B and C are prevalent among
patients with chronic infections. However, in the last
decades, the prevalent genotype in acute HBV infections
has shifted from genotype C to A" There are some dif-
ferences in the clinical features and outcomes among the
genotypes. Tt has been reported that the persistent
infection from acute hepatitis is prevalent in adults that
are infected with genotype A HBV. Thus, determining
the HBV genotype is of increasing importance even in
routine clinical practice, although a reliable kit for deter-
mination of all HBV genotypes 1s still uncommon and
is not yet covered by insurance. The host factors associ-
ated with persistent infection by HBV have also been
reported, such as single nucleotide polymorphisms (SNPs)
ot genotypes in the human leukocyte antigen-DP locus.
It may also be useful for identifying the patients who are
prone to develop chronic hepatitis.

In this report, we desctibe a case of acute hepatitis B
resulting from infection by a genotype H strain of HBV.
Although the laboratory data and symptoms were not
distinguishable from acute hepatitis B with other geno-
types, this patient developed persistent infection.

CASE REPORT

A 47-year-old man living in Kawasaki, Japan, presented
at our hospital with general fatigue and dark urine. Ap-
proximately 1 wk before visiting the hospital, the pa-
tient developed nausea, loss of appetite, and a feeling
of fullness in the abdomen. Four days later, he noted
darkening of his skin and urine. Upon admission, the
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patient’s laboratory data revealed elevated serum aspar-
tate aminotransferase, alanine aminotransferase (ALT),
lactate dehydrogenase, alkaline phosphatase, y-glutamylt
ranspeptidase, and total bilirubin (T-Bil) levels (Table 1).
The prothrombin activity was within the normal range
(95%). Test for hepatitis B surface antigen (HBsAg;
HISCL-2000i, Sysmex, Kobe, Hyogo, Japan), hepatitis B
e-antigen (HBeAg; ARCHITECT® CLIA, Abbott Japan,
Tokyo, Japan) and anti-hepatitis B core antigen (anti-
HBc) IgM (ARCHITECT® CLIA) were positive. A test
for HBV-DNA was also positive, exhibiting a titer of
7.7 log copies/mlL (COBAS TagMan HBV Test v2.0,
Roche Diagnostics, Tokyo, Japan). HBsAg had not been
detected 2 years previously when the patient had been
admitted to another hospital for treatment of acute en-
terocolitis. Other hepatitis virus markers were negative.
Thetefore, the patient was diagnosed with acute hepatitis
B. The genotype of the infecting HBY, as assessed by
the Immunis HBV Genotype Immunis® HBV Genotype
EIA Kit (Institute of Immunology, Tokyo, Japan), was
determined as genotype C. The patient had not been
abroad in the past 12 mo; he had no history of receiving
blood or blood-related products, transfusions, or drug
injections, and he reported no personal or family history
of liver disease. The man was unmarried and declared
that he was heterosexual, with no history of sexual con-
tact with commercial sex workers or strangers. Anti-
human immunodeficiency vitus (HIV) was not detected.
In the absence of medication, the patient’s condition and
elevated ALT level improved within a month. Anti-HBe
became detectable, and HBeAg disappeared 2 mo after
onset of the symptoms. HBsAg became undetectable at
5 mo, but the patient still tested positive for HBV-DNA,
a status that persisted for at least 26 mo following his
presentation at our hospital (Figure 1). We are now pre-
pating to administer anti-viral medication.

For further analysis of the HBV infecting this patient,
HBV-DNA was extracted from the acute-phase serum us-
ing 2 QIAamp DNA Blood Mini kit (QIAGEN, Valencia,
CA). The entite HBV genome sequence was determined
after polymerase chain reaction (PCR) amplification us-
ing the following primers [the number of nucleotides
(nt) added to the primers wete deduced from the pro-
totype HBV/C clone, with accession no. AB246344].
For the amplification of half of the HBV genome, the
outer ptimers were 5-ATTCCACCAAGCTCTGCTAG-
ATCCCAGAGT-?’ (nt 10-39) and 5-GGTGCIGGT-
GAACAGACCAATTTATGCCTA-3 (at 1813-1784),
and the inner primers were 5>CCTATATTTTCCTGCT-
GGTGGCTCCAGTTC-3 (nt 46-75) and 5 TAGCCTA-
ATCTCCTCCC CCAACTCCTCCCA-3 (nt 1760-1731).
For the other half of the HBV genome, the outer primers
were 5- ACGTCGCATGGAGACCACCGTGAAC-
GCCCA-3’ (nt 1601-1630) and 5-AAGTCCACCAC-
GAGTCTAGACTCTGTGGTA-3 (at 266-237), and the
inner primets wete 5-CCAGGTCTTGCCCAAGGTCT-
TACATAAGAG-3’ (nt 1631-1660) and 5-CCCGCCT-
GTAACACGAGCAGGGGTCCTAGG-3 (nt 207-178).
The PCR was petformed in a thermal cycler for 30 cycles

March 21, 2014 | Volume 20 | Issue 11 |
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“Blood chemistry

Hematology : : . lymm‘u'no‘log‘y' - Coagulation
WBC : 7400/ L. TP 74g/dL An ) IgA 183 mg/dL PT%  95%
Neutrophil ~~  72.0% Albumin 45g/dL SO G 1168 mg/dL APTT 3645
Eosinophil 1.0% T-Bil img/dL ] (+) 197333 igM 220 mg/dL
Basophil L 0.0% D-Bil 80mg/dl, (+)255COI1 - ANA" X 40, homogeneous
Monocyte - 10.0% AST 194210/L - 8 (+)253C.O1 L
Lymphocyte™ -~ 17.0% ALT 29631U/L -~ Anti-HBe ()00 %
RBC" . 4B7/uL - UALP 612IU/L ° HBV-DNA = 7.7log copies/mL
Hemoglobin. 160g/dL - yGTP 7561U/L°  CAREHIV. - ()
Hematocrit 464% - LDH C739IU/L .. RPR. e
Platelet 36.6x10°/ul -~ BUN 82mg/dL . TPHA L)
Creatinine 0.64mg/dL"  Anti-CMVIgG ': )
T-Chol 25mg/dL  Ani-CMVIsM ()
~ AngEBVEBNA - (¥)
- Anti-EBV EAIgG R )
Ant-EBVVCAIgG  (4)
Anti-EBV VCA IgM 0

WBC: White blood cells; RBC: Red blood cells; ANA: Antinuclear antibody; TP: Total protein; T-Bil: Total bilirubin; D-Bil: Direct bilirubin; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; yGTP: y-glutamyltranspeptidase; LDH: Lactase dehydrogenase; BUN: Blood
urea nitrogen; T-Chol: Total cholesterol; PT: Prothrombin activity; APTT: Activated partial thromboplastin time; C.O.I: Cutoff index; HA: Hepatitis A; HCV:
Hepatitis C virus; HBsAg: Hepatitis B surface antigen; HBc: Hepatitis B core; HBeAg: Hepatitis B e-antigen; HBV: Hepatitis B virus; HIV: Human immuno-
deficiency virus; RPR: Rapid plasma regain; TPHA: Treponema pallidum hemagglutination assay; CMV: Cytomegalovirus; EBV: Epstein-Barr virus; EBNA:

Epstein-Barr virus nuclear antigen; EA: Early antigen; VCA: Viral capsid antigen.

HBSAG (1) (1) (D ) () B () O Q) the databases. The ¢ determinant region of the S protein
AntikHBs (1) () O () O O ) O Q) of B-MH]J9014 harbored an amino acid polymorphism
3000 ‘? 112 ¢ (phenylalanine to leucine) at residue 134. The predicted
2800 —f 110 B-MHJ9014 reverse transctiptase did not include any of
1:82 : 1g g the amino acid substitutions known to be associated with
= 1000 - g nucleotide analog resistance. To assess the complexity of
2 goo - 16 8 the infecting virus, S region sequences from 51 clones
5 00 - \3\ ls & in acute phase serum were determined. The detected se-
a00 b O o e % quences were genotype H and were closely related to the
200 + e J 2 consensus sequence determine by direct sequencing with
0L, 00—00r—p— Oy O 0 T 1-3 amino acids polymorphisms (data not shown).

0 4 8 12 16 20 24
Months from presentation at our hospital

Figure 1 Clinical course of the patient infected with the genotype H strain.
The dotted line indicates the detection limit of HBV-DNA (2.1 log copy/mL); the
titer of the HBV-DNA was below the lower fimit at 18 mo. HBsAg: Hepatitis B
surface antigen; Anti-HBs: Antibody to hepatitis B surface antigen; ALT: Alanine
aminotransferase; HBV: Hepatitis B virus.

(94 °C, 30 's; 60 °C, 30 s5; 72 °C, 30 s) with TAKARA LA
Taq® DNA polymerase (TAKARA, Shiga, Japan). The
amplified fragments were sequenced directly with an auto-
mated DNA sequencer (3500 Genetic Analyzer, Applied
Biosystems, Foster City, CA, United States).

The genome of the infecting HBV (designated as
B-MHJ9014) was 3215 bases in size. A phylogenetic anal-
ysis was performed with this strain and several database
refetence strains. B-MHJ]9014 sorted with the genotype-H
branch of the tree and clustered with the genotype-H
strains previously isolated from Japanese patients (Figure
2). The substitutions at nt 1762 and nt 1764 (the basal
cote promoter region) and at nt 1896 (the precore region)
were not observed. The length of the deduced amino
acid sequences of the S, X, Core, and P proteins were
identical to those encoded by other genotype H strains in
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To assess the presence of human genome SNPs in the
HLA-DP locus that are associated with persistent infection
by HBV"" 4 blood specimen was obtained from the pa-
tient (who had previously provided informed consent). Ge-
nomic DNA was exttacted from buffy coat samples with
the QTAamp DNA Mini kit (QIAGEN); DNA for SNPs
153077 and 1s9277535 were amplified with the appropriate
ptimers and TAKARA LA Taq® DNA polymerase and
wete sequenced ditectly. The patient was homozygous (G/
G) at both of these SNPs; these alleles are consideted to be
risk alleles for petsistent infection.

DISCUSSION

HBV genotype H was first reported in 2002, Infections
by this genotype have been found mainly in Nicaragua,
Mexico, and California; this genotype is considered to be
rare in Asia, particulatly in Japan®'*"¥. However, since
the first recognition of genotype H in Japan in 2005,
eight strains have been isolated from Japanese patients
(Table 2)[18'25]. All reported genotype H strains were iso-
lated from male patients aged 35 to 65 years old, and the
major route of infection was sexual transmission (5/8,
62.5%). Four cases (50%) represent transmissions that

March 21, 2014 | Volume 20 | Issue 11 |
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Figure 2 A phylogenetic trees constructed using the neighbor-joining method with the full hepatitis B virus genome sequence of the isolated and refer-
ence strains. The strain isolated in this case (B-MHJ9014) is shown in bold. The horizontal bar indicates the number of nucleotide substitutions per site. The refer-
ence sequences are shown with the DDBJ/EMBL/GenBank accession numbers. The HBV genotypes are indicated on each branch. The bootstrap values (> 80%) are
indicated at the nodes as a percentage of the data obtained from 1000 resamplings. HBV: Hepatitis B virus.

"Patient” Hypothesized source of infection ~ - HIV infection’ Clinical feature Accession number
Age ' Gender " "Route .U Place i D R, L Ref)
1052 Male 00 o Unknown o ‘7 Japan.: . . NA - Unknownblood donor ' - AB179747,[18] = -
2 61 . Male Sexual contact (heterosexual). . © - Thailand NA . . Chronic .~ . - AB205010, [19]. .-
3 46 Male’ Sexual contact (bisextial) South America  (+)  Chromic AP007261,[20]
4 .38 - Male . Sexual contact (hormosexual)  Unknown ~ NA  Chronic  AB298362,[21]
5 65 Male Unknown = Japan NA U Acute ¢ EFI57201; [22]
6 35 .. Male Unknéwn' ' . . Japan . .NA © 0 Acmte - AB266536[23]
7 60 Male = Sexualcontact(homosexual) = Japan () - Acute AB275308,[24]
8 60 ‘Male Sexual contact (heterosexual) -~ © - Unknown = () Chronic - - 'AB353764, [25]
9. 47 . Male - ... Unknown . . - Japan : () . Acutetochronic . AB846650, this paper

'N'A: Not available; HIV: Human immunodeficiency virus.

occutred in Japan. Co-infection with HIV was not com- netic tree; therefore, it is possible that a specific strain
mon (2/8, 25%). These chatacteristics were similar to the of genotype H has emerged and spread in Japan. Pre-
case described here. All isolated strains from Japanese sumably, the infrequent use of a reliable and convenient
patients clustered together as a branch on the phyloge- detection kit for genotype H infection has hampered the
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correct diagnosis of genotype H infection; some cases
may be misdiagnosed and considered to be infections
by other genotypes. In fact, in the current case, our HBV
isolate was originally identified as genotype C by the com-
mercial kit that is covered by insurance in Japan. This kit
was developed before the discovery of genotype H; thus,
such a misidentification is a potential risk, as noted in the
kit’s instruction manual. The clinical features of genotype
H infection remain obscure. There is a growing need for
an accumulation of genotype H infection cases. To this
end, the use of a reliable HBV genotyping kit that can
correctly distinguish all genotypes is essential for routine
clinical practice.

In Japan, most cases of acute hepatitis B are self-
limiting, but some cases have been reported to have pro-
gressed to persistent infections™ ™. Among the report-
ed cases of genotype H infection, 4 strains were isolated
from chronic hepatitis patients; in all cases, the infection
was ascribed to sexual contact (Table 2)"**". In our
case, the HBV-DNA persisted for at least 26 mo. To our
knowledge, this report represents the only case of geno-
type H infection in which chronic hepatitis was observed
following acute infection. HBsAg was no longer detected
at 4 mo from onset by HISCL-20001. This disappearance
was also confirmed by ARCHITECT® HBsAg (CMIA,
Abbott Japan, Tokyo, Japan). In the S protein analysis, we
found an amino acid polymorphism in the o determinant
region. This polymorphism may affect the sensitivity for
detecting HBsAg, HIV infection, a well-known risk factor
for prolonged HBV infection®”, was not detected in our
patient. Recently, the tisk factors for HBV persistent in-
fection have been reported in an analysis of a cohort that
excluded patients co-infected with HIV®. In that report,
infection with genotype A, elevated peak levels of HBV-
DNA, and attenuated peak levels of ALT were suggested
as risk factors for chronic infection. In the case described
here, the peak level of HBV-DNA was 7.7 log copy/mL,
which was consistent with increased tisk for chronic in-
fection. However, out patient exhibited a peak level of
ALT of 2963 IU/L, which is a value that would classify
this individual in the self-limiting group. Therefore, the
clinical features of this case did not completely fit the
risk factors associated with the establishment of chronic
infection in the previous analysis™. Another reported
risk factor for chronic HBV infection is the presence of
certain SNP alleles. Specifically, selected SNPs around
the HLA-DP locus have been reported to be associated
with chronic hepatitis B in Asians"™"!. With the informed
consent of our patient, we determined the sequences
for these SNPs (£s3077 and 159277535) and found that
this patient hatbored 1isk alleles at both polymorphisms.
This factor may have conttibuted to the establishment of
chronic infection in this case.

In conclusion, we report a case of acute hepatitis B
caused by a genotype H strain of HBV. This patient ex-
hibited persistent infection. Our finding suggests that the
infection of HBV genotype H can be a risk factor for per-
sistent infection. We believe that it is necessaty to use kits
that ate capable of accurate genotyping to permit an ac-
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cumulation of cases and to investigate the clinical features
of genotype H infection in routine clinical practice.

Case characteristics
The main symptoms were nausea, loss of appetite, and a feeling of fullness in
the abdomen.

Clinical diagnosis

The patient was a case of acute hepatitis B caused by a genotype H strain with
persistent infection.

Differential diagnosis

The hepatitis B virus (HBV) genotype was considered to be important to predict
the outcome and clinical features.

Laboratory diagnosis

To diagnose this patient, the detection of HBV markers and the complete deter-
mination of the HBY genotype were essential.

Treatment

The anti-viral treatment was not administered because we expected this case
was self-limiting. Authors are now preparing medication.

Experiences and lessons

The infection of HBV genotype H can be a risk factor for persistent infection and
the complete determination of HBV genotype is important.

Peer review

To conclude the association between HBV genotype H and chronic infection,
the accumulation of cases of genotype H infection is essential.
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