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Distribution of Hepatitis B Virus Genotypes among Patients with Chronic
Infection in Japan Shifting toward an Increase of Genotype A
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Acute hepatitis B virus (HBV) infection has been increasing through promiscuous sexual contacts, and HBV
genotype A (HBV/A) is frequent in patients with acute hepatitis B (AHB) in Japan. To compare the geographic
distribution of HBV genotypes in patients with chronic hepatitis B (CHB) in Japan between 2005 and 2006 and
between 2000 and 2001, with special attention to changes in the proportion of HBV/A, a cehort, study was

performed to survey changes in genotypes of CHB patients at 16 hospitals throughout Japan. Furthermore, we
investigated the clinical characteristics of each genotype and examined the genomic characteristics of HBV/A
isolates by molecular evolutionary analyses. Of the 1,271 patients, 3.5%, 14.1%, and 82.3% were infected with
HBV/A, -B, and -C, respectively. In comparison with our previous survey during 2000-and 2001, HBV/A was
twice as frequent (3.5% versus 1.7%; P = 0.02). The mean age wis lower i the patients with HBV/A than in
those with HBV/B or ~C. Based on phylogenetic analyses of 11 full-length genomes and 29 pre-S2/S region
sequences from patients, HBV/A isolates were imported from Europe and the United States, as well as the
Philippines and:-India. They clustered with HBV/A from AHB patients and have spread throughout Japan.
HBYV/A has been increasing in CHB patients in Japan as a consequence of AHB spreading in the younger
generation through promiscuous sexual contacts, aided by a tendency of HBV/A to induce chronic hepatitis.
The spread of HBV/A infection in Japan should be prevented by universal vaccination programs.

Hepatitis B virus’'(HBV), a member of the Hepadnaviri-
dae; is a circular, partially double-stranded DNA virus and is
one of the major causes of chronic liver diseases, ircluding
chronic hepatitis, liver cirrhosis, and hepatocellular carci-
noma (HCC).

The HBV genome is composed of approximately 3,200 du-
cleotides. HBV is classified into eight genotypes, designated A
to H, based on an intergroup divergence of 8% or more in the
complete nucleotide sequence (3, 23, 26, 37). They have dis-
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tinct geographical distributions and are associated with differ-
ences in clinical and virological characteristics, such as severity
of liver disease and resporise to antiviral therapies (7, 8,12, 13,
22, 28). Furthermore, subgenotypes have been reported for
HBV/A, -B, and -C and named A1 to -3 (17, 38), B1 to -6 (31,
32, 40), and C1 to -6 (20, 31, 45). Equally, other genotypes are
classified into subgenotypes. There have been increasing lines
of evidence to indicate influences of HBV subgenotypes on the
outcome of liver disease and the response to antiviral therapies
(1, 39, 44).

In 2001, we reported the geographic distribution of HBV
genotypes in Japan (27). Of the 720 Japanese patients with
chronic HBV infection (CHB), 12 (1.7%) harbored HBV/A, 88
(12.2%) HBV/B, 610 (84.7%) HBV/C, 3 (0.4%) HBV/D, and
7 (1.0%) mixed genotypes. HBV/C was detected in over 94%
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of patients on the Japanese mainland, while HBV/B was found
in 64% of those in Okinawa, the southernmost islands, and
44% of those in the Tohoku area in the northern part of the
mainkand.

Recently, acute HBV infection (AHB) has been increasing
in Japan, predommantly through promiscuous sexual contacts.
In addition, it;was reported that HBV/A was more frequent in
patients with acute hepatitis than in those with chronic hepa-
titis (29, 41, 49).. Recent studies suggest that the chances for
progression to chronic disease may differ among patients
acutely infected with HBV of distinct genotypes (21, 25); pa-
tients infected with HBV/A run an increased risk of becoming
HBY carriers. Henee, it is of utmost concern whether chronic
HBV/A infection is increasing in Japan.

In the present study, we compared the geographic distribu-
tion of HBV genotypes in Japan during 2005 and 2006 with
2000 and 2001, with special attention to changes in the pro-
portion of HBV/A. Furthermore, we investigated the clinical
characteristics of each genotype and examined the genomic
characteristics of HBV/A isolates by molecular evolutionary
analyses.

MATERIALS AND METHODS

Patients. From September 2005 to October 2006, sera were collected from
1,370 consecutive patients with CHB at 16 representative hospitals that were
liver centers in their respective regions throughout Japan for the purpose of
investigating the geographic distribution of HBV genotypes in Japan. All of the
patients were diagnosed after they had been followed for at least 12 months.
Patients diagnosed with AHB were excluded from the study; they had a sudden

onset of clinical symptoms of hepatitis, along with high-titer antibody to HBV .

core antigen of 1he immunoglobulin M class in serum. 'l'henr sera were tested for
alanine aminotransferase (ALT), alkaline phosphatase (ALP), y-glutamyl
transpeptidase (-y—G’l'P), and hepatitis B e antigen (HBeAg), as well as antibody
to HBeAg (anti-HBE) (Dmabm. Tokyo, Japan). Four clinical diagnoses were
established for them: THe inacfive carrier state was defined by the presence of

HBV surface antigen (HBsAg) with normal ALT levels over 1 year (examined at

least four times at 3-month intervaks) and without evidence of portal hyperten-

sion. Chronic hepatitis was:defined by elevated ALT levels (> 1.5 times the upper
limit of normal [35 IU/lter]) persisting over 6 months (with at least. three
bimonthly tests). Cirrhosis was diagnosed pnnc:pally by ultrasonography (ooarse
liver architecture, nodulax liver surface, blunt liver edges, and hypersplenism),
platelet counts of <100 000/cm’ or a conibination thereof. Histological confir-

mation by finc-néédic Biopsy of the liver was performed as required: TICC was
diagnosed by ultrasonography, computerized tomography, magneuc Tesonance
imaging, angiographiy, tumor biopsy, or a combination thereof.

The study protocol conformed to the 1975 déclaration of Helsinki and was
approved by the ethics committees of the respective institutions. Every patient or
his/her next of kin gave informed consent to the purpose of the study.

Genotypes and subgenotypes of HBY. The six HBV genotypes (A to F) were
determined serologically by enzyme immunoassay (EIA) using commercial kits
(HBV Genotype EIA; Institutes of Immunology Co., Ltd., Tokyo, Japan). The
method depends on the combination of epitopes on pre-S2 region products
detected by monoclonal antibodics that were spedific for cach of them (46, 47).
Subgenotypes of HBV/A, designated Al and A2, were determined by direct
sequencing of the pre-S2/S gene, followed by a phylogenetic analysis.

Quantification of HBV DNA and sequencing. HBV DNA levels in sera were
quantitated with a commercial kit (Amplicor HBV Monitor; Roche Diagnostics,
Basel, Switzerland) with a detection range from 2.6 to 7.6 log copies/ml. Nucleic
acids were extracted from 100 yl of serum using the Qiaamp DNA Blood Minikit
(Qiagen GmbH, Hilden, Germany). Eleven complete HBV/A genomes and 29
pre-S/S region sequences were amplificd by I'CR with appropriate primer sets,
as described previously (40). The amplified HBV DNA fragments were directly
sequenced using the ABI Prism Big Dye kit version 3.0 (Applied Biosystems,
Foster City, CA) in an ABI 3100 automated DNA sequencer (Applied Biosys-
tems). All sequences were analyzed in both forward and reverse directions.
Complete and partial HBV genome sequences were aligned using GENETYX

version 11.0 (Software Development Co., Ltd., Tokyo, Japan).

HBV IN CHB PATIENTS IN JAPAN IS SHIFTING TO GENOTYPE A

1477
TABLE 1. Characteristics of 1,271 CHB patients
Parameter Value
Characteristic » : '
Male gender [10. (%)] ...cocovemmerersrrmsermmsserssnsons 766 (60.3)
‘Age (yr; mean * SD).... ’ 514* 140
Diagnosis . ‘
Inactive carrier state [no. (%)} ........................... 206 (16.2)
Chronic hepatitis [110. (%)].uveuvereereesemreesrerreenn 786 (61.8)
Cirrhosis [no. (%)] 175 (13.8) .
HCC [no. (%)] 104 (8.2)
Antnvu'al treatment [no. (%)]........, .................... 577 (45.4)
Blood tests
Platelets (10%/mm?) 214 +302
ALT (IU/liter) 59.8 + 103.0
ALP (IU/liter) 2704 + 136.0
v~ GTP (TU/liter) 474 * 66.1
HBV markers
HBeAg [no. (%)] 399 (31.4)
HBV DNA (median [range] [log copies/ml])....... 4.2 (<2.6to >7.6)

Molecular evolutionary analysis of HBV. Reference sequences were retrieved
from the DDBJ/EMBL/GenBank databases with their accession numbers for
identification. To investigate the relationship between HBYV isolates from pa-
tients with chronic and acute hepatitis B in Japan, HBV/A isolates (AH]1 to -10)
were randomly retrieved from them and sequenced in our previous study (29).
Nucleotide sequences of HBV DNA were aligned by the program CLUSTAL X,
and genetic distance was estimated by the six-parameter method (10) in the
Hepatitis Virus Database (36). Based on these values, phylogenetic trees were
constructed by the neighbor-joining method (30) with the midpoint rooting
option. To confirm the reliability of the phylogehetic trées, bootsr.rap resampling
tests were performed 1,000 times: -

Statistical analysis. Categorical variables were compared between groups by

-the x* test or Fisher’s exact test and ioncategorical variables by the Mann-
Whitney U test. A P value of less than 0.05 was considered significant.

. Nucleotide sequence accession numbers. The DDBJ/EMBL/GenBank acces-
sion mombers of the complete genome sequences of HBV isolates JPN_CH1 to
-11 are AB453979 to AB453989.

RESULTS

Distribution of HBV genotypes:among patients with CHB.
Of the 1,370 serum samples, the genotype could not be deter-
mined for 99(7.2%) by EIA due to:low HBsAg levels, leaving
1,271 for analysis in this study (Table 1). Of these, 206 (16.2%)
were inactive carriers, 786 (61.8%) had chronic hepatitis, 175
(13.8%) cirrhosis, and 104 (8.2%) HCC. They had a mean age
of 51.4 * 14.0 years and included 766 (60.3%) men. They had
a median HBV DNA level of 4.2 log copies/ml, and 399
(31.4%) of them were positive for HBeAg. Antiviral treatment
had been given to 577 (45.4%) of them with interferon, lamiv-
udine, adefovir pivoxil, or entecavir.

The genotypes were HBV/A in 44 (3.5%), HBV/B in 179
(14.1%), HBV/C in 1,046 (82.2%), and HBV/D in 2 (0.2%)
(Table 2). In comparison with our previous report on the
distribution of genotypes-in Japan in 2001 (27), HBV/A was
more frequent in this study (3.5% versus 1.7%; P = 0.02). Of
the 16 hospitals in this study, 10 overlapped with those in our
previous report from 2001. In these 10 hospitals, HBV/A was
more frequent in the present than in the previous survey (3.6%
versus 1.7%; P = 0.04).

The distribution of HBV genotypes in Japan differed by
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TABLE 2. Distribution of HBV Genotypes

No. (%)
Genotype
2005-2006 (n = 1,271) 2000-2001* (n = 720)
A 44 (3.5%) 12(1.7)
B 179 (14.1) 88 (12.2)
C 1,046 (82.3) 610 (84.7)
D 2(0.2) 3(04)
Mixed 0(0.0) 7(1.0)
2 From Orito et al. (27).
bp =002

geographic location (Fig. 1). HBV/C was the most prevalent in
the majority of areas, In the Tohoku area, the northern part of
the Japanese mainland (Honshu), HBV/B was more prevalent
than in the other areas of the Japanese mainland. In Okinawa,
the southernmost islands of Japan, HBV/B was predominant.
Of note, HBV/A was more frequent in the Kanto area (9.5%),
the metropolitan area, and Okinawa (9.1%) than in the other
areas.

Clinical differences among HBV/A, -B, and -C. Clinical back-
grounds were compared among the patients infected with
HBV/A, -B, and -C (Table 3). HBeAg was significantly less
prevalent in the patients infected with HBV/B than in those
infected with HBV/A or -C (P < 0.01 for each). When the
positivity of HBeAg was stratified by age, HBeAg was mark-
edly less common in patients infected with HBV/B than in
those infected with HBV/A or -C who were older than 40 years
of age (7/157 [4.5%)] versus 4/19 [21.1%] [P < 0.05] or 215/755
[28.5%] [P < 0.01]) (Fig. 2). There were no significant differ-
ences in HBV DNA levels among patients infected with the
three genotypes. As antiviral treatments might have influenced
the severity of liver disease, clinical states were compared
among patients infected with HBV/A, -B, and -C who did and

Al n=1,271
D02% A35%

Kyushu
(n=87)
A 0% B5.7%
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did not receive it; antiviral treatments did not affect the above-
mentioned trends represented in Table 3 in age, diagnosis, and
HBeAg, as well as ALT and HBV DNA levels (data not
shown).

Additionally, we compared the distributions of age and liver
diseases in patients infected with HBV/A, -B, and -C. In pa-
tients infected with HBV/C, the prevalence of cirrhosis and
HCC increased in those older than S0 years of age compared
to younger patients (Fig. 3), whereas in the patients infected
with HBV/B, cirrhosis and HCC were rare in elderly patients.
The proportion of patients younger than 40 years of age was
higher in those infected with HBV/A than in those infected
with HBV/B or -C (25/44 [56.8%] versus 22/179 [12.3%] or
288/1,046 [27.5%]; P < 0.01 for each), while cirrhosis and HCC
were also found in those older than 50 years of age infected
with HBV/A. ’

Coinfection with human immunodecficicncy virus type 1
(HIV-1) was found in 6 of the 44 (13.6%) patients infected
with HBV/A compared to only 3 of the 1,046 (0.3%) patients
infected with HBV/C (P < 0.0001); it occurred in none of the
179 patients infected with HBV/B.

Phylogenetic analyses. Among the 44 HBV/A isolates, the
complete genome was sequenced successfully in 11 (JPN_CH1
to -11). Seven of them were classified as HBV/A2 and four as
HBV/A1. A phylogenetic tree was constructed based on the
complete genome sequences of these 11 isolates, along with
those from two patients with AHB and those from 40 HBV/A
isolates retrieved from the database (Fig. 4). Of the seven
HBV/A2 isolates, the four from patients with CHB in this
study formed a cluster with the Japanese isolates retrieved
from the database and two from patients with AHB. Of the
other three isolates, JPN_CHS5 clustered with French and U.S.
isolates, JEN_CHS6 with German isolates, and JPN_CH7 with

FIG. 1. Geographic distribution of HBV genotypes in patients with chronic HBV infection in Japan during 2005 and 2006.
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TABLE 3. Clinical characteristics of individuals chronically infected with HBV of different genotypes
Value for genotype:
Parameter
A(n = 44) B (n = 179) C (n = 1,046)

Male gender [no. (%)] 32(72.7) 112 (62.6) 621 (59.4)
Age (yr [mean * SD]) 413+ 149° 55.8 = 13.7° 48.8 = 133
Diagnosis

Inactive carrier state [no. (%)] 13(29.5) 63(35.2)% 129(12.3)

Chronic hepatitis [no. (%)] 26 (59) 103 (57.5 656 (62.7)

Cirrhosis [no. (%)] 3(6.8) 10(5.6 162 (15.5)

HCC [no. (%)] 2 (45) 3(L7P 99(9.5)

Anti viral treatment [no. (%)] 13 (29.5¢ 48 (26.8)" 516 (49.3)
Blood tests .

Platelet (10*/mm?) 233+219 259+ 359° 206 =295

ALT (IUfliter) 562+ 838 42.2 £ 104.2° 63.0 = 1033

ALP (Ufliter) 247.1 +123.0 2555 +979 273.9 + 1419

v-GTP (Ulliter) 39.6 = 34.6 493 £ 634 475 * 67.6
HBV markers

HBeAg [positive rate(%)] 15 (34.0Y 17 (9.5)% 367 (35.1)

HBV DNA (median [range]) (log copies/ml) 4.2 (<2.6->7.6) 41(<2.6->7.) 42(<2.6->17.6)

“pP < 0.01, A versus Bor C.
b p < 0.01, B versus C.

cP < (.01, A versus C.
4P < 0.05, A versus C.

¢ P < 0.05, B versusC.
P < 0.01, A versus B.

Spanish and Italian isolates. All four HBV/AL isolates in this
study formed a cluster with Ph:hppme and Indian isolates.

In addition, the pre-S2/S region sequences of a total of 29
isolates were determined, including the 11 isolates whose com-
plete genomes were sequenced. Of these, 21 (72%) were clas-
sified as HBV/A2 and the remaining 8 as HBV/A1. A phylo-
genetic tree was constructed based on the pre-S2/S region
sequences from the 29 isolates, along with those from 10 pa-
tients with AHB infected with HBV/A and 47 HBV/A isolates
retrieved from the database (Fig. 5). The 21 HBV/AZ2 isolates
in the present study formed a cluster with Japanese, American,
and European isolates retriéved from the database and those
from patients with acute hepatitis. In addition, some of them
were highly homologous with each other. Likewise, HBV/A1
isolates from eight patients with chronic hepatitis in this study

70
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FIG. 2. Prevalence of HBeAg among patients mfected with HBV
of different genotypes stratified by the age.

were highly homologous with those from two patients with
acute hepatitis and isolates from the Philippines and India.
Based on the phylogenetic analyses, HBV/A isolates were im-
ported from Europe and the United States, as well as the
Philippines and India, and had infiltrated throughout Japan.

DISCUSSION

Perinatal transmission from carrier mothers to their babies
has been the principal route for establishing persistent HBV
infection in Asian countries (19). In Japan, passive and active
immunoprophylaxis with HBV immune globulin and vaccine
has been mandated for babies born to HBeAg-positive carrier
mothers since 1986; this was extended to HBeAg-negative car-
rier mothers in 1995. As a result, HBsAg has become rare in
Japanese born after 1986; it was detected in only 0.2% of
first-time blood donors younger than 19 years of age in 2000
(24). However, AHB has been increasing in Japan, predomi-
nantly through promiscuous sexual contacts.

In Japan, HBV/A is detected rarely among patients with
CHB but is frequent in those with acute hepatitis (14, 25, 29,
41, 43). Yotsuyanagi et al. reported the distribution of geno-
types in 145 Japanese patients with AHB and found HBV/A in
27 (19%), HBV/B in 8 (5%), and HBV/C in 109 (75%) (49).
HBV/A is more frequent in metropolitan areas than other
areas. The majority of patients with HBV/A infection in met-
ropolitan areas have had extramarital sexual contacts with mul-
tiple irregular partners, through which they could have con-
tracted infection. In support of this view, among men who have
sex with men (MSM) who are coinfected with HBV and HIV-1
in Tokyo, most were infected with HBV/A (15, 35).

In Japan, AHB in adulthood becomes chronic in only ~1%
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FIG. 3. Distribution of HCC, cirrhosis, chronic hepatitis, and inac-

tive carrier state among the 1,271 patients infected with HBV of
different genotypes stratified by the age.

of cases. This is much less than the progression to chromc

disease (close to 10%) in Europe and the United States, where .

HBV/A prevails (34). Recent studies have suggested that the
chances for persistence may differ among patlents acutely in-
fected with HBV of distinct genotypes (21, 25). In particular,
acute infection with HBV/A may bring about an increased risk
of progression to chronic disease. Therefore, an increase of
acute infection with HBV/A would result in a surge of HBV/A
among patients with CHB in Japan. In actuality, in comparison
with our previous results during 2000 and 2001 (27), HBV/A
was twice as frequent in this study (3.5% versus 1.7%; P =
0.02). HBV/A has been increasing in patients with CHB in the
Kanto area, where HBV/A in patients with acute hepatitis is
more frequent than in the other areas. In the islands of Oki-
nawa, also, HBV/A was found to be prevalent in this study. Of
the four patients infected with HBV/A there, two were coin-
fected with HIV-1. They were both MSM, and they were sus-
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FIG. 4. Phylogenetic tree constructed based on the complete ge-
nome sequences of HBV/A isolates. Those from 11 patients with
chronic infection in this study are shown in boldface italic (JPN_CH1
to -11), along with two isolates (JPN_AHI and -2) from patients with
acute hepatms in Japan reported in our previous study (17). Repre-
sentative-isolates were retrieved from the DDBJ/EMBL/GenBank da-
tabases, including 21 HBV/Ae, 10 HBV/Aa, and 2 HBV/Ac isolates,
along with 7 HBV isolates representative of the other seven genotypes.
Isolates from the databases are identified by accession numbers, fol-
lowed: by the country of origin. The bar at the bottom spans 0.01
nucleotide substitutions per site.

pected to have been infected with HIV through sexual contacts
on the Japanese mainland. It has been reported that HIV
infection increases the probability that AHBs will become
chronic (2, 11, 33, 48). Because they share routes of transmis-
sion and the risk for HIV-1 and HBV infections, approximately
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90% of patients with AIDS have markers of past or ongoing
HBYV infection'(18). Thus, HBV carriers aré more frequent in
the HIV-1-positive than in the HIV-1-negative population (4,
9). Among patients with HIV infection in Japan, 6.3% are
HBsAg positive, in particular, 8.3% of HIV-infected MSM
(16). In this study, coinfection with HIV was found in 6 of the
44 (13.6%) patients infected with HBV/A. All of them were
men. Their median age was 27.7 *+ 4.1 ycars, and five paticnts
were positive for HBeAg. Thus, there is a possibility that
HIV-1 and HBV/A coinfections are increasing among young
people in Japan, and the high rate of HBeAg positivity may be
influenced by immune suppression due to HIV infection.

In the phylogenetic analysis, the HBV/A2 isolates recovered
in this study were homologous to those from Europe and the
United States, and some of them clustered with the Japanese
isolates. On the other hand, there were HBV/ALl isolates that
formed a cluster with those from the Philippines and India.
Furthermore, some isolates from patients with acute hepatitis
who were infected with HBV/A in Japan.were highly homol-
ogous to HBV/A isolates from patients with chronic hepatitis.
This invites speculation that some HBV/A isolates were intro-

duced into Japan from foreign countries, while others have .

already settled down there and spread from patients with
chronic infection to their contacts. HBV/A would have been
infiltrating throughout Japan by these two different routes.

Clinical differences among patients infected with HBV/A,
-B, and -C were observed. The mean. age was lower in the
patients infected with HBV/A than in those infected with
HBV/B or -C. As mentioned above, AHB patients infected
with HBV/A have been increasing in the younger generation in
Japan, and around 10% of theri would have progressed to
chrotiic infection, This is one of the reasons why the patients
infected with HBV/A are younger than those infected with
HBV/B or -C. Most patients infé¢ted with HBV/B were neg-
ative for HBeAg, while a high proportion of the patients in-
fected with HBV/A and -C had it. In particular, this difference
was remarkable in the patients who were older than 40 years of
age. Thus, the seroconversion rate for the loss of HBeAg
among younger people may be higher in infection with HBV/B
than in that with HBV/A or -C. Inactive carriers weré com-
moner in HBV/A than in HBV/C infection, as well:

These lines of eviderice indicate that the activity of hepatitis
is lower in HBV/B than HBV/C infection, and patients with
HBV/B seroconvert from HBeAg to anti-HBe at young ages.
In addition, cirrhosis and HCC were less frequent in the pa-
tients infected with HBV/B than in these infected with HBV/C.
Therefore, the prognosis would be better in the patients in-
fected with HBV/B than in those infected with HBV/C. These
results are in accord with previous reports (5, 13, 28, 42). There
have been few reports on the clinical features of patients with
chronic hepatitis infected with. HBV/A in Japan. Chu et al.
have reported the distribution of HBV genotypes with refer-
ence to clinical characteristics in the United States (6). They
have shown that HBV/A and HBV/C infections are accompa-
nied by a higher frequency of HBeAg than HBV/B infection,
while HBV/B is associated with a lower rate of hepatic decom-
pensation than HBV/A and -C. In our study, inactive carriers
were commoner, while cirrhosis and HCC were found less
often in HBV/A than in HBV/C infection. HBeAg was more
prevalent in the patients infected with HBV/A than in those

J. CuN. MICROBIOL.

infected with HBV/B who- were older than 40 years of age.
Therefore, it can be said that the prognosis is better for pa-
tients infected with HBV/A than for those infected with
HBV/C; it may be poorer than for those infected with HBV/B.

In conclusion, HBV/A has been increasing among CHB
patients in Japan. On the basis of phylogenetic analyses, some
HBV/A isolates appear to have been imported from foreign
countries. They clustered with HBV/A from AHB patients and
have infiltrated throughout Japan. It is very likely that acute
and chronic infections with HBV/A have been increasing in
Japan. Obviously, immunoprophylaxis of perinatal HBV infec-
tion, implemented since 1986 on ‘a national basis, has been
insufficient to prevent horizontal HBV/A infection diffusing
among high-risk groups by transmission routes shared by HIV
infection. The foreseeable spread of HBV/A infection in Japan
should be prevented by universal vaccination programs ex-
tended to high-risk groups or the general population.
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BASIC—LIVER, PANCREAS, AND BILIARY

TRACT

Direct Cytopathic Effects of Particular Hepatitis B Virus Genotypes in
Severe Combined Immunodeficiency Transgenic With Urokinase-Type
Plasminogen Activator Mouse With Human Hepatocytes

MASAYA SUGIYAMA,* YASUHITO TANAKA,” FUAT KURBANOV,* ISAO MARUYAMA,* TAKASHI SHIMADA,*
SATORU TAKAHASHI,® TOMOYUK! SHIRAIS KEISUKE HINO,! ISAO SAKAIDA,™ and MASASHI MIZOKAMI**

*Department of Clinical Molecular informative Medicine, and $Department of Experimental Pathology and Tumor Biology, Nagoya City University Graduate School of
Medical Sciences, Nagoya, Japan, *PhoenixBio Co, Ltd, Higashi-Hiroshima, Japan; "Department of Basic Laboratory Sciences, Department of Gastroenterology and
Hepatology, Yamaguchi University Graduate School of Medicine, Yamaguchi, Japan, and *Research Center for Hepatitis & Immunclogy, Kohnodai Hospital,

Intemational Medical-Center of Japan, Chiba, Japan

Background & Aims: Little is known about the di-
rect cytopathic effect of hepatitis B virus (HBV) and
its association with particular viral genotypes or genetic
mutations. We investigate HBV genotype-related differ-
ences in viral replication, antigen expression, and his-
topathology in ‘severe combined immunodeficiency
transgenic with urokinase-type plasminogen activator
mice harboring human hepatocytes. Methods: Mice
were inoculated with wild-type of different genotype
strains (3 for each HBV/A2, B1, and C2) recovered from
preinfected-mice sera or patient sera. Results: Histo-
logic analysis of mice infected with HBV/C2 for 22-25
weeks showed abundant ground-glass appearance of
the hepatocytes and fibrosis in the humanized part of
the murine liver owing to the activation of hepatic stel-
late cells mediated by oxidative stress through trans-
forming growth factor-B1 signaling, whereas neither
was observed with HBV/A2 and B1. The HBV-DNA
level in sera was the highest in mice infected with
HBV/C2 compared with those with HBV/A2 and
HBV/B1 (10%, 107, and 10* log copies/mL, respectively,
P < .05) during 6-8 weeks postinoculation. HB core-
related antigen excretion had a similar trend among
the genotypes, whereas secretion of HB surface anti-
gen was more pronounced for HBV/A2 followed by
HBV/C2 and much less for HBV/B1. Introduction of
precore stop-codon mutation in the HBV/B1 caused a
significant increase in viral replication, antigen ex-
pression, and a histopathologic picture similar to
HBV/C2. Conclusions: By using a humanized in vivo
model, we show that different HBV genotypes and
even particular mutations resulted in different viro-
logic and histopathologic outcomes of infection, in-
dicating that particular genetic variants of HBV may
be directly cytopathic in immuanosuppressive condi-
tions.

With an estimated 420 million chronic carriers, hep-
atitis B virus (HBV) infection is one of the most
prevalent chronic viral infections of human beings. The
chronic infection often leads to citrhosis and/or hepato-
cellular carcinoma, which is responsible for at least 1
million deaths annually worldwide.! The precise mecha-
nism by which chronic viral hepatitis results in hepato-
cellular carcinoma (HCC) is not known. However, evi-
dence now is available concerning the direct effects of
HBV in this process.23 The impottant issue of a distinct
impact of the various HBV genotypes on the virulence
has not been addressed directly so far.*s

Genotypes are subdivided further into subgenotypes
on the basis of phylogenetic relationships.¢. Evidence for
the influence of HBV genotypes/subgenotypes on liver
diseases in acute, fulminant, and chronic infection have
been reported increasingly.”-'3 Involvement of _genetic
mutations of HBV in its pathogenesis is another open
question. Previous reports have indicated that mutations
in basal core promoter, precore/core, envelope, and X
coding regions may be associated with HCC.™* The term
precore mutants refers to HBV strains with nonsense
frameshift or initiation codon mutation in the precore
region that prevent translation of hepatitis B e antigen
(HBeAg) precursor and are associated with an increase of
viral replication via stabilization of the pregenomic en-
capsidation signal.'s However, little is known about the
histopathologic implication of the mutants. Complexity

Abbreviations used in this paper: a-SMA, a-smooth muscle actin;
PCm, precore stop-codon mutation; HBcrAg, antigens related to hep-
atitls B virus core; HSC, hepatic stellate cell; 8-OHdG, 8-hydroxyde-
oxyguanosine; PCR, polymerase chain reaction; ROS, reactive oxygen
species; TGF-B4, transforming growth factor-gi.
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Table 1. Inoculum Profiles on HBV Isolates of Distinct Genotypes/Subgenotypes.

_Genbtype_ (Subgenotype)

Isolates Mice () Accession No. Precore (1896)  HBeAg
A (A2/Ae) A2_US 4 AB246337 wild - +
A2_JPN1 3 AB246338 Wild ot
A2_JPN2 3 AB362931 ‘Wild T+
C (C2/Ce) C2_JPN22 4 AB246344 Wild +
C2:JPNAT . 4 AB246345- Wild Sk
o C2_JPN3L 3 AB362932 . . Wild. +
B (B1/Bj_wild)y * - BL_JPN35w 4. " AB246341 - Wild C o+
- B1_JPNS6W 3 | AB246342. - Wild- +
B1_JPNS8w 4 AB362933 Wild +.
-B (B1/Bj_PCm)* B1_JPN35m 3 e L Mutant -
. B1_JPNS6m . . 3 SO Mutant S =
B1i_JPN58m 3 B Mutant - F ks

2Accession numbers are not shown because these 3 clones identical to the above described HBV/B clones were constructed with G1896A point

mutation.

of the host and environmental factors complicates eval:
uarion of the veritable virologic differences between ge-
netic variants of HBV in a clinical study. Therefore, a
model that eliminaces these factors and allows a direct
comparison ‘of early dyna:mcs of HBV genotypes is es-
sential for such investigation.

Recently engineered severe combined immunodeficient
mice transgenic for urokinase-type plasminogen activator
received human hepatocyte transplants (hereafter re-
ferred to as chimeric mice)'6-'% and are suitable for the
expetiments with hepatitis viruses in vivo,'920 and offer a
rare opportunity in modeling the early kinetics of the
HBV replication.2!

In the present study, infecting human hepatocytes in
chimeric mice, we show that different HBV genotypes
and even particular mutations within the same genotype
have distinct virologic characteristics that may have con-
tributed to the distinct histologic outcomes.

Materials and Methods

Inoculation of Chimeric Mice With the Liver

Repopulated for Human Hepatocytes

The chimeric mice were purchased from Phoenix
Bio Co, Ltd (Hiroshima, Japan). Human hepatocytes were
imported from BD Biosciences (San Jose, CA). The human
- serum albumin was measured by enzyme-linked immu-
nosorbent assay using commercial kits (Eiken Chemi-

cal Co Ltd, Tokyo, Japan). The serum levels of the human

albumins and the body weight were required to be iden-
tical among all of the mice to provide reliable compari-
son. All mice were infected successfully with HBV recov-
ered from preinfected-mice sera or sera of panents as
described in our previous report.2! Briefly, a mixture of
immature virions can be present in supernatants of cell
culeure transfected with plasmids expressing HBV?223,
therefore, to avoid direct use of the supernatants in
expenmental mice, the preinfected mice were infected
instead, using the culture media, and then were used as a
source of HBV inoculums for the experimental mice.
Three clones for each HBV/A2, C2, B1_wild, or B1_PC
mutant (precore stop-codon mutation [PCrm]) were used

in this study (Table 1), and each clone was inoculated to
3 or 4 mice.

Patients

Sera were obrained from 6 patients, 3 of whom had
acute hepatitis B and the remaining 3 had fulminant hep-
atitis B. All sera were subjected to HBV extraction and direct
sequencing, which determined genotype B (subgenotype
Bj/B1) in all of them. HBV genome sequence analysis of the
HBV dlones isolated from 3 patients with fulminant hepa-
titis revealed both the presence of the PC mutation

G 1896A) and the absence of any other featured mutations
such as core promoter or tyrosine methionine aspartate

‘aspartate mutations (Table 2). HBV strains isolated from

the 3 acute hepatitis patients were wild type without core

Table 2. Characteristics of Patients From Whom HBYV Isolates of Distinct Genotypes/Subgenotypes Were Recovered

Genotype/subgenotype Isolates - Precore (1896) ‘Diseases - HBeAg - HBV (LGE#/mL)
B1/Bj_wild B1_JPN1 Wid AHB + 6.8
B1_JPN2 Wild AHB + 7.0
B1_JPN3 " Wild AHB + 8.7
B1/Bl_PCm B1_JPN4 Mutant FHB - 8.7
B1_JPN5S . Mutant FHB = 8.0
B1_IPN6 Mutant FHB - 8.6

AHB, acute hepatitis B; FHB, fulminant hepamns B.
3Log genome equivalents.
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promoter, precore, and tyrosine methionine aspartate aspat-
rate mutadons. The study design conformed to the 1975
Declaration of Helsinki, and was approved by the Ethic
Committees of the partcipating institutions. Written in-
formed consent was obtained from each patient.

Histopathologic Examination

Liver tissues were fixed in buffered formalin, em-
bedded in paraffin, and stained with H&E, Masson’s
trichrome (MT), or orcein staining. To detect a-smooth
muscle actin («-SMA) and human nuclei, polyclonal an-
tibodies against anti-a-SMA (Lab Vision Corp, Fremont,
CA) and monoclonal antibody against anti-human nuclei
(Chemicon International, Inc, Temecula, CA) were used
as primary antibodies, respectively. The fibrosis stage was
evaluared by an expert pathologist who was blinded to
the nature of inocula (S.T.).

Dihydroethidium Labeling of Reactive Oxygen

Species in Liver Tissue

In situ reactive oxygen species (ROS) production
was evaluated by staining with dihydroethidium (Invitro-
gen, Carlsbad, CA) as previously reported with minor
modification.?* Briefly, in the presence of ROS, dihydro-
ethidium is oxidized to ethidium bromide and stains
nuclei bright red by intercalating with the DNA. The
fluorescence was detected with laser scanning confocal
microscopy. The relative stained area was quantified us-
ing National Institutes of Health image analysis for 5
randomly selected areas of digital images in each speci-
men.

Detection of 8-Hydroxydeoxyguanosine in

Liver Tissue

Immunohistochemical detection of 8-hydroxyde-
oxyguanosine (8-OHdG) was performed as previously re-
ported with minor modification.?s The detailed protocol
is shown in the Supplementary Materials and Methods
section (see Supplementaty material online at www.
gastrojournal.org).

Results

Differences of Replication Efficiency Among

HBV Genotypes

The inoculums, each containing approximately
10° copies of any 1 of the 4 clones: HBV/A2, C2, B1_wild,
and B1_PC mutant (PCm), were inoculated to 3 or 4
mice. HBV DNA was quantified in murine sera weekly.
One week after inoculation, HBV DNA was detected in
both the HBV/A2 and C2 groups. The titer increased
approximately by 2 logs within the next 2 weeks, and
continued to increase until 7-12 weeks before reaching a
plateau. HBV-DNA levels were 2 logs higher in the mice
inoculated with HBV/C2 than HBV/A2 at 6-8 weeks
postinoculation (P < .05) (Figure 14).

GASTROENTEROLOGY Vol. 138, No. 2

To assess the role of the PC mutation, 2 variants of
HBV/B1 were included in the comparison between the
genotypes: the HBV/B1_wild and HBV/B1_PCm. Differ-
ently from HBV/A2 and HBV/C2, both of the HBV/B1
variants had shown a so-called window period; character-
ized by the HBV-DNA levels remaining undetectable un-
til weeks 4-5 after the inoculation. However, after the
window period, the HBV-DNA level of the B1_PCm de-
tected at week 5 had rapidly increased in titer, reaching
the levels of HBV/C2 and A2 by week 11 (Figure 1A).
Interestingly, HBV-DNA levels of B1_wild did not show
this rapid increment during the whole follow-up period
(until week 25). HBV-DNA titer was 3 logs lower in mice
inoculared with HBV/B1_wild compared with those with
the other genotypes (P < .01). To evaluate the replication
dynamics of the different genotypes, the time required
for a 10-fold increment of the viral load (log time) was
estimated. When the window periods of HBV/B1_PCm
were excluded from the comparison, the log time was
similar between the HBV/C2 and B1_PCm, ranging from
7.3 to 8.4 days, whereas HBV/A2 had a longer index (12.9
days), suggesting slower replication. However, the lowest
replication efficiency was observed for HBV/B1_wild,
with a log time of 27.7 days,

Distinct Characteristics on Antigen

Production Among HBV Genotypes

The expression of hepartitis B surface antigen
(HBsAg) and hepadts B core-related antigen (HBcrAg)
(depicted in Figure 1B)‘did not correspond with that of
HBV DNA (Figure 14) for HBV/B1_PCm, which had
rapidly increased antigen expression in the early phase,
and then decreased sharply. HBeAg of HBV/B1_PCm was
undetectable as expected to confirm the function of the
stop codon mutation. In contrast, dynamics of HBcrAg
and HBeAg expression by HBV/C2 and HBV/A2 resem-
bled those of HBV DNA. The HBcrAg levels of HBV/
B1_PCm without HBeAg expression revealed lower levels
than those of HBV/A2 or C2. To detect core protein alone
without detecting HBeAg, only hepatitis B core antigen
(HBcAg) was assessed in each mice group at the peak
point of HBcrAg by enzyme-linked immunosorbent as-
say. The value of HBV/B1_PCm shown was equal to that
of HBV/C2, and higher than that of HBV/A2 (data not
shown). HBV antigens of HBV/B1_wild group were de-
tectable, although they had extremely low levels, suggest-
ing a very low replication level for this group. Core
protein levels in liver tissue, with adjustment for human
albumin levels, showed a similar trend to that of sera
(data not shown).

Confirmation of HBV/B1_Wild Infectivity by

Using Human Sera

Virus titer of the HBV/B1_wild group was very
low and the log time was long in the present study. To
further confirm these findings, we used 6 sera: 3 from
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Figure 1. Comparative dynamic profis of HBV-DNA and antigen levels in
sera of mice inoculated with preinfected-mice sera recovered from cutture
media transfecting HBV construct. (4) Levels of HBV DNA in sera of the chi-
meric mice noculated with HBV/A2, C2, B1_wild, or B1_PCm. Shadedingray
is an area below the detection imit (< 10° copies/mL) of the real-time detection
PCR assay. *Statistical differences with a P value of less than .05. "*Statistical
differences with a P value of less than .01. (8) Dynamic profiles of HBV antigen
expression, as revealed by quantification of HBsAg, HBeAg, and HBcrAg in
seraof the chimeric mice (see Supplementary Materials and Methods section).
For each group, mean values observed in 9-11 chimeric mice are depicted
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acute hepatitis B patients harboring precore wild-type
HBV/B1 and the other 3 from fulminant heparitis
B patients harboring precore nonsense-mutation Bl
(B1_PCm) (Table 2). Three mice were inoculated with
each one of the 6 serum specimens adjusted to contain
approximately 106 copies of HBV DNA (Figure 2A and B).
Serum HBV-DNA levels increased immediately after in-
oculation of HBV/B1_PCm and continued to increase
until chey reached a plareau at week 6 (Figure 2A), show-
ing extremely high replication efficiency. The window
period was shortened to 2 weeks in the acute heparitis B
serum group with HBV/B1_wild; however, the peak of
mean HBV-DNA levels still was low (5 X 105 copies/mL),
which was similar to the results by inoculation of prein-
fected-mice sera (Figure 14). Neither serum levels of the
human albumin nor the body weight differed among the
mice groups. Based on direct sequencing, no mutations
were detected in the HBV complete genomes from any
mice 25 weeks after inoculation in comparison with
those of inoculated strains.

HBV antigen expression levels of the groups inoculated
with human serum samples were compared with those of
the groups inoculated with the preinfected-mice sera
(Figure 2B). HBV antigens of HBV/B1_PCm waxed and
waned in profiles similar to that of the groups inoculated
with the mice sera in the early phase.

Liver Pathology of Chimeric Mice Infected

With Each Genotype

Figure 3 shows the histology of liver in represen-
tative chimeric mice infected with HBV/A2, C2, B1_wild,
or BI_PCm during weeks 22-25. The immunofluores-
cence staining was performed using anti-HBcAg and anti-
human albumin polyclonal antibody to confirm the lo-
cation of HBV infection (Supplementary Figure 1; see
Supplementary material online at www.gastrojournal.
org). Colocalization of HBcAg and human hepatocytes
was. shown by double staining for HBcAg and human
albumin. Almost all of the mice did not reveal apparent
steatosis of hepatocytes with H&E stain. The majority of
HBV/C2- or B1_PCm-infected human hepatocytes had a
ground-glass appearance on H&E stain, fibrosis of stage
2 with MT stain, as well as neutrophil or monocyte
invitation. In contrast, the mice infected with HBV/A2 or
B1_wild had neither a ground-glass appearance nor fi-
brosis. To confirm the ground-glass appearance, these
specimens were stained by orcein staining. The orcein
staining clearly showed cytoplasmic positivity of human
hepatocytes infected with HBV/B1_PCm or C2, but not
the other group, including control mice.

Immunostaining Analysis on Expression

of a-SMA

Active hepatic stellate cells (HSCs) express a-SMA
in the early phase of fibrogenesis. To estimare the acti-
vation of stellate cells, we performed immunostaining
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Figure 2. Comparative dynamic profile of HBV-DNA antigen levels in
sera of mice inoculated with patient sera from HBV/B1_wild (PC wild-
type) and HBV/B1_PCm (PC mutant). (A) Mice inoculated with sera from
HBV/B1_wild-infected carriers developed acute hepatitis B or from
HBV/B1_PCm-infected carriers developed fulminant hepatitis B and
were assessed for levels of HBV DNA in mice sera with real-time de-
tection PCR weekly. The area below the detection limit (<103 copies/
mL) is shaded in gray. (B) Dynamic profiles of HBV antigens including
HBsAg and HBcrAg in mice corresponding to panel A. For each geno-
type, mean values observed in 9—11 chimeric mice are depicted with
the standard deviation bars.

using anti-a-SMA antibody. Immunostaining analysis
showed strong staining of @-SMA around fibrosis, which
was found by MT staining (Figure 4A). These results
indicated that liver fibrosis of HBV/C2 and B1_PCm
occurred via profibrotic cyrokines from the activated
HSCs but not artifacts. The specimen was double-stained
for human nuclei and «-SMA to distinguish between

GASTROENTEROLOGY Vol. 136, No. 2

human and mouse cells. As shown in Figure 4B, a-SMA
and human nuclei did not stain in the same cells, sug-
gesting that the active HSCs were of mouse origin.

Increased Oxidized State in Liver by
HBYV Infection

In the fibrosis process, current knowledge estab-
lishes that the production of ROS plays a critical role in
HSC activation involving transforming growth factor-g1
(TGF-B1) 51gna.|.mg 26 Because a-SMA expressed by HSCs
was detected in chimeric mice liver, we next investigated

ROS production in mice liver. The ROS production was

confirmed by dihydroethidium staining (Figure SA). The
level of ROS production was increased stadistically when
mice were infected with HBV/B1_PC or C2 compared
with HBV/A2 or B1_wild (P < .01) (Figure 5B). Figure SC
shows representative immunohistochemical staining for
8-OHdG, which is a marker of oxidative DNA damage, in
liver; 8-OHdG-positive cells were recognized in both
HBV/CZ and B1_PCm groups, whereas few 8-OHdG-
positive cells were detected in the other groups. These
data were consistent with those of ROS production.

Gene Expression of Fibrosis Markers in the

Mice Liver

" As for the change of factors associared with
TGF-B1 sighaling in the mice, serum alanine aminotrans-
ferase (ALT) arid TGF-B1 levels were increased in the
fibrosis group (B1_PC and C2) as compared with the
nonfibrosis group (AZ and B1_wild) (Figure 6A and B).
The TGF-1 levels in the fibrosis group showed signifi-
cant difference (P < .01). To determine whether the
representative fibrosis-related genes were of human or
mouse origin, we established species-specific primer sets.
Polymerase chain reaction using the species-specific
primers gave bands of specific size showing reliable spec-
ificity (Figure 6C) and dissociation cutves (dara not
shown) (the detailed protocol is provided in the Supple-
mentary Materials and Methods section). Gene expres-
sion levels of tissue inhibitor of metalloproteinase 1,
matrix metalloproteinase 2, and collagen type 12 were
quantified by real-time detection reverse-transcription
PCR analyses. Specifically, gene expression of human
tissue inhibitor of metalloproteinase 1 and mouse colla-
gen type 1a2 represented significantly higher expression
in the fibrosis group than that of the nonfibrosis or
control groups (P < .001). Matrix metalloproteinase 2
and collagen type 1a2 messenger RNA (mRNA) of hu-
man origin were undetectable because these genes are
produced predominantly in mesenchymal cells.?”

Discussion

In the present study, the severe combined immu-
nodeficient mice transgenic for urokinase-type plasmin-
ogen activator mouse with human hepatocytes was ap-
plied to evaluate genotype-dependent differences in the
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Figure 3. Immunohistochemi-
cal analysis of liver tissue. Com-
parison of liver histology in mice
long-term (25 weeks) infected
with HBV/A2, C2, B1_wild,
B1_PCm, and noninfected con-
trol. Liver sections stained with
H&E, MT, or orcein are shown.
After - deparaffinization, tissue
slides were stained according to
each method. Representative
staining of C2 and B1_PCm
showed a ground-glass appear-
ance, fibrosis, and cytoplasmic
positivity of human hepatocytes
by orcein staining (brown),
whereas these were absent in
A2, B1_wild, and control mice.
Original magnifications: H&E and
orcein, 200x; MT, 100x.

B1_PCm |

Contrel

expression of HBV DNA and antigens. This has allowed
for an assessment of the direct cytopathic potential of
different HBV genotypes (ie, particular subgenotypes) to
be investigated without the host-related bias, under con-
ditions of the absence of immune pressure. In addirtion,
this may represent a novel mouse model for human liver
fibrosis associated with ROS production leading to the
activity of TGF-B by viral infection but not chemical
trigger. The study thereby has shown that infection with
HBV/C2 in contrast to HBV/A2 or B1_wild has induced
an abundant ground-glass appearance of the human
hepatocytes along with an increased fibrosis in the hu-
manized liver of the chimeric mice in an immunosup-
pressive condition. A strong staining of a-SMA observed
around areas of fibrosis indicated activation of HSCs in
cases of HBV/C2 and B1_PCm, but not in A2 and
B1_wild. In the chimeric mice, therefore, ROS produc-
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don could play a cridcal role in HSC activation. In
connection with this study, we have evaluated the liver
damages in chimeric mice killed at 3 months postinfec-
tion (early phase dynamics). The viral dynamics and ROS
production of HBV/C2 or B1_PCm evaluared in the early
phase indicated levels of alterations similar to those ob-
served after long-term infection (Supplementary Figure 2;
see Supplementary material online at www.gastrojournal.
org). Fibrosis stage and orcein staining levels (ground-
glass appearance), however, were expressed in lesser levels
than in the long-term infecred mice, suggesting that the
liver damage can be detected even in the early stage of the
infection, but its level cotrelates with the duration of
exposure to oxidative stress.

Our previous report showed that the incracellular
virion retention and endoplasmic rericulum stress were
the highest for HBV/C2.?! Our data obrained in vitro and
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a-SMA

in vivo may explain in part previous results accumulated
from clinical studies indicating that HCC more often was
associated with HBV/C and the mean age of patients with
HCC is younger in the HBV/C-infected group compared
with the HBV/B1-infected group.262° On the other hand,
the low replicative capacity and hepatic injury of HBV/A2
may contribute to the ability of the subgenotype to evade
the immune response and chronically per51st in up to
10% of acutely infecred adules (which is exceptionally
rarely obsetved with HBV/C or HBV/B).11:39-32 High lev-
els of HBsAg secretion for HBV/A2 are in contrast with
its low replicative activity, and this may be an important
mechanism for the immune escape. However, some cau-
tions must be exercised when extrapolating the results of
in vivo models to patients because immune responses are
not taken into account.

The hepatic m]uty during acute and chronic HBV
infection genuinely is considered to be caused by the
host’s immune response against the infected hepato-
cytes.>> However, in some immunosuppressed chronic
HBV patients, high viremia and liver fibrosis may oc-
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Figure 4. Confirmation of liver
fibrosis by immunostaining using
anti~a-SMA antibody. (A) Liver
sections stained with H&E, MT,
or immunostaining using anti-o-
SMA antibody (as described in
the Materials and Methods sec-
tion). (B) Nuclei stained brown
with the antibodies indicate hu-
man origin, and a-SMA is
stained in red, located in the cy-
toplasm: without a stained nu-
cleus. Shown are representative
staining of images expressing fi-
brosis. Original magnification,
200x.

cut.3435 Previous reports have shown that HBV genotypes
E or G cause intracellular changes and hepatocellular
damage in human hepatocytes in severe combined im-
munodeficient mice transgenic for urokinase-type-plas-
minogen activator.2* We showed here that activation of
oxidative stress led to TGF-B1 production in chimeric
mice as reported in previous studies.?6 Accumulation of
oxidative damage, 8-OHdG, might enhance the possibil-
ity of carcinogenesis as observed in HCC patients. These
findings suggest that hepatic injuries could arise in the
absence of a mature immune system and the difference of
genotype would affect the cytopathic potental of the
virus.

Chimeric mice were infected with HBV recovered from
serum or culture medium containing virion from Huh7
cells transfected with HBV construct.229213637 In our
previous study, by using a single clone corresponding to
HBV/A or C, we showed 2 logs difference during weeks
4-7 in the serum levels of HBV DNA between the cohort
of mice inoculated with HBV/C and HBV/A:2' In the
present study, we extended the examination of the geno-
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Figure 5. Differences in produc-
tion of oxidative damage among
HBV genctypes. (A} Frozen liver
sections of mice inoculated with
different HBV genotypes were
stained by dihydroethidium. Flu-
orescence was detected with
a laser scanning microscope.
{B) Fluorescence intensities in
randomly selected areas of digi-
tal images were quantified by
National Institutes of Health image
analysis software. *P < .01: A2
or B1_wild vs C2 or B1_PCm.
(C) Oxidative damages in liver
tissue were evaluated by stain-
ing of 8-OHdG-positive nuclei.
Original magnifications, 200X.

type differences by using 3 clones, representative of each
genotype. The results of the present study in concordance
with our previous study showed that the replication
efficiency of HBV/C is significantly higher than that of
HBV/A, as was indicated by 2 logs difference during
weeks 6-8 in the levels of HBV DNA detecred in murine
sera (P < .05). The ability of HBV/A to express more
HBsAg, and that of HBV/C to produce more HBcrAg
revealed in our previous in vitro study,’ were both
thereby confirmed by the present in vivo replication
model using the chimeric mice.

Previous clinical observations on HBV/B1!128 prompted
a deeper investigation on the impact of the PC mutation
on the virologic characteristics of the genotype. The
unique characteristic of HBV/B1_wild stood out among
genotypes harboring no major mutations. The HBV/
B1_wild group revealed low replication efficiency with
window periods and low antigen expression. The lower
replicative activity and hepatic injuries of HBV/A2 and
B1_wild may partially explain why carriers with either
HBV/A2 or HBV/B1 often are asymptomatic in contrast
to those with HBV/C infection.28383% In our study, the
PC mutation was the only difference between HBV/
B1_PCm and HBV/B1_wild clone, and the former
showed higher replication efficiency and severe damage
in liver tissue. The antigen levels of the HBV/B1_PCm
increased rapidly and decreased eatlier than those of the
HBV/A2 or C2 clone, whereas HBV/B1_wild showed that
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the concentrations of HBV antigens remained low for
several months postinfection. These particular characters
were observed for the HBV/B1_PCm group inoculated
with sera from both preinfected mice and patients with
fulminant hepatitis. The majority of patients with fulmi-
nant hepatitis and fatal acute exacerbation have been
found to have the G1896A muration.''#*4!' A greater
incidence of fulminant hepartitis might be associated with
the high replication and protein production in the early
phase, as was shown on the HBV/B1_PCm clone in this
study. The defect of immunologic rolerance as a result of
the absence of HBeAg may play an important role in the
fulminant course of precore mutation in HBV infec-
tion*? This would concur with a previous report by
Bocharov et al which proposed that enhanced HBV rep-
lication would efficiently stimulate immune responses,
represented by the cytotoxic T-lymphocyte response,*®
suggesting that enhanced replication by HBV/B1 with
G1896A mutation might lead to an extremely high cyto-
toxic T-lymphocyte response, resulting in fulminant hep-
atitis. Buc in this study, HBV/B1_PCm showed similar
responses to HBV/C2 infection because chimeric mice
did not have an immune system that was strong enough
to invite strong cytoroxic T-lymphocyte response against
viral infection. To uncover these unique characteristics of
PC mutant, further study would be needed by using the
infection model but not gene cransfer.
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Materials and Methods section.
non-F, no flbrosis group (A2 and
B1_wild); F, ficrosis group (C2
and B1_PCm). *P < .01: non-F
vs F. (C) The specificity of each
PCR using species-specific primer
sets. The species-specific primer
sets were established to deter-

mine whether mRNA of fibrosis-
related genes were of human or
mouse origin. Liver tissue of a
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Finally, the discrepancy between in vitro?' and in
vivo (present study) observations on HBV/B1_wild
might have been caused by differences in the cells used
for transfection (Huh7 cells) and infection (human
hepatocytes from Caucasoid donors), respectively.
Nonrecombinant type HBV/B strains (B1 and B6) have
been detected in limited areas including Japan*4 and
Alaska,* which were settled mainly by Mongoloid peo-
ple. The existence of a window period on HBV/B1
might indicate a possibility that a receptor or co-
receptor used by HBV/B1 is not equal to one adopred
by other genotypes as shown in the human herpes
virus.*6 Furcher studies using human hepatocytes from
Mongoloid people would be required.

In conclusion, using an in vivo experimental system,
we show that different HBV genotypes and even partic-

Mouse

HCC patient or a mouse without
transplantation of human hepa-
tocytes was used to check the
primer sets for real-time detec-
tion PCR. The PCR products
were run on 2% agarose gels to
confirm the molecular sizes as
well as species-specific amplifi-
cations. (D) Quantification of
mRNA expression on fibrosis-
related genes in each group by
real-time reverse-transcription
PCR. non-F group, n = 15, F
group, n = 22; control, n = 8:
ND, not detected; *P < .001.

ular mutations are associated with different virologic and
histopathologic characteristics. Infection with HBV/C2
as well as PC mutant of the HBV/B1 in immunosuppres-
sive conditions can induce a direct cyropathic effect in
the humanized part of the murine liver. This mouse
model appears to be useful in the evaluation and predic-
tion of pathogenic effects of various genotypes of HBV
and certain HBV mutations.

Supplementary Data

Note: To access the supplementary material
accompanying this article, visit the online version of
Gastroenterology at www.gastrojournal.org, and at doi:
10.1053/j.gastro.2008.10.048.
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Supplementary Data
Materials and Methods

Plasmid Constructs of HBY DNA

and Sequencing

The 1.24-fold HBV genomic constructs used in
the present study were prepared as desctibed previously.!
The constructs were designed to transcribe oversized pre-
genome and precore mRNA. Table 1 shows the list of 12
plasmids used in this study. Nine wild-type clones were
used including 3 HBV/A (Ae/A2), 3 HBV/B (Bj/B1), and
3 HBV/C (Ce/C2). An additional 3 HBV/B plasmids
identical to the earlier-mendoned HBV/B clone were
constructed with precore stop-codon (PC) mutation
(G1896A), which abolishes HBeAg expression. Briefly, for
site-directed mutagenesis, the wild-type clone was di-
gested by HindIll and EcoO651 and ligated with the frag-
ment carrying the PC mutation (G1896A). Cloned HBV-
DNA sequences were confirmed with Prism Big Dye
(Applied Biosystems, Foster City, CA) in the ABI 3100
automated sequencer. Furthermore, the HBV DNA span-
ning the complete genome were amplified from murine
sera and cloned into the pGEM-T Easy Vector (Applied
Biosystems) with followed sequencing,

Cell Culture and Transfection

Huh?7 cells were rransfected with plasmids equiv-
alent to 5 ug of HBV-DNA constructs with use of the
Fugene 6 transfection reagent (Roche Diagnostics, Indi-
anapolis, IN), and harvested after 3 days in culture.
Transfection efficiency was monitored by cotransfecting
0.5 ug of reporter plasmids expressing secreted alkaline
phosphatase in the culture media.

Determination of HBV Markers
HBsAg and HBeAg were determined by chemilu-

minescent enzyme immunoassay using commercial kits
(Fujirebio Inc, Tokyo, Japan). HBerAgs, which included
both HBeAg and HBcAg, were measured in serum using
the chemiluminescent enzyme immunoassay as described
previously.>-* HBcAg was measured by enzyme-linked im-

munosorbent assay as previously reported.?

Detection and Quantification of Serum

HBV DNA

HBV-DNA sequences spanning the S gene were
amplified by real-time detection PCR by the method of
Abe et al.# The detection threshold of the method is 100
copies/mL (equivalent ro 20 IU/mL). However, because of
the small volume of the serum available from each mouse
for the HBV-DNA quantification, 10-fold template dilu-
tion was used, which resulted in a higher detection
threshold of the method in this study: 1000 copies/mL
(200 IU/mL). Quancification standards used in the assay
wete prepared based on Wotld Health Organization stan-
dard serum containing HBV genotype A (kindly provided
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by Dr Hiroshi Yoshizawa of Hiroshima University). The
amplification and detection were performed in the ABI
Prism 7700 Sequence Detection System (Applied Biosys-
tems) according to the protocol.

Detection of 8-OHdG in Liver Tissue

The slides obtained from frozen tissues for
8-OHAG determination were placed in Bouin’s fixative
overnight at room temperature, and washed in water for
20 minutes. Tissues were incubated wicth 0.3% H,0, in
methanol for 30 minures and rinsed in phosphate-buf-
fered saline (PBS) buffer. The slides were placed in 0.05 N
NaOH in 40% ethanol for 12 minutes, rinsed in PBS, and
incubared with 250 pg/mL ribonuclease for 1 hour. An
avidin/biotin block (Vector Laboratories) was applied for
20 minutes, and super block and mouse-to-mouse block-
ing reagent (ScyTek Laboratories, Logan, UT) were used
to eliminate background staining caused by endogenous
mouse immunoglobulin (Ig)G. The primary 8-OHdG an-
tibody (Japan Instirute for the Control of Aging, Shi-
zuoka, Japan) then was applied to the slides overnight ar
4°C (20 pg/mL, 1:100). To detect positive cells binding
primary antibody, these slides were treated with Vec-
tastain Elite ABC kit (Vector Laboratories). '

Quantification of TGF-1 and ALT Levels

in Sera

Serum TGF-B1 and ALT levels were determined by
using commercially available enzyme-linked immunoas-
say kits (Bender MedSystems GmbH, Vienna, Austria;
and Nissui Pharmaceucical Co, LTD, Tokyo, Japan) ac-
cording to the manufacturer’s instructions, respectively.

Quantification of Gene Expression Levels of

Fibrosis Markers

Fresh liver tissues {(n = 45) from killed mice were
used for quantification of fibrosis markers. Total RNAs
were isolared using the RNeasy Mini Kit, and DNA con-
tamination of samples was eliminated using the RNase-
free DNase Set (Qiagen, Hilden, Germany), according to
the manufacturer’s instructions. First-strand comple-
mentary DNA (cDNA) was synthesized in reaction mix-
tures with SuperScript IT RNase H™ Reverse Transcrip-
tase kit (Invitrogen), adding 0.5 pug oligo(dT);,. s primer
at 70°C for 10 minutes. Reaction mixtures were incu-
bared sequentially ar 42°C for 60 minures, at 95°C for 5
minutes, and at 60°C for 5 minutes. To check DNA
contamination of samples, PCR was performed using
isolared samples without reverse transcriptase. Primer
sets to detecr species-specific cDNA were designed using
Primer Express software (Applied Biosystems) and are
shown in Supplementary Table 1. Equal aliquots (1 L)
of cDNA were amplified by real-time detection PCR ac-
cording to the manufacturer’s Power SYBR Green PCR
Master Mix instructions (Applied Biosystems) using the
ABI Prism 7700 Sequence Detection System (Applied



