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Interestingly, the hepcidin level was significantly corre-
lated with the levels of total cholesterol and triglycer-
ides. These findings coincide with those recently
reported by Barisani et al.,’” who reported that the hep-
cidin mRNA/ferritin ratio and the hepcidin mRNA/
tissue iron score ratio were significantly lower in the
NAFLD group with hepatic iron overload than in the
NAFLD group without iron overload, ' and that the level
of hepatic hepcidin mRNA was significantly correlated
with lipid parameters.”” Our findings, in concert with
those of Barisani et al., suggest that more severe forms of
NAFLD are associated with insufficient hepcidin pro-
duction, and that lipid metabolism might be involved in
hepcidin synthesis. Alternatively, the hepatic levels of
TfR1 and TfR2 were significantly higher in NAFLD
patients than controls. Therefore, TfR1 and TfR2 would
be expected to promote hepatic iron load irrespective of
iron absorption from the duodenum.

TfR1 is ubiquitously expressed in the human body,*
while TfR2 is dominantly expressed in specific organs
including the liver.?® TfR1 has a high affinity with trans-
ferrin? and its expression is regulated by the iron-
responsive element (IRE) in the 3’-untranslated regions
of mRNAs.* In the NAFLD patients, the TfR1 level
increased significantly as the stage progressed. Since
ROS stabilize TfR1 mRNA via activation of iron regula-
tory proteins that interact with IRE,*¢ hepatic oxidative
stress should upregulate TfR1 in NAFLD.

TfR2 was recently identified as a novel transferrin
receptor,®® although the expression mechanisms have
not been fully determined.”® Similarly, neither the
physiological nor pathological role of TfR2 in the liver
has been documented. The expression level of TfR2 was
higher in NAFLD patients than controls. At present, the
association between the level of TfR2 and the pathogen-
esis of NAFLD remains unknown. Regardless of the role
of TfR2, we have reported that the TfR2 level is signifi-
cantly correlated with that of PPARa.? It is of much
interest to speculate that PPARc. might contribute to the
regulation of TfR2, since PPARo may be upregulated in
NAFLD by intrinsic PPARa ligands. This hypothesis is
under investigation in our institute.

In summary, we investigated the metabolism of fatty
acids and iron in the livers of NAFLD patients. Steatosis-
related metabolism is attenuated as the disease
progresses, whereas iron load-related metabolism is
exacerbated. Based on these findings, we hypothesize
that anti-lipid synthesis should be considered in the
early stages and that iron reduction should be consid-
ered in the later stages. The former therapies may thus
include body weight reduction and insulin-sensitizing

© 2008 The Japan Society of Hepatology

Hepatology Research 2009; 39: 366-373

drugs, and the latter therapies may include phlebotomy,
iron-restriction diets and/or antioxidants.
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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 cohort 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 was lower in 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.
HBV/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- tinct geographical distributions and are associated with differ-
dae, is a circular, partially double-stranded DNA virus and is ences in clinical and virological characteristics, such as severity
one of the major causes of chronic liver diseases, including  of liver disease and response to antiviral therapies (7, 8, 12, 13,
chronic hepatitis, liver cirrhosis, and hepatocellular carci- 22, 28). Furthermore, subgenotypes have been reported for
noma (HCC). HBV/A, -B, and -C and named Al to -3 (17, 38), Bl to -6 (31,

The HBV genome is composed of approximately 3,200 nu- 35 40y and C1 to -6 (20, 31, 45). Equally, other genotypes are
cleotides. HBV is classified into eight genotypes, designated A . ,qqified into subgenotypes. There have been increasing lines

to H, lbased Oll] an.(ijntergroup div;rgzznczeéog 3%%‘; mohr‘e in (ti},le of evidence to indicate influences of HBV subgenotypes on the
complete nucleotide sequence (3, 23, 26, 37). They have dis- outcome of liver disease and the response to antiviral therapies
(1, 39, 44).

* Corresponding author, Mailing address: Department of Clinical In 2001, we reported the geographic distribution of HBV
Molecular Informative Medicine, Nagoya City University Graduate genotypes in Japan (27). Of the 720 Japanese patients with
School of Medical Sciences, Kawasumi, Mizuho, Nagoya 467-8601, ; i faetd
Japan. Phone. 81.52.853.8262. Fax: 81.52.842-0021, E-mail: ytanaka O onic HBV infection (CHB), 12 (1 7% harbored HBV/A, 88
@med.nagoya-cu.ac.jp. (12.2%) HBV/B, 610 (84.7%) HBV/C, 3 (0.4%) HBV/D, and

¥ Published ahead of print on 18 March 2009. 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
mainland,

Recently, acute HBV infection (AHB) has been increasing
in Japan, predominantly 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
HBYV carriers. Hence, 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 the immunoglobulin M class in serum. Their sera were tested for
alanine aminotransferase (ALT), alkaline phosphatase (ALP), vy-glutamyl
transpeptidase (v-GTP), and hepatitis B e antigen (HBeAg), as well as antibody
to HBeAg (anti-HBe) (Dinabot, Tokyo, Japan). Four clinical diagnoses were
established for them. The inactive carrier state was defined by the presence of
HBY surface antigen (HBsAg) with normal ALT levels over | year (examined at
least four times at 3-month intervals) and without evidence of portal hyperten-
sion. Chronic hepatitis was defined by elevated ALT levels (> 1.5 times the upper
limit of normal {35 IUfliter]) persisting over 6 months (with at least three
bimonthly tests). Cirrhosis was diagnosed principally by ultrasonography (coarse
liver architecture, nodular liver surface, blunt liver edges, and hypersplenism),
platelet counts of <100,000/cm®, or a combination thereof. Histological confir-
mation by fine-needle biopsy of the liver was performed as required. HCC was
diagnosed by ultrasonography, computerized tomography, magnetic resonance
imaging, angiography, tumor biopsy, or a combination thereof.

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

Genotypes and subgenotypes of HBV. The six HBV genotypes (A to F) were
determined serologically by enzyme immunoassay (EIA) using commercial kits
(HBYV Genotype EILA; Institutes of Immunology Co., Ltd., Tokyo, Japan). The
method depends on the combination of epitopes on pre-S2 region products
detected by monoclonal antibodies that were specific for each 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 HBY 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 pl of serum using the Qiaamp DNA Blood Minikit
(Qiagen GmbH, Hilden, Germany). Eleven complete HBV/A genomes and 29
pre-S2/S region sequences were amplified by PCR 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 Deyelopment Co., Ltd., Tokyo, Japan).
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TABLE 1. Characteristics of 1,271 CHB patients

Parameter Value
Characteristic
Male gender {no. (%)] 766 (60.3)
Age (yr; mean = SD) 514 =140

Diagnosis
Inactive carrier state [no. (%)]
Chronic hepatitis [no. (%)]
Cirrhosis [no. (%)].........
HCC [no. (%)] ...........
Antiviral treatment [n0. (%)].occcromnrircnronnenans

Blood tests

Platelets (10%mm?).... 21.4 +30.2
ALT (IUfliter) ...... 59.8 = 103.0
ALP (IUfliter) ... 2704 = 1360
y—GTP (IUliter) 47.4 * 66.1

HBYV markers
HBEAE [110. (%)] cevovvreerrorsrressoressesserssssssressnereen 399 (31.4)
HBV DNA (median [range] [log copies/ml])....... 4.2 (<2.6to >17.6)

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 HBV isolates from pa-
tients with chronic and acute hepatitis B in Japan, HBV/A isolates (AH1 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 phylogenetic trees, bootstrap 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 noncategorical variables by the Mann-
Whitney U test. A P value of less than 0.05 was considered significant.

Nucleotide seq e accessi bers. The DDBJ/EMBL/GenBank acces-
sion numbers of the complete genome sequences of HBV isolates JPN_CHI 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)

“ 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

All n=1,271
D0.2% A3S5%
B B 14.1%

Kyushu
®=37)
A0% B5.7%

J. CLIN, MICROBIOL.

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 50 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%]1; 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 immunodeficiency 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_CHI1
to -11). Seven of them were classified as HBV/A2 and four as
HBV/Al. 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_CHS clustered with French and U.S.
isolates, JPN_CH6 with German isolates, and JPN_CH7 with

Hokkaido
(n=187)

A21% poge,

;}'

Tohoku
(=134)
A0T%
B B 44.0%
2

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 = SDJ) 413+ 149" 55.8 = 13.7* 488133
Diagnosis

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

Chronic hepatitis [no. (%)] 26 (59) 103 (575 656 (62.7)

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

HCC [no. (%)] 2 (4.5) 3(1.7)P 99 (9.5)

Anti viral treatment [no. (%)] 13 (29.5)7 48 (26.8)" 516 (49.3)
Blood tests

Platelet (10%mm?) 233 +219 259 £ 359 20.6 £29.5

ALT (IUflter) 56.2 + 83.8 42,2 £ 104.2¢ 63.0 £103.3

ALP (Ufliter) 247.1 £123.0 255.5 * 979 2739+ 1419

¥-GTP (Ufliter) 39,6 +34.6 493 * 63.4 475 * 67.6
HBV markers

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

HBV DNA (median [range]) (log copies/ml)

42 (<2.6->17.6)

4.1 (<2.6->7.6) 42 (<2.6->17.6)

4P <001, A versus B or C.
»p < (.01, B versus C.

¢P < 0.1, A versus C.

4p < 0.05, A versus C.

¢ P < 0.05, B versusC.

TP <0.01, A versus B.

Spanish and Italian isolates. All four HBV/A1 isolates in this
study formed a cluster with Philippine 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/A2 isolates
in the present study formed a cluster with Japanese, American,
and European isolates retrieved 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 infected 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 chronic
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 patients 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_AH]1 and -2) from patients with
acute hepatitis in Japan reported in our previous study (17). Repre-
sentative isolates were retrieved from the DDBJJEMBL/GenBank da-
tabases, including 21 HBV/Ae, 10 HBV/Aa, and 2 HBV/Ac isolates,
along with 7 HBYV 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
HBY infection (18). Thus, HBV carriers are 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 years, and five patients
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/AL1 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 them would have progressed to
chronic 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 infected 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 were com-
moner in HBV/A than in HBV/C infection, as well.

These lines of evidence 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 those 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 cirthosis 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
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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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Abstract

Background Entecavir (ETV) is a potent nucleoside
analogue against hepatitis B virus (HBV), and emergence
of drug resistance is rare in nucleoside-naive patients
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transcriptase, We observed two cases of genotypic ETVr
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ETV treatment of nucleoside-naive patients with chronic
hepatitis B (CHB).

Results Case 1: A 44-year-old HBeAg-positive man
received ETV 0.1 mg/day for 52 weeks and 0.5 mg/day for
96 weeks consecutively. HBV DNA was 10.0 log,q copies/
ml at baseline, declined to a nadir of 3.1 at week 100, and
rebounded to 4.5 at week 124 and 6.7 at week 148, Alanine
aminotransferase (ALT) level increased to 112 IU/ at
week 148, Switching to a lamivudine (LVD)/adefovir-
dipivoxil combination was effective in decreasing HBV
DNA. Case 2. A 47-year-old HBeAg-positive man
received ETV 0.5 mg/day for 188 weeks. HBV DNA was
8.2 log o copies/ml at baseline, declined to a nadir of 2.9 at
week 124, and then rebounded to 4.7 at week 148 and 6.4
at week 160. ALT level increased to 72 U/ at week 172,
The ETVr-related substitution (5202G), along with LVD-
resistance-related substitutions (L180M and M204V), was
detected by sequence analysis at week 124 in both case 1
and case 2.

Conclusions ETVr emerged in two Japanese nucleoside-
naive CHB patients after prolonged therapy and incomplete
suppression and in one patient after <0.5 mg of dosing.
ETV patients with detectable HBV DNA or breakthrough
after extended therapy should be evaluated for compliance
to therapy and potential emergence of resistance.

Keywords Entecavir - HBV - Chronic hepatitis B -
Drug resistance - Nucleoside-naive

Introduction

Hepatitis B virus (HBV) infection is a serious health
problem because of its high prevalence, estimated to be
infecting more than 350 million people worldwide, and its
potential for inducing chronic hepatitis, cirrhosis, hepatic
decompensation, and hepatocellular carcinoma (HCC) [1,
2], It has been demonstrated that the most potent risk factor
for development of cirrhosis or HCC is serum HBY DNA
level [3, 4], and it seems that suppressing serum HBV load
is essential for improving the prognosis of HBV carriers.
Treatment of chronic hepatitis B (CHB) has evolved
markedly with the introduction of nucleoside-analogue
antivirals, that is, lamivudine (LVD), adefovir-dipivoxil
(ADV), entecavir (ETV), and telbivudine, to clinical
practice. LVD, the first approved nucleoside analogue
against HBV, was shown to be effective in suppressing
HBV DNA replication, improving transaminase levels,
improving liver histology, inducing hepatitis B e antigen
(HBeAg) seroconversion, and suppressing hepatic insuffi-
ciency and hepatocarcinogenesis in CHB and compensated
cirrhosis [5, 6]. However, the effectiveness of LVD is
limited because of frequent development of drug resistance
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followed by a hepatitis flare and, occasionally, hepatic
failure [7, 8).

ETV, a novel anti-HBV nucleoside analogue, has more
than 1,500 times greater potency than LVD in vitro [9]. In
clinical trials, ETV administration demonstrated potent
anti-HBV activity with a marked decline in serum HBV
DNA level and a significant improvement in liver histology
than LVD in nucleoside-naive HBeAg-positive and -neg-
ative patients [10, 11]. In addition, emergence of ETV
resistance (ETVr) or viral rebound was shown in these
studies to be rare. From these results, recent treatment
guidelines have recommended ETV as the first-line
nucleoside analogue for nucleoside-naive CHB patients,
including those with cirrhosis [12, 13].

It has been reported that the development of ETVr in
nucleoside-naive patients is very rare, even after 4 years of
therapy. Recently, however, rare cases of ETVr, which
developed in nucleoside-naive patients in clinical studies,
have been reported [14-16). We also observed two patients
who developed ET Vr-associated HBV reverse transcriptase
(RT) substitutions, followed by virologic rebound, defined
as an elevation in serum HBV DNA of more than 1 logjg
copy/ml from nadir, and biochemical breakthrough in long-
term ETV treatment of nucleoside-naive CHB patients. In
this article, we report these two cases in detail.

Case report
Case 1

A 44-year-old Japanese male CHB patient was positive for
hepatitis B surface antigen (HBsAg), HBeAg, serum HBV
DNA, and had HBV genotype C, had elevated alanine
aminotransferase (ALT) levels, and had no history of
nucleoside analogue treatment. The patient had a history of
acute appendicitis at age 30, ureteral stone at age 35, and
hyperlipidemia at age 43. He had a habit of drinking
alcohol (700 ml) daily but did not smoke. At age 27, he
was diagnosed for the first time by health screening as an
asymptomatic HBV carrier in the immune-tolerant phase,
defined by HBsAg positivity and normal liver enzymes,
and he was followed up regularly elsewhere with blood
tests for liver enzymes. He was found to have ALT ele-
vation. He was referred to our hospital at age 44 and was
diagnosed with CHB. Serum HBV DNA level determined
by Roche Amplicorm Monitor PCR assay (lower limit of
detection is 2.6 logyp copies/ml = 400 copies/ml; Roche
Diagnostics K.K., Tokyo, Japan) [17] was 10.0 log;p cop-
ies/ml and serum ALT level was 199 IU/I. Histologic
diagnosis by percutaneous liver biopsy at baseline revealed
chronic hepatitis with mild fibrosis and mild activity (CH
F1/A1, according to the New Inuyama Classification) [18].
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Table 1 Baseline characteristics

Normal range Unit Case 1 Case 2
Age - - 44 years 47 years
Gender - - Male Male
T. Bil 0.2-1.0 mg/dl 0.8 0.5
AST 1040 101 i13 48
ALT 5-40 1un 199 74
ALP 115-359 1uA 268 216
BUN 6-20 mg/d] 9.5 15.9
CREA 0.61-1.04 mg/dl 0.95 0.83
ALB 4.0-5.0 g/dl 42 4.3
WBC 3500-8500 ful 6,800 5,650
Hb 13.5-17.0 g/dl 15.7 14.8
PLT 13.1-36.2 10%ul 18.9 14.5
Prothrombin time 10-13 second 10.8 11.2
INR - 1.0 0.9
HBsAg (CLIA) 0-0.05 1U/ml >100 (positive) >100 (positive)
anti-HBs (CLIA) 0-10 1U/ml 0 (negative) 0 (negative)
HBeAg (CLIA) 0-1 120 (positive) 190 (positive)
anti-HBe (CLIA) 0-50 % <35 (negative) 0 (negative)
HBV DNA (PCR) <2.6 log;e copies/ml 10.0 8.2

HBYV genotype

YMDD (sequencing)

Liver histology®

Genotype C Genotype C
YMDD+ YMDD+
YVDD— YVDD—-
YIDD— YIDD—
CH F1/Al CH F2/A2

® Diagnosed according to New Inuyama classification. T. Bil: total bilirubin, AST: aspartate aminotransferase, ALT: alanine aminotransferase,
ALP: alkalinephosphatase, BUN: blood urea nitrogen, CREA: serum creatinine, ALB: serum albumin, WBC: white blood cell count, Hb:
hemoglobin, PLT: platelet count, INR: international normalized ratio, HBsAg: hepatitis B surface antigen, CLIA: chemiluminescent immu-
noassay, anti-HBs: antibody to hepatitis B surface antigen, HBeAg: hepatitis B ¢ antigen, anti-HBe: antibody to hepatitis B e antigen, HBV:
hepatitis B virus, PCR: polymerase chain reaction, YMDD: tyrosine-methionine-aspartate-aspartate motif, YVDD: tyrosine-valine-aspartate-
aspartate motif, YIDD: tyrosine-isoleucine-aspartate-aspartate motif, CH F1/Al: chronic hepatitis with mild fibrosis and mild activity, CH F2/

A2: chronic hepatitis with moderate fibrosis and moderate activity

Other baseline characteristics are shown in Table 1. He
was enrolled in a phase II clinical trial of ETV and was
randomized into 0.1- and 0.5-mg dosage groups. The trial
was conducted in Japan in compliance with the ethical
principles of the Declaration of Helsinki, Good Clinical
Practice guidelines, and Articles/Notifications of the Min-
istry of Health, Labor and Welfare (H. Kobashi et al., J
Gastroenterol Hepatol, in press). He was assigned into the
0.1-mg dosage group and administered ETV at daily dose
of 0.1 mg for an initial 52 weeks. Subsequently, he was
administered ETV continuously at a daily dose of 0.5 mg
for the following 96 weeks. The serum HBV DNA level,
which was 10.0 log o copies/ml at baseline, declined to a
nadir of 3.1 log,, copies/ml at week 88 of ETV treatment.
Thereafter, HBV DNA level increased from 4.5 logo
copies/ml at week 124 to 6.3 logyo copies/ml at week 140
and 6.7 log;o copies/ml at week 148. ALT levels increased

from 28 TU/1 at week 144 to 112 TU/ at week 148. The
patient discontinued ETV therapy at week 148, and then
received a combination therapy of 100 mg of LVD and
10 mg of ADV per day. Afterwards, HBV DNA level
dropped to below 2.6 log;o copies/ml and ALT level was
normalized after 28 weeks of LVD/ADV dosing (Fig. 1).
HBYV DNA sequence analysis was performed using PCR-
amplified HBV DNA from preserved serum samples at
baseline and at every 24 weeks via HBV DNA polymerase
sequence assay (developed at SRL, Inc., Tokyo, Japan).
Although sequence analysis of the baseline isolate revealed no
substitution in the RT domain of the HBV DNA polymerase
gene, analysis of the isolates collected over time revealed the
M?2041 substitution at week 100 and the L180M, S202G, and
M?204V substitutions at weeks 124 and 144, respectively
(Table 2). Inaddition, a polymorphic residue N238 was found
as mixed N238 N/H at week 100 and thereafter. The
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Fig. 1 Clinical course of case 1, a 44-year-old man with nucleoside-
naive CHB. ETV treatment reduced ALT levels to below the upper
normal limit at week 12 and reduced HBV DNA load to a nadir of
3.1 log;p copies/ml at week 88. However, HBY DNA re-elevated to
4.5 log;g copies/ml at week 124 (virologic breakthrough) and
6.3 log;o copies/ml at week 140, as well as ALT level re-elevated
at week 148 (biochemical breakthrough). Sequence analysis of the

Table 2 Population sequence analysis of isolates from case 1 on
ETV therapy

Week Reverse transcriptase position

180 202 204 223 238
0 L S M S/A N
24 L S M S/A N
100 L S M/ S/A N/H
124 M G v S NH
144 M G \Y S NH

polymorphic residue $223, which was mixed as S/A at
baseline, was found to be only S at weeks 124 and 144.

In addition, preserved serum samples from this patient at
baseline and at every 24 weeks were analyzed by an
ultrasensitive, single-nucleotide-polymorphism  (SNP)-
PCR assay, using a method similar to Punia et al. [19] for
identification of resistance substitutions, as well as ana-
lyzing the sequence of individual clones to determine the
genetic linkage of substitutions, SNP-PCR analysis was
performed for the two LVD-resistance (LVDr) substitu-
tions, M204V (codon GTG) and M204I (codons ATA and
ATT), and the ETVr substitution S202G. Both wild-type
and positive control plasmids containing the correct
sequence were used at various concentrations to establish
the background level as well as the level of detection for
each substitution. For clonal analysis, the amplified RT
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HBV DNA polymerase gene using serum sample obtained at weeks
124 and 144 revealed the emergence of L180M, M204V (related to
LVD resistance), and $202G (related to ETVr) substitutions. SNP-
PCR assay revealed that LVDr M204V and ETVr $202G substitu-
tions were detected first at week 124 (98%) and increased at week 148
(>99%). Switching from ETV to LVD/ADYV combination treatment at
week 148 was successful in reducing HBV DNA load and ALT again

gene from the patient’s HBV was cloned into plasmids, as
well as 22 to 24 individual clones were selected and
sequenced, to determine the genetic linkage of the different
substitutions observed.

SNP-PCR analysis for ultrasensitive detection of the
resistance  substitutions revealed that the LVDr
M204V(GTG) and ETVr S202G(GGT) substitutions were
not detected (<0.1%) at baseline, week 24, or week 100,
The M204I substitution (codon ATA) was detected at low
levels at week 24 (0.4%), increased levels at week 100
(6.6%), and was present but at reduced levels at weeks 124
and 148 (0.4% at both time points). The LVDr M204V and
ETVr S202G substitutions were detected first at week 124
(98%) and increased levels at week 148 (>99%). The levels
of M204I(ATA) were lower at weeks 124 and 144, likely
as a result of the dominant M204V/S202G virus (Table 3).
Samples at weeks 48 and 76 could not be analyzed con-
clusively because of low yields of HBV DNA from serum
samples.

Clonal analysis revealed that position 223 was a mixture
of S and A residues at baseline, the LVDr substitutions
L180M and M204V, as well as the ETVr substitution
5202G, all emerged simultaneously and were linked in the
same virus isolate clones at week 124, isolates that also
contained S at position 223. These substitutions did not
appear to arise from the LVDr isolates with M204I because
the M2041 substitution emerged in an isolate with substi-
tution S223A.
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Table 3 SNP-PCR analysis of case 1 isolates

Week M204V $202G M2041 (ATA) M2041 (ATT)

MutVWT Ave (%) Mut/WT Ave (%) Mut/WT Ave (%) Mut/WT Ave (%)
0 1/5,424 0.018 1/15,453 0.0065 1/4,199 0.024 1/37,940 0.0026
24 1/5,655 0.018 1/19,000 0.0052 1/243 0410 1/46,518 0.0021
100 1/3,846 0.026 1/16,038 0.0062 114 6.569 1/50,456 0.0020
124 48/1 97.973 59/1 98.327 11265 0.377 1/12,879 0.0078
144 706/1 99.859 1,250/1 99,920 17237 0421 1/10,573 0.0095

Cells with bold and underlined font are considered positive (>1/1000 or >0.1% mutant/wild-type)

Mut/WT, mutant/wild type, mean (N = 3)
Ave %, average % in total HBV DNA

Case 2

A 47-year-old Japanese male CHB patient was positive for
HBsAg, HBeAg, serum HBV DNA, and had HBV geno-
type C, had elevated ALT levels, and had no history of
nucleoside analogue treatment. At age 33, he was diag-
nosed for the first time as an asymptomatic HBV carrier in
the immune-tolerant phase because of positive HBsAg and
normal liver enzymes. At age 44, he was found to have
ALT elevation, referred to our hospital, and diagnosed with
CHB. Histologic diagnosis by percutaneous liver biopsy
revealed chronic hepatitis with moderate fibrosis and
moderate activity (CH F2/A2 according to the New Inuy-
ama Classification). He was treated with ursodeoxycholic
acid at a daily dose of 600 mg orally and glycyrrhizin
preparation (stronger Neo-Minophagen CTM) 40 ml iv.
thrice per week for 3 months, However, liver enzymes did
not normalize. Interferon-«2b administration, three mega
units i.m, thrice per week, was started at age 45 and con-
tinued for 24 weeks. Although HBV DNA level was
reduced transiently to below 3.7 logyo copies/ml at the end
of therapy, it rose 9 months after cessation of interferon
therapy to 8.2 logyo copies/ml and ALT level increased to
483 TU/M. At age 47, the patient was started on ETV
treatment as the subject enrolled in the ETV clinical trial
(ETV-053) in Japan at a daily oral dose of 0.5 mg and
continued for 188 weeks. A liver biopsy performed
1 month before starting the ETV treatment showed chronic
hepatitis with moderate fibrosis and moderate activity (CH
F2/A2, according to the New Inuyama Classification)., The
baseline serum HBV DNA level was 8.2 logo copies/ml,
ALT level was 74 1U/l, and other baseline characteristics
were as shown in Table 1. The serum HBV DNA level
declined to 3.2 log,o copies/ml and ALT level decreased to
below the upper limit of normal at week 32. Liver histol-
ogy improved to mild-to-moderate fibrosis and mild
activity (CH F1-2/A1) at week 48 and chronic hepatitis
with mild-to-moderate fibrosis and mild activity (CH FV/

Al) at week 148, HBV DNA level was suppressed to a
nadir of 2.9 logio (794) copies/ml at week 124 and rose
again to 4.7 log;o copies/ml at week 148, 5.4 log, copies/
ml at week 152, and 6.4 log;o copies/ml at week 160 and
7.0 log)o copies/ml at week 164. ALT level rose to 79 U/l
at week 172 and remained between 40 and 50 IU/1 there-
after. ETV at 0.5 mg/day was continued until this time
(Fig. 2).

HBV DNA sequence analysis revealed no resistance
substitutions in the patient’s baseline virus. However, the
LVDr-related substitutions L180M and M204V, as well as
ETVr-related substitution S202G, were detected at week
124, as a mixed population with wild type, and at week
148, as a pure population (Table 4). In addition, the patient
displayed evidence of several polymorphic substitutions at
baseline, indicating a mixed quasi-species, which became
enriched for those with the resistant virus over time,

SNP-PCR analysis was used to determine the first
appearance of the resistance substitutions, using the same
method as for case 1. There was no antiviral resistance
detected at baseline (<0.1%). The M204V (0.65%) and
S$202G substitutions were detected first at week 24 but not
again until week 124. At weeks 124 and 148, the resistant
isolate had become enriched to 43% (M204V) and 98%
(M204V), respectively (Table 5).

Clonal analysis was performed to determine the genetic
linkage of the various substitutions observed, using the
same method as for case 1, The amplified RT gene from the
patient’s virus was cloned into plasmids, and 24 to 27
individual clones were selected and sequenced. From the
clonal analysis, it can be seen that there are three positions
that contain mixtures at baseline; position 55 is a mixture
of H and R residues, position 221 is a mixture of Y and F
residues, and position 269 is a mixture of I and L residues.
The substitutions L.180M and M204V, as well as the ET Vr-
related substitution S202G, all emerge simultaneously and
in an isolate with H at position 55, Y at position 221, and I
at position 269.
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Fig. 2 Clinical course of case 2, a 47-year-old man with nucleoside-
naive CHB. ETV treatment reduced ALT level to below the upper
normal limit at week 30 and reduced serum HBV DNA level to a
nadir of 2.9 log;o copies/m! at week 124. However, HBV DNA level
re-elevated to 4.7 loge copies/ml (virologic breakthrough) at week
148 and 7.0 logo copies/m] at week 168, as well as ALT level re-

Table 4 Population sequence analysis of isolates from case 2 on
ETV therapy

Week RT position

55 76 180 191 195 202 204 221 269
0 HR S L v F S M Y/F VL
24 HR S L v F S M Y/F VL
52 HR S L v F S M Y/F 1L
100 H S L v F S M Y/F TL
124 H ST UM VT FS SIG MIV Y 1L
148 H S M v F G v Y I

Table 5 SNP-PCR analysis of case 2 isolates

Week S202G* M204V (GTG, M2041 (ATA, M204I (ATT,

%) %) %)
0 Negative 0.016 0.020 0.0065
24 Positive  0.65 0.029 0.018
52 Negative 0.021 0.020 0.018
100 Negative 0.020 0.021 0.010
124  Positive 43 0.33 0.010
148  Positive 98 2.9 0.016

® 8202G PCR was non-quantitative, A positive indicates 4-fold,
5085-fold, and 10475-fold the wild-type background for weeks 24,
124, and 148, respectively. The baseline isolate gave 1.1-fold the
wild-type background
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elevated to 79 IU/] at week 172. Sequence analysis of the HBV DNA
polymerase gene using serum sample obtained at weeks 124 and 148
revealed the emergence of L180M, M204V (related to LVD
resistance), and S202G (related to ETVr) substitutions., SNP-PCR
assay revealed that the resistant isolate was enriched to 43 (M204V)
and 98% (M204V), respectively

Discussion

The most important limitation of long-term nucleoside
analogue treatment for CHB is the emergence of drug-
resistant mutant HBV followed by viral breakthrough and
hepatitis flare [12]. The most common mutation associated
with LVDr involves substitution of methionine in the
tyrosine-methionine-aspartate-aspartate (YMDD) motif of
the HBV DNA polymerase gene RT domain with valine or
isoleucine (M204V/1), with or without a leucine-to-methi-
onine substitution in an upstream region (rtL.180M) [20]. It
was reported that LVDr was detected at a rate of 14 to 32%
after 1 year and 60 to 70% after 5 years of LVD treatment
[12]. The substitutions conferring resistance to ADV are
asparagine to threonine (N236T) and alanine to valine or
threonine (A181V/T) [21], and the cumulative probability
of ADV resistance with elevation of HBV DNA level has
been reported to be 20% at 5 years in HBeAg-negative
patients [22] and as high as 42% in HBeAg-positive
patients [23].

In the case of ETV, it has been reported that resistance
to the drug requires at least one of three substitutions in
HBV RT, that is, rtT184, rtS202, and rtM250, as well as
LVDr-related substitutions rtL180M and M204V [24].
Phenotypic analyses of samples associated with virologic
breakthrough confirmed that ETV susceptibility correlates
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with the spectrum of these additional substitutions con-
ferring genotypic resistance and the increased level of
circulating HBV DNA [25].

There is a high genetic barrier to resistance to ETV in
nucleoside-naive patients and <1% experience virologic
breakthrough with ETVr through 4 years of therapy [15].
However, in LVD-refractory patients, the barrier to resis-
tance is lower because the suppression of HBV replication
is not as great and these patients mostly harbor virus with
two of the three substitutions required for high-level ETVr
[26]. This results in virologic breakthrough with ETVr in
LVD-refractory patients at 1% in the first year but
increasing to 39.5% after 4 years of therapy [15].

In this article, we report two cases with confirmed
genotypic resistance to ETV, virologic rebound, and bio-
chemical breakthrough during long-term ETV treatment
for nucleoside-naive CHB patients. In the first case, the
patient received a lower dose of ETV (0.1 mg daily for
52 weeks) than is currently recommended in product
labeling. It was shown that LVD-ADYV combination ther-
apy was apparently effective for the ETV-resistant strain,
presumably because there is no cross-resistance between
ETV and ADYV [26, 27].

SNP-PCR analysis for resistance substitutions revealed
that the LVDr M204V(GTG) and the ETVr S202G(GGT)
substitutions were negative at baseline and emerged
simultaneously at week 124 in both patients. The three
resistance substitutions I1.180M, M204V, and S202G
appeared to be genetically linked and did not arise in a
stepwise manner in nucleoside-naive patients, as has been
described previously.

ETV displays several properties for consideration as the
first-line nucleoside analogue because of its potent antiviral
activity and a lower frequency of drug resistance than LVD,
ADV, or telbivudine [13]. Although ETV is effective in
LVD-refractory patients, the potency is reduced somewhat
and the barrier to resistance is diminished by the presence of
tM2041/V and rtL180M substitutions, The fact that ETVr
may develop in nucleoside-naive patients, even if the
chance is small, is noteworthy. In case 1, the patient
received a lower dose of ETV (0.1 mg daily), which may be
a possible contributing factor to resistance. The common
features of our two cases were: HBeAg-positivity, male,
high viral load, slow decrease of HBV DNA, and persis-
tently detectable HBY DNA by PCR (>2.6 log,q copies/ml)
during the treatment course; however, these characteristics
were also present in some other patients who did not
develop ETVr. Patient compliance with prescribed therapy
also should be assessed in such situations. It is believed that
some subpopulations of HBV that proliferate very actively
and are not completely suppressed by ETV may have a
chance of being selected for the resistance substitutions
required for ETV virologic failure. Accordingly, such cases

with persistent HBV DNA after extended ETV treatment
should be evaluated for emergence of drug-resistance sub-
stitutions with close monitoring of HBV DNA level, even in
nucleoside-naive patients.

The rate at which resistant mutants are selected is
related to pretreatment serum HBV DNA level, rapidity of
viral suppression, duration of treatment, and prior exposure
to nucleoside analogue therapies [12]. For the management
of the emergence of drug resistance in nucleoside analogue
treatment of CHB and cirrhosis, prediction and early
detection of drug-resistant HBV by close monitoring of
serum viral load and genotypic resistance are necessary.
Keeffe et al. [28] reported the “road-map concept,” that is,
on-treatment monitoring strategy, for selection of nucleo-
side analogues by early prediction of efficacy and
resistance using assessment of viral responses at weeks 12
and 24. Although this “concept” seems imperfect because
the probability of emergence of resistance to particular
nucleoside analogue is not taken into account, a similar
strategy for management of drug resistance by close
monitoring of viral load and confirming genotypic resis-
tance with consideration of the property of each nucleoside
analogue should be established for antiviral treatment of
CHB using nucleoside analogues.

Conclusions

We reported two cases of emergence of genotypic resis-
tance to ETV accompanied by virologic breakthrough in
nucleoside-naive CHB patients. One patient was treated
with a lower than recommended dose of ETV. Although
development of ETVr-related gene mutations is rare in
nucleoside-naive patients, the patients with a slow decline
of HBV DNA or persistent HBV DNA (>2.6 log;, copies/
ml) after ETV administration should be evaluated carefully
for the potential emergence of ETVr.

Acknowledgments This work was carried out with a grant from
Bristol-Myers Squibb. Taku Seriu, Hiroki Ishikawa, and Ronald Rose
are employees of Bristol-Myers Squibb. Masao Omata serves as an
advisor for Bristol-Myers Squibb. We acknowledge Jie Fang and
Kevin Pokornowski, employees of Bristol-Myers Squibb, for geno-
typic analysis of the patient samples.

References

1. Lavanchy D. Hepatitis B virus epidemiology, disease burden,
treatment, and current and emerging prevention and control
measures. J Viral Hepat 2004;11:97--107. doi:10.1046/j.1365-
2893.2003.00487.x

2. Beasley RP. Hepatitis B virus. The major etiology of hepato-
cellular carcinoma. Cancer 1988;61:1942-1956. doi:10.1002/
1097-0142(19880515)61:10<1942::AID-CNCR2820611003>3.0.
C0;2-J

@ Springer

—300—



410

Hepatol Int (2009) 3:403-410

3.

10.

1.

12,

13.

14,

16.

Chen CJ, Yang HI, Su J, et al. Risk of hepatocellular carcinoma
across a biological gradient of serum hepatitis B virus DNA level.
JAMA 2006;295:65-73. doi:10.1001/jama.295.1.65

. Iloeje UH, Yang HI, Su J, et al. Predicting cirrhosis risk based on

the level of circulating hepatitis B viral load. Gastroenterology
2006;130:678-686. doi:10.1053/j.gastro.2005.11.016

. Lai CL, Chien RN, Leung NW, Chang TT, Guan R, Tai DI, et al.

A one year trial of lamivudine for chronic hepatitis B. N Engl J
Med 1998;339:61-68. doi:10.1056/NEJM199807093390201

. Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H, et al.

Lamivudine for patients with chronic hepatitis B and advanced
liver disease. N Engl J Med 2004;351:1521-1531. doi:10.1056/
NEJMoa033364

. Liaw YF, Chien RN, Yeh CT, Tsai SL, Chu CM. Acute exac-

erbation and hepatitis B virus clearance after emergence of
YMDD motif mutation during lamivudine therapy. Hepatology
1999;30:567-572. doi:10.1002/hep.510300221

. Lok AS, Lai CL, Leung N, Yao GB, Cui ZY, Schiff ER, et al.

Long-term safety of lamivudine treatment in patients with
chronic hepatitis B. Gastroenterology 2003;125:1714-1722. doi:
10.1053/j.gastro.2003.09.033

. Ono SK, Kato N, Shiratord Y, Kato J, Goto T, Schinazi RF, et al.

The polymerase L528M mutation cooperates with nucleotide
binding-site mutations, increasing hepatitis B virus replication
and drug resistance. J Clin Invest 2001;107:449-455. doi:
10.1172/IC111100

Gish RG, Lok AS, Chang TT, de Man RA, Gadano A, Sollano J,
et al. Entecavir therapy for up to 96 weeks in patients with
HBeAg-positive chronic hepatitis B. Gastroenterology 2007;133:
1437-1444, doi:10.1053/j.gastro.2007.08.025

Lai CL, Shouval D, Lok AS, Chang TT, Cheingquer H, Goodman
Z, et al. Entecavir versus lamivudine for patients with HBeAg-
negative chronic hepatitis B. N Engl ] Med 2006;354:1011-1020.
doi: 10.1056/NEJMoa051287

Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology
2007;45:507-539. doi:10.1002/hep.21513

Keeffe EB, Dieterich DT, Han SH, Jacobson IM, Martin P, Schiff
ER, et al. A treatment algorithm for the management of chronic
hepatitis B virus infection in the United States: an update. Clin
Gastroenterol Hepatol 2006;4:936-962. doi:10.1016/j.cgh.2006.
05.016

Colonno RJ, Rose R, Baldick CJ, Levine S, Pokomowski K, Yu
CF, et al. Entecavir resistance is rare in nucleoside naive patients
with hepatitis B. Hepatology 2006;44:1656-1665. doi:10.1002/
hep.21422

. Colonno R, Rose R, Pokomowski K, Baldick C, Eggers B, Yu D,

et al. Four year assessment of entecavir resistance in nucleoside
naive and lamivudine refractory patients. J Hepatol 2007;46:
5294, doi:10.1016/S0168-8278(07)62379-4 (abstract)

Suzuki F, Akuta N, Suzuki Y, Yatsuji H, Sezaki H, Arase Y, et al.
Selection of a virus strain resistant to entecavir in a nucleoside-
naive patient with hepatitis B of genotype H. J Clin Virol 2007;
39:149-152. doi:10.1016/j.jcv.2007.03.004

@_ Springer

—301—

18,

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

. Kessler HH, Pierer K, Dragon E, Lackner H, Santner B, Stiinzner

D, et al. Evaluation of a new assay for HBY DNA quantitation in
patients with chronic hepatitis B. Clin Diagn Virol 1998;9:37-43,
doi: 10.1016/50928-0197(97)10008-3

Ichida F, Tsuji T, Omata M, Ichida T, Inoue K, Kamimura T,
et al. New Inuyama classification; new criteria for histological
assessment of chronic hepatitis. Int Hepatol Commun 1996;6:
112-119. doi:10.1016/50928-4346(96)00325-8

Punia P, Cane P, Teo CG, Saunders N. Quantitation of hepatitis B
lamivudine resistant mutants by real-time amplification refractory
mutation system PCR. J Hepatol 2004;40:986-992. doi:10.1016/
S0168-8278(04)00062-5

Lai CL, Dienstag J, Schiff E, Leung NW, Atkins M, Hunt C, et al.
Prevalence and clinical correlates of YMDD variants during
lamivudine therapy for patients with chronic hepatitis B. Clin
Infect Dis 2003;36:687-696. doi:10.1086/368083

Angus P, Vaughan R, Xiong S, Yang H, Delaney W, Gibbs C,
et al. Resistance to adefovir dipivoxil therapy associated with the
selection of a novel mutation in the HBV polymerase. Gastro-
enterology 2003;125:292-297. doi:10.1016/S0016-5085(03)00
939-9

Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang TT, Kitis
G, Rizzetto M, et al. Adefovir Dipivoxil 438 Study Group. Long-
term therapy with adefovir dipivoxil for HBeAg-negative chronic
hepatitis B for up to 5 years. Gastroenterology 2006;131:1743—
1751. doi:10.1053/j.gastro.2006.09.020

Hepsera (Adefovir dipivoxil) current US package insert. CA:
Gikead Sciences. p. 3

Tenney DJ, Levine SM, Rose RE, Walsh AW, Weinheimer SP,
Discotto L, et al, Clinical emergence of entecavir-resistant hep-
atitis B virus requires additional substitutions in virus already
resistant to lamivudine. Antimicrob Agents Chemother
2004;48:3498-3507. doi:10.1128/AAC.48.9.3498-3507.2004
Baldick CJ, Eggers BJ, Fang J, Levine SM, Pokornowski KA,
Rose RE, et al. Hepatitis B virus quasi-species susceptibility to
entecavir confinns the relationship between genotypic resistance
and patient virologic response. J Hepatol 2008;48:895-902. doi:
10.1016/}.jhep.2007.12.024

Tenney DI, Rose RE, Baldick CJ, Levine SM, Pokomowski KA,
Walsh AW, et al. Two-year assessment of entecavir resistance in
lamivudine-refractory hepatitis B virus patients reveals different
clinical outcomes depending on the resistance substitutions
present. Antimicrob Agents Chemother 2007;51:902-911. doi:
10.1128/AAC.00833-06

Villet 8, Ollivet A, Pichoud C, Barraud L, Villeneuve JP, Trepo C,
et al, Stepwise process for the development of entecavir resistance
in a chronic hepatitis B virus infected patient. J Hepatol
2007;46:531-538. doi:10.1016/j.jhep.2006.11.016

Keeffe EB, Zeuzem S, Koff RS, Dieterich DT, Esteban-Mur R,
Gane EJ, et al. Report of an international workshop: Roadmap for
management of patients receiving oral therapy for chronic hep-
atitis B, Clin Gastroenterol Hepatol 2007;5:890-897. doi:
10.1016/j.cgh.2007.05.004



@

Oncogene (2009) 28, 2910-2918
© 2009 Macmillan Publishers Limited All rights reserved 0950-9232/09 $32.00

www.nature.com/onc

ORIGINAL ARTICLE

Defective expression of polarity protein PAR-3 gene (PARD3)
in esophageal squamous cell carcinoma
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The partition-defective 3 (PAR-3) protein is implicated in
the formation of tight junctions at epithelial cell—cell
contacts. We investigated DNA copy number aberrations
in human esophageal squamous cell carcinoma (ESCC)
cell lines using a high-density oligonucleotide microarray
and found a homozygous deletion of PARD3 (the gene
encoding PAR-3). Exogenous expression of PARD3 in
ESCC cells lacking this gene enhanced the recruitment
of zonula occludens 1 (ZO-1), a marker of tight junctions,
to sites of cell-cell contact. Conversely, knockdown
of PARD3 in ESCC cells expressing this gene caused
a disruption of ZO-1 localization at cell-cell borders.
A copy number loss of PARD3 was observed in 15%
of primary ESCC cells. Expression of PARD3 was
significantly reduced in primary ESCC tumors compared
with their nontumorous counterparts, and this reduced
expression was associated with positive lymph node
metastasis and poor differentiation. Our results suggest
that deletion and reduced expression of PARD3 may be a
novel mechanism that drives the progression of ESCC.
Oncogene (2009) 28, 2910-2918; doi:10.1038/onc.2009.148;
published online 8 June 2009
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Introduction

Esophageal cancer is the sixth leading cause of cancer
mortality worldwide (Enzinger and Mayer, 2003). Of the
two main histological subtypes of esophageal cancer,
squamous cell carcinoma is prevalent worldwide, although

. the incidence of adenocarcinoma has been increasing in

North America and Europe (Vizcaino et al., 2002).

Correspondence: Dr K Yasui, Department of Molecular Gastro-
enterology and Hepatology, Graduate School of Medical Science,
Kyoto Prefectural University of Medicine, 465 Kajii-cho, Kamigyo-
ku, Kyoto 602-8566, Japan.

E-mail; yasuik@koto. kpu-m.ac.jp

Received 9 December 2008; revised 13 April 2009; accepted 7 May 2009;
published online 8 June 2009

Inactivation of tumor suppressor genes is critical to
the development and progression of human malignan-
cies. Much effort has been put into finding homozygous
deletions in cancer cells in the expectation that they
harbor tumor suppressor genes. Suppressor genes that
have been identified partly from homozygous deletions
include CDKN24 (Kamb et al., 1994), PTEN (Liet al.,
1997) and SMAD4 (Hahn et al., 1996). The recent
introduction of high-density oligonucleotide micro-
arrays designed for typing of single nucleotide poly-
morphisms (SNPs) facilitates high-resolution mapping
of chromosomal amplifications, deletions and losses
of heterozygosity (Mei et al., 2000; Zhao et al., 2004).

Cell polarization and the formation of cell-cell
junctions are coupled processes that are essential to
tissue morphogenesis (Macara, 2004). Loss of cell-cell
adhesion and cell polarity is commonly observed in
advanced tumors and correlates strongly with their
invasion into adjacent tissues and the formation of
metastases (Wodarz and Néthke, 2007).

It has become apparent that polarity is largely
regulated by a conserved set of proteins referred to as
partition-defective (PAR) proteins (Kemphues et al.,
1988; Macara, 2004; Suzuki and Ohno, 2006). These
proteins were first identified in the zygote of Caenor-
habditis elegans, where they specify the anterior-poster-
jor body axis. They are also essential for asymmetric cell
division in Drosophila melanogaster. The mammalian
homologs of the C. elegans polarity proteins have
evolutionarily conserved functions in the establishment
of cell polarity in various cell types. One of these
homologs, PAR-3, contains one self-oligomerization
domain in the N terminus, three PDZ protein interac-
tion domains and one atypical protein kinase C (aPKC)-
binding domain (Izumi et al., 1998; Joberty et al., 2000;
Lin et al., 2000; Assémat et al., 2008). These domains
enable PAR-3 to form a conserved protein complex with
PAR-6 and aPKC (Macara, 2004; Suzuki and Ohno,
2006). In mammalian epithelial cells, this PAR-3-PAR-
6-aPK.C complex assembles at tight junctions, where it
is necessary for the establishment of apico-basal
polarity.

Thus, deletion of PAR protein genes in tumor cells
may disrupt cell polarity and adhesion. To identify the
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Deletion of PARD3 @
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2911
genes that are potentially involved in human esophageal ~ Copy number and expression of PARD3 in ESCC cell
squamous cell carcinoma (ESCC), we investigated DNA lines
copy number aberrations in ESCC cell lines using high- ~ We analysed the DNA copy number and expression
resolution SNP arrays. We show that the gene encoding  level of P4RD3 in 20 ESCC cell lines and normal
human PAR-3 protein, PARD3, is homozygously  lymphocytes and in esophageal epithelial cells as a
deleted in ESCC cells, and that this deletion affects the  control (Figure 2). Comparison with normal esophageal
formation of tight junctions in these cells. Furthermore,  epithelial cells showed lower expression of PARD3 in 18
we show that reduced expression of PARD3 is  of the 20 ESCC cell lines (Figure 2b). The absence of the
associated with the aggressiveness of primary ESCC ~ PARD3 gene in the KYSE30 and KYSE270 cell lines
tumors. was confirmed by real-time quantitative reverse tran-
scription (RT)-PCR and immunoblot analyses. These
assays did not detect the expression of PARD3 mRNA
Results and the PAR-3 protein, respectively (Figures 2b and ¢).
Analyses of the cell lines by real-time quantitative
Identification of homozygous deletion of PARD3 RT-PCR and immunoblot indicated varying expression
To identify genes potentially involved in ESCC, we  levels of PARD3 mRNA, and three forms of the
screened for DNA copy number aberrations in 20 ESCC ~ PAR-3 protein with molecular weights of 180, 150 and
cell lines by Affymetrix GeneChip Mapping 250K array ~ 100kDa, respectively (Figures 2b and ¢).
analysis. Of the 20 cell lines screened, KYSE30 and
KYSE270 cells exhibited homozygous deletions at the
chromosomal region 10p11 (Figure la). The estimated ~ PAR-3-dependent recruitment of ZO-1 to sites of cell-cell
extent of the common region of deletion was ~280kb  contact in ESCC cells
between the markers SNP_A-2051960 and SNP_A-  To determine whether the deletion of PARD3 leads to
1867256, which includes a single gene PARD3 (Supple-  defective tight junction formation in BESCC cells, we
mentary Figure S1). The extent of the shortest region of ~ determined the effect of PARD3 deletion on the
overlap of homozygous deletions was narrowed down to subcellular localization of zonula occludens 1 (ZO-1),
exons 3-22 of PARD3 by genomic PCR analyses a marker of cellular tight junctions (Stevenson et al.,
(Figures 1b and c). 1986). For this purpose, we compared the colocalization
a chr 10 10pt1
4
5 PARD3
L0 .
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§§ exon3
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Figure 1 Homozygous deletion of PARD3 in ESCC cell lines. (a) Chromosome 10 cytoband map and copy numbers determined by
Affymetrix GeneChip Mapping 250K arrays of KYSE30 and KYSE270 cells. Arrows indicate the loci for homozygous deletions at
position 10p11. (b) Map of 10p11 encompassing the region that is homozygously deleted in KYSE30 and KYSE270 cells. The position
of the Affymetrix SNP probes, the two genes (NRPJ and PARD3) and the exons of PARD3 is shown according to the UCSC genome
database 2006 (http://genome.ucsc.edu/). Horizontal arrows indicate the regions homozygously deleted in KYSE30 and KYSE270 cells
as determined by genomic PCR analyses (see panel c). The horizontal white closed arrow indicates the minimal common region of
deletion. (c) PCR analysis of each exon of the PARD3 and NRPI genes using a genomic DNA template derived from six ESCC
cell lines.
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