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Figure 3 Impact of ALDH1 depletion on tumor-initiating hepatocellular carcinoma (HCC) cells. (a) Cell proliferation in epithelial
cell adhesion molecule (EpCAM)" HCC cells transduced with indicated viruses. The percentages of Huh1 cells stably expressing
sh-Luc and sh-ALDHI1-2 were 100.7 £ 1.1 and 99.0+ 1.5 at 48 h, and 100.4+ 1.4 and 97.9 £ 1.8 at 96 h, respectively. The
percentages of Huh7 cells stably expressing sh-Luc and sh-ALDH1-2 were 100.3 £ 1.6 and 98.0 £ 1.8 at 48 h, and 99.4 £ 1.5 and
99.5 £ 1.2 at 96 h, respectively. These results are representative of three independent experiments. [J, sh-Luc; B, sh-ALDH1-2. (b)
Number of large spheres generated from 1000 Huh1 cells stably expressing sh-Luc, sh-ALDH1-2 were 16.1 +1.2 and 15.2£0.9,
respectively. Number of large spheres generated from 1000 Huh7 cells stably expressing sh-Luc, sh-ALDH1-2 were 48.4 + 4.6 and
47.7 £ 3.0, respectively. These results are representative of three independent experiments. (c) Fluorescence images of Huh1 and
Huh?7 cells. Aldehyde dehydrogenase 1 A1 (ALDH1) (red) and EpCAM or CD13 (green) expression was merged with nuclear
4’,6’-diamidino-2-phenylindole dihydrochloride (DAPI) staining (blue). Scale bar = 100 pm.

sh-ALDH3-1 and sh-ALDH3-2 markedly suppressed
ALDH3 expression, and that sh-ALDH3-1 was more
effective than sh-ALDH3-2 (Supplementary Figure S1d).
Of note, ALDH3 knockdown showed no remarkable
changes in cell proliferation and sphere formation
(Supplementary Figure Sle,f). Flow cytometric analyses
revealed no significant differences in the proportion of
EpCAM"#" cells upon ALDH3 knockdown as compared

to the control cells (48.5+2.7% vs 47.2+2.5%)
(Supplementary Figure S2a). Neither the proliferation
nor the sphere-forming ability of purified EpCAM*
Huh1l cells was significantly altered upon ALDH3
knockdown (Supplementary Figure S2b,c). Further-
more, the expression of ALDH3 was not correlated to
the expression of EpCAM or CD13 in Huhl cells
(Supplementary Figure S2d).
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Expression of ALDH1 in HCC
surgical samples

We examined ALDH1 expression in 49 primary HCC
and the adjacent non-tumor tissues. All non-tumor
tissues homogenously expressed ALDH1 at low levels.
In contrast, HCC tumors contained cells with much
higher levels of ALDH1 expression at varying frequen-
cies (Fig.4a,b). Immunoreactivity of ALDHI1 was
classified as score 0 (0% of cells), score 1 (1-9% of
cells), score 2 (10-24% of cells) and score 3 (>25% of
cells) according to the percentage of cells strongly
expressing ALDH1. The numbers of HCC samples
scored as 0, 1, 2 and 3 were 14 (28.6%), 12 (24.5%),
19 (38.8%) and four (8.2%), respectively. There were
no HCC tumors in which ALDH1-overexpressing cells
accounted for more than 50% of tumor cells. Based on
the scoring system, HCC were divided into two groups,
ALDH1-low (score 0 or 1) and ALDHI1-high (score 2
or 3).

To determine whether ALDH1 and EpCAM or CD13
are co-expressed in tumor cells in primary HCC, we
performed dual immunofluorescence staining on nine
randomly selected HCC tissues scored as 2 or 3 (Fig. 4c).
Of importance, no EpCAM expression was found in any
of these HCC tissues. In contrast, CD13 expression was
frequently observed in tumor cells of all cases. However,
the expression level of ALDH1 was not obviously corre-
lated with that of CD13 except for minor foci where
ALDH1-negative cells showed a strong membranous
expression of CD13 (Fig. 4c).

ALDH1 expression in severely injured liver

Next, we performed immunohistochemical analyses
on 16 diseased livers from liver transplant recipients.
Regardless of the cause of cirrhosis, the diseased
livers showed diffuse and homogenous expression
of ALDH1 as observed in non-tumor tissues. In
contrast, ALDH1-overexpressing hepatocytes were
observed in the regenerative nodules associated with
subacute liver failure (Supplementary Figure S3a).
EpCAM expression was observed in cells with low
levels of ALDH1 rather than in ALDH1-overexpressing
cells (Supplementary Figure S3b). Additionally, CD13
expression was widely observed in hepatocytes regard-
less of the levels of ALDH1 expression (Supplementary
Figure S3c¢).

Evaluation of ALDH1 expression and
clinicopathological features

We then analyzed the association between the ALDH1
expression and clinicopathological characteristics in
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HCC patients (Table 1). Of interest, ALDH1-high HCC
were significantly related to well-differentiated pathol-
ogy (Edmondson grade I or II) (P=0.03) and low
serum levels of a-fetoprotein (AFP) (P < 0.01), a hepatic
stem/progenitor cell marker. We then performed prog-
nostic analyses of 49 HCC patients by using a Kaplan-
Meier analysis of recurrence and survival according to
the ALDH1 expression score (Fig. 5a,b). During the
follow-up period (28.6 % 19.2 months), 25 patients
developed recurrences of HCC and 10 patients died
from HCC. The median RFS in patients with HCC
scored as 0, 1, 2 and 3 based on ALDH1 expression was
22, 25, 27 and 30 months, respectively. Although
ALDH1-high patients showed a comparatively more
favorable prognosis for RFS than ALDH1-low patients,
there were no statistically significant differences
between the two groups (median RFS; 23 vs 29 months,
P =0.08). Even when we took into consideration Union
for International Cancer Control (UICC) stages, liver
fibrosis and Edmondson grades, the results showed a
similar trend to the results for all cases (Fig. 5c-e).

Next, we examined the prognostic relevance of clinical
variables (Table 2). The variables with P<0.20 on
univariate analysis (age, sex, chronic hepatitis, UICC
stage, ALDH1 expression, Edmondson grade, serum
AFP, serum total bilirubin and serum albumin, and
platelets) were subjected to multivariate analysis. Mul-
tivariate Cox’s regression analysis revealed that high
ALDH1 expression and UICC stage I/II showed a
statistically significant correlation with RFS (Table 3).
These results indicate that high ALDH1 expression and
early stage HCC are favorable prognostic factors after
treatment.

DISCUSSION

LDEHYDE DEHYDROGENASE 1 Al and ALDH3

are members of the ALDH family, which catalyzes
the oxidation of a wide range of aldehydes to carboxylic
acids. ALDH1 and ALDHS3 expression is closely associ-
ated with cancer cell growth and motility.”® Recently,
it has been reported that ALDH1 activity could be a
general marker for normal and cancer stem cells.
However, our knowledge on their implications in HCC
remains limited.*!

To gain insight into the role of ALDH1 in HCC cells,
we performed loss-of-function assays in culture. Surpris-
ingly, the knockdown of ALDH1 showed no effect on
cell proliferation and sphere-formation ability. Concor-
dant with these findings, flow cytometric analyses dem-
onstrated that there is little change in the proportion of
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tative hematoxylin-eosin (H&E) staining and immunohistochemical analysis of ALDH1 in well-differentiated HCC (Edmondson
grade I) and the corresponding non-tumor tissue. Scale bar = 100 um. (b) Representative H&E staining and immunohistochemical
analysis of ALDH1 in moderately-differentiated HCC (Edmondson grade III) and the corresponding non-tumor tissue. Scale
bar=100 um. (c) Representative dual immunohistochemical analysis of ALDH1 (red) and epithelial cell adhesion molecule
(EpCAM) or CD13 (brown) in well-differentiated HCC (Edmondson grade I). Scale bar = 20 um.
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Table 1 Clinicopathological features of ALDH1-high and ALDH1-low HCC

Characteristics ALDH]1 expression

Low (score 0 or 1, High (score 2 or 3, P-value

n=26) n=23)
Age (years) 65.7+10.8 66.9+8.3 0.23
Sex (male/female) 23/3 18/5 0.28
Etiology (HBV/HCV/other) 5/12/9 6/13/4 0.39
Liver cirrhosis (yes/no) 8/18 13/10 0.09
AFP (ng/mL) 10381.1+36 117.1 101.6 + 191.6 <0.01t
DCP (mAU/mL) 44483 +£11567.5 4843.1+12759.0 0.76
Tumor diameter (mm) 47.2+27.1 46.5+38.4 0.27
Portal involvement (yes/no) 6/20 4/19 0.74
Edmondsoni grade (I/1I/1II/IV) 1/2/17/6 4/4/15/0 0.03t
UICCS stage (I/11/111/IV) 11/12/3/0 6/11/6/0 0.31

tStatistically significant.
+Edmondson-Steiner.
§Union for International Cancer Control.

AFP, o-fetoprotein; ALDH1, aldehyde dehydrogenase 1 A1; DCP, des-y-carboxy prothrombin; HBV, hepatitis B virus; HCC,

hepatocellular carcinoma; HCV, hepatitis C virus.

EpCAM* tumor-initiating HCC cells. Previously, we
have reported that polycomb group gene products such
as BMI1 and EZH2 are overexpressed in tumor-initiating
HCC cells and are critical for the maintenance of these
cells.**?* Given that knockdown of BMII and EZH2
impaired the sphere-forming ability and significantly
reduced the number of EpCAM® cells, ALDH1 might be
dispensable for the maintenance of stem cell features in
HCC.

Table 2 Univariate analysis of the relative risks for recurrence-
free survival of patients

Variables Relative risk P-value
(95% CI)
Age >70 years 0.38 (0.13-1.07) 0.07
Sex (male) 0.40 (0.12-1.32) 0.13
Chronic hepatitis 1.17 (0.41-3.38) 0.77
UICC stage I/II 0.23 (0.09-0.62)  <0.01t
ALDH]1 high expression 0.35 (0.11-1.13) 0.08
Edmondson grade 1/11 0.34 (0.09-1.19) 0.09
Serum AFP (>100 ng/mL) 1.60 (0.68-3.76) 0.28
Total serum bilirubin 1.32 (0.48-3.58) 0.59

(>1 mg/dL)
Serum albumin (<3.5 g/dL)
Platelets (<15 x 10*/uL)

2.04 (0.72-5.75) 0.18
0.98 (0.33-2.90) 0.97

tStatistically significant.

AFP, o-fetoprotein; ALDH1, aldehyde dehydrogenase 1 A1; CI,
confidence interval; DCP, des-y-catboxy prothrombin; HBY,
hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis
C virus; UICC, Union for International Cancer Control.

© 2012 The Japan Society of Hepatology

Consistent with our results, it has been reported that
ALDH]1 is dispensable for the maintenance of HSC and
NSC.?* To examine whether ALDH3, but not ALDH1,
could be a CSC marker as reported for breast cancer
cells, we conducted loss-of-function assays with
ALDH3. The basal expression of ALDH3 was extremely
low in HCC cells and ALDH3 knockdown did not
affect the cell growth or tumorigenicity of purified
EpCAM* Huh1 cells. Additionally, the level of ALDH3
expression was not correlated with that of EpCAM or
CD13 in Huh1 cells. Although immunostaining analy-
ses in primary HCC showed that ALDH3 was diffusely
expressed in both tumor tissues and non-tumor
tissues, the level of ALDH3 expression in tumor tissues
was lower than that in non-tumor tissues (data not
shown). Taken together, it is unlikely that ALDH3 is
associated with the stem cell-like features of HCC cells.
However, the possibility also exists that redundancy
among other ALDH molecules weakens the phenotype
of ALDH1 knockdown HCC cells. Considering that the
expression level of ALDH1 in HCC cells is higher than
in other type of cancer cells, ALDH1 would be of
importance in the biological aspect. Further analyses
including the gain-of-function assay of ALDH1 would
be necessary.

A high level of ALDH1 expression is closely associated
with poor clinical outcomes in a variety of cancers such
as breast cancer.” In contrast, it has been reported that
ALDH1 expression was a favorable prognostic factor
in ovarian carcinoma and pancreatic cancer.”*?” In the
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Table 3 Multivariate analysis of the relative risks for

recurrence-free survival of patients

Variables Relative risk (95% CI)  P-value
Age >70 years 0.45 (0.19-1.06) 0.07
Sex (male) 0.44 (0.15-1.33) 0.15
UICC stage I/1I 0.12 (0.04-0.35) <0.01t
ALDH1 high expression  0.32 (0.12-0.86) 0.02t
Edmondson grade I/11 0.57 (0.25-1.31) 0.19
Serum albumin 1.80 (0.68-4.78) 0.24

(<3.5 g/dL)

tStatistically significant.
ALDH]1, aldehyde dehydrogenase 1 Al; CI, confidence interval;
UICC, Union for International Cancer Control.

Months after treatment

present study, we performed immunohistochemical
analyses of primary HCC samples and examined
whether ALDH1 expression serves as a predictor of clini-
cal prognosis. ALDH1-high HCC was significantly
associated with low serum AFP levels (P<0.01) and
well-differentiated pathology (P =0.03). Although the
correlation between des-y-carboxy prothrombin (DCP)
level and histological grade has been reported in HCC,*®
a difference in DCP levels was not observed between
ALDH1-low and ALDHI-high HCC in the present
analysis. Further examinations with a large number of
HCC cases are necessary to address this issue.

In agreement with these findings, high ALDH1 expres-
sion serves as a favorable prognostic factor for RFS.
Taking into consideration that HCC with a similar
gene signature to hepatic stem/progenitor cells shows a
poor prognosis,??® ALDH1 appears to function as a

© 2012 The Japan Society of Hepatology
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differentiation marker rather than a stem cell marker in
HCC. Considering that ALDH1 and ALDH2 are highly
expressed in liver and are involved in alcohol metabo-
lism, the biological importance of ALDH1 in the liver
could differ from that in other organs. This might
account in part for the differences in malignant pheno-
types and clinical outcomes between HCC and other
types of cancers.

A recent report documented that ALDH1" cells func-
tion as murine hepatic progenitor cells.>! Of interest, our
immunohistochemical analyses showed that regenera-
tive nodules associated with subacute liver failure con-
tained a large number of cells that expressed a high level
of ALDH1. Because EpCAM and CD13 has also been
reported as hepatic stem/progenitor markers,''® we
examined the co-expression of ALDH1 and EpCAM or
CD13 in these samples. Unexpectedly, but importantly,
the level of ALDH1 expression was not associated with
that of EpCAM or CD13. Further analyses to determine
the role of these cells in human liver regeneration would
be of importance.

In summary, ALDH1 knockdown showed no impact
on the cell growth ability or the maintenance of stem
cell-like features in HCC cells. Additionally, high expres-
sion levels of ALDH1 in HCC tissues were correlated with
a favorable clinical outcome. Therefore, ALDH1 might
have different functions in different types of cancer.
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Hepatitis A, B, C and E virus markers in Chinese residing

in Tokyo, Japan
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Aim: Recently, the number of foreigners living in Japan has
been increasing, with the majority originating from China. It is
important for us to know the prevalence of hepatitis virus
markers among them, as proper medical practices and vacci-
nations should be prepared when seeing them and their
offspring.

Methods: We examined the relationship between the preva-
lence of hepatitis virus markers: hepatitis B surface antigen
(HBsAg), anti-HBs, anti-hepatitis C virus (HCV), anti-hepatitis A
virus (HAV) and anti-hepatitis E virus immunoglobulin (1g)G,
and background such as age, birthplace and length of stay in
Japan, of 568 Chinese residing in Tokyo, and also of 55 indig-
enous Japanese.

Results: The prevalence of HBV and HAV markers in Chinese
staying in Tokyo is higher than in indigenous Japanese
(HBsAg, 10% vs 1.8%; anti-HBs, 45% vs 9.0%; anti-HAV, 90% vs
14%). There were no differences in anti-HCV and anti-HEV 1gG
between the two groups.

Conclusion: Indigenous Japanese subjects have less immu-
nity against HAV and HBV. The HBV carrier rate is higher in
Chinese subjects, and attention should be paid to this issue in
clinical practice. It might be important to control hepatitis
viruses in Chinese subjects when doctors see them in Japan.

Key words: Chinese, HAV, HBV, HCV, HEV, Tokyo

INTRODUCTION

EPATITIS A, B, C and E virus (HAV, HBV, HCV and

HEV, respectively) cause acute hepatitis, and occa-
sionally fulminant hepatitis, and HBV and HCV also
lead to chronic hepatitis, cirrhosis and hepatocellular
carcinoma in Japan as well as throughout the world.!¢
In general, the prevalence of hepatitis viruses follows a
wide range of diverse patterns, being dependent on dif-
ferent areas and countries.” '

In Japan, hepatitis B surface antigen (HBsAg)
and antibody to HCV (anti-HCV), respectively, were
detected in 0.63% and 0.49% in sera from first-time
blood donors aged 16-64 years.” It was also reported
that only fewer than 50% of people have immunity
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against HAV, estimated from anti-HAV prevalence.!’ Of
qualified blood donors, 3.4% were regarded as positive
for anti-HEV immunoglobulin (Ig)G."”? On the other
hand, as an example, in China, the prevalence of
HBsAg, anti-HBs, anti-HCV, anti-HAV and anti-HEV
IgG was reported to be 5.84%, 41.3%, 0.58%, 72.8%
and 17.66%, respectively, although this prevalence
pattern is well known to differ among different areas in
China.”

By the end of 2009, 2 186 121 foreigners were living
in Japan, and the largest proportion, 31.6%, was born
in China, Taiwan and Hong Kong.'* With increasing
numbers of foreigners living in Japan, we will have more
opportunities to see them as patients in clinical practice.
It is important for us to know, among other things, their
prevalence of hepatitis virus markers, as vaccinations
and appropriate medical practices should be provided
when seeing them and their offspring.

Therefore, in the present study, we examined the rela-
tionship between the prevalence of hepatitis virus
markers and background such as age, birthplace and
their duration of domicile in Japan among Chinese
living in Tokyo, Japan.

© 2012 The Japan Society of Hepatology
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METHODS

Study subjects and serum collection

HE SUBJECTS IN this study were 623 consecutive

outpatients attending the Kyowa Clinic in Tokyo.
Of these patients, 568 (80%) were Chinese who were
staying in Japan. The others were 55 indigenous Japa-
nese, and all patients were seen between August 2010
and January 2011 (Table1). The duration of the
Chinese subjects’ stay in Japan was 103+ 76 days.
There were no differences in age, sex or alanine ami-
notransferase (ALT) levels between the two groups, but
the platelet counts of the Chinese were lower than
those of the Japanese subjects (Table 1). Chinese
patients were divided into eight groups according to
their birthplace in China, as follows: 32, nine, one,
180, 331, 10, zero and five were from North China
(Beijing, Tianjing, Hebei, Shanxi and Inner Mongolia),
Central China (Henan, Hunan and Hubei), South
China (Guangdong, Guangxi and Hainan), East China
(Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Jiangxi
and Anhui), North-East China (Heilongjiang, Liaoning
and Jilin), South-West China (Sichuan, Chonggqing,
Yunnan, Guizhou and Tibet), North-West China (Xin-
jiang, Shanxi, Gansu, Ningxia and Qinghai) and Hong
Kong, Macao and Taiwan, respectively. All patients
were adults and the most common symptoms were
other than liver diseases. Family history of liver
diseases, history of surgeries, blood transfusion, drug
abuse and tattoo were investigated from patients’ inter-
views and medical records.

Table 1 Background of study patients and hepatitis virus markers

Hepatitis viruses in Chinese staying in Japan 975

Serological diagnosis

All patients were screened by serological tools for
hepatitis A, B, C and E virus infections. HBsAg,
anti-HBs, anti-HCV, anti-HAV and anti-HEV IgG
were tested in each sample by magnetizing particle
aggregation (MAT; Shino-Test Tokyo, Japan), particle
agglutination (PA; Fujirebio, Tokyo, Japan), chemilu-
minescent enzyme immunoassay (CLEIA; Fujirebio),
chemiluminescent immunoassay (CLIA; Abbott Labo-
ratories, North Chicago, IL, USA) and enzyme immune
assay (EIA; Institute of Immunology, Tokyo, Japan),
respectively. A positive reaction was indicated when
the cut-off index (COI} exceeded 1.0 in anti-HCV, anti-
HAV and anti-HEV IgG. The lower detection limit
for HBsAg tested by MAT was 8 IU/mL, corresponding
to approximately 10 COI measured by CLEIA
method. The lower detection limit for anti-HBs exam-
ined by PA corresponded to 30 mIU/mL measured
by CLEIA.

Hepatitis B virus genotype of patient sera was
determined by ELISA (Institute of Immunology)
based on the methodology described by Usuda
et al”" Informed consent was obtained at the time
of blood sampling from each patient included in
the study. This study was approved by the ethics
committee of Chiba University, Japan, and that of
Kyowa Clinic, and conformed to the Declaration of
Helsinki. Sera were collected as part of clinical practice
and stored at —20°C until laboratory testing was
performed.

Total Chinese staying Indigenous P-value*
subjects in Japan Japanese
No. of patients 623 568 55
Age, years 47 + 14 47+ 14 45+ 15 NS
Sex (M/F) 292/331 264/304 28/27 NS
ALT (1U/L) 26+ 44 26+ 46 25+19 NS
Platelets (x10*/mm?) 22+54 22+£5.8 24+5.1 0.013
HBsAg (+/-) 63/556 62/502 1/54 0.031
Anti-HBs (+/-) 258/362 259/305 5/50 <0.0001
Anti-HCV (+/-) 11/607 10/553 1/54 NS
Anti-HAV (+/-) 518/100 510/53 8/47 <0.0001
Anti-HEV IgG (+/-) 128/493 120/446 8/47 NS

*P-value between Chinese subjects staying in Japan and indigenous Japanese subjects.
+, Positive; —, negative; ALT, alanine aminotransferase; HAV, hepatitis A virus; HBsAg, hepatitis B surface antigen; HCV, hepatitis C
virus; HEV, hepatitis E virus; IgG, immunoglobulin G; NS, not significant.
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Data analysis

Data were expressed as mean *standard deviation.
Differences were evaluated by Student t-test or y’-test.
P < 0.05 was considered statistically significant. For all
tests, two-sided P-values were calculated and the results
were considered statistically significant at P < 0.05. Sta-
tistical analysis was performed using the Excel statistics
program for Windows ver. 7 (SSRI, Tokyo, Japan) and
DA Stats software (O. Nagata, Nifty Serve: PAF01644).

RESULTS

Chinese subjects staying in Tokyo have
more immunity against HAV and HBV

MONG 623 STUDY subjects, 549 (88%) had

normal ALT levels (ALT <40 IU/L). HBsAg, anti-
HBs, anti-HCV, anti-HAV and anti-HEV IgG were deter-
mined in 619 (99%), 620 (99%), 618 (99%), 618
(99%) and 621 (99%), respectively. The overall preva-
lence of HBsAg, anti-HBs, anti-HCV, anti-HAV and
anti-HEV IgG in the present study was 10%, 45%, 1.7%,
90% and 21%, respectively (Table 1). The prevalence of
HBV and HAV markers of Chinese staying in Japan was
higher than that of indigenous Japanese (HBsAg, 10% vs
1.8%; anti-HBs, 45% vs 9.0%; anti-HAV, 90% vs 14%),
but there were no differences in anti-HCV and anti-HEV
IgG between the two groups (Table 1). These results
suggest that Chinese have more immunity against HAV

Hepatology Research 2012; 42: 974-981

and HBV than indigenous Japanese. A greater propor-
tion of Chinese subjects was HBsAg positive compared
to indigenous Japanese subjects.

Sex differences in hepatitis virus markers

Next, we examined the sex differences in the two groups
(Table 2). There were no sex differences concerning
HBsAg, anti-HBs, anti-HCV and anti-HAV in each of the
two groups. Among Chinese subjects staying in Japan,
men with anti-HEV IgG were predominant, but this
predominance was not seen in the Japanese group
(Table 2).

Age differences in relation to prevalence of
hepatitis virus markers

Among Chinese subjects staying in Japan, the HBsAg
positive rate under 30 years was higher than in those
in their 30s (P=0.0018), 40s (P < 0.0001) and over
50 years (P < 0.0001), and the HBsAg positive rate of
those in their 30s was also higher than those over
50 years (P < 0.053) (Fig. 1a). Only one HBsAg positive
Japanese subject was a 53-year-old man. There were no
differences in each age group between Chinese and Japa-
nese subjects (Fig. 1a).

Positive rates of anti-HBs in those under 30 years, in
their 30s, 40s and over 50 years in Chinese subjects
staying in Japan were higher than those in indigenous
Japanese (P=0.0037, 0.0020, 0.0065 and 0.0034,

Table 2 Background of study patients and hepatitis virus markers according to sex differences

Chinese staying in Japan

Indigenous Japanese

Male P Female Male p Female

(n=264) (n=304) (n=28) (n=27)
Age, years 47+ 14 NS 47+13 46+13 NS 43+18
ALT (IU/L) 29 +43 NS 23449 31419 0.0083 18+16
Platelets (x10*/mm?) 21+57 <0.0001 23+59 24+54 NS 24+49
Length of stay (days) 103 +£78 NS 104 £ 75
Family of liver diseases (+/-) 13/248 NS 24/273 2/26 NS 0/27
Transfusion (+/-) 5/259 NS 6/297 1/27 NS 1/26
Surgery (+/-) 24/240 0.017 49/254 4/24 4/23
Drug abuse (+/-) 0/264 NA 0/303 0/28 NA 0/27
Tattoo (+/-) 0/264 NS 1/302 0/28 NA 0/27
HBsAg (+/-) 30/232 NS 32/270 1/27 NS 0/27
Anti-HBs (+/-) 119/144 NS 140/162 2/26 NS 3/24
Anti-HCV (+/-) 3/259 NS 7/292 1/27 NS 0/27
Anti-HAV (+/-) 235/28 NS 275/25 3/25 NS 5/22
Anti-HEV IgG (+/-) 68/195 0.015 52/251 2/26 NS 6/21

+, Positive; —, negative; ALT, alanine aminotransferase; HAV, hepatitis A virus; HBsAg, hepatitis B surface antigen; HCV, hepatitis C
virus; HEV, hepatitis E virus; IgG, immunoglobulin G; NS, not significant.
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White bar, indigenous Japanese; black
bar, Chinese staying in Japan. Positive
rates (%) are indicated.

respectively). There were no differences between each
age group of Chinese subjects and also no differences
between each age group of indigenous Japanese subjects
in the present study (Fig. 1b).

There were no significant differences in anti-HCV
positive rates in each age group of Chinese subjects or in
each age group of Japanese indigenous subjects. There
were also no significant differences in anti-HCV positive
rates of each age group between Chinese and Japanese
groups (Fig. 1¢).

The positive rate of anti-HAV in subjects under
30 years was lower than in those over 50 years in the
indigenous Japanese group (P = 0.030) (Fig. 1d). There
were no differences among the respective age groups in
Chinese subjects. Among the same age groups, the posi-
tive rates of anti-HAV in Chinese subjects were higher
than those in indigenous Japanese subjects (P < 0.0001,
each) (Fig. 1d).

There were no significant differences of anti-HEV IgG
positive rates in each age group of Japanese indigenous
subjects. As for Chinese subjects, there was a difference
in anti-HEV IgG positive rate between the groups under
30 years and those in their 40s (P = 0.029). There were
no significant differences in anti-HEV positive rates of
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o

Positive rate (%)

(=)
]

0

30-39 40-49
Age (years)

each age group between the Chinese and Japanese
groups (Fig. le).

Prevalence of hepatitis virus markers in
Chinese subjects according to birthplace

Next, we examined the prevalence of hepatitis virus
markers in Chinese subjects according to birthplace
(Tables 3,4). Although the number of study subjects was
limited, the prevalence of anti-HBs, anti-HCV, anti-HAV
and anti-HEV IgG was quite similar in Chinese subjects
independent of their place of birth. Interestingly, the
HBsAg carrier rate was higher in the patients from East
China than in those from North-East China (Table 4,
P < 0.0001). In the background between these two areas
(Table 3), young age, male dominance and longer
term stays from East China were more than those
from North-East China (P <0.0001, P=0.029 and
P < 0.0001, respectively). As for risk factors of hepatitis
virus infection, a history of surgery was seen more fre-
quently in those from North China (P = 0.023, Table 3).
We determined HBV genotypes in 57 of 63 HBsAg posi-
tive subjects and revealed that HBV genotype B was
more common in those from East China than in those
from North-East China (P=0.013, Table 4). We also
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Table 3 Background and risk factors of hepatitis virus infection in Chinese subjects staying in Japan: comparison with indigenous Japanese subjects

Birthplace Chinese staying in Japan Japanese
North Central South East North-East South-West Hong Kong Indigenous
China China China China China China and Taiwan
No. of patients 32 9 1 180 331 10 5 55
Age, years 53+13 40+ 14 39 41+12 50+ 13 42 +11 6013 45+ 15
Sex (M/F) 14/18 8/1 0/1 95/85 140/191 4/6 3/2 28/27
ALT (IU/L) 29153 22112 10 26t 46 26+47 20+9.8 20+£9.8 25+19
Platelets (x10*/mm?) 22152 22+73 27 22+55 226 21+6.5 21+6.5 24+5
Length of their stay (days) 137+ 90 66%71 46 80+ 68 113+75 9476 192+ 103
Family history of liver diseases (+/-) 2/30 0/9 0/1 14/162 21/304 0/10 0/5 2/53
History (+/-)
Transfusion 0/32 1/8 0/1 3/177 6/324 1/9 0/5 2/53
Surgery 7/25 1/8 0/1 14/166 50/280 1/9 0/5 8/43
Drug abuse 0/32 0/9 0/1 0/180 0/330 0/10 0/5 0/54
Tattoo 0/32 0/9 0/1 0/18 1/329 0/10 0/5 0/5

+, Positive; —, negative; ALT, alanine aminotransferase.

Table 4 Hepatitis virus markers in study subjects according to birthplace in Chinese subjects staying in Japan: comparison with indigenous Japanese subjects

Birthplace Chinese staying in Japan Japanese
North Central South East North-East South-West Hong Kong Indigenous
China China China China China China and Taiwan
No. of patients 32 9 1 180 331 10 5 55
Hepatitis virus markers: +/—
HBsAg 5/27 1/8 0/1 37/142 17/311 1/9 1/4 1/54
HBV genotype (B/C) 1/4 0/1 0/0 12/20 0/16 ©1/0 0/1 0/1
Anti-HBs 10/22 4/5 0/1 83/95 158/172 5/5 0/5 5/50
Anti-HCV 0/32 0/9 0/1 3/177 7/320 0/10 0/5 1/54
Anti-HAV 25/7 8/1 1/0 147/29 315/15 9/1 5/0 8/47
Anti-HEV IgG 10/22 2/7 0/1 41/138 60/270 5/5 2/3 8/47

+, Positive; —, negative; ALT, alanine aminotransferase; HAV, hepatitis A virus; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HEV, hepatitis E virus; IgG,

immunoglobulin G; NS, not significant.
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determined HCV genotype by direct sequencing HCV
core region in two cases from North-East China and one
indigenous Japanese, with all three showing genotype
2a (data not shown).

DISCUSSION

HE PRESENT STUDY revealed that Chinese subjects

staying in Tokyo have more immunity against HAV
and HBV than indigenous Japanese subjects and that
approximately 10% of Chinese subjects staying in Tokyo
are HBsAg carriers. The HBsAg carrier rate seems to be
higher in patients from East China than those from
North-East China (Table 4). This might be useful to see
the Chinese patients from these areas in clinical prac-
tices. There have been several reports about the HBsAg
carrier rates of East China'®"” and North-East China.'*'®
Hepatitis B vaccine was first recommended for routine
vaccination of infants in China in 1992." Because of
high vaccine prices and user fees charged to parents by
local health departments for vaccine purchase and
administration, until 2002, infant hepatitis vaccination
occurred primarily in large cities of wealthier eastern
provinces.' In the 2004 survey, estimated vaccine cov-
erage was higher in East China than in North-East
China.” It is a possible reason why the difference in
HBsAg prevalence between these areas was observed in
the present study. We do not know the exact reason for
this difference, and we consider that further studies will
be needed.

Several medical institutes at which mostly Chinese
gather have existed in Japan. Kyowa Clinic, one such
facility, is located in Okachimachi, Tokyo, an important
juncture of traffic networks. Because Japanese newspa-
pers advertise this clinic, and the doctor sees the
patients using both Chinese and Japanese languages,
this outpatient-only clinic is known to Chinese subjects’
staying in Japan. The patients of this clinic consist of
90% Chinese and 10% Japanese. Most of the less than
65-year-old male Chinese patients are cooks in Chinese
restaurants, interior decorators and students, most of
the less than 65-year-old female Chinese patients are
housewives and students, and most of the Chinese
patients 65 years or older are unemployed. Most of the
Japanese patients are employees of small businesses
and residents near this clinic. The present study has an
authentic potential in terms of the clinical practice
being different from previous studies, such as those
concerning blood donors, in spite of the population
selection of the present study seeming unnatural.
Although selection biasness of patients with Japanese

Hepatitis viruses in Chinese staying in Japan 979

and Chinese background might exist, we included these
Japanese patients, who come to the same clinic as con-
trols to compare with Chinese in the present study.
Although the number of hepatitis cases is decreasing,
hepatitis is still a major health problem in Japan.>#1%2°
In China as well, hepatitis is a major public health
burden.’* As more foreigners take up residence in Japan,
we are likely to see more Chinese patients in clinical
practice, as approximately one-third of such foreigners
come from China." The present study might provide us
with important information.

The number of cases of adult hepatitis A has been
decreasing in Japan in accordance with socioeconomic
and sanitation improvements.”® In 1986, a national
prevention program was launched in Japan with selec-
tive vaccination of babies born to carrier mothers
with hepatitis B e antigen (HBeAg).! In 1995, this
was extended to babies born to HBeAg negative carrier
mothers. As a result, the prevalence of HBsAg among
younger people born since 1986 has decreased dramati-
cally.?*2 Because there are no universal vaccination pro-
grams against HAV or HBV in Japan, HAV and HBV
infections are still seen as important issues.*

Hepatitis A virus is a single-stranded RNA virus and
usually spreads via the fecal-oral route, similarly to
HEV. Of interest is the fact that the distribution of anti-
HEV IgG among Chinese subjects staying in Tokyo
is similar to that of indigenous Japanese subjects,
although the prevalence of anti-HAV in Chinese staying
in Tokyo is higher than that of indigenous Japanese
(Fig. 1d,e). This may be related to differences in infec-
tious routes of transmission of these two viruses or in
differences of HAV vaccination between the two coun-
tries, as a certain number of HAV-vaccinated young
Chinese adults seemed to be included in the present
study.®®** In any event, a large proportion of Chinese
adults seem to be protected by latent infection or immu-
nization against HAV."**

The positive rate of anti-HEV IgG in the Kanto metro-
politan area of Japan was previously reported as 8.6% in
qualified blood donors*? and 6.5% in health checkups.?®
In general, the positive rate of anti-HEV IgG in China
has been recognized to be higher than that in Japan,®
and the same report described a positive rate of anti-
HEV IgG of more than 20% in indigenous Japanese aged
70 years or older. In the present study, the mean age of
indigenous Japanese was 45 years (Table 1), and anti-
HEV IgG positive indigenous Japanese numbered three
in their 30s, one in their 50s, three in their 60s and one
in their 70s, with the anti-HEV IgG positive rate being
higher than in previous reports.’>?*?” In most areas of
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Japan, the positive rate of anti-HEV IgG in males was
higher than that in females. We do not know the exact
reasons why our anti-HEV IgG patients were not male-
dominant (Table 2). The population selection of the
present study may not be unbiased. However, as it
seems that Japanese females have in recent years devel-
oped a taste for broiled pig innards on skewers com-
pared to before, the potential of HEV infection is likely
to grow, and greater attention should also be paid to
Japanese females.

As HCV is a blood-borme RNA virus, and blood
screening for HCV is a standard procedure in Japan, the
distribution of anti-HCV of indigenous Japanese sub-
jects is similar to that of Chinese subjects staying in
Tokyo. HBV is an incomplete double-stranded DNA
virus that infects through blood products and sexual
contact as well as mother-to-baby transmission. The dif-
ferences in the distribution of anti-HBs may be depen-
dent on a different HBV vaccination status or different
past HBV infection.

In conclusion, indigenous Japanese subjects have less
immunity against HAV and HBV. As the HBV carrier rate
is higher in Chinese subjects, this should receive some
attention in clinical practice, and it might be important
to control hepatitis viruses in Chinese subjects when
they are seen by doctors in Japan.
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59 S mRNA =R
© O XMRNA g g
1 BEIFF# Y 4 L 2 O#EEL - BaGE

BRE RO, BT s NORAOERBALT, SEERE2HEET5.

—F, TANLZRTFIIVBLEEARHER
DERRENF) & cccDNAASERIE L TES L
%2, Zh5DOHBVDNAAKIZY £ )L 2D
a7NTITDh, 27 RF AN A g
BRI VY xu—FIE@ERTY AL 2K
F (Dane Ki¥) & 7 O I H '755(&'1 Ehb.

;@ivs,ﬁ%% YL 7-HBV 1 8
FE§ 5 729143, mw@%@@%&@4w
Z%E@@ﬁWZO@Lﬁﬁﬁgfbb,

B HAR LG HBV cccDNA & 75 5.

BREIFFSICBE M LU 7- & % X & kike, iz
X, HARRGEIZ KT 2 REENE, WEOE
TR, FEY 200, BROKIGYE, &5
WIE, RIERIR 4 L A EHMET 5 BRIC, EREL
HBVV NI DOl BN IEFEICEE T H 5 25,
HBV cccDNA X FEEDOREHLEIZR S HEAE

RxERERToDEELONS.
644 FFIENE  65% 45 -
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U4 U, HBV cccDNA @ #ll 7 12 13 A #H fek
RSB BETH D, Addison 52, He 62
KO BEUEHFEVPREEINTNEEDD,
HEMICEHEOBREIR#ETSH 5. L
25T, ERIRAIZIE, D cccDNA R
% KB 3 ME R O HBV v — o — il R 48
HIhb.

| MFEPTHEDTREFHBVY —H—
| BEOES

Il ¥ O HBV 2 B3 2 PE RIS 8,
BBRALND., fERKH»5 HHBREETIE
HBs $i/H#<° HBV DNA & DHIEE D A3,
X5z, EEDVRETHRE IR — &
U TCHBer iR ST 5N 5.

1. HBs#E

HBV O HUERIE D HA L HBsHUR T H 5.
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precorefBis corefiisk
1814 1901 2450
mRNA
Aséémbiy domaiﬁ Arginine-rich
domain
e 25
W p - HBcriE
NRIF&—E g TRTTE e
T e
1 Ll L J
aa 29 -10 0 149 183

2 HBerPllH &BEEE
HBcr#i1i3, HBV precore ¥ & U core mRNA 2> 5 DBIFRE‘» 5 5 5.

HBsPulR &, &G4 %A 3 % Dane ki1 DAot
12, ANUEIER T, MIRRT & UTFEEL,
large, middle, small® 3fE¥H D HBs&E T
MR XN T35, commercial assay Tif, Z
NoDs {4 7OHBsEH%E »bE THREL
TW39, gafid, {beReaEElE (CLIA)
&, B 50 ERIEREHIE (CLEIA)
HBICkD, BERLERNEEOM EAALGN
%9,

2. HBV DNAE

HBVDNAE D E&H#EIZ DWW T, real
time PCRIEDEAIZ K DIEE DS EH LT
5.

3. HBcrfilE (X 2)

HBcHi R iZ, K FEKICIEH T 5 fHik
(assembly domain) &, RNA® A # HL b A
A A2 AE F 9 5 §H 18 (arginine-rich domain) %*
503 - TWw3., HBediJF i, precore
mRNAZ GES N2 E T dH % p25D i ¥
N RER TN 2 h, MiEsticgmwsh
%. Kimura 5 ?iZ, precore mRNA» 5 gif

JHELRE

65%&4% « 20124F 10 A
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B2 4% peptidase TUIWr & g, #FEHH D
arginine-rich domain »* R -+ 43 % & H (p22cr)
NEFEh, Ihd, HBV-DNAZNH L &
WDane R THBPIO T A L 2R T- &% B T &
EHE LT3,

HBer#i i &, HBc#Hit I~ HBe#it [
p22cr D3FHIHDOEHR # [HRFICHIE T 5 &
DT, HBV®Dcore, precoreB{n¥ 4 & HFIFR
ENBEHDEREE LT, HTLIKIH
729, HBerPURDOMER, 227 v TH v F
4w FHEIZHEDWECLEIAKIZ LS+ v b
(L 2730 Z ®HBcrAg) # W TER S h 5.
MEHOT A N ZAEAEENL, vEEEE
B L 2% T, BEOLE b -7 23T 5
KRB LZE ) 7 u—F btk s T
HET 5.

HEFERIIAE TR E N, BEOUEHR
F33.0~7.0 (LogU/mD)Tdh 3 2.
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(log,, copies/ug DNA)
7

FFEf+ cccDNA

&
o

(r=0.86, p<0.01)

5

&+ HBcrAg

6 7 8 9
(log,, U/mL)

3 MRS cccDNAE & [1%E 7 HBer HiE B DOAHES

| Mi#&RHBerin/&E EFFAcccDNA

| ootER

BRIFRBEE OBRE T, FFERE
#+ HBV cccDNA & & i - HBer JiE & %
HEL2(X3). ZO/E, WEICEIREL
FEEEMED B 5 Z & 29 & #1172 CRHEA $%%££0.85,
p<0.01). Thabb, IMEMHAEEFHHBcr
PUF B I THHHAR A D cccDNA & % e
THZLEHNABETH B I EIRI Nz, WE
DOREBEMEIZ DN T, Suzuki® 52k ->Td
RIBRDOBRELHE TN TN 5.

%7z, LELOHREH D cccDNA R, i
WO HBsHiH = HBVDNAE & & fHES ¢
57 L aMERL TS, (FHEARE, plHEl,
ZhFh, 052, p<0.01, 0.78, p<0.01)

| MO RBEEHBVRY—H—0D
| &Mk

BHEOBAMFAIZHT 58 Y 4 L 2 IKE
&, FEREFICXD, BB us8iFz e 4
va =7 xuVAFN)#HEOFEHIZ KRB S
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3.

M7 > sr8lEE, bAETE, 737
DV, TFREN, VT HELOIFEEN
ERWERETH 5. ELEHEFE L, WiREE
FIHEIZL B2 A L ZBEONEITH 5.

IFN 83#1Z, HERFIIFN Dbz, HREAI D
NZIFNOffFF S AlfE & & > 72, IFNE, #%
B 7 o v 2 8| & [ k%O HBV Bl #0617 F
DIEHIZ, RERGEZ EERORMEER2H
UTH 0, HBVEEZATMIaE A OHEERIC S
BEEEHEAETLIEELLNS W,

K1lizmn&Eh s &5 5HBVOREIEY 1 &
i AN ZEDIERAETERET 5 &,
SERIDIE BT DEON D, 1HE% O HBV v —
N —DEAHEST S Z L ENh 5.

| HBCHAEIC £ B HHBV AR

1. HHBVAERIBED 71 IV A LNIVET
ICHT3, EFREHBY v—H—DEEE
BEMEMHFRIERIZ LT Y 74 EILE
M E AT 211HlE, IFINEZ VT A E
L EIRERG S 6 16 %, IFNO A

JTRERE 65445 « 2012410 H



(LU/ml)
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