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Risk of HCC in cirrhotic HBV patients 7

Figure 2 Relationship between incidence of hepatocellular carcinoma (HCC) and various virological responses. (a) Comparison
between those with alanine aminotransferase (ALT) of 240 IU/L and <40 [U/L. (b) Comparison between positive and negative
hepatitis B virus (HBV) DNA groups by real-time polymerase chain reaction (PCR). (¢) Comparison between the positive hepatitis
B e-antigen (MBeAg) group and the [MBeAg seroconversion group. (d) Comparison between the positive hepatitis B surface antigen
(HBsAg) group and HBsAg seroclearance group (HBsAg <0.05 IU/mL by chemiluminescent immunoassay or <0.03 IU/mL by
chemiluminescence enzyme immunoassay). In these comparisons, in chronic hepatitis (CH) patients, a very low risk of HCC was
observed, compared with liver cirrhosis (LC) patients, irrespective of conventional virological responses. However, none of the
patients who achieved HBsAg seroclearance developed HCC during the therapy.
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were demonstrated to be in good correlation with each
other in previous studies.” In this study, HBsAg
seroclearance was defined as less than 0.05 IU/mL by
CLIA or less than 0.03 IU/mL by CLEIA. Only 13 out of
602 patients achieved HBsAg seroclearance in this study.
While HBsAg seroclearance was not common, none of
the 13 patients developed HCC during the therapy.
Thus, HBsAg seroclearance was indicated to be the ulti-
mate goal of the therapy.

In this study, a short duration of NA therapy, espe-
cially if less than 57 months, was revealed to carry a high
risk of HCC in both CH and LC patients. In the early
duration of therapy, inflammation in liver still may be
active. It was supposed that a long enough duration of
suppression of HBV and ALT by NA therapy was needed
for suppression of development of HCC. However,
because this study was retrospective, some selection bias
of the patient data might not have been excluded. It was
a concern that rather more patients who did not develop
HCC during long-term therapy were collected in this
study. However, careful observation for risk of develop-
ment of HCC is necessary in the early stage of therapy.

In summary, we demonstrated that during NA therapy
for chronic HBV infection, cirrhotic status was a signifi-
cant risk factor of development of HCC. In such a sce-
nario, careful observation is necessary irrespective of
various virological responses. Finally, the ultimate goal
of NA therapy, as well as other antiviral therapy, should
be HBsAg seroclearance.

ACKNOWLEDGMENTS

HIS STUDY WAS supported by grants from the Min-

istry of Health Labor and Welfare of Japan. The
authors appreciate the cooperation of the following
members of the Japanese Red Cross Liver Network: DrT.
Tamada, Takatsuki Red Cross Hospital; Dr M. Fujii,
Kobe Red Cross Hospital; Dr T. Abe, Maebashi Red
Cross Hospital; Dr T. Kawanami, Otsu Red Cross Hos-
pital; Dr R. Narita, Oita Red Cross Hospital; Dr S.

Tsuruta, Japanese Red Cross Nagasaki Genbaku Hospi-
tal; Dr Y. Uchida, Matsue Red Cross Hospital; Dr A.
Mitsuda, Tottori Red Cross Hospital; and Dr T. Sato,
Nasu Red Cross Hospital, Japan.

REFERENCES

1 Lee WM. Hepatitis B virus infection. N Engl | Med 1997;
337: 1733-45.

2 Kao JH, Chen DS. Global control of hepatitis B virus infec-
tion. Lancet Infect Dis 2002; 2: 395-403.

3 Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology
2007; 45: 507-39.

4 Lai CL, Chien RN, Leung NW etal. A one-year trial of
lamivudine for chronic hepatitis B. Asia Hepatitis
Lamivudine Study Group. N Engl ] Med 1998; 339: 61-8.

5 Marcellin P, Chang TT, Lim SG et al. Adefovir dipivoxil for
the treatment of hepatitis B e antigen-positive chronic
hepatitis B. N Engl ] Med 2003; 348: 808-16.

6 ChangIT, Gish RG, Man R et al. A comparison of entecavir
and lamivudine for HBeAg-positive chronic hepatitis B. N
Engl ] Med 2006; 354: 1001-10.

7 Liaw YF, Sung JJ, Chow WC et al. Lamivudine for patients
with chronic hepatitis B and advanced liver disease. N Engl
] Med 2004; 351: 1521-31.

8 Hosaka T, Suzuki F, Kobayashi M et al. Clearance of hepa-
titis B surface antigen during long-term nucleot(s)ide
analog treatment in chronic hepatitis B. results from a nine-
year longitudinal study. ] Gastroenterol 2013; 48: 930-41.

9 Tseng TC, Liu CJ, Yang HC et al. High levels of hepatitis B
surface antigen increase risk of hepatocellular carcinoma in
patients with low HBV load. Gastroenterology 2012; 142:
1140-9.

10 Wu CY, Chen YJ, Ho HJ et al. Association between nucleo-
side analogues and risk of hepatitis B virus-related hepato-
cellular carcinoma recurrence following liver resection.
JAMA 2012; 308: 1906-13.

11 Hosaka T, Suzuki F, Kobayashi M et al. Long-term entecavir
treatment reduces hepatocellular carcinoma incidence in
patients with hepatitis B virus infection. Hepatology 2013;
58: 98-107.

12 Kobashi H, Miyake Y, Tkeda F et al. Long-term outcome and
hepatocellular carcinoma development in chronic hepati-

© 2014 The Japan Society of Hepatology

—556—



8

13

14

15

16

17

18

E. Orito et al.

tis B or cirrhosis patients after nucleoside analog treatment
with entecavir or lamivudine. Hepatol Res 2011; 41: 405~
16.

Kurokawa M, Hiramatsu N, Oze T et al. Long-term effect of
lamivudine treatment on the incidence of hepatocellular
carcinoma in patients with hepatitis B virus infection.
] Gastroenterol 2012; 47: 577-85.

Tejima K, Masuzaki R, Ikeda H et al. Thrombocytopenia is
more severe in patients with advanced chronic hepatitis C
than B with the same grade of liver stiffness and spleno-
megaly. ] Gastroenterol 2010; 45: 876-84.

Chou R, Wasson N. Blood tests to diagnose fibrosis or
cirrhosis in patients with chronic hepatitis C virus infection.
A systematic review. Ann Intern Med 2013; 158: 807-20.
Vallet-Pichard A, Mallet V, Nalpas B et al. FIB-4: an inex-
pensive and accurate marker of fibrosis in HCV infection.
comparison with liver biopsy and fibrotest. Hepatology
2007; 46: 32-6.

Mallet V, Dhalluin-Venier V, Roussin Cet al. The accuracy of
the FIB-4 index for the diagnosis of mild fibrosis in chronic
hepatitis B. Aliment Pharmacol Ther 2008; 29: 409-15.
Fattovich G. Natural history and prognosis of hepatitis B.
Semin Liver Dis 2003; 23: 47-58.

© 2014 The Japan Society of Hepatology

19

20

21

22

23

24

25

—557—

Hepatology Research 2014

Feld J], Wong DK, Heathcote EJ. Endpoints of therapy in
chronic hepatitis B. NIH consensus development confer-
ence: management of hepatitis B. Hepatology 2009; 49:
§96-8102.

European Association for the Study of the Liver. EASL clini-
cal practice guidelines: management of chronic hepatitis B
virus infection. J Hepatol 2012; 57: 167-85.

Liaw YF, Leung N, Kao JH et al. Asian-pacific consensus
statement on the management of chronic hepatitis B: a
2008 update. Hepatol Int 2008; 2: 263-83.

Park BK, Park YN, Ahn SH et al. Long-term outcome of
chronic hepatitis B based on histological grade and stage.
] Gastroenterol Hepatol 2007; 22: 383-8.

Chu CM, Liaw YF. Hepatitis B virus-related cirrhosis:
natural history and treatment. Semin Liver Dis 2006; 26:
142-52.

Chen CJ, Yang HI, Su J et al. Risk of hepatocellular carci-
noma across a biological gradient of serum hepatitis B
virus DNA level. JAMA 2006; 295: 65-73.

Matsubara N, Kusano O, Sugamata Y et al. A novel hepati-
tis B virus surface antigen immunoassay as sensitive as
hepatitis B virus nucleic acid testing in detecting early
infection. Transfusion 2009; 49: 585-95.



Risk Factors for Long-Term Persistence of Serum
Hepatitis B Surface Antigen Following Acute
Hepatitis B Virus Infection in Japanese Adults

Kiyoaki Ito,""* Hiroshi Yotsuyanagi,®" Hiroshi Yatsuhashi,® Yoshiyasu Karino, Yasuhiro Takikawa,’
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Tatsuji Maeshiro,'” Junko Tanuma,'® Yasuhito Tanaka,'> Masaya Sugiyama,' Kazumoto Murata,'
Naohiko Masaki,' and Masashi Mizokami,' and the Japanese AHB Study Group

The proportion of patients who progress to chronicity following acute hepatitis B
(AHB) varies widely worldwide. Moreover, the association between viral persistence after
AHB and hepatitis B virus (HBV) genotypes in adults remains unclear. A nationwide
multicenter study was conducted throughout Japan to evaluate the influence of clinical
and virological factors on chronic outcomes in patients with AHB. For comparing fac-
tors between AHB patients with viral persistence and those with self-limited infection,
212 AHB patients without human immunodeficiency virus (HIV) coinfection were
observed in 38 liver centers until serum hepatitis B surface antigen (HBsAg) disappeared
or a minimum of 6 months in cases where HBsAg persisted. The time to disappearance
of HBsAg was significantly longer for genotype A patients than that of patients infected
with non-A genotypes. When chronicity was defined as the persistence of HBsAg posi-
tivity for more than 6 or 12 months, the rate of progression to chronicity was higher in
patients with genotype A, although many cases caused by genotype A were prolonged
cases of AHB, rather than chronic infection. Multivariate logistic regression analysis
revealed only genotype A was independently associated with viral persistence following
AHB. A higher peak level of HBV DNA and a lower peak of alanine aminotransferase
(ALT) levels were characteristics of AHB caused by genotype A. Treatment with nucleo-
tide analogs (NAs) did not prevent progression to chronic infection following AHB
overall. Subanalysis suggested early NA initiation may enhance the viral clearance. Con-
clusion: Genotype A was an independent risk factor for progression to chronic infection
following AHB. Our data will be useful in elucidating the association between viral per-
sistence after AHB, host genetic factors, and treatment with NAs in future studies.
(HeraToLogy 2014;59:89-97)

Abbreviations: AHB, acute hepatitis B; ALT, alanine aminotransferase; anti-HBc, antibody to hepatitis B core antigen; anti-FHBs, antibody to HBsAg HBeAg,
hepatitis B e-antigen; CLIA, chemiluminescent enzyme in v; EIA, enzyme immunoassay; HBsAg hepatitis B surface antigen; HBY, hepatitis B virus;
HIV, buman immunodeficiency virus; IgM, immunaglobulin M; anti-HBe, antibody to HBeAg; NAs, nucleotide analogs; RPHA, reverse passive hemagglutination.
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epatitis B virus (HBV) infection is one of the

most common persistent viral infections in

humans. Approximately 2 billion people
worldwide have been exposed to HBV and 350 million
of them remain persistently infected." The incidence
of HBV infection and the patterns of transmission
vary greatly worldwide among different population
subgroups.” In Western countries, chronic HBV infec-
tion is relatively rare and acquired primarily in adult-
hood by way of sexual transmission or the use of
injectable drugs. Meanwhile, in Asia and most of
Africa, the majority of infections are the result of
transmission from an infected mother to her newborn.
However, very few studies of acute hepatitis B (AHB)
in adults have been reported.

HBV genomic sequences vary worldwide and have
been classified into at least eight genotypes (A through
H) based on an intergroup divergence of 8% or more
over the complete nucleotide sequence.>* These geno-
types have distinct geographic distributions.”” In par-
ticular, genotype A is predominant in Northwestern
Europe, the United States, Central Africa, and India.®
? The Japanese have been infected with genotypes B
and C since prehistoric times.'® Recently, many lines
of evidence have revealed among the Japanese an
increase in acute infection with HBV genotype A fol-
lowing sexual transmission.'”'? As a result of this
increasing transmission of genotype A, the distribution
of HBV genotypes in Japan clearly differs among
patients with acute and chronic infections.!®> Moreover,
recent studies suggest that acute infection with HBV
genotype A may be associated with an increased risk of
progression to persistent infection.'® Indeed, the preva-
lence of HBV genotype A in chronic hepatitis B
patients doubled in Japan between 2000-2001 and
2005-2006 (1.7% versus 3.5%).""

Human immunodeficiency virus (HIV)-1 infection
results in an immunodeficient state, with the virus
sharing routes of transmission with HBV. HIV-related
immunodepletion influences the natural history of
HBV infection, and epidemiological studies have
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revealed that HIV-positive patients are more likely to
have a prolonged acute illness following HBV infec-
tion and lower rates of hepatitis B e-antigen (HBeAg)
clearance.'® Therefore, in this study patients with coin-
fection of HIV were excluded to examine the influence
of HBV genotype directly without the confounding
influence of HIV.

From 2005 to 2010, a multicenter cohort study was
conducted throughout Japan on 212 patients with
AHB. The aim of this cohort study was to assess the
influence of clinical and virological factors, including
HBYV genotypes and treatment with nucleotide analogs
(NAs), on AHB patients who became persistently
infected.

Patients and Methods

Patients With AHB. The multiple-source cohort
included 212 randomly selected AHB patients without
coinfection of HIV. From 2005 through 2010, the
study participants wete recruited from 38 liver centers
throughout Japan. The cohort included patients who
were admitted to the hospital because of AHB and
who visited the hospital every month after being dis-
charged. The diagnosis of AHB was contingent on the
rapid onset of clinical symptoms accompanied by ele-
vated serum alanine aminotransferase (ALT) levels, the
detection of serum hepatitis B surface antigen
(HBsAg), and a high-titer antibody to hepatitis B core
antigen (anti-HBc) of the immunoglobulin M (IgM)
class. Patients with initial high-titer anti-HBc¢ (>10.0
S/CO) were diagnosed as having an exacerbation of
chronic hepatitis B and were excluded. If the patient
had been tested previously, the absence of serum
HBsAg and ant-HBc before admission was verified
from the medical record to discriminate a new infec-
tion from an acute exacerbation of a persistent infec-
tion. Patients with acute hepatitis A, hepatitis C, and
drug- or alcohol-induced acute hepatitis were also
excluded; hepatitis D virus infection was not deter-
mined because of its extreme rarity in Japan. The
study protocol conformed to the 1975 Declaration of
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Table 1. Characteristics of Patients With Genotype A or a Non-A Genotype Acutely Infected With Hepatitis B Virus

Features Genotype A (n = 107) Non-A Genotypes {n = 105)* P Value
Age (years) 36.3 4+ 12.0 40.7 +14.3 0.032
Male sex 102 (95.3) 75 (71.4) <0.001
HBeAg positive 104 (97.2) 79 (75.2) <0.001
ALT (IU/L) 1210 : 646 2225 + 2851 0.045
Total bilirubin (mg/dL) 9.9:+9.4 7567 0.115
HBV DNA (log copies/mL) 7015 58+ 15 <0.0001
Duration until disappearance of HBsAg (month) 6.7:+85 3.4+65 <0.0001
Persistence of HBsAg positivity more than 6 months 25 (23.4) 9 (8.6) 0.003
Persistence of HBsAg positivity more than 12 months 8 (7.5) 1! (0.9) 0.018
Sexual transmission 81/84 (96.4)F 71/79 (89.9)° 0.095
Treatment with NAs 61 (57.0) 42 (40.0) 0.013

Data are presented as n (%), mean = standard deviation. HBV, hepatitis B virus; HBeAg, hepatitis B e-antigen; ALT, alanine aminotransferase; NAs, nucleotide

analogs.

*Non-A genotypes include genotypes B, C, D, Fand H (n =25, 77, 1, 1, and 1, respectively).

One patient had genotype C.
Hransmission routes were unknown for 23 patients.
STransmission routes were unknown for 26 patients.

Helsinki and was approved by the Ethics Committees
of the insdtutions involved. Every patient gave
informed consent for this study.

Serological Markers of HBYV Infection. HBsAg,
HBeAg, antbodies to HBsAg (anti-HBs), HBeAg
(and-HBe), and HBcAg, and ant-HBc of the IgM
class were tested by a chemiluminescent enzyme
immunoassay (CLIA) by ARCHITECT (Abbott Japan,
Tokyo, Japan). HBYV DNA measurements were per-
formed using a real-time polymerase chain reaction
(PCR) assay (Cobas TagMan HBV Auto; Roche Diag-
nostics, Tokyo, Japan).

Genotyping of HBV. The six major HBV geno-
types (A through F) were determined serologically by
enzyme immunoassay (EIA) using commercial kits
(HBV GENOTYPE EIA; Institute of Immunology,
Tokyo, Japan). This method is based on the pattern of
detection by monoclonal antibodies of a combination
of epitopes on preS2-region products, which is specific
for each genotype.'”'® Samples for which EIA could
not determine the genotype were examined by direct
sequencing of the pre-S2/S gene, followed by phyloge-
netic analysis.

Treatment With NAs. Treatments with NAs were
performed using lamivudine or entecavir for more
than 3 months. The individual clinicians determined if
NAs were administered to patients, and when the
treatment was to be started. The time to onset of
treatment with NAs was measured in days from onset
of AHB.

Statistical Analysis. Categorical variables were
compared between groups by the chi-squared test and
noncategorical variables by the Mann-Whitney U test.

A P value less than 0.05 was considered significant.
Multivariate analysis was performed using a backward
stepwise logistic regression model to determine inde-
pendent factors for viral persistence following AHB.
Variables in the multivariate analysis were selected
based on variables that were marginally significant
with P< 0.1 in univariate analysis. Maintenance of
HBsAg positivity was analyzed using the Kaplan-Meier
method and significance was tested with the log-rank
test. STATA Software (StataCorp, College Station, TX)
v. 11.0 was used for analyses.

Results

Comparison of Characteristics Between Genotype
A and Non-A Genotype AHB Patients. A total of
107 AHB patients (50.5%) were infected with genotype
A while 105 AHB patients (49.5%) were infected with
non-A genotypes, including genotypes B (25 [11.8%]),
C (76 [35.8%]), D (1 [0.5%]), F (1 [0.5%]), and H (1
[0.5%]). Compared to those infected with non-A geno-
types, genotype A patients were significantly younger
(36.3 = 12.0 versus 40.7 * 14.3 years, P = 0.032), pre-
dominantly men (95.3% versus 71.4%, P < 0.001), and
more frequently positive for HBeAg (97.2% versus
75.2%, P < 0.001). Moreover, genotype A patients had
a lower peak ALT levels (1,210 646 versus
2,225 +2,851 IU/L, P=0.045) and a higher peak
level of HBV DNA (6.7 £8.5 versus 3.4*6.5 log
copies/mL, P < 0.0001). A significantly higher percent-
age of genotype A patents were treated with NAs (57%
versus 40%, P = 0.013). These data are summarized in
Table 1.
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Fig. 1. Comparison of the cumulative proportion of AHB patients
maintaining HBsAg positivity between genotype A and non-A geno-
types, analyzed using the Kaplan-Meier test. P < 0.0001, genotype A:
red line, non-A genotypes: blue line.

Cumulative Maintenance of HBsAg Positivity
During Follow-up in Patients With Genotype A and
Non-A Genotypes. In the patients infected with geno-
type A and non-A genotypes, the mean durations of
HBsAg positivity maintenance were 6.7 +8.5 and
3.4+ 6.5 months, respectively (P<0.0001; Table I,
Fig. 1). For 6 months after AHB onset, the number of
patients with genotype A and non-A genotypes main-
taining HBsAg positivity were 39/107 (36.4%) and
10/105 (9.5%), respectively (P < 0.001). However, in
many patients HBsAg disappeared between 7 and 12
months after AHB onset; that is, HBsAg disappeared
in 31/107 (29.0%) of patients with genotype A and in
9/105 (8.6%) of patients with non-A genotypes during
this time period. However, in some patients HBsAg
never disappeared after persisting for more than 12

HEPATOLOGY, January 2014

months following AHB onset. When chronicity after
AHB was defined as the persistence of HBsAg for
more than 12 months, chronicity developed in 7.5%
(8/107) of patients with genotype A and in 0.9%
(1/105) of patients with non-A genotypes (P = 0.018).

Comparison of Characteristics Between Patients
in Whom HBsAg Persisted More Than 6 or 12
Months and Those With Self-Limited AHB Infec-
tion. Table 2 compares the demographic and clinical
characteristics between patients in whom HBsAg disap-
peared within 6 months and those in whom HBsAg
persisted for more than 6 months from AHB. The
peak ALT levels (1,882 * 2,331 versus 1,018 = 696
IU/L, P=0.0024) and peak HBV DNA levels
(6.3 % 1.6 versus 7.4 * 1.6 mg/dL, P=0.0004) were
significantly higher and lower in the former group
than in the latter group, respectively. Moreover,
marked differences were present in the distribution of
genotypes between the two groups. The percentage of
the HBV genotype A (46.1% versus 73.5%,
P=0.003) was significantly higher among patients in
whom HBsAg was persistent for more than 6 months.
In addition, we compared the demographic and clini-
cal characteristics between patients in whom HBsAg
disappeared within 12 months and those in whom
HBsAg persisted for more than 12 months from AHB.
Peak ALT (1,787 £2,118 versus 775 =513 IU/L,
P=0.0089) and peak total bilirubin (8.7 % 8.2 versus
3.8+ 6.6 mg/dL, P=0.0039) levels were significantly
higher in the former group than in the latter group. In
contrast, the peak HBV DNA levels (6.4 = 1.6 versus
7.9 = 1.4 mg/dL, P =0.0046) were significantly lower

Table 2. Comparison Between Patients With Chronicity Following Acute Hepatitis B and Those With
Self-Limited Acute Infections Determined by the Persistence of HBsAg for More Than 6 or 12 Months

Persistence of HBsAg
for More Than
6 Months From

Disappearance of
HBsAg Within

persistence of
HBsAg for More
Than 12 Months

Disappearance
of HBsAg Within

Features 6 Months (n = 178) AHB (n = 34) P Value 12 Months (n = 203) From AHB (n = 9) P Value
Age (years) 382+13.1 40.0 + 145 0.454 38.1 132 46.7 +14.0 0.061
Male sex 147 (82.6) 30 (88.2) 0.416 169 (83.3) 8 (88.9) 0.677
HBeAg positive 150 (84.3) 32 (94.1) 0.131 175 (86.2) 8 (88.9) 0.815
ALT (1U/L) 1882 £ 2331 1018 £ 696 0.0024 1787 £ 2118 775 %513 0.0089
Total bilirubin (mg/dL) 86+75 8.7*+113 0.137 8.7x82 3.8x6.6 0.0039
HBV DNA (log copies/mL) 63+16 7416 0.0004 64+16 79+14 0.0046
HBV genotype

Non-A 96 (53.9) 9 (26.5) 104 (51.2) 1(111)

A 82 (46.1) 25 (73.5) 0.003 99 (48.8) 8 (88.9) 0.018
Sexual transmission 128/137 (93.4)* 24/26 (92.3)T 0.711 146/157 (931))‘t 6/6 (1()(10)§ 0.356
NAs treatment (+) 82 (46.1) 21 (61.8) 0.093 98 (48.3) 8 (88.9) 0.017

Data are presented as n (%) and mean * SD. HBsAg, hepatitis B surface antigen; AHB, acute hepatitis B, HBeAg, hepatitis B e-antigen; ALT, alanine amino-

transferase; HBV, hepatitis B virus; NAs, nucleotide analogs.
*Transmission routes of 41 patients were unknown.
Transmission routes of 8 patients were unknown.
*Transmission routes of 46 patients were unknown.
STransmission routes of 3 patients were unknown.
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Table 3. Multivariate Analysis of Factors Independently
Associated With Persistence of HBsAg Positivity
Following Acute Hepatitis B

Persistence of HBsAg
More Than 6 Months From AHB

Factors Odds Ratio 95% Ct P Value

ALT {per 1 1U/L increase) 1.000 0.999-1.000 0.035

HBV DNA {per 1 log copy/mlL 1.176 0.931-1.484 0.173
increase)

Genotypes

Non-A 1.00

A 4.224 1.853-9.631 0.001

95% Cl, 95% confidence interval; ALT, alanine aminotransferase; HBV,
hepatitis B virus.

in the former group than in the latter group. The per-
centages of HBV genotype A (48.8% versus 88.9%,
P=0.018) and NAs treatment (+) (48.3% versus
88.9%, P=10.017) were significantly higher among
patients in whom the HBsAg persisted for more than
12 months.

Factors Independently Associated With Viral Per-
sistence Following AHB. A swepwise logistic regres-
sion model was used to perform multivariate analysis
which explains relationships between some factors and
persistence of HBsAg positivity more than 6 months
following AHB. Peak ALT level, peak HBV DNA
level, genotype A, and weatment with NAs were
retained in the final multivariate logistic model in a
backward stepwise manner (P<0.1). For predicting
the persistence of HBsAg for more than 6 months,
only genotype A was independently associated with
progression of AHB to the persistence of HBsAg (odds
ratio [OR]: 4.224, P= 0.001, Table 3).

Characteristics of Patients Who Progressed to
Chronicity That Was Defined as the Persistence of
HBsAg for More Than 12 Months Following Acute
Hepatitis B. Table 4 shows the clinical and virologi-
cal characteristics of nine patients who progressed to
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chronicity defined as the persistence of HBsAg for
more than 12 months following AHB. Among the
nine patients who progressed to chronicity from AHB,
cight (88.9%) were men and cight (88.9%) were
HBeAg-positive. In general, among the patients who
progressed to chronicity following AHB, the peak
HBV DNA levels were high, and the peak total biliru-
bin and ALT levels were low. In eight (88.9%)
patients, entecavir was administered; however, the
duration untl the onset of NA treatment from AHB
onset was long (75-570 days).

Early Onset of Treatment With NAs Was Able to
Prevent Viral Persistence After AHB Caused by
Genotype A. The cumulative proportion maintaining
HBsAg positivity during follow-up, expressed in terms
of time after AHB onset, were significantly longer in
patients with NAs treatment than in those without
NAs treatment (P = 0.046, Fig. 2A). Table 5 shows
the percentages of patients in whom HBsAg persisted
for more than 6 or 12 months among patients catego-
rized based on the period of time (i.e., duration) until
the onset of NAs treatment. For patients in whom the
onset of NAs treatment was less than 4 weeks from
the onset of AHB, 12.7% of the patients showed per-
sistent HBsAg for more than 6 months, while none
showed HBsAg positivity for more than 12 months.
For patients in whom the onset of NAs treatment was
at 5-8 weeks, 37.5% of the patients showed persistent
HBsAg for more than 6 months, whereas none showed
persistent HBsAg for more than 12 months. For all
groups, the period of HBsAg positivity in patients
starting NAs treatment within 8 weeks from AHB
onset was significantly shorter than that in patients
beginning NAs treatment after more than 8 weeks
from AHB onset (< 0.0001, Fig. 2B). Patients start-
ing NAs treatment within 8 weeks from AHB onset
never progressed to chronicity after AHB caused by
genotype A.

Table 4. Characteristics of Patients Who Progressed to Chronicity Following Acute Hepatitis B

Duration Until
HBV DNA Total Bilirubin Observation NAs NAs Treatment Transmission
Case Age Gender HIV  HBeAg (log copies/mL) (mg/dL) ALT (/L)  Period (Months) Treatment {Days) Routes Genotype
1 23 Male (=) (+) 7.6 1.7 1271 26 ETV 570 Heterosexual A
2 40 Male (=) (-) 8.8 1.4 568 13 ETV 240 Heterosexual A
3 45 Male (—) (+) 7.7 0.9 867 57 ETV 135 Heterosexual A
4 37 Male (=) (+) 7.6 3.4 384 29 ETV 75 Unknown A
5 54 Male (=) (+) 9 2 455 17 ETV 155 Homosexual A
6 45 Male (=) (+) 4.8 21.2 512 60 (=) (—) Homosexual A
7 61 Male (=) (+) 9.1 1.5 804 17 ETV 88 Unknown A
8 56 Male (-) (+) 9.0 1.1 1820 14 ETV 118 Unknown A
9 31 Female (=) (+) 74 0.8 296 66 ETV 150 Blood transfusion C

HIV, human immunodeficiency virus; HBeAg, hepatitis B e-antigen; HBV, hepatitis B virus; ALT, alanine aminotransferase; NAs, nucleotide analogs; ETV, entecavir.
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Table 5. Proportion of Patients in Whom HBsAg
Persisted for More Than 6 or 12 Months Among Patients
Categorized Based on the Number of Weeks Until
the Onset of NAs Treatment

Persi: of F of

Duration Until HBsAg for HBsAg for

Onset of NAs More Than More Than Total
Treatment (Weeks) 6 Months 12 Months Patients
<4 weeks (n, %) 9 (12.7) 0 (0) 71
5-8 weeks (n, %) 6 (37.5) 0 (0) 16
9-12 weeks (n, %) 1(33.3) 1(33.3) 3
13-16 weeks (n, %) 4 (100) 1(25.0) 4
>17 weeks (n, %) 9 (100) 6 (66.7) 9
Total 29 8 103

HBsAg, hepatitis B surface antigen; NAs, nucleotide analogs.

Discussion

A multicenter nationwide study was conducted
throughout Japan to evaluate the influence of clinical
and virological factors on chronic outcomes in Japanese
patients who contracted AHB in adulthood. The study
was feasible in Japan, where a universal vaccination pro-
gram for HBV has not been implemented because of
the extremely high efficacy of the immunoprophylaxis
that is given to babies born to carrier mothers. The
implementation of this program has resulted in a
decrease in the persistent HBV carrier rate from 1.4%
to 0.3%."? Selective vaccination means that Japanese are
more likely to be infected with HBV by way of horizon-
tal transmission since the percentage of the population
possessing anti-HBs is much lower than that in coun-
tries in which universal vaccination programs have been
established.”® In addition, Japan is faced with the ever-
increasing impacts of globalization: as many as 17 mil-
lion Japanese travel abroad and over 7 million people

A D
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> 75+ Log-Rank Test
5 P =0.046
-]
]
g 50
25
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N Treatment with NAs ()|
T T T v v
036 12 20 10 60  mounts
Patients at isk
Treameniwin RAs (+) 103 72 28 10 4 2
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visit Japan from overseas each year. This “population
mixing” may help to explain the increased prevalence in
Japan of AHB due to genotype A, which is transmitted
through indiscriminate sexual contact. Consequently,
Japan may be the only country in the world where the
influences of HBV genotypes, including genotype A (as
is predominant in Western countries) and genotypes B
and C (as are predominant in Asian countries), on
chronic outcomes after AHB can be compared.

Currently, the persistence of HBsAg in serum for
more than 6 months is considered to represent a pro-
gression to chronic infection.”’ However, our data
showed that HBsAg frequently disappeared between 7
to 12 months after the onset of AHB in patients with
genotype A (31/107 [29.0%]) and non-A genotypes
(9/105 [8.6%)]) (Fig. 1). These patients were consid-
ered to exhibit prolonged cases of AHB, rather than
persistent infection. This finding reflects the higher
sensitivity of the most up-to-date assays for HBsAg as
compared with previous methods. In the present study,
HBsAg was measured by CLIA, which has been
reported to be about 150 times more sensitive in the
detection of HBsAg than reverse passive hemagglutina-
tion (RPHA)-HBsAg, which has been used for the last
30 years in Japan.”” The use of a more sensitive assay
for HBsAg results in a longer period during which
HBsAg may be detected. In this study, HBsAg did not
disappear in nine patients after remaining continuously
detectable for more than 12 months. Therefore, the
persistence of HBsAg for more than 12 months, as
measured with a highly sensitive method for detecting
HBsAg, may be suitable for defining the progression
of AHB to chronicity; however, further study is neces-
sary to determine whether this definition is appropriate
worldwide.
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Fig. 2. (A) Comparison of the cumulative proportion of AHB patients maintaining HBsAg positivity between treatment with NAs (+) and treat-
ment with NAs (—), as analyzed using the Kaplan-Meier test. P = 0.046, treatment with NAs (+): red line, treatment with NAs (—): blue line.
(B) Comparison of the cumulative proportion of AHB patients in genotype A maintaining HBsAg positivity between treatment onset with NAs
within 8 weeks and treatment onset with NAs over 8 weeks after onset of AHB, as analyzed using the Kaplan-Meier test. P < 0.0001, treatment
onset with NAs over 8 weeks: red line, treatment onset with NAs within 8 weeks: blue line.

—563—



HEPATOLOGY, Vol. 59, No. 1, 2014

It has been reported that ~10% of patients who
contract HBV as adults do not clear HBsAg from their
serum and become carriers.”> Meanwhile, a wide varia-
tion has been seen in the rate of persistence after AHB
infection in adults. For example, viral persistence fol-
lowing AHB was seen in 0.2% (1/507) of adults in
Greece,™ 7.7% (5/65) of adult Alaskan Eskimos, and
12.1% (7/58) of adults in Germany.®® The difference
in the proportion of patients progressing from AHB to
chronicity in different regions may be attributable to
virological and host factors. In this study, 4.2% (9/
212) of patients progressed to chronicity after AHB:
7.5% (8/107) of those infected with genotype A and
0.9% (1/105) of those infected with non-A genotypes.
The non-A genotypes included genotypes B, C, D, E
and H (n=25, 77, 1, 1, and 1, respectively). Geno-
types B and C are predominant in eastern Asian coun-
tries, where the majority of those infected with HBV
acquired the virus during the perinatal period by way
of vertical transmission.”® On the other hand, geno-
type A is predominant in Western countries, where the
main route is horizontal transmission later in life.”**”
Because HBeAg persists long after the infection in the
genotype C as compared to other genotypes, this geno-
type has been shown to be a risk factor for perinatal
and horizontal transmission in newborns and chil-
dren.”® The predominance of genotype A in Western
countries may be attributable to a higher chronicity
rate following AHB by way of horizontal transmission
in adults.

In this study the characteristics of AHB associated
with genotype A were a higher peak level of HBV
DNA and a lower peak level of ALT. These findings
were similar to those for patients with HBV-HIV coin-
fection.”® Such characteristics of genotype A or coin-
fection with HIV are assumed to be attributable to
hepatitis associated with weaker cellular
immune responses. More slowly replicating viruses
have been reported to evoke weaker cellular responses,
enhancing the likelihood of persistence.”® Indeed, our
prior study showed that the replication of genotype A
was significantly slower than that of genotype C in
immunodeficient, human hepatocyte chimeric mice.?!
Moreover, variation among genotypes in the expression
pattern of HBeAg may affect the progression of AHB
to chronicity. Another previous study of ours revealed
that a single form of HBeAg was detected by western
blot analysis in serum samples from patients infected
with genotypes B through D, but that two additional
larger forms of HBeAg were detected in patients with
genotype A>? Milich and Liang®™ reported that
HBeAg may modulate the host immune response as a

milder
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tolerogen to promote chronicity. Therefore, the differ-
ent expression pattern of HBeAg by genotype A HBV
may contribute to chronicity following AHB.

Early NAs initiation appeared to enhance the viral
clearance across genotypes, although treatment with
NAs did not show any overall benefit in duration of
HBsAg. Previous studies examining the efficacies of
NAs for preventing progression to chronic infection
after AHB have reported conflicting results. Some
small-scale studies have suggested the efficacy of lami-
vudine and entecavir in preventing the progression of
AHB to chronic hepatitis.**** Another study showed a
lower seroconversion rate of HBsAg in lamivudine
users.>® Further, a randomized placebo-controlled trial
showed no significant difference in clinical outcomes.””
However, these previous studies did not mention the
prevalence of HBV genotypes in the respective study
populations. Although this was a retrospective study,
our study included data on the prevalence of HBV
genotypes. Additionally, our findings suggested that
larger prospective randomized studies for every HBV
genotype should be performed to determine whether
early treatment with NAs prevented the progression of
AHB to a chronic state.

In conclusion, in Japan genotype A was an inde-
pendent risk factor for progression to chronic infection
following AHB in adults. Confirmation of this associa-
tion in patients with AHB in other countries is desira-
ble and may provide insight into the pathogenetic
mechanisms underlying this association. Early NA
treatment appeared to reduce the likelihood of chron-
icity but this potentially important intervention needs
to be prospectively studied before recommendations
can be made.

Appendix

Members of the Japanese AHB Study Group
include Yasuharu Imai (Tkeda Municipal Hospital),
Norie Yamada, Hideaki Takahashi (St. Marianna Uni-
versity School of Medicine), Koji Ishii (Toho Univer-
sity School of Medicine), Hideyuki Nomura (Shin-
Kokura Hospital), Jiro Nishida (Tokyo Dental Collage
Ichikawa General Hospital), Shigeru Mikami (Kikko-
man Hospital), Tsuneo Kitamura (Juntendo University
Urayasu Hospital), Akihito Tsubota (Kashiwa Hospital
Jikei University School of Medicine), Noritomo Shi-
mada (Shinmatsudo Central General Hospital), Tet-
suya Ishikawa (Nagoya University Graduate School of
Medicine), Yoshiyuki Ueno (Tohoku University Grad-
uate School of Medicine), Tomoyoshi Ohno (Social
Insurance Chukyo Hospital), Etsuro Orito (Nagoya
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Daini Red Cross Hospital), Michihiro Suzuki (Kawa-
saki Municipal Tama Hospital), Hitoshi Takagi
(Guama University Graduate School of Medicine),
Eiichi Tomita (Gifu Municipal Hospital), Kumada
Takashi (Ogaki Municipal Hospital), Toshihiko Mizuta
(Saga University Faculty of Medicine), Tetsuya Mine
(Tokai University School of Medicine), Jong-Hon
Kang (Teine-Keijinkai Hospital), Katsuji Hirano (Jun-
tendo University Shizuoka Hospital), Hirohito Tsu-
bouchi (Kagoshima University Graduate School of
Medical and Dental Sciences), Akito Nozaki (Yoko-
hama City University Medical Center), Akito Sakai
(Kanazawa University Graduate School of Medical Sci-
ence), Shuhei Nishiguchi (Hyogo College of Medi-
cine), Akihiro Tamori (Osaka City University
Graduate School of Medicine), Satoru Hagiwara
(Kinki University School of Medicine), Takahide
Nakazawa (University of Kitasato East Hospital),
Michio Sata (Kurume University School of Medicine),
Toshiro Kamoshida (Hitachi General Hospital) Atsushi
Takahashi (Fukushima Medical University School of
Medicine), Satoshi Kakizaki (Gunma University Grad-
uate School of Medicine), Yoshimasa Kobayashi
(Hamamatsu University School of Medicine), Shigeru
Sasaki (Sapporo Medical University), Tadashi lkegami
(Tokyo Medical University Ibaraki Medical Center),
Yoichi Hiasa (Ehime University Graduate School of
Medicine), Kenji Nagata (University of Miyazaki),
Tomoyuki Kubota (Saiseikai Niigata Daini Hospital),
Hiroshi Mitsui (Tokyo Teishin Hospital), Norihiko
Yamamoto (Mie University School of Medicine),
Masataka Tsuge (Hiroshima University), Shuichi Sato
(Shimane University Hospital), Yoshito Ito (Kyoto Pre-
fectural University of Medicine), Wataru Sato (Akita
University School of Medicine), Shigeharu Uchida
(Japanese Red Cross Society), Yuki Tada (National
Institute of Infectious Diseases), Toshiaki Mizuochi
(National Institute of Infectious Diseases), Norihiro
Furusho (Kyushu University), and Shuhei Hige (Hok-
kaido University Graduate School of Medicine).
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We read with interest the article by Tsuge et al. [1] pub-
lished in the recent issue of the Journal of Gastroenterol-
ogy. Treatment with nucleot(s)ide analogue (NUC)
strongly suppresses the replication of hepatitis B virus
(HBV) leading to a high rate of serum HBV DNA nega-
tivity. However, the incidence of relapse after the cessation
of NUC:s is high. Criterion for safe discontinuation of NUC
therapy after long term therapy is not established to date. In
HBe antigen positive patients, seroconversion, HBV DNA
negativity and consolidation therapy of >6 months may be
a consensus criteria but 30-50 % of patients fulfilling this
criteria experience a relapse. In HBe antigen negative
patients, NUC therapy is generally recommended until HBs
antigen becomes undetected. Tsuge et al. [1] measured
serum HBV RNA plus DNA by real time PCR and showed
that the serum HBV DNA + RNA titer following
3 months of NUC treatment was a significant predictor of
early (within 24 weeks) HBV DNA rebound after discon-
tinuation of NUC. The serum HBV DNA + RNA titer was
also associated with ALT rebound in HBe antigen positive
patients. The results of the study by Tsuge et al. indicate
that serum HBV DNA + RNA titer may serve as predictor
of relapse after discontinuation of NUC.

The high rate of relapse after discontinuation of NUC is
due to the persistence of HBV replication in the liver even
during the NUC therapy. The replicative intermediate form

An answer to this letter to the editor is available at
doi: 10.1007/s00535-013-0801-6.
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Musashino-shi, Tokyo 180-8610, Japan
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of HBV, covalently closed circular DNA (cccDNA), may
not be eliminated by NUC therapy and serves as a template
for viral pre-genomic messenger RNA [2]. This concept
was proved by a study showing that quantification of intra-
hepatic HBV cccDNA had a high accuracy of predicting
sustained virological response after NUC discontinuation
[3]. Still, we need a non-invasive and clinically usable
marker for the assessment of HBV replication in the liver
during NUC therapy. The measurement of HBV core
related antigen may be an alternative [4]. The rationale of
measuring HBV RNA in serum was that immature HBV
particles including HBV RNA are released from hepato-
cytes during NUC treatment under the circumstances that
pre-genomic HBV RNA are transcribed from HBV
cccDNA, packaged into HBV core particles, but not
reverse transcribed into plus-strand HBV DNA due to
strong interference by NUC, and the excessive amounts of
these immature particles are accumulated in hepatocytes
[5, 6]. Tsuge et al. showed that serum HBV DNA + RNA
titer following 3 months of NUC treatment was signifi-
cantly lower in patients with no rebound of HBV DNA. By
using a cut-off value of 4.8 log copies/mL, the cumulative
incidence of HBV DNA rebound was significantly lower in
patients with serum HBV DNA 4 RNA titer < 4.8 log at
3 months of NUC treatment. The same groups previously
showed that HBV RNA levels at 3 months of lamivudine
treatment were predictor of early emergence of resistant
mutations [7]. Taken together, serum HBV DNA + RNA
titer may be linked to the level of HBV replication in the
liver during NUC therapy. Monitoring of serum HBV
DNA -+ RNA response may be utilized in various decision
makings in treatment of HBV patients with NUC therapy.

Based on these important findings, several questions may
remain for future elucidation. Commercially available tran-
scription-mediated amplification and hybridization assay
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(TMA) detects both HBV DNA and RNA. We do recognize
that detection sensitivity of this assay is not sensitive but
could this assay be used in alternative to real time PCR? In
the present study, duration of therapy was 36 weeks in
average. The question is whether serum HBYV DNA - RNA
decrease further by a longer duration of therapy and whether
monitoring of serum HBV DNA + RNA (at the end of
treatment) serve as a predictor of safe discontinuation after
long term NUC therapy. Various protocols of sequential
interferon therapy starting with NUC are reported in an
attempt to enhance the antiviral activity or to achieve drug-
free status [8]. However, their outcome varies considerably
and negative HBe antigen at the start of interferon is the only
predictor of response [9]. Since 26 out of 36 patients in the
study by Tsuge et al. received sequential interferon therapy,
serum HBV DNA + RNA titer may be an alternative pre-
dictor of favorable response to sequential interferon therapy.
Further investigation may be necessary to solve these issues
but readers of the journal may be interested if comments can
be made by the authors.
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Abstract The clinical course of patients with chronic
hepatitis B (CH-B) was greatly changed by the introduction
of nucleoside analogues. We often encounter patients
where the serum level of albumin recovers quickly fol-
lowing the treatment. In this study, we focused carefully on
the changes in serum albumin level noted during nucleo-
side analogue therapy, in an effort to clarify the mechanism
behind the restoration of albumin production. We observed
changes in serum albumin levels during nucleoside ana-
logue therapy in 12 patients with CH-B and studied the
mechanism behind the restoration of albumin production
following the therapy. The serum level of albumin was
significantly increased very soon after the treatment was
started. Prior to treatment with nucleoside analogues, the
albumin signal for mRNA was only slightly seen in the
peri-portal area, whereas 12 months after the treatment, the
liver tissue presented an obvious signal of albumin mRNA.
Serum levels of hepatocyte growth factor (HGF) were
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significantly decreased 12 months after the treatment. In
this study, we demonstrated that nucleoside analogues
decrease HGF through the suppression of hepatocyte
damage, leading to the restoration of albumin production in
patients with CH-B.

Keywords Chronic hepatitis B - Nucleotide analogues -
Albumin - Hepatocyte growth factor - In situ
hybridization

Introduction

Hepatitis B virus (HBV) infection has been a major public
health problem, with 350-400 million patients worldwide.
Chronic hepatitis B (CH-B) can lead to progression of liver
diseases with increased risk of cirrhosis and hepatocellular
carcinoma (HCC) [1].

The clinical course of CH-B was greatly changed by the
introduction of nucleoside analogues. Long-term treatment
can reverse, and thereby lead to the recovery of, fibrosis of
the liver, even if the liver disease was progressing toward
cirrhosis [2, 3].

Since albumin is a ubiquitous protein that is synthesized
only by hepatocytes, the serum albumin level is an
important factor in the evaluation of liver function. We
often encounter patients where the serum level of albumin
recovers quickly following treatment with nucleoside
analogues.

In this study, we focused carefully on the changes in
serum albumin level noted during nucleoside analogue
therapy, in an effort to clarify the mechanism behind the
restoration of albumin production. Moreover, we attempted
to demonstrate the restoration of albumin expression,
morphologically.
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Patients and methods
Patients

We investigated the changes in serum albumin level noted
in patients with CH-B who were started treatment with
lamivudine or entecavir in Fukuoka University Hospital.
Twelve of the patients who met the following 5 require-
ments comprised the object of this study: (1) did not have
HCC; (2) did not have esophago-gastric varices requiring
treatment; (3) were followed up for more than 12 months;
(4) suffered no recurrence of hepatitis within the
12 months period; (5) serum samples are saved. The
characteristics of the patients are shown in Table 1.

Quantification of serum levels of cytokines

We investigated the changes in serum levels of human
hepatocyte growth factor (HGF) and transforming growth
factor beta 1 (TGF-f1). Serum samples before and 1 year
after beginning the treatment with nucleoside analogues
were obtained from the patients. Quantification of HGF and
TGF-B1 in serum was performed using the Quantikine
ELISA kit (R&D Systems Co. Ltd., USA) and the proce-
dures were carried out according to the manufacturer’s
protocol.

Liver biopsy specimens

Liver specimens were obtained from four patients who
received needle biopsy both before and 1 year after
beginning the treatment with nucleoside analogues. The
liver specimens were immersion fixed in 10 % neutral
buffered formalin at room temperature for 24 h, and then
samples were processed for paraffin embedding. Five-mi-
crometre thick sections were cut and mounted on glass
slides that had been previously covered with 3-aminopro-
pyltriethoxysilane (Matsunami Glass Ind., Ltd., Japan).
The samples were then used for in situ hybridization.

Table 1 Characteristics of the patients

Median (min—max)

Age (years) 42.0 (21-68)
Gender (M/F) 1072

Platelet (x 10%/uL) 14.8 (3.6-27.5)
Albumin (g/dL) 3.70 (2.9-4.3)

AST (IU/L) 50.0 (25~256)
ALT (IU/L) 71.5 (38-380)
GGT (IU/L) 71.0 (22~180)
HBeAg (£) 11/1

HBYV DNA (log copy/mL) 7.3 (5.9-8.7)

@_ Springer

Albumin probe

Five oligonucleotides labelled with FITC were prepared
based on the published sequence of albumin complemen-
tary DNA (cDNA) [4]. These included the regions of the
c¢DNA coding for amino acids —17 to —8, =2 t0 8, 111 to
121, 291 to 300, and 561 to 570 [5].

In situ hybridization

Liver sections were dewaxed and incubated in 0.2 N HCl
for 10 min at room temperature, and washed with PBS 3
times, each time for 5 min. The sections were digested with
proteinase K (final concentration, 2.5 pg/ml, SIGMA, St.
Louis, MO, USA) for 30 min at 37 °C. Sections were fixed
with 4 % paraformaldehyde (Wako, Japan) for § min, and
then washed 3 times with PBS for 5 min. Sections were
dehydrated and dried with cool air. Nonspecific probe
binding was blocked using a prehybridization buffer
[20 x SSC, dextran sulphate sodium, formamide (deion-
ized), mix well all components, vortex and then add poly A
(10 mg/ml), ssDNA (10 mg/ml), tRNA (5 mg/ml), 1 M
DTT and 50 x Denbardt’s solution were added], and this
was incubated for 30 min at 37 °C. A labelled probe was
added to the hybridization buffer with a final concentration
of 2.5 ng/pl, and the sections were hybridized overnight at
37 °C in a humid chamber.

Visualization of albumin mRNA

After hybridization, slides were incubated twice for 15 min
at 37 °C in a solution of formamide 50 % in buffer
2 x SSC, then washed twice with 2 x SSC in 2-mercap-
toethanol (Wako, Japan) for 5 min. Sections were washed
and blocked with 5 % skim milk for 30 min. Alkaline
phosphatase-conjugated polyclonal rabbit anti-FITC (Dako
Cytomation, Japan) antibody diluted 1:50 was applied for
1 h atroom temperature. To enable the sections to develop,
they were incubated overnight at 4 °C with BCIP/NBT
substrate system (Dako Cytomation). Sections were
washed with distilled water and counterstained with methyl
green solution (Wako, Japan) for 30 min at room temper-
ature, washed with distilled water and covered with
Aquatex mounting media (Merck, Germany). For a nega-
tive control, we used one slide cover only with hybrid-
ization buffer omitting the probe. For a positive control, we
used normal liver tissue.

Statistical analyses
Statistical analyses were performed with the statistical

software package JMP version 5.1.2. Values are expressed
as mean == S.D. The changes in biochemical parameters
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and cytokines were evaluated using a paired ¢ test. A
p value of <0.05 was considered to be statistically
significant.

Results
Biochemical parameters and platelet count

The serum level of albumin before treatment was
3.70 &£ 0.44 g/dl and was significantly increased very soon
after the treatment was started. The levels after treatment
for 3, 6, 9, and 12 months were 3.88 & 0.29, 4.07 4 0.27,
4.08 £ 0.31 and 4.18 + 0.28 g/dl, respectively. In con-
trast, the serum level of ALT was significantly decreased
very soon after the treatment was started.

As for, platelet count, this increased only gradually. The
level of platelet count before treatment was 15.5 &= 7.1 x
104/u1 and the levels after treatment for 3, 6, 9, and
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12 months were 15.2 4+ 6.7, 15.5 £ 7.8, 15.7 £ 7.3 and
17.0 & 8.4 x 10*ul, respectively (Fig. 1).

In situ hybridization

Staining for albumin mRNA was considered to be positive
when a distinct fine granular cytoplasmic purple staining was
observed. In the positive control liver sections, we observed
abundant cords of hepatocytes stained for albumin mRNA.
These were close to the portal areas. However, in the nega-
tive controls where the albumin probe was omitted, the signal
for albumin mRNA was absent in the hepatocytes (Fig. 2).

In patients prior to treatment with nucleoside analogues,
important areas of fibrosis and hepatic necrosis with
inflammatory infiltrate were seen surrounding the portal
areas and the albumin signal for mRNA was only slightly
seen. Twelve months after the treatment, the liver tissue
presented an obvious signal of albumin mRNA extensively
in the hepatic lobes (Fig. 3).

Log ALT (1U/l)

12 months

*P < 0.01

Fig. 1 a The serum level of albumin was significantly increased very soon after the treatment was started. b In contrast, the serum level of ALT
was significantly decreased very soon after the treatment was started. ¢ Platelet count increased only gradually
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Fig. 2 In the positive control liver sections, we observed abundant cords of hepatocytes stained for albumin mRNA (a) (x400). These were

close to the portal areas (b) (x100)

Fig. 3 In a patient (moderate fibrosis and moderate activity) prior to
treatment with nucleoside analogue, fibrosis and hepatic necrosis with
inflammatory infiltrate were seen surrounding the portal area and the

albumin signal for mRNA was only slightly seen (a). After the
treatment, the liver tissue presented an obvious signal of albumin
mRNA extensively in the hepatic lobes (b) (x200)

Fig. 4 a "I?he.serum level of a pg/ml P <0.05 b ng/m
HGF was significantly 2000, 50 N.S
decreased 12 months after the [ "]
treatment, b whereas the TGF-
B1 level did not show any 1500 - 157
obvious change L(DL E
2 1000} & o0t
'..
500 51
0 , 0 -
before after before after

Changes in serum levels of HGF and TGF-B1

The serum level of HGF before treatment was 1,845.3 +
930.6 pg/ml. This was significantly decreased to 1,287.3 +
443.7 pg/ml 12 months after the treatment, whereas the
TGF-B1 level did not show any obvious change (Fig. 4).
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Discussion

We successfully showed that albumin production is quickly
restored following treatment with nucleoside analogues in
both serum and liver tissue. We speculate that the decrease
in HGF level brought about by the treatment directly led to
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the restoration of albumin production. Although there were
few cases, it has been proved with the significant difference
statistically and the result of in situ hybridization was
almost same in all the examples.

Nucleoside analogues block the reverse transcription of
the HBV gene in hepatocytes, leading to a decrease in
HBYV replication. In most patients with CH-B who receive
treatment with nucleoside analogues, serum levels of
transaminase are normalized within a few months. More-
over, long-term treatment has been reported to lead to the
recovery of fibrosis in the liver [6, 7]. The fibrosis stage in
CH-B was reported to recover after a few years from the
commencement of treatment, but it should be noted that the
restoration of the serum level of albumin was seen much
earlier than that.

Albumin synthesis is reported to be regulated by several
cytokines, such as IL-6, HGF and TGFp [8-13]. IL-6, an
inflammatory cytokine which is released from lymphocytes
or macrophages, increases serum C-reactive protein espe-
cially in case of bacterial infection. Under such conditions,
albumin synthesis in the liver is suppressed. HGF and
TGFp are related to hepatocyte regeneration following
liver damage and hepatic fibrosis, respectively.

Among the above cytokines, HGF is the most potent in
regulating albumin synthesis. In general, HGF stimulates the
albumin synthesis of hepatocytes, as well as DNA synthesis.
However, HGF stimulates both albumin and DNA syntheses
of hepatocytes, in a reciprocal relationship. Namely, when
the DNA synthesis of hepatocytes is vigorous, HGF sup-
presses albumin synthesis [11]. In patients with viral hepa-
titis, serum level of HGF increases at the stage of
exacerbation and reduces with recovering of serum level of
ALT. A serum level of alpha-fetoprotein (AFP), one of
proliferation markers of hepatocytes, is variable in parallel to
serum level of HGF, and serum level of albumin rises con-
trary to the reduction of the AFP level at the healing stage.

In the present study, serum levels of HGF before treatment
were high, suggesting that HGF may act to stimulate the DNA
synthesis of hepatocytes for liver regeneration, resulting in the
albumin synthesis of hepatocytes being suppressed. After
treatment for hepatitis was initiated, the serum level of HGF
decreased and albumin production was recovered. Therefore,
we speculate that nucleoside analogues decrease HGF through
the suppression of hepatocyte damage, leading to the rapid
restoration of albumin production.

TGF-f1 is also an important cytokine in the albumin
synthesis. Flisiak et al. [14] reported that lamivudine
treatment for 6 months decreases plasma level of TGF-B1
in patients with CH-B. However, our results showed that
TGF-B1 is not changed during treatment for 6 months. In
our study, patient’s age and TGF-B1 levels before treat-
ment were different than the previous report. Thus, our
cases were older and the liver fibrosis was more severe. We

speculate that longer period of treatment with nucleotide
analogues is required for reduction of TGF-B1 level in
patients with CH-B with severe fibrosis.

There have been several studies using albumin in situ
hybridization in HCC and also showing its use as a diag-
nostic method [15]. However, there have been only a few
studies regarding albumin in situ production in hepatitis B
and C which have mentioned the correlation between
albumin serum level and the prognosis of the disease.
However, the precise mechanism behind the production of
albumin protein by hepatocytes during viral liver disease
and after treatment still needs further clarification.

We showed that the mRNA of albumin was present in
hepatocytes close to the portal area. Since inflammation
mainly occurs at the portal area, we speculate that the HGF
induced by inflammation was able to suppress albumin
production in non-treated patients with CH-B.

In conclusion, our results lead us to believe that nucle-
oside analogues decrease HGF through the suppression of
hepatocyte damage, thereby leading to the rapid restoration
of albumin production in patients with CH-B. The signifi-
cance of albumin production in regenerated liver tissue
requires further investigation.
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