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Yotsuyanagi er a/*® reported that genotype A is more common in
patients with AHB in the metropolitan region than in other
regions. Sugauchi er a/*! found that, in patients with AHB, the
proportion with genotype A has increased over time. The
present study indicates that the number of patients with AHB
in Japan would not have decreased. We found that the propor-
tion of patients with genotype A infection is increasing in the 28
national hospitals in Japan (6.0% in the 1st period, 15.4% in the
2nd, and 39.4% in the 3rd (figure 2)), with the prevalence
much higher in the capital than other regions (35.5% vs 19.8%
(table 2)).

In this study, there was a time lag in the increase in genotype
A infection between the capital region and other regions of
Japan (table 2). In the capital regjon, the prevalence of genotype
A started to increase in the late 1990s, and kept increasing
through the early 2000s (4.8% in the 1Ist period, 29.3% in the
2nd, 50.0% in the 3rd, and 56.3% in 2009). In other regions, by
contrast, the frequency of genotype A did not change during the
late 1990s, and increased significantly in the 2000s (6.5% in the
st period, 8.5% in the 2nd, 33.1% in the 3rd, and 34.4% in
2009). Thus infiltration of genotype A infection into other
regions occurred 5—6 years behind the epidemic in the capital
region. This indicates that genotype A infection originated in the
capital region and then spread to other areas of Japan.

Some genotypes are classified into several subgenotypes, and
they have distinct geographical distributions.”> Hence, subge-
notypes are useful in tracing the route of HBV infection. By
phylogenetic analysis (figures 3 and 4), 88.6% of genotype A
isolates had the European—American type (AZ2), and the
remaining 11.4% possessed the Asian—African type (Al). Like-
wise, 76.7% of genotype B isolates had Asian types (B2—B4), and
the remaining 23.3% possessed the type endemic to Japan (B1).
Of the 157 HBV isolates of genotype A or B, 147 (93.6%) had
subgenotypes foreign to Japan. They are thought to have been
transmitted from foreign sex workers, and spread among certain
populations who share particular sexual behaviours in Japan.”!

Of note, some HBV isolates of distinct subgenotypes
possessed an identical sequence in the preS1/52/S gene. The
isolates of subgenotype A2 were prominent in this regard, and
more often had the same sequence than those of other subge-
notypes, such as Al, Bl and B2. The high prevalence of subge-
notype A2 isolates with an identical sequence would not have
been caused by cross-contaminatjon. If cross-contamination had
occurred, it would have affected isolates of all subgenotypes, and
not influenced subgenotype A2 isolates preferentially. As many
as 35% of subgenotype A2 isolates had an identical sequence,
and those with the same sequence increased to 56.3% in the
recent 2009 survey in Metropolitan Tokyo. Furthermore, some
subgenotype A2 isolates in groups I, IIT and VII clustered locally
within short periods, whereas others in groups II and VI were
scattered widely over a long period of time. On the basis of these
results, it is tempting to speculate that some subgenotype A2
strains would have been transmitted from person to person
without undergoing mutations for many years.

In summary, the present study indicates the following. (1)
AHB in the 28 national hospitals in Japan has not decreased,
because genotype A infections are increasing. (2) Genotype A
infections started to increase in the capital region, and then
spread to local areas 5—6 years later. (3) Approximately 90% of
genotype A in patients with AHB is subgenotype A2. (4)
Subgenotype A2 strains with an identical sequence are spreading
among younger generations with high sexual activity. (5) On the
basis of the results obtained, AHB in Japan is not decreasing,
because HBV of subgenotype A2 is prevailing in particular
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subpopulations at high risk. Finally, in order to prevent further
increases in AHB in Japan, universal vaccination of young people
deserves consideration.

Author affiliations

'Clinical Research Center, NHO Nagasaki Medical Center, Nagasaki, Japan
“Department of Hepatology, Nagasaki University Graduate School of Biomedical
Sciences, Nagasaki, Japan

3National Center for Global Health and Medicine, Tokyo, Japan

“*NHO Kyushu Medical Center, Fukuoka, Japan

SNHO Osaka National Hospital, Osaka, Japan

NHO Yokohama Medical Center, Kanagawa, Japan

"NHO Sagamihara Hospital, Kanagawa, Japan

8\NHO Oita Medical Center, Oita, Japan

NHO Nagoya Medical Center, Aichi, Japan

ONHQ Osaka-Minami Medical Center, Osaka, Japan

"INHO Kokura Medical Center, Fukuoka, Japan

2NHO Sendai Medical Center, Miyagi, Japan

INHO Kyoto Medical Center, Kyoto, Japan

Y"NHO Tokyo Medical Center, Tokyo, Japan

'SNHO Kure Medical Center and Chugoku Cancer Center, Hiroshima, Japan
'NHO Kanazawa Medical Center, Ishikawa, Japan

INHO National Disaster Medical Center, Tokyo, Japan

"8\liyakawa Memorial Research Foundation, Tokyo, Japan

Acknowledgements We thank participating physicians (MD} in the JNHAHSG for
collaborating, with data and sample collection: Hideo Nishimura, Asahikawa Medical
Center; Yukio Ohhara, Hokkaido Medical Center; Masakazu Kobayashi, and the late
Takeshi Sodeyama, Matsumoto Medical Center; Fujio Makita, Nishigunma Hospital;
Takeo Saoshiro, and Akira Saito, Nishisaitama-Chuo Hospital; Michivasu Yagura, and
the late Hideharu Harada, Tokyo Hospital; Keiichi Hirata, National Disaster Medical
Center; Yoko Nakamura, Sagamihara Hospital; the late Hideo Morimoto, Kanazawa
Medical Center; Noboru Hirashima, Higashi Nagoya National Hospital; Michio Kato,
Osaka National Hospital; Tetsuo Yamamoto, Yonago Medical Center; Haruhiro
Yamashita, Okayama Medical Center; Hirotaka Kouno and Eiichi Takezaki, Kure
Medical Center and Chugoku Cancer Center; Toru Hayashi, and Shuji Oda, Zentsuji
Hospital; Akihide Masumoto, Kokura Medical Center; Hironori Sakai, Beppu Medical
Center; Koichi Honda, Qita Medical Center; Kazuhiro Sugi, Kumamoto Medical
Center; Michiaki Koga, and Hiroaki Kawasoe, Ureshino Medical Center; Michitami
Yano, and Manabu Daikoku, Nagasaki Medical Center. All the hospitals belong to
National Hospital Organization (NHO). We appreciate the excellent technical
assistance of Ms Rumiko Hamada, Ms Yuka Jiuchi, Ms Mika Fukuda and Ms Rumiko
Nakao. Finally, we express our deep gratitude to the late Dr Koji Yano (Nagasaki
Medical Center) for his contribution to the design and coordination of this study, and
we dedicate this article to him.

Funding This study was supported by a grant-in-aid from the National Hospital
Organization (grant number H21-NHO(Kan)-03).

Competing interests None.
Ethics approval Approved by the ethics committee of each institution.

Contributors YT, HY and HI designed data collection tools, monitored data collection
for the whole study, wrote the statistical analysis plan, cleaned and analysed the data.
YT, HY and YM drafted and revised the paper. HY, NM, MN, EM, TK, YW, TM, MS,
TH, TS, YM, TK, MT, HK, HO, SH and SA collaborated in data and sample collection.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1. Arauz-Ruiz P, Norder H, Robertson BH, et al. Genotype H: a new Amerindian
genatype of hepatitis B virus revealed in Central America. J Gen Viro/
2002;83:2059—73.

2. Norder H, Courouce AM, Magnius LO. Complete genomes, phylogenetic
relatedness, and structural proteins of six strains of the hepatitis B virus, four of
which represent two new genotypes. Virology 1994;198:489—503.

3. Okamoto H, Tsuda F, Sakugawa H, et al. Typing hepatitis B virus by homology in
nucleotide sequence: comparison of surface antigen subtypes. J Gen Viro/
1988;69:2575—83.

4. Olinger CM, Jutavijittum P, Hubschen JM, et al. Possible new hepatitis B virus
genotype, southeast Asia. Emerg Infect Dis 2008;14:1777—80.

5. Stuyver L, De Gendt S, Van Geyt C, et al. A new genotype of hepatitis B virus:
complete genome and phylogenetic relatedness. J Gen Viro/ 2000;81:67—74.

6. Tran TT, Trinh TN, Abe K. New complex recombinant genotype of hepatitis B virus
identified in Vietnam. J Viro/ 2008;82:5657—63.

7. Tatematsu K, Tanaka Y, Kurbanov F, et al. A genetic variant of hepatitis B virus
divergent from known human and ape genotypes isolated from a Japanese patient
and provisionally assigned to new genotype J. J Virol 2009;83:10538—47.

Tamada Y, Yatsuhashi H, Masaki N, et a/. Gut (2011). doi:10.1136/gutjnl-2011-300832

173 —



Downloaded from gut.bmj.com on November 8, 2011 - Published by group.bmj.com

20.

21.

22.

23.

24.

25.

Chu CJ, Lok AS. Clinical significance of hepatitis B virus genotypes. Hepatology
2002;35:1274—6.

Kae JH. Hepatitis B viral genotypes: clinical relevance and molecular characteristics.
J Gastroenterol Hepatol 2002;17:643—50.

Miyakawa Y, Mizokami M. Classifying hepatitis B virus genotypes. Intervirology
2003;46:329—38.

Kimbi GC, Kramvis A, Kew MC. Distinctive sequence characteristics of subgenotype
A1 isolates of hepatitis B virus from South Africa. J Gen Viro/ 2004;85:1211-20.
Kramvis A, Weitzmann L, Owiredu WK, et al. Analysis of the complete genome of
subgroup A" hepatitis B virus isolates from South Africa. J Gen Viro/ 2002;83:835—9.
Sugauchi F, Kumada H, Acharya SA, et al. Epidemiological and sequence
differences between two subtypes (Ae and Aa) of hepatitis B virus genotype A. J
Gen Virol 2004,85:811—20.

Sugauchi F, Kumada H, Sakugawa H, et al. Two subtypes of genotype B (Ba and Bj)
of hepatitis B virus in Japan. Clin Infect Dis 2004;38:1222—8.

Sugauchi F, Orito E, Ichida T, et a/. Epidemiologic and virologic characteristics of
hepatitis B virus genotype B having the recombination with genotype C.
Gastroenterology 2003;124:925—32.

Tanaka Y, Orito E, Yuen MF, et al. Two subtypes (subgenotypes) of hepatitis B virus
genotype C: a novel subtyping assay based on restriction fragment length
polymorphism. Hepatol Res 2005;33:216—24.

Akuta N, Suzuki F, Kobayashi M, et al. The influence of hepatitis B virus genotype on
the development of lamivudine resistance during long-term treatment. J Hepato/
2003;38:315—21.

Tanaka Y, Hasegawa |, Kato T, et al. A case-contro! study for differences among
hepatitis B virus infections of genotypes A (subtypes Aa and Ae) and D. Hepatology
2004;40:747—55.

Orito E, Ichida T, Sakugawa H, et al. Geographic distribution of hepatitis B virus
(HBV) genatype in patients with chronic HBV infection in Japan. Hepatology
2001;34:590—4.

Kobayashi M, Arase Y, lkeda K, et al. Viral genotypes and response to interferon in
patients with acute prolonged hepatitis B virus infection of adulthood in Japan.

J Med Virol 2002;68:522—8.

Ogawa M, Hasegawa K, Naritomi T, et a/. Clinical features and viral sequences of
various genotypes of hepatitis B virus compared among patients with acute hepatitis
B. Hepatol Res 2002;23:167—77.

Takeda Y, Katano Y, Hayashi K, et al. Difference of HBV genotype distribution
between acute hepatitis and chronic hepatitis in Japan. Infection 2006;34:201—7.
Yotsuyanagi H, Okuse C, Yasuda K, et al. Distinct geographic distributions of
hepatitis B virus genotypes in patients with acute infection in Japan. J Med Virol
2005;77:39—46.

Kato H, Orito E, Sugauchi F, et a/. Frequent coinfection with hepatitis B virus strains
of distinct genotypes detected by hybridization with type-specific probes immobilized
on a solid-phase support. J Virol Methods 2003;110:29—35.

Orito E, Mizokami M, Sakugawa H, et al. A case-control study for clinical and
molecular biological differences between hepatitis B viruses of genotypes B and C.
Japan HBV Genotype Research Group. Hepatology 2001,33:218—23.

26.

- 21.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Tamada Y, Yatsuhashi H, Masaki N, et al. Gut (2011). doi:10.1136/gutjnl-2011-300832

174 —

Kato H, Orito E, Gish RG, et a/. Hepatitis B e antigen in sera from individuals infected
with hepatitis B virus of genotype G. Hepatology 2002;35:922—9.

Sugiyama M, Tanaka Y, Sakamoto T, et al. Early dynamics of hepatitis B virus in
chimeric mice carrying human hepatocytes monoinfected or coinfected with
genotype G. Hepatology 2007;45:929—37.

Keyama T, Matsuda |, Sato S, et al. Prevention of perinatal hepatitis B virus
transmission by combined passive-active immunoprophylaxis in lwate, Japan
(1981—1992) and epidemiological evidence for its efficacy. Hepatol Res
2003;26:287-92.

Noto H, Terao T, Ryou S, et a/. Combined passive and active immunoprophylaxis for
preventing perinatal transmission of the hepatitis B virus carrier state in Shizuoka,
Japan during 1980—1994. J Gastroentero! Hepatol 2003;18:943—9.

Tanaka J, Kumagai J, Katayama K, et al. Sex- and age-specific carriers of hepatitis
B and C viruses in Japan estimated by the prevalence in the 3,485,648 first-time
blood donors during 1995—2000. Intervirology 2004;47:32—40.

Daniels D, Grytdal S, Wasley A. Surveillance for acute viral hepatitis—United
States, 2007. MMWR Surveill Summ 2009;58:1—27.

Goldstein ST, Alter MJ, Williams [T, et af. Incidence and risk factors for acute
hepatitis B in the United States, 1982—1998: implications for vaccination programs.
J Infect Dis 2002;185:713—19.

Sherlock S. The natural history of hepatitis B. Postgrad Med J 198763 Suppl
2:7-11.

Mayerat C, Mantegani A, Frei PC. Does hepatitis B virus (HBV) genotype influence
the clinical outcome of HBV infection? J Viral Hepat 1999;6:299—304.

Hayashi K, Katano Y, Takeda Y, et al. Association of hepatitis B virus subgenotypes
and basal core promoter/precore region variants with the clinical features of patients
with acute hepatitis. J Gastroenterol 2008;43:558—64.

0zasa A, Tanaka Y, Orito E, et a/. Influence of genotypes and precore mutations on
fulminant or chronic outcome of acute hepatitis B virus infection. Hepatology
2006;44:326—34.

Matsuura K, Tanaka Y, Hige S, et a/. Distribution of hepatitis B virus genotypes
among patients with chronic infection in Japan shifting toward an increase of
genotype A. J Clin Microbiol 2009;47:1476—83.

Bodsworth NJ, Cooper DA, Donovan B. The influence of human immunodeficiency
virus type 1 infection on the development of the hepatitis B virus carrier state.

J Infect Dis 1991;163:1138—40.

Li JS, Tong SP, Wen YM, et al. Hepatitis B virus genotype A rarely circulates as an
HBe-minus mutant: possible contribution of a single nucleotide in the precore region.
J Virol 1993;67:5402—10.

Suzuki Y, Kobayashi M, Ikeda K, et al. Persistence of acute infection with hepatitis B
virus genotype A and treatment in Japan. J Med Virol 2005;76:33—9.

Sugauchi F, Orito E, Ohno T, et a/. Spatial and chronological differences in hepatitis
B virus genotypes from patients with acute hepatitis B in Japan. Hepatol Res
2006;36:107—14.

Norder H, Courouce AM, Coursaget P, et al. Genetic diversity of hepatitis B virus
strains derived worldwide: genotypes, subgenotypes, and HBsAg subtypes.
Intervirology 2004;47:289~—309.

9of 9



J Gastroenterol (2012) 47:169-178
DOI 10.1007/s00535-011-0466-y

Dynamics of regulatory T cells and plasmacytoid dendritic cells
as immune markers for virological response in pegylated
interferon-« and ribavirin therapy for chronic hepatitis C patients

Tatsuya Kanto + Michiyo Inoue - Tsugiko Oze - Masanori Miyazaki - Mitsuru Sakakibara - Naruyasu Kakita -
Tokuhiro Matsubara - Koyo Higashitani - Hideki Hagiwara - Sadaharu Tio - Kazuhiro Katayama -
Eiji Mita - Akinori Kasahara - Naoki Hiramatsu - Tetsuo Takehara - Norio Hayashi

Received: 4 July 2011/ Accepted: 3 August 2011/ Published online: 27 September 2011

© Springer 2011

Abstract

Background For the treatment of chronic hepatitis C, a
combination of pegylated interferon-oo (PEG-IFNa) and
ribavirin has been widely used as a standard of care.
Enhancement of immune response against hepatitis C virus
(HCV) is known to be involved in the efficacy of the
combination therapy. Our aim was to elucidate whether or
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not the frequency or function of blood cells is related to the
outcome of the therapy.

Methods Sixty-seven chronic hepatitis C patients with
high viral load of HCV genotype 1 infection who under-
went 48 weeks of PEG-IFNa2b and ribavirin therapy were
examined. During the treatment, frequencies of myeloid or
plasmacytoid dendritic cells, Th1, Th2 cells, NK cells, and
regulatory T cells were phenotypically determined.
Results Among the patients enrolled, 29 showed a sus-
tained virological response (SVR), 18 a transient response
(TR) and 17 no response (NR). The clinical and immuno-
logical markers were compared between the SVR and non-
SVR patients, including TR and NR. Based on clinical,
histological, immunological parameters, and cumulative
dosage of PEG-IFNo2b and ribavirin, multivariate analyses
revealed that higher platelet counts and higher regulatory T
cell frequency at week 12 are indicative of SVR. Even in
patients who attained complete early virological response
at week 12, multivariate analyses disclosed that higher
platelet counts and higher plasmacytoid dendritic cell fre-
quency are indicative of SVR. '
Conclusions In PEG-IFNe and ribavirin combination
therapy for chronic hepatitis C patients, the increments of
regulatory T cells and plasmacytoid dendritic cell fre-
quency are independently related to favorable virological
response to the therapy.

Keywords Early virological response - Plasmacytoid
dendritic cells - Regulatory T cells
Introduction

Hepatitis C virus (HCV) is one of the major causative
agents of chronic liver diseases and hepatocellular
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carcinoma (HCC) in the world [1, 2]. In order to prevent
the development of HCV-induced liver diseases, eradica-
tion of HCV from infected patients may be required. For
the treatment of chronic hepatitis C, a combination of
pegylated interferon-o (PEG-IFNa) and ribavirin treatment
has been used as a standard of care (SOC) [3, 4]. However,
in patients with HCV genotype 1 and high viral load,
approximately 50% of them are able to clear the virus by
48 weeks of SOC [3, 6]. In addition to HCV genotype and
quantity, several demographic factors have been reported
as therapeutic determinants in PEG-IFNa and ribavirin
therapy, such as age, gender, ethnicity, and liver fibrosis
[S, 6]. In addition, it is accepted that initial changes of serum
HCV RNA titer from the beginning of the therapy, i.e.,
early virological response (EVR), correlate well with the
clinical outcomes of the treated patients [5, 7]. It has been
reported that the patients who fail to clear HCV at week 24
are not likely to attain SVR after 48 weeks of the therapy,
suggesting that non-EVR can serve as a negative predictor
of SVR [8]. Even in patients who attained EVR, 30% of
them eventually relapse during the 48 weeks of therapy.
Prolongation of the duration of PEG-IFN« and ribavirin
therapy from 48 to 72 weeks is recommended to improve
the SVR rate by decreasing relapsers [9]. Thus, identifying
potential relapsers during therapy and providing additional
weeks of treatment may be clinically important, because it
can offer them a better chance of attaining SVR.

In chronic hepatitis C, multifaceted immune dysfunction
may be implicated in the persistence of HCV including den-
dritic cells (DC), NK cells, and T cells [10, 11]. Some inves-
tigators have reported that the dynamics of immune cells
throughout the therapy are involved in the efficacy of PEG-
IFNa and ribavirin. In chronic HCV infection, the enhance-
ment of HCV-specific Th1 response or DC function has been
reported to be involved in therapeutic HCV eradication [12,
13]. We have previously demonstrated that plasmacytoid
dendritic cell (PDC) frequency and DC function are involved
in HCV eradication in patients who underwent 48 weeks of
PEG-IFNe and ribavirin therapy [14]. These reports have
supported the possibility that the enhancement of certain
immune responses is a prerequisite for therapeutic HCV
clearance. However, one of the limitations of these studies is
that the conclusions were drawn from relatively small num-
bers of patients and evaluated by univariate analysis. There-
fore, multivariate analyses are arguably required in order to
validate the significance or independence of immune cell
markers in the therapeutic efficacy.

In this study, we have extended our investigation to
elucidate whether or not the dynamics of immune cells are
involved in therapeutic outcomes. Consequently, the
independent significance of regulatory T cell or plasma-
cytoid DC frequency is revisited in the efficacy of PEG-
IFNo and ribavirin therapy for chronic hepatitis C patients.

@ Springer

Materials and methods
Subjects

Among chronic hepatitis C patients who had been followed
at Osaka University Hospital, Osaka Kosei-nenkin Hospi-
tal, Higashi Osaka Municipal Hospital, and Osaka National
Hospital, 67 patients who received PEG-IFNw2b and
ribavirin combination therapy for 48 weeks were enrolled
in the present study. The study was approved by the ethics
committee of the Osaka University Graduate School of
Medicine and all the hospitals listed above (approval no.
08156). Written informed consent was obtained from all
patients. At enrollment, the patients were confirmed to be
positive for both serum anti-HCV antibody (Ab) and HCV
RNA, but were negative for hepatitis B virus and human
immunodeficiency virus. All of them were infected with
HCV genotype 1b with serum HCV RNA quantity of more
than 100 kilo international units (KIU)/ml, as determined
by methods described elsewhere [15]. All patients had
shown persistent or fluctuating serum alanine aminotrans-
ferase (ALT) abnormalities at enrollment. The presence of
other causes of liver disease, such as autoimmune, alco-
holic, and metabolic disorders was excluded by laboratory
and imaging analyses. A combination of biochemical
markers and ultrasonography (US) or computed tomogra-
phy scan analyses ruled out the presence of cirrhosis and
tumors in the liver in all patients. Histological analyses of
liver disease were performed with liver tissue obtained by
US-guided biopsy. The activity and stage of the disease
were assessed by two independent pathologists according
to the METAVIR scoring system [16].

Treatment

All patients were treated with PEG-IFNo2b subcutaneously
at a dose of 75 pg/week (body weight >40 and <60 kg),
105 pg/week (body weight >60 and <80 kg), or 135 pg/
week (body weight >80 and <100 kg) and oral ribavirin at
a dose of 600 mg/day (body weight >40 and <60 kg),
800 mg/day (body weight >60 and <80 kg), or 1000 mg/
day (body weight >80 and <100 kg). Ribavirin was
administered divided into two doses per day. All patients
were treated for 48 weeks and followed for 24 weeks after
the cessation of therapy.

Dose reduction of PEG-IFN« and ribavirin

Dose modification followed, as a rule, the manufacturer’s
drug information according to the intensity of the hema-
tological adverse effects. The dose of PEG-IFNa2b was
reduced to 50% of the assigned dose if the white blood
cell (WBC) count declined to less than 1500/mm3, the
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neutrophil count to less than 750/mm?>, or the platelet (Plt)
count to less than 8 x 104/mm3, and was discontinued if
the WBC count declined to less than 1000/mm3, the neu-
trophil count to less than 500/mm?>, or the Plat count to less
than 5 x 10*/mm?>. Ribavirin was also reduced from 1000
to 600 mg, or 800 to 600 mg, or 600 to 400 mg if the
hemoglobin (Hb) level decreased to less than 10 g/dl, and
was discontinued if the Hb level decreased to less than
8.5 g/dl. Both PEG-IFNo2b and ribavirin had to be dis-
continued if there was a need to discontinue one of the
drugs. During the therapy, ferric medicine or hematopoietic
growth factors, such as erythropoietin alpha or granulo-
cyte-macrophage colony-stimulating factor were not
administered.

Quantification of HCV RNA and assessment
of virological response

Serum HCV RNA titers were quantified using the COBAS
AMPLICOR HCV MONITOR Test, version 2.0 (detection
range 6-5000 KIU/ml; Roche Diagnostics, Branchburg,
NJ, USA) and qualitatively analyzed by the COBAS
AMPLICOR HCV Test, version 2.0 (detection threshold
50 IU/ml).

Virological response during and after the therapy was
determined according to the American Association for the
Study of Liver Diseases (AASLD) practice guideline [17].
The complete early virological responders (c-EVR) were
defined as those who showed a reduction in serum HCV
RNA quantity to an undetectable level by qualitative PCR
at week 12 of the therapy. Virological response was esti-
mated at 24 weeks after cessation of the treatment. Sus-
tained virological response (SVR) was defined as the
maintenance of negative serum HCV RNA by PCR for
more than 6 months after completion of the therapy.
Transient response (TR) was defined as the reappearance of
serum HCV RNA within 6 months after cessation of
therapy in patients who had achieved negative serum HCV
RNA at the end of the treatment. No response (NR) meant
that there was persistently positive serum HCV RNA
throughout the therapy period. The non-SVR group com-
prised TR and NR patients.

Assessment of drug exposure

The amounts of PEG-IFNo2b and ribavirin actually taken
by patients during the first 12 weeks of the treatment were
evaluated by reviewing the medical records as reported
previously [18, 19]. The mean doses of both drugs were
calculated individually as averages on the basis of body
weight at baseline. The dose of PEG-IFN«2b and ribavirin
was expressed as micrograms per kilogram per week and
milligrams per kilogram per day, respectively.

Analysis of DC subsets, helper T cells, NK cells,
and regulatory T cells

For the numerical analyses of blood DC, helper T cells, NK
cells, and regulatory T cells (Tregs), venous blood was
drawn from patients before treatment and at weeks 8, 12,
24, and 48 during the therapy. Blood samples taken from
patients in relevant hospitals were transferred to Osaka
University within 6 h and were processed on the same day.
Peripheral blood mononuclear cells (PBMCs) were col-
lected by density-gradient centrifugation on a Ficoll-Hyp-
aque cushion. After viable PBMCs had been counted, the
cells were stained with combinations of various Abs for
phenotypic markers. All immunological assays were per-
formed in Osaka University.

The following monoclonal antibodies were purchased
from BD Biosciences (San Jose, CA, USA): anti-Lineage
marker [Lin; CD3 (clone SK7), CD14 (clone M@P9),
CD16 (clone 3GS8), CD19 (clone SJ25C1), CD20 (clone
L27), and CD56 (clone NCAMI16.2)], anti-CD4 (clone
RPA-T4), anti-CD11c (clone B-ly6), anti-CD123 (clone 7G3),
anti-CD3 (clone UCHT1), anti-CD45RO (clone UCHL1),
anti-CD56 (clone B159), anti-HLA-DR (clone 1.243), anti-
CCR4 (clone 1G1). The antibodies for CD25 (clone B1.49.9)
and CD4 (clone 1 3B8.2) were purchased from Beckman
Coulter (Fullerton, CA, USA). Anti-CXCR3 (clone 49801)
monoclonal antibodies were purchased from R&D Systems
(Minneapolis, MN, USA). Staining was performed with FITC,
PE, PerCP, and APC conjugated antibodies as described pre-
viously [14]. The acquisitions and analyses of data were per-
formed with FACS Calibur (BD Biosciences) and CellQuest
software.

Blood DCs were defined as Lin~ and HLA-DR™ cells.
Myeloid DCs (MDC) are Lin™~, HLA-DR*, CD1l1c*, and
CD123'Y cells, and plasmacytoid DCs (PDC) are Lin~,
HLA-DR™, CDI1c™, and CD123"" cells. Helper T cell
subpopulations were defined by the pattern of CXCR3 and
CCR4; Thl cells are CD4™, CD45RO™, and CXCR3™, and
Th2 cells are CD4%, CD45RO™, and CCR4™. NK cells
were defined as CD3~ and CD56™ cells. Regulatory T cells
(Tregs) were defined as CD4™, CD25™&" cells as reported
previously [20]. The percentages of DC subsets and NK
cells in PBMCs or Thl, Th2 cells and Tregs in CD4* T
cells were determined by FACS. In order to examine the
dynamics of immune cells after initiation of the treatment,
we used the ratio of frequencies at each time point to those
before the therapy [14].

Allogeneic mixed leukocyte reaction with DC
In some patients, we examined whether the allostimulatory

ability of DCs was related to the clinical outcomes. Before,
at the end of treatment, and at week 4 after completion of
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the treatment, monocyte-derived DCs were generated from
PBMC obtained from the patients according to methods
reported previously [21]. As controls, monocyte-derived
DCs were simultaneously generated from healthy donors.
As responder cells in mixed lymphocyte reactions (MLR),
naive CD4™ T cells were isolated from PBMC of irrelevant
healthy donors by using a naive CD4™ T cell enrichment
kit (Stemcell Technologies, Vancouver, BC). Allogeneic
MLR with DC was performed as reported previously [21].
In order to compare the ability of DC among patients, we
determined the MLR ratio between patients and controls as
counts per minute (cpm) of [3H]thymidine incorporated
into CD4 T cells at the T cell/DC ratio of 10:1.

Statistical analyses

To analyze the relationship between clinical and immu-
nological data at the baseline and virological response,
univariate analysis using the Mann—Whitney U test or chi-
squared test and multivariate analysis using logistic
regression analysis were performed. The significance of
trends in values was determined with the Mantel-Haenszel
chi-square test. Differences of continuous variables
between groups were compared by two-way analysis of
variance (ANOVA). A two-railed P value less than 0.05
was considered significant. These statistical analyses were
performed with SPSS version 15.0 (SPSS Inc. Chicago, IL,
USA).

Results
Outcome of the PEG-IFN«2b and ribavirin therapy

In 67 patients who had been treated for 48 weeks, 29 (43%)
achieved SVR, 18 (27%) were TR, 17 (25%) were NR, and
3 (4%) were unknown (Fig. 1). The clinical backgrounds of
these patients are summarized in Table 1. Among these
cohorts, 32 patients were c-EVR and were further catego-
rized into 24 SVR (EVR-SVR group) and 8 TR (EVR-TR
group). Of the other 35 patients who were not c-EVR, 5
were SVR, 10 were TR, 17 were NR and 3 were unknown.
Details of the therapeutic response in the current study are
shown in Fig. 1.

Higher platelet counts and Treg increase are involved
in SVR in patients who underwent PEG-IFNa2b
and ribavirin therapy

In order to clarify whether the frequency and function of
immune cells are involved in the outcomes of the combi-
nation therapy, we first compared these parameters
between SVR and non-SVR groups. Representative dot
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Fig. 1 Detailed outcomes of chronic hepatitis C patients treated with
48-week PEG-IFNo2b and ribavirin combination therapy. In 67
patients who had been treated for 48 weeks, 29 achieved SVR, 18
were TR, 17 were NR, and 3 were unknown. The complete early
virological responders (c-EVR) were defined as those who show a
reduction in HCV RNA quantity to an undetectable level by
qualitative PCR at week 12 of the therapy. According to this
criterion, 32 patients were c-EVR and were further categorized into
24 SVR (EVR-SVR) and 8 TR (EVR-TR). Of the other 35 patients
who were not c-EVR, 5 were SVR, 10 were TR, 17 were NR, and 3
were unknown. SVR sustained virological responder, 7R transient
responder, NR non-responder

Table 1 Demographics and clinical backgrounds of the subjects

Factors Value Range
Number 67

Age (years) 51.0 &£ 10.3 (24-67)
Gender (M/F) 44/23

HCV RNA (KIU)* 2415

Activity: A0/1/2/3° 0/35/30/1

Fibrosis: F0/1/2/3/4° 2/27/27/9/1

WBC (/ml) 5229 £ 1299 (2960-9400)
Neutro (/ml) 2663 + 826 (1077-4516)
Hb (g/dl) 146 £ 1.2 (12.0-18.0)
Platelets (x 104/mm3) 16.6 + 4.6 (5.0-31.0)
ALT (1U/) 83.1 £53.9 (14-269)

T. chol (mg/dl) 172 + 29 (118-238)
Cr (mg/ml) 0.8 +£0.2 (0.4-1.3)

All results are expressed as mean + SD and range
T. chol total serum cholesterol, Cr creatinine

* Amplicore HCV monitor

® Ishak’s histological scores

plots of the immune cell populations are shown in Fig. 2.
The identification and enumeration of immune cells were
determined by FACS. The pretreatment percentages of DC
in SVR were higher than those in the non-SVR group.
However, those of PDC, NK cells, Thl, Th2, Treg, and DC
function as judged by MLR were not different between
them (Fig. 3).

As for the changes of DC subsets during the therapy, in
the SVR group, the frequencies of PDC increased after the
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Fig. 2 Phenotypic
identification of blood cells by
flow cytometry. Representative
analyses of myeloid and
plasmacytoid dendritic cells
(MDC and PDC), type | and
type 2 helper T cells (Thl and
Th2), natural killer (NK) cells,
and regulatory T cells are
shown. The combination of
surface molecules for the
identification of cells is
described in “Materials and
methods”
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Fig. 3 Comparison of pretreatment frequency of blood cells and
allostimulatory capacity of monocyte-derived dendritic cells between
SVR and non-SVR patients who had been treated with 48-week PEG-
IFNo2b and ribavirin therapy. The frequencies of MDC, PDC, Thl
and Th2 cells, Th1/Th2 ratio, NK cells, regulatory T cells, and

beginning of therapy and showed a peak at week 12 of
therapy (T12W), which subsided to the end-of-treatment
(EOT). Such a PDC increase at the early phase was not
observed in the non-SVR group (Fig. 4a). In contrast, the

allogeneic MLR were compared between SVR and non-SVR patients.
The MLR ratio between patients and controls was determined from
the counts per minute (cpm) of [3H]thymidine incorporated into
CD4" T cells at T cell/DC ratio of 10:1. *P < 0.05 by Mann—
Whitney U test

MDC frequency remained at a similar level throughout the
therapy, regardless of viral response (data not shown).
Alternatively, in the SVR group, the percentages of Treg
(CD4TCD25"" cells) increased through the therapy,
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Fig. 4 Changes in frequencies of plasmacytoid dendritic cells and
regulatory T cells during and after 48-week PEG-IFNo2b and
ribavirin therapy in SVR and non-SVR patients. The ratios of
frequencies of PDC (a) and Tregs (b) at each time point to the
pretreatment values were compared between SVR and non-SVR

with cell levels being higher than those in the non-SVR
group (Fig. 4b). The other cells, including Thi, Th2, and
NK cells, did not differ between the groups (data not
shown). Univariate and multivariate analyses were per-
formed to assess the significance of various factors,
including demographic, biochemical, virological, immu-
nological parameters, and drug adherence. The allostimu-
latory capacity of DC after the completion of therapy,
whose significance was demonstrated in the previous paper
[21], was not included in this study because the numbers of
patients examined for it were limited. In univariate analy-
ses, platelet counts, histological activity and fibrosis, dose
of PEG-IFN«2b, and attainment of c-EVR were found to be
significant in SVR (Table 2). As for immunological
markers, pretreatment DC frequency, PDC frequency, their
ratio at T12W, and Treg frequency ratio at T12W are
significant (Table 3). Based on these parameters, multi-
variate analysis revealed that platelet counts and Treg
frequency at T12W were independent factors involved in
SVR (Table 4). These results show that higher platelet
counts and Treg increment may be related to SVR in
48 weeks of PEG-IFN« and ribavirin treatment.

Higher platelet counts and PDC increase are
independent factors involved in SVR after attainment
of c-EVR

Next, we examined the above-mentioned immunological
parameters in patients who attained c-EVR, as they were
considered to be comparable with respect to the virological
response to the therapy. Among 32 patients in the c-EVR
group, 24 developed to SVR (EVR-SVR) and the remain-
ing 8 to TR (EVR-TR) (Fig. 1). Univariate analysis dis-
closed that lower age is a characteristic of the EVR-SVR
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patients. Boxes represent lower and upper quartiles, solid line within
each box the median value, whiskers the minimum and maximum
values. *P < 0.05 by Mann—-Whitney U test. EOT end-of-treatment
(at 48 weeks of the therapy), +24W 24 weeks after the completion of
therapy

Table 2 Univariate analyses of clinical factors involved in SVR

Factors SVR Non-SVR
N 29 38

Age (years) 480 £ 11.8 533 + 86
Gender (M/F) 20/9 24/14

WBC (fmm?) 5361 + 1314 5127 £ 1295
Neutro (/mm?) 2969 + 861 2461 £ 753
Hb (g/dl) 146 £ 1.2 145+ 1.2
Platelets (x 104/mm3) 18.2 &£ 4.4%* 152 + 44
ALT (IU/1) 72 + 54 92 + 53
HCV RNA (KIU/ml) 2103 2654
Activity: 0-1/2-3/n.d. 29/0/0% 27/10/1
Fibrosis: 0-2/3-4/n.d. 20/9/0* 15/22/1
PEG-IFN dose (ng/kg/day) 1.43 £ 0.14* 1.31 £ 0.22
Ribavirin dose (mg/kg/day) 10.6 £ 1.5 99+ 14
c-EVR: +/— 24/5% 8/27

Mann-Whitney U test, chi-square test
n.d. not determined
kP < 0.05, *P < 0.01

patients compared with those in the EVR-TR group
(Table 5). As for immunological markers, pretreatment DC
frequency, PDC frequency, and PDC ratio at T12W were
higher in EVR-SVR patients than those in EVR-TR
(Table 6). The pretreatment percentages of MDC, PDC,
Thl, Th2, NK cells, and Tregs and those at any all points
during the therapy did not differ between EVR-SVR and
EVR-TR patients (data not shown). Multivariate analyses
revealed that higher platelet counts and PDC increase at
T12W were independent factors involved in EVR-SVR
(Table 7). These results indicate that the dynamics of PDC

180 —



J Gastroenterol (2012) 47:169-178

175

Table 3 Univariate analyses of immunological factors involved in
SVR

Table 6 Univariate analyses of immunological factors involved in
SVR after the attainment of c-EVR in 48 weeks of therapy

Factors SVR Non-SVR P value Factors Category EVR-SVR  EVR-TR P value
N 29 38 N 24 8

DC pre (/pl) 133+ 65 103 £54 0.038 DC pre (/pl) 135+ 68 89+45 0.030
PDC-12W (/DC) 023 +0.09 0184007 0.017 PDC-12W (/DC) <0.8/>0.8 3/21 4/4 0.047
PDC-12W (/DC) ratio 142 £ 0.72 1.04 £+ 0.63 0.028 ratio

Treg-12W (/CD4) ratio 249 + 2.62 1.03 + 0.64 0.016 Mann-Whitney U test, chi-square test

Mann-Whitney U test, chi-square test

Only the factors that are of significance are shown

DC pre DC number before therapy, PDC-12W (/DC) PDC frequency
in DC at TI2W, PDC-12W (/DC) ratio the ratio of PDC frequency in
DC at TI2W to the pretreatment value, Treg-12W (/CD4) ratio the
ratio of regulatory T cell frequency in CD4 at TI2W to the pre-
treatment value

Table 4 Mulitivariate analyses of clinical and Immunological factors
involved in SVR

Factors Category Odds 95% P value
ratio CI
Platelets 0.531 0.322-0.875 0.013

Treg-12W (/CD4) ratio <1.2/>1.2 0.026 0.001-0.750 0.033

Logistic regression analysis, stepwise method

Table 5 Univariate analyses of clinical factors involved in SVR after
the attainment of c-EVR in 48 weeks of therapy

Factors EVR-SVR EVR-TR

N 24 8

Age (years) 469 + 12.3* 57.6 + 6.5
Gender (M/F) 17/7 6/2

WBC (/mm>) 5442 + 1382 5211 + 805
Neutro (/mm?®) 2975 + 890 2587 + 759
Hb (g/dl) 147 £+ 1.1 151+ 1.2
Platelets (x 10*/mm?) 187 £ 4.5 15.0 + 3.8
ALT (IU/1) 69 + 56 91 + 61
HCV RNA (KIU/ml) 1723 1296
Activity: 0-1/2-3/n.d. 24/0/0 6/2/0
Fibrosis: 0-2/3—4/n.d. 16/8/0 5/3/0
PEG-IFN dose (ug/kg/day) 1.43 &+ 0.15 139 4+ 023
Ribavirin dose (mg/kg/day) 10.8 + 1.5 10.1 £ 2.1

Mann-Whitney U test, chi-square test

n.d. not determined, EVR-SVR SVR patients who attained complete
EVR at T12W, EVR-TR TR patients who attained complete EVR at
T12W

*P < 0.05

frequency during therapy serve as an independent immu-
nological predictor for SVR in patients who attained
c-EVR with PEG-IFNa and ribavirin therapy.
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Only the factors that are of significance are shown
DC pre, PDC-12 (/DC) ratio: see Table 3

Table 7 Multivariate analyses of clinical and immunological factors
involved in SVR after the attainment of c-EVR in 48 weeks of
therapy

Factors Category Odds  95% P value
ratio CI
Platelets 0.627 0.402-0.978  0.040
PDC-12W (/DC) «<0.18/>0.18 0.028 0.001-0.787 0.036
PDC-12W (/DC)  <0.8/>0.8 0.032  0.002-0.673  0.027
ratio

Logistic regression analysis, stepwise method
PDC-12W (/DC), PDC-12W(/DC) ratio: see Table 3

Discussion

In this study, we demonstrated that the increase of Treg fre-
quency during therapy is involved in SVR, and that of PDC is
in SVR patients who attained c-EVR in 48 weeks of PEG-
IFNw and ribavirin therapy. Of particular importance is that
such significance is independent of viral dynamics (c-EVR),
host factors (fibrosis, gender), and drug adherence.
Regulatory T cells (Treg) are immune suppressors that
are supposed to alleviate HCV-induced liver inflammation.
In chronic HCV infection, the increment of Tregs has been
reported by several investigators, including us, although
the underlying mechanisms were unspecified [20, 22]. The
increase of Treg in SVR patients observed herein seems to
be inconsistent with the previous reports regarding Treg as
a tolerance inducer in chronic hepatitis C patients. Several
controversial reports have been published with regard to
the involvement of Tregs in the efficacy of PEG-IFNa and
ribavirin therapy for chronic hepatitis C. Soldevila et al.
[23] showed that the pretreatment frequency of Treg is
higher in patients with non-response (NR) than those in the
non-NR groups. Akiyama et al. [24] reported that Tregs in
PBMC increased in SVR patients at earlier time points,
while Tregs in liver-infiltrating lymphocytes decreased. By
contrast, another group disclosed that frequency, pheno-
type, and function of Tregs are comparable regardless of
the outcomes of PEG-IFNo and ribavirin therapy [25].
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The current observation raises the possibility that the
reduction of HCV load and/or liver inflammation correlates
with the increment of Treg frequency, or vice versa.
Recently, it was reported that liver inflammation caused by
HCV induces PD-L1 on hepatocytes, which then suppress
Treg proliferation in liver [26]. If such a scenario is
operative as well in PEG-IFNo and ribavirin therapy,
alleviation of liver inflammation may reduce PD-LI
expression on hepatocytes, thereby stimulating Treg pro-
liferation. However, most of the TR patients, who were
categorized as being in the non-SVR group, displayed
normalized serum ALT levels and negative HCV RNA
during treatment, of which conditions are equivalent with
the SVR patients. Thus, it is still uncertain whether or not
such mechanisms are applicable to the present results.

The other possibility is that phenotypically determined
Tregs in this study partly consist of activated T cells. It
is well known that CD127~ and FOXP3" are reliable
markers of Tregs [27]. In order to examine whether or not
the increment of Treg frequency in this study is a con-
tamination of activated T cells, we determined Tregs as
CD4*CD25"&"FOXP37CD127" cells instead of CD4*
CD25"M#" cells in some patients. In the comparison of the
ratio of CD4"CD25"€"FOXP37CD127~ cell frequency
between the SVR and non-SVR groups at T12W, similar
results were obtained with those of CD4TCD25™E" cells
(SVR vs. non-SVR, 10 patients in each group, 2.50 &+ 1.20
vs. 1.54 £ 0.53, P <0.05 by Mann-Whitney U test).
These results suggest that the analytical results of CD4"
CD25"E" T cells reflect those of FOXP3™ Tregs. Further
investigation is needed to show that such Tregs are func-
tionally suppressive and to see if the change of frequency
parallels with suppressor capacity or not.

According to the AASLD practice guidelines for the
treatment of chronic hepatitis C, a combination of PEG/R
for 48 weeks is recommended for patients who attained
¢c-EVR at week 12 of therapy [17]. However, in some
cohorts with large numbers of patients, approximately 30%
of them eventually relapse after cessation of the therapy
[5]. The factors involved in post-therapeutic relapse have
not been fully explored. We and others have reported that
liver fibrosis, female gender, late virological response, and
dosage of ribavirin (drug adherence) are critically involved
in relapse [19, 28, 29]. It is well known that platelet counts
in patients with chronic liver disease are well correlated
with the degree of fibrosis. In the present study, multivar-
iate analyses revealed that platelet counts but not fibrosis
stage are involved in SVR. The reasons for such discrepant
contributions to SVR are not clear; however, it demon-
strates that the degree of fibrosis is involved in the thera-
peutic response in this cohort. In addition, the current
study showed that the changes of PDC frequency are also
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somewhat involved in virological relapse in patients that
once attained c-EVR.

Plasmacytoid DCs (PDC) play crucial roles in antivirus
immune responses by producing IFN-§ and -a [30]. In the
previous study by us [14], the increment of PDC is
observed in patients with SVR, of which change is more
significant in those with c-EVR. No concrete explanation is
available for the mechanisms of PDC increase in SVR
patients. One of the possibilities is that the PDC increase is
a consequence of better response to exogenous IFN-u« in
patients who have a higher chance of attaining SVR. IFN-«
is reported to act as a regulatory factor on CD11c™ DCs to
sustain their viability and to inhibit gaining the ability to
stimulate Th2 development [31]. Such a possibility is
supported by the findings that higher induction of IFN-
stimulated genes (ISGs) in hepatocytes after PEG-IFNuo
and ribavirin therapy, but not higher ISG levels before
therapy, is critically involved in successful outcome [32].
Thus, patients who respond well to IFN-«, as demonstrated
by better PDC survival during the treatment, are likely to
have better chances to eradicate HCV.

Another possible reason for the PDC increase in the
periphery of SVR patients is that PDC alter their locali-
zation during the treatment. Mengshol et al. [33] reported
that PDC and myeloid DC (MDC) are accumulated in
inflamed liver through the interactions of chemokines and
their receptors. Of particular interest is that the expression
of such chemokine receptors on DCs decreased in SVR
patients, but not in non-SVR ones [33]. Therefore, it
is plausible that PDC may migrate from the liver to
periphery/lymphoid tissue after being unleashed from
chemokines in the liver. In support for this, it is reported
that IFN-o alters the profiles of chemokine receptors on
DC, resulting in changes of the DC migrating ability [34].

Recently, numerous other factors were reported to be
involved in therapeutic response in chronic hepatitis C
patients, such as mutations of HCV genome (core region)
[35] or host genetic variation (single nucleotide polymor-
phisms near the IL28B gene) [36]. In the current study, we
were unable to analyze such factors because of the limited
numbers of patients. A prospective study is warranted to
analyze the involvement of such factors in relation to
immune cell markers, in the outcomes of SOC, or the
treatment with direct-acting antiviral agents.

In summary, we demonstrated that the increase of Treg
frequency is an independent factor involved in SVR in
48 weeks of SOC for chronic hepatitis C patients. In
addition, the increase of PDC gains similar significance in
SVR patients who attained c-EVR. The assessment of the
dynamics of such cells during therapy could offer some
clues to identify potential relapsers and give them a better
chance of attaining SVR by rescheduling the therapy.
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Summary

Hepatitis B e antigen (HBeAg) seroconversion is an important hallmark in the natural course of
chronic hepatitis B. This study was designed to predict early HBeAg seroconversion within 1 year,
by not only biochemical and virological markers, but also pathological parameters in patients with
chronic hepatitis B.

In a retrospective cohort study, 234 patients with HBeAg were reviewed for demographic, biochem-
ical, virological and pathological data at the time of liver biopsy. Then, the patients who accom-
plished HBeAg seroconversion within 1 year thereafter were compared with those who did not, for
sorting out factors predictive of early HBeAg seroconversion.

Early HBeAg seroconversion occurred in 58 (24.8%) patients. In univariate analysis, factors pre-
dictive of early HBeAg seroconversion were: alanine aminotransferase (ALT) (p=0.002), 1P-10
(p=0.029), HBsAg (p=0.003), HBeAg (p<0.001), HBV DNA (p=0.001), HBcrAg (p=0.001), core-
promoter mutations (p=0.040), fibrosis (p=0.033) and lobular inflammation (p=0.002). In multi-
variate analysis, only serum HBeAg levels <100 Paul Ehrlich Institute (PEI) U/ml and grades of lob-
ular inflammation >2 were independent factors for early HBeAg seroconversion (odds ratio 8.430
[95% confidence interval 4.173-17.032], p<0.001; and 4.330 [2.009-9.331], p<0.001; respectively).

HBeAg levels < 100 PEIU/ml combined with grades of lobular inflammation >2 are useful for pre-
dicting early HBeAg seroconversion. In patients without liver biopsies, high ALT levels (3200 IU/L)
can substitute for lobular inflammation (grades >2).
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BACKGROUND

Worldwide, an estimated 350 million people are infected with
hepatitis B virus (HBV) persistently [1,2]. HBV infection is
amajor global concern, because up to 40% of patients can
develop grave complications, such as decompensated cir-
rhosis and hepatocellular carcinoma (HCC) [3]. In the nat-
ural course of chronic hepatitis B, HBeAg seroconversion,
defined by the loss of HBeAg and development of the cor-
responding antibody (anti-HBe), is an important hallmark,
because it is highly correlated with a favorable long-term out-
come. Seroconversion is usually followed by sustained sup-
pression of HBV DNA, normalization of alanine aminotrans-
ferase (ALT) levels, and clinical remission accompanied by
ameliorated necro-inflammatory activities in the liver [4-6].

To date, a number of factors have been found to predis-
pose patients to spontaneous HBeAg seroconversion [7-19].
However, few studies have evaluated pathological factors for
predicting early HBeAg seroconversion. In a small series of
patients from Spain, the Knodell’s index of histological ac-
tivity was one of the independent predictors of early HBeAg
seroconversion [14]. Recently, novel markers of the replica-
tion of HBV were introduced, such as levels of HBsAg, HBeAg
and HBcrAg (HBV core-related antigen), which can replace
HBV DNA levels. These serological markers of HBV replica-
tion have been evaluated for sensitive and reliable predic-
tion of early HBeAg seroconversion [20-23]. In the present
study, an attempt was made to select factors predictive of
early HBeAg seroconversion, from among many biochemi-
cal, virological and pathological parameters, based on the
data of 234 HBeAg-positive patients with chronic hepatitis B.

MATERIAL AND METHODS

Patients and study design

This is a retrospective cohort study with use of stored sera
and liver biopsy specimens from patients with chronic hepa-
titis B who were taken care of in the Hepatology Department,
Nagasaki Medical Center, Japan, during 1991 through 2005.
The clinical database was reviewed to identify consecutive pa-
tients who underwent liver biopsies and had been followed
for longer than 1 year. The inclusion criteria were presence
of hepatitis B surface antigen (HBsAg) for 6 months or lon-
ger, positivity for HBeAg at the time of liver biopsy, and lack
of antiviral treatments before receiving liver biopsies. The ex-
clusion criteria were co-infection with hepatitis C virus (HCV)
or human immunodeficiency virus type-1, serological mark-
ers suggestive of autoimmune disease, daily intake of alcohol
>50 g, recent exposure to hepatotoxic drugs, and no stored
sera available. They were followed every 3 months or more fre-
quently, if indicated clinically, and their serum samples were
monitored for liver biochemistry and serologic markers of HBV
infection, including HBsAg, HBeAg, anti-HBe, HBV DNA and
HBcrAg. Serum samples had been stored at —20°C until use.

Antiviral therapy was commenced immediately in the pa-
tients with: (1) significant fibrosis/cirrhosis detected by liv-
er biopsy; and (2) evidence of decompensation, such as as-
cites, varices and hepatic encephalopathy.

To identify predictors of early HBeAg seroconversion, clini-
cal, biological, virological and pathological data at the time

of liver biopsy were compared between patients who did and
who did not achieve early HBeAg seroconversion, within 1
year after receiving liver biopsies, by univariate and multi-
variate analyses. Further, patients were stratified by indepen-
dent factors for HBeAg seroconversion, and the cumulative
incidence of HBeAg seroconversion was compared between
groups using the Kaplan-Meier method. The study protocol
complied with the Good Clinical Practice Guidelines and
the 1975 Declaration of Helsinki, and was approved by the
review board of the institution. Each patient gave a written
informed consent before participating in this study.

Routine laboratory tests for HBV markers

Quantitative measurements of HBsAg and HBeAg were car-
ried out using commercial enzyme-linked immunosorbent as-
say (ELISA) kits in the ARCHITECT ANALYSER 2000 (Abbott
Japan Co., Ltd., Tokyo, Japan) in accordance with the man-
ufactures’ instructions in Nagasaki Medical Center. The sen-
sitivity of HBsAg assay ranged from 0.05 to 250 YU/ml. Sera
with HBsAg >250 TU/ml were serially diluted 100-fold so as
to include them within the dynamic range. HBeAg was quan-
tified by a two-step immunoassay with use of chemilumines-
cence microparticles. Briefly, undiluted samples were mixed
with paramagnetic beads coated with anti-HBe. After a wash-
ing step, conjugate and reactants were added for exciting emis-
sion of the light that is proportional to the concentration of
HBeAg. The result was expressed by the ratio of relative light
unit (RLU) of the sample to the cut-off RLU (S/CO). Samples
with S/CO values >1.0 were regarded positive for HBeAg. Then,
serial dilutions of the reference standard of PE HBeAg (Paul-
Ehrlich Institute, Langen, Germany) were used to define the
linear range of the assay and create a reference curve for lin-
ear regression. The linear range was 0.024-100 PEIU/ml. A
standard curve was produced, and linear regression was used
to convert assay results into appropriate units (PEIU/ml). For
samples that fell outside the linear range of the assay, the as-
say was performed on serial dilutions to ensure the linearity.

HBV DNA and HBcrAg

HBV DNA was determined by the COBAS Taqman HBV
test (Roche Diagnostics K.K., Tokyo, Japan). Values under
or over the detection range were recorded as 2.1 or 9.1 log
copies/ml. HBcrAg was measured by the CLEIA HBcrAg
assay kit (Fujirebio, Inc., Tokyo, Japan) in a fully automat-
ed analyzer (Lumipulse system, Fujirebio, Inc.). Values un-
der or over the detection range were recorded as 3.0 or
7.0 log copies/ml. Assays for HBV DNA and HBcrAg were
performed in a commercial clinical laboratory (SRL, Inc.,
Tokyo, Japan). Sera with values over the detection range
were diluted to include them within the dynamic range.

Interferon-inducible protein 10 (IP-10)

IP-10 was quantified by the Invitrogen Human IP-10 ELISA
(Invitrogen Corporation, Carlsbad, CA, USA) according to
the manufacturer’s protocol in Nagasaki Medical Center.
HBYV genotyping

HBV DNA was extracted from serum (100 pl) with use of the

SMITEST EX R&D extraction kit (MBL Co., Ltd., Nagoya,
Japan). It was amplified for determination of genotypes by
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Table 1. Histological evaluation of liver biopsy specimens.

(R) Fibrosis staging
Stage Fibrosis
0 None
1 Enlarged, fibrotic portal tracts
2 Periportal or portal-portal septa but intact architecture
3 Fibrosis with architectural distortion without obvious cirrhosis
4 Probable or definite cirthosis
(B) Inflammation grading
Grade Portal/periportal activity Lobular inflammation
Piecemeal necrosis Lymphocyte aggregation
0 None or minimal None None
1 Inflammation only < 1/3 in portal triad Inflammation alone
2 Mild 1/3-2/3 in portal areas Focal necrosis or acidphil bodies
3 Moderate > 2/3 in portal areas Severe focal cell damages
4 Severe Entire portal triad Damage with bridging necrosis

the SMITEST HBV Genotyping Kit (MBL Co., Ltd.) based
on hybridization with type-specific probes immobilized on
a solid-phase support [24].

Precore stop codon (G1896A) and core promoter
(A1762T/G1764A) mutations

A1896 mutation in the precore (PreC) region was detected
by the enzyme-linked minisequence assay (SMITEST HBV
PreC ELMA, Roche Diagnostics, Tokyo, Japan), and muta-
tions in the core promoter (CP) region for T1762/A1764
by the enzyme-linked specific probe assay (SMITEST HBV
Core Promoter Mutation Detection Kit, Roche Diagnostics
K.K.). The results were recorded as “the wild-type” and “mu-
tant types” dominantly expressed by HBV isolates [25].

Histological examination

Liver biopsy was taken by fine-needle aspiration (16G so-
nopsy) guided by ultrasonography. Biopsy specimens were
fixed in 10% neutral formalin, cut at 3- to 4pm thickness,
and stained with Hematoxyline-Eosin and Azan-Mallory, as
well as for silver to visualize reticuline fibers. Tissue sections
were examined independently by two senior liver pathol-
ogists. For each biopsy specimen, a protocol was filled out
for grading necro-inflammation and staging fibrosis by the
criteria of Desmet et al. [26] and Scheuer [27] (Table 1).
As for the portal activity, not only piecemeal necrosis, but
also lymphocytic aggregation was categorized into 5 (0-4)
grades in the respective area involved.

Statistical analysis

Continuous variables were compared between groups by the
Mann-Whitney U test, and categorical variables by ¥? and
Fisher’s exact tests. The cumulative incidence of HBeAg
seroconversion was calculated using the Kaplan-Meier

method, and the difference was evaluated by the log-rank
test. Multiple logistic regression analysis was performed to
identify independent factors in significant association with
early HBeAg seroconversion. A p value <0.05 was consid-
ered significant. Statistical analyses were performed using
the SPSS version 17.0 software package (SPSS Inc., Chicago,
IL, USA).

RESULTS

Baseline characteristics of patients

Among the 673 patients with HBsAg who had received liv-
er biopsies in our hospital during 1991 through 2005, 234
(34.8%) patients who met the inclusion criteria were en-
rolled in this study. Demographic and laboratory character-
istics at the time of liver biopsy are listed in Table 2. They
had a median age of 37 years (range: 12-74), and 161 (69%)
were men. Of them, 231 (99%) were infected with HBV
of genotype C. The median serum ALT level at the base-
line was 141 IU/1 (range: 13-2644 IU/1), and the median
duration of follow-up was 86.5 months (range: 12.0-213.0
months). During the follow-up, 91 (89%) received antivi-
ral treatment, with interferon (IFN) or lamividine, or the
combination thereof.

Comparison of clinical features between patients with
and without early HBeAg seroconversion

Early HBeAg seroconversion, within 1 year after receiving liv-
er biopsies, was achieved by 58 of the 234 (24.8%) patients.
In univariate analysis, factors predictive of early HBeAg se-
roconversion were: ALT (p=0.002), IP-10 (p=0.029), HBsAg
(p=0.003), HBeAg (p<0.001), HBV DNA (p=0.001), HBcrAg
(p<0.001), CP mutations (p=0.040), fibrosis (p=0.033) and
lobular inflammation (p=0.002). Other factors including age,
albumin, platelets, AFP, PreC mutation, cell infiltration and
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