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Table Factors associated with recurrence of HCC by univariate and multivariate analysis.
Univariate Multivariate
factors Hazard Ratio (95%CI) P Hazard Ratio (95%CI) P
HBeAg (Positive) 1.563 (0.63-3.70) 0.343
HBV DNA (> 3.0 logcopies/mL) 2.49 (1.03-6.00) 0.042
HBerAg ( > 4.8 logU/mL) 104 (2.39-45.0) 0.002 850 (1.95-37.1) 0.004
AST (> 50 1U/L) 247 (0.98-6.20) 0.055
ALT (> 401U0/L) 2.37 (0.99-5.71) 0.054
Platelets count { < 10° /mm?) 2.20 (0.81-6.02) 0.123
Serum Albumin ( < 35 g/d)) 1.39 (0.53-3.63) 0.505
Serum bilirubin ( > 1.5 mg/dl) 1.11 (0.62-2.00) 0.713
Prothorombin time ( < 80%) 2.23 (051-9.82) 0.286
ICG-R 15 { > 30%) 054 (0.16-1.87) 0.332
AFP levels ( > 100 ng/mL) 1.81 (0.74-4.44) 0.194
DCP levels ( > 100 mAU/mL) 2.09 (0.81-5.39) 0.129
Tumor size ( > 21 mm) 2.02 (0.81-5.07) 0.133
Tumor number (multiple) 403 (1.31-12.4) 0.015
Presence of portal vein invasion 539 (1.69-17.2) 0.004 3.63 (1.15-11.5) 0.028

Abbrevintion: AST, aspartate aminotransferase; ALT, alaine aminotransferase; ICG-R15: indocyanine green retention

test at 15 min; AFP, alpha-fetoprotein; DCP, des-y-carboxylprothorombin,

BYEE
Low hepatitis B virus core-related antigen is a predic-
tor of absence in post-treatment recurrence of hepa-
tocellular carcinoma during antiviral therapy

Tetsuya Hosaka"*, Fumitaka Suzuki”,
Masahiro Kobayashi”, Miharu Hirakawa®,
Yusuke Kawamura?, Hiromi Yatsuji®,
Hitomi Sezaki", Norio Akuta®,
Yoshiyuki Suzuki®, Satoshi Saitoh”,
Yasuji Arase?, Kenji Tkeda®,
Mariko Kobayashi?, Hiromitsu Kumada”

The tumor recurrence rate of hepatocellular carci-
noma (HCC) is still high even in patients who receive a
curative therapy. We analyzed predictive value of
HBV-related viral markers, including HBerAg, HBV
DNA, and HBeAg, for HCC recurrence in the patients
who developed HCC during antiviral nucleot(s)ide ana-
logues therapy. By univariate analysis, HBV DNA,

HBcrAg, tumor number and presence of portal vein in-
vasion were significant predictive factors. By multi-
variate analysis, HBerAg and presence of portal vein
invasion were independent and significant predictive
factors of recurrence after curative therapy for HCC.
We conclude that HBcrAg is useful as a predictor of
post-treatment recurrence of HCC after curative ther-
apy in patients who received antiviral therapy.

Key words: HB core-related antigen,
prediction of recurrence of HCC,
nucleot(s)ide analogues
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Rapid virological response obtained by natural IFN o
for a patient of chronic hepatitis C with a high viral
load of HCV genotype 1b who is refractory to
peg-interferon o+ ribavirin combination therapy

Akira Kawano”*, Yuichiro Kado”,
Hirohisa Shigematsu”, Koichiro Miki®,
Toshihiro Maruyama”,
Hideyuki Nomura?, Shinji Shimoda®

Interferon monotherapy is considered to have lim-
ited effectiveness in patients with HCV of a high viral
load. Here, we reported a 21-year old male of chronic
hepatitis C with a high viral load of HCV genotype 1b.
He received both peg-interferon o-2b plus ribavirin
and peg-interferon o-2a plus ribavirin combination
therapy. But there were no virological response. Never-
theless, after starting natural interferon o, (human lym-
phoblastoid interferon (HLBI), Sumiferon; Dainippon
Sumitomo Pharmaceutical Co., Osaka, Japan), he be-
came HCV-RNA negative at 4 week, The therapy is
continued and HCV-RNA negativity is sustained for
over 40 weeks. Eradication of HCV might be expected.
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Guidelines for the treatment of chronic hepatitis and
cirrhosis due to hepatitis B virus infection for the fiscai

year 2008 in Japan
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In the 2008 guidelines for the treatment of patients with cir-
rhosis, who are infected with hepatitis B virus (HBV), the main
goal is to normalize levels of alanine and aspartate ami-
notransferases by eliminating HBV or reducing viral loads. In
patients with compensated cirrhosis, the clearance of HBV
from serum is aimed for by entecavir, as the main resort, for
histological improvement toward the prevention of hepato-
cellular carcinoma (HCC). In patients with decompensated cir-
rhosis, by contrast, meticulous therapeutic strategies are
adopted for the reversal to compensation, foward the even-
tual goal of decreasing the risk of HCC, For maintaining liver
function and preventing HCC, branched chain amino acids and
nutrient supplements are applied, in addition to conventional
liver supportive therapies. For patients with chronic hepatitis
B, separate guidelines are applied to those younger than
35 years and those aged 35 years or older. Even for patients

with chronic hepatitis who are negative for hepatitis e antigen
{HBeAg), but who harbor HBV DNA in titers of 7 log copies/mL
or more, a “drug-free state” is aimed for by sequential treat-
ment with interferon (IFN} plus entecavir as the first line. For
patients with chronic hepatitis B aged 35 years or older, who
are HBeAg-negative and carry HBV DNA in titers of less than
7 log copies/mL, long-term IFN for 24-48 weeks is adopted
anew. To HBeAg-negative patients who have either or both
platelet counts of less than 150 x 10%mm? and less than 7 log
copies of HBV DNA, also, long-term IFN for 24-48 weeks is
indicated.

Key words: chronic hepatitis, cirrhosis, hepatitis B virus,
hepatocellular carcinoma, interferon, liver supportive
therapies, nucleos(t)ide analogs
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INTRODUCTION

INCE THE FISCAL year 2002, guidelines for the

treatment of patients with viral hepatitis have been
compiled annually by the Study Group for the Stan-
dardization of Treatment of Viral Hepatitis Including
Cirrhosis, under the auspice of the Ministry of Health,
Labor and Welfare of Japan, supported by enduring
efforts of many specialists recruited from all over the
nation. Guidelines have been improved every year with
many supplementary issues, which had surfaced as our
understanding of many facets of viral hepatitis deep-
ened and treatment options widened increasingly with
time. For the fiscal year 2008, guidelines have been
worked out for a comprehensive standardization of the
treatment of chronic hepatitis and cirrhosis due to
hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections in Japan. These guidelines have been
observed by more than 70% of practicing hepatologists
treating patients with viral liver disease in Japan. It is
hoped that these guidelines will continue being widely
accepted and implemented to help as many patients as
possible who are suffering from sequelae of persistent
hepatitis virus infections.

Here, we relate excerpts of the 2008 guidelines
for the treatment of patients with liver disease due
to HBV, covering a wide range from those with
chronic hepatitis to those with decompensated cirrho-
sis. The 2008 guidelines for the treatment of liver
disease due to HCV are reported in an accompanying

paper.

Hepatology Research 2010; 40: 1-7

GUIDELINES FOR THE TREATMENT OF
PATIENTS WITH CHRONIC HEPATITIS B

ATIENTS WITH CHRONIC hepatitis B can stabilize

the activity of liver disease in their natural course,
after they have seroconverted from hepatitis B e antigen
(HBeAg) to the corresponding antibody (anti-HBe),
accompanied by decrease in HBV DNA titers. For that
reason, treatment guidelines were constructed separately
for the patients younger than 35 years and those aged
35 years or older.

GUIDELINES FOR THE TREATMENT OF
PATIENTS WITH CHRONIC HEPATITIS B
YOUNGER THAN 35 YEARS

ATIENTS WITH CHRONIC hepatitis B younger
than 35 years are treated in accordance with the
guidelines summarized in Table 1. Criteria for the treat-
ment eligibility are: (i) serum levels of alanine ami-
notransferase (ALT) of 31 IU/L or more; and (ii) HBV
DNA titers of 5 log copies of more in HBeAg-positive
patients and 4 log copies or more in HBeAg-negative
patients. In the 2008 guidelines, the indication of treat-
ment is extended to the patients with cirrhosis due to
HBV who carry HBV DNA in titers of 3 log copies/mL
or more.
In Japan, most HBeAg-positive patients with 7 log
copies or more of HBV DNA have been infected with
HBV of genotype C by perinatal infection at birth;

Table 1 Guidelines for the treatment of patients with chronic hepatitis B younger than 35 years

Eligibility criteria ALT =231 IU/L
HBV DNA HBeAg-positive patients: 25 log copies/mL
HBeAg-negative patients: 24 log copies/mL
Patients with cirrhosis: 23 log copies/mL
HBV DNA 27 log copies/mL <7 log copies/mL
HBeAg-positive (1) Long-term IFN for 24-48 weeks (1) Long-term IFN for 24-48 weeks

(2) Entecavir
HBeAg-negative
(2) Entecavir

(1) Sequential treatmentt (entecavir plus IFN)

(2) Entecavir
(1) Regular follow up
(2) Long-term IEN for 24 weeks

Start with entecavir in HBeAg-negative patients who have platelet counts
<15 x 10*/mm? and in those with advanced liver disease of stage F2 or higher.

tSequential treatment: patients who have lost hepatitis B virus (HBV) DNA after treatinent with nucleos(t)ide analogs receive combined
interferon (IFN) for 4 weeks, and then IFN monotherapy is continued for 20 weeks, and lifted thereafter. ALT, alanine aminotransferase;

HBeAg, hepatitis B e antigen.
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Table 2 Guidelines for the treatiment of patients with chronic hepatitis B aged 35 years or older

Eligibility criteria ALT 231 IU/L
HBV DNA HBeAg-positive patients: 25 log copies/mL
HBeAg-negative patients: 24 log copies/mL
Patients with cirthosis: 23 log copies/mL
HBV DNA 27 log copies/mL <7 log copies/mL
HBeAg-positive (1) Entecavir (1) Entecavir
(2) Sequential treatment? (entecavir plus IFN) (2) Long-term IBN for 24-48 weeks
HBeAg-negative Entecavir (1) Entecavir

(2) Long-term IFN for 24-48 weeks

tSequential treatment: patients who have lost hepatitis B virus (HBV) DNA after treatment with nucleot(s)ide analog receive combined
interferon (IFN) for 4 weeks, and then IFN monotherapy is continued for 20 weeks, and lifted thereafter. ALT, alanine aminotransferase;

HBeAg, hepatitis B e antigen.

accordingly, they would be resistant to interferon (IFN)
therapy. Should they receive nucleos(t)ide analogs,
however, the duration would become inevitably longer,
because they start the treatment when younger than
35 years old. Hence, IFN for 24-48 weeks is the first
choice in their treatment. The standard treatment of
3 months is favored, which can be extended to the
maximum of 6 months. Non-pegylated (standard)
IFN-o is recommended to them, because self-injection
at home is approved for preparations of IFN-o; it helps
improve their quality of life (QOL). There are many
patients who are refractory to IFN and in whom
improvement of ALT levels and/or decrease in HBV
DNA titers are hardly achievable. Therefore, as another
option, monotherapy with entecavir can be applied for
the purpose of clearing HBeAg from serum and lowering
HBV DNA titers. For HBeAg-positive patients with lower
HBV DNA titers {<7 log copies/mL), also, long-term IFN
is endorsed as a rule,

There are HBeAg-negative patients in whom ALT
levels increase to 31 IU/mL or more repeatedly. In the
2008 guidelines, sequential treatment with IFN and
entecavir is introduced as a new arm of therapeutic
options for such patients.!

For HBeAg-negative patients with less than 7
copies/mL of HBV DNA, in general, regular follow up
without therapeutic intervention is deemed to suffice
for the majority. For those of them in whom ALT levels
flare to 31 IU/mL or more time after time, long-term
IEN for 24 weeks is indicated. Because liver disease
progresses in many HBeAg-negative patients, for those
with platelet counts of less than 150 x 10*/mm? or in
fibrosis stage F2 or higher, treatment with entecavir is
indicated.

GUIDELINES FOR THE TREATMENT OF
PATIENTS WITH CHRONIC HEPATITIS B AGED
35 YEARS OR OLDER

ABLE 2 SUMS up treatment modalities for patients

with chronic hepatitis B who are aged 35 years or
older. HBeAg-positive patients in this age range who
carry HBV DNA in titers of 7 log copies/mL or more
rarely, if ever, seroconvert to the loss of HBeAg by IEN-
based therapies. Hence, entecavir is the first choice in
their treatment®® Because HBV mutants resistant to
entecavir can be elicited by it, sequential treatment with
IEN plus entecavir is amended in the 2008 guidelines.'
In view of low viral loads in patients who possess HBV
DNA in titers of less than 7 log copies/mL, entecavir is
selected as the first choice, followed by long-term IFN as
the second choice of treatment in these patients. HBeAg-
negative patients who have high viral loads (27 log
copies/mL), on the other hand, can normalize ALT
levels by monotherapy with entecavir, Therefore, ente-
cavir becomes their first choice, and this is the case even
in patients with HBV DNA titers less than 7 copies/mL.

GUIDELINES FOR THE TREATMENT WITH
NUCLEOS(T)IDE ANALOGS OF PATIENTS WITH
CHRONIC HEPATITIS B WHO ARE RECEIVING
LAMIVUDINE

ABLE 3 DETAILS guidelines for the treatment with
nucleos(t)ide analogs of patients with chronic hepa-
titis B who are receiving lamivudine. Because a' number
of drug-resistant HBV mutants emerge increasingly with
time in patients on long-term treatment with lamivu-
dine, the fundamental rule is to switch them to ente-
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Table 3 Guidelines for the treatment with nucleos(t)ide analogs in patients with chronic hepatitis who are receiving lamivudine

Lamivudine Less than 3 years

3 years or longer

HBV DNA
<1.8 log copies/mL persistently
21.8 log copies/mL VBT (=)
VBT (+)

May be switched to entecavir 0.5 mg daily
May be switched to entecavir 0.5 mg daily
Adefovir 10 mg daily add-on lamivudine

Continued on lamivudine
100 mg daily

Adefovir 10 mg daily add-on
lamivudine

HBYV, hepatitis B virus; VBT, virological breakthrough.

cavir. For this reason, patients are stratified by the
duration of lamivudine treatment, less than 3 years and
3 years or more, as well as HBV DNA titers persistently
below 1.8log copiesymL and 1.8 log copies/mL or
more, and separate treatment strategies have been
worked out for the patients in each category. Because by
far the majority of patients with a duration of lamivu-
dine treatment of less than 3 years and HBV DNA titers
of less than 1.8 copies/mlL possess drug-resistant
mutants in low frequencies, they are recommended to
switch to entecavir 0.5 mg daily as soon as possible.
Likewise, patients who have received lamivudine for
3 years or longer, but in whom drug-resistant mutants
have never developed, are recommended to switch to
entecavir 0.5 mg daily. By contrast, for patients in whom
drug-resistant mutants have emerged already and who
have undergone virological breakthroughs* adefovir
10 mg daily add-on lamivudine is started for the
purpose of stabilizing liver function.” In regard of the
patients who have received lamivudine for 3 years or
longer, those without drug-resistant mutants can stay on
lamivudine 100 mg daily.

SUPPLEMENTS TO GUIDELINES FOR THE
TREATMENT OF CHRONIC HEPATITIS B
(PART 1)

ORTHE FISCAL year 2008, the following three items
have been added to previous guidelines for the treat-

ment of chronic hepatitis B (Table 4).

1 In the treatment of patients with chronic hepatitis B,
IEN is the first resort for those younger than 35 years,
toward the eventual goal of gaining a "drug-free
state”. For the patients aged 35 years or older, persis-
tently negative HBV DNA is the aim of nucleos(t)ide
analogs, with the first choice being entecavir in their
primary treatment. On the other hand, for patients
with HBV mutants resistant to lamivudine and/or
entecavir, combined treatment with adefovir and
lamivudine is the principal rule (Table 3).5-®

© 2010 The Japan Society of Hepatology

2 Therapeutic responses to antiviral treatment are
much different in patients with chronic hepatitis B
who are infected with HBV of distinct genotypes. It
is recommended therefore to determine HBV geno-
types before making a decision on the treatment
choice. In particular, the patients infected with HBV
of genotype A or B respond to IFN in high rates,
even if they are aged 35 years or older. For these
reasons, IFN becomes the first choice in their anti-
viral treatment.

3 The duration of IFN treatment is 24 weeks basically.
In the patients in whom the efficacy of IFN has been
achieved with decrease in HBV DNA titers and nor-
malization of ALT, the treatment duration is better
extended to 48 weeks.

Table 4 Supplements to guidelines for the treatment of
patients with chronic hepatitis B (part I)

1 Treatment of patients with chronic hepatitis B aims at a
"drug-free state” by IFN-based therapies in those younger
than 35 years, and at persistently negative HBV DNA in
those aged 35 years or older, with entecavir as the furst
choice in the primary therapy. Lamivudine plus adefovir
forms the basis for the treatment of HBV mutants resistant
to lamivudine or entecavir.

2 In view of antiviral response much different in patients
infected with HBV of distinct genotypes, it is desired to
make treatment choices based on genotypes. In particular,
because genotypes A and B respond to IFN with high
efficacy, even in patients aged 35 years or older, IFN is
recommended as the first treatment choice in these
patients.

3 The duration of IFN is for 24 weeks basically, but
extension to 48 weeks is recommended in patients who
respond to IEN with decrease in HBV DNA titers and
normalization of ALT levels.

AIT, alanine aminotransferase; HBY, hepatitis B virus; IFN,
interferon.
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Table 5 Supplements to guidelines for the treatment of
patients with chronic hepatitis B (part II)

o Self-injection of IFN at home is recommended to patients,
who are eligible to do it, for improving their quality of
life.

e Treatment with nucleos(t}ide analogs should be continued
in patients in whom cirthosis or HCC has been cured.

e Antiviral treatment is considered in patients with ALT
levels of 231 IU/L. To patients aged 35 years or older in
whom viral replication persists, even to those with normal
ALT levels, antiviral treatments are indicated. It is possible,
however, to follow for outcomes in patients who are
elderly or HBeAg-negative and in whom antiviral
treatments are difficult, while they receive liver supportive
therapy (e.g. SNMC, UDCA}.

e In patients co-infected with HBV and HIV, entecavir
cannot be used due to the possibility for emergence of
HIV variants resistant to antiretroviral therapies.

e Immunosuppressive and anticancer drugs should be used
with utmost caution, even in patients with low HBV DNA
titers and normal ALT levels, because they can induce
severe liver damage along with elevation in HBV DNA
titers.

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen;
HBV, hepatitis B virus; HCC, hepatocellular carcinoma; IFN,
interferon; SNMC, stronger neo-minophagen C; UDCA,
ursodeoxycholic acid.

SUPPLEMENTS TO GUIDELINES FOR THE
TREATMENT OF CHRONIC HEPATITIS B
(PART 11)

URTHER, THE FOLLOWING five supplements have
been added to the 2008 guidelines {Table 5).

To patients who are eligible, self-injection of IEN at
home is recommended, taking into consideration their
QOL. Because IFN-based therapies are not recom-
mended for patients in whom HBV has been transmit-
ted by perinatal infection, sequential treatment with IFN
plus entecavir serves as another option in their antiviral
treatment,

Treatment with nucleos(t)ide analogs should be
extended to patients in whom cirrhosis or hepatocellu-
lar carcinoma (HCC) has been cured after successful
therapies.

Antiviral treatment has to be considered in patients
with ALT levels of 31IU/L or more. Patients aged
35 years or older with normal ALT levels but in whom
HBV replication persists, need to be considered for anti-
viral treatients. Elderly and HBeAg-negative patients, as
well as those to whom the administration of antiviral
drugs is difficult, can be followed regularly while they

Treatment of chronic hepatitis B and cirthosis 5

receive liver supportive therapy (e.g. stronger neo-
minophagen C,° ursodeoxycholic acid [UDCA]'").

Patients co-infected with HBV and HIV type 1 cannot
receive entecavir due to the possibility of emergence of
HIV mutants resistant to antiretroviral drugs.

Even in patients with low HBV DNA titers and normal
ALT levels, HBV DNA loads can increase massively to
induce severe liver damages in them, while they receive
immunosuppressive or anticancer drugs. Hence, utmost
caution should be exercised if they are to undergo anti-
viral treatments.

GUIDELINES FOR THE TREATMENT OF
PATIENTS WITH CIRRHOSIS DUE TO HBV

ABLE 6 SUMMARIZES guidelines for the treatment

of patients with type B cirrhosis. Patients with com-
pensated or decompensated cirrhosis, who are infected
with HBY, receive entecavir for persistent clearance of
HBV DNA detectable by the real-time polymerase chain
reaction and normalization of aspartate aminotrans-
ferase as well as ALT levels. Combined lamivudine plus
adefovir therapy are indicated for patients in whom
HBV mutants resistant to lamivudine or entecavir have
developed. Guidelines for maintaining liver function,
for preventing the development of HCC, include liver
supportive therapy with glycyrrhizin and UDCA, either
alone or in combination. For treatment toward sup-

Table 6 Guidelines for treatment of type B cirthosis

Principles
Compensated: termination of HBV infection by antiviral
treatment with entecavir as the mainstay.
Decompensated: reversal to compensation and prevention
of HCC.
Methods
(1) Eradication of HBV and normalization of ALT/AST

{compensated and decompensated cirrhosis).

a) Entecavir.

b) Combined lamivudine and adefovir (for patients
with HBV mutants resistant to lamivudine or
entecavir).

(2) Maintenance of liver function (improvement of ALT/

AST and albumin) for preventing HCC.

a) Liver supportive therapy such as SNMC or UDCA.

b} Branched chain amino acids {Livact).

(3) Supplementation with nuirients (for stabilizing liver
function in decompensated cirrhosis).

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
HBYV, hepatitis B virus; HCC, hepatocellular carcinoma; SNMC,
stronger neo-minophagen C; UDCA, ursodeoxycholic acid.
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pressing the development of HCC, branched chain
amino acids (BCAA)" are implemented. Also, nutrient
supplements are utilized for stabilizing liver function.

DISCUSSION AND CONCLUSION

HE STUDY GROUP for the Standardization of Treat-

ment of Viral Hepatitis Including Cirrhosis, orga-
nized by the Ministry of Health, Labor and Welfare of
Japan, has compiled a series of guidelines for the treat-
ment of liver disease due to HBV and HCV ranging from
chronic hepatitis to cirthosis of various severities annu-
ally, since the fiscal year 2002. The principal aim of
these guidelines is to decrease the incidence of HCC due
to hepatitis virus infections in Japan. In accordance with
this principle, supplements have been added to previous
guidelines for the standardization of treatment of
chronic viral liver disease every fiscal year. This article
summarizes guidelines for the treatment of liver disease
due to HBV. Guidelines for the treatment of liver disease
due to HCV for the fiscal year 2008 are reported in the
accompanying paper. They are formulated on evidence-
based data that have been accumulated by members and
cooperators of the study group. It will be necessary to
improve these guidelines in the next fiscal year and
henceforth, in accordance with many pieces of new evi-
dence that are expected to evolve through enduring
efforts and keen insights of members and cooperators of
the study group.

In the treatment of chronic hepatitis B, novel thera-
peutic strategies have continued to evolve in previous
guidelines. In guidelines of the fiscal year 2008, diverse
new treatment arms are introduced for gaining the even-
tual goal of the “drug-fee state”.

The Study Group for the Standardization of Treatment
of Viral Hepatitis Including Cirrhosis has been drafted
and displayed on the web site {(www.jsh.or.jp/medical/
index.html [in Japanese]) as well, guidelines for the
treatment of a spectrum of liver diseases due to HBY,
ranging from chronic hepatitis to cirthosis of various
severities for the fiscal year 2008. In view of the eventual
goal of decreasing the incidence of HCC due to HBV
infection, supplementation and adjustment are
appended to previous guidelines, and new guidelines
have been introduced to the treatment of cirrhosis due
to HBV infection. As a general rule, antiviral treatments
are the mainstay in guidelines for the treatment of
chronic hepatitis B. In addition to them, it is necessary
to always keep in mind the fundamental concepts of
these guidelines. It is our sincere hope that, for the
treatment of each patient, readers will conduct their

© 2010 The Japan Society of Hepatology
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clinical practice on the basis of these concepts, and then
refer to appropriate individual guidelines, when they
make decisions regarding treatment strategy, on a case-
by-case basis. With respect to guidelines for the treat-
ment of patients with cirrhosis, above all, expected
achievable outcomes have to be taken into account in
making treatment choices.

We can foretell that there is no end to the treatment of
patients with chronic hepatitis and cirthosis due to
HBY, as it will keep evolving and improving in future
guidelines. The enduring efforts of doctors and scien-
tists, in pursuit of this goal, will fill in wide social and
economic gaps in medical practices being served to the
nation, and produce substantial and efficient interest in
the medical economy on a national basis. In conducting
treatment of patients with liver disease due to HBV
infection, according to these guidelines, many new and
unforeseen facets may surface that will require further
improvements. Hence, it will be necessary to evaluate
the therapeutic efficacy of these guidelines, and revise or
add necessary supplements to them as required in the
future.
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In the 2008 guidelines for the treatment of patients with
chronic hepatitis C, pegylated interferon (Peg:IFN) combined
with ribavirin for 48 weeks are indicated for treatment-naive
patients infected with hepatitis C virus (HCV) of genotype 1.
Treatment is continued for an additional 24 weeks (72 weeks
total) in the patients who have remained positive for HCV RNA
detectable by the real-time polymerase chain reaction at 12
weeks after the start of treatment, but who turn negative for
HCV RNA during 13-36 weeks on treatment. Re-treatment is
aimed to either eradicate HCV or normalize transaminase
levels for preventing the development of hepatocellular carci-
noma (HCC). For patients with compensated cirrhosis, the
clearance of HCV RNA is aimed toward improving histological
damages and decreasing the development of HCC. The recom-
mended therapeutic regimen is the initial daily dose of 6
million international units (MIU) IFN continued for 2-8 weeks

that is extended to longer than 48 weeks, if possible. IFN dose
is reduced to 3 MIU daily in patients who fail to clear HCV RNA
by 12 weeks for preventing the development of HCC. Splenec-
tomy or embolization of the splenic artery is recommended to
patients with platelet counts of less than 50 x 103/mm? prior to
the commencement of IFN treatment. When the prevention of
HCC is at issue, not only IFN, but also liver supportive therapy
such as stronger neo-minophagen C, ursodeoxycholic acid,
phlebotomy, branched chain amino acids (BCAA), either alone
ot in combination, are given. In patients with decompensated
cirrhosis, by contrast, reversal to compensation is atiempted.
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INTRODUCTION

INCE THE FISCAL year 2002, guidelines for the

treatment of patients with viral hepatitis have been
compiled annually by the Study Group for the Standard-
ization of Treatment of Viral Hepatitis Including Cirrho-
sis, under the auspice of the Ministry of Health Labor
and Welfare of Japan, recruiting many specialists from
all over the nation. They have been improved every year
with many supplementary issues that have evolved, as
owr understanding of various aspects of viral hepatitis
deepens and treatment options widen with time. For the
fiscal year 2008, guidelines have been worked out for a
comprehensive standardization of the treatment of
chronic hepatitis and cirthosis due to infection with
hepatitis C virus (HCV) in Japan. It is hoped that these
guidelines will be accepted widely and implemented for
helping as many patients as possible who suffer from
sequelae of persistent HCV infection,

Here, we relate excerpts of the 2008 guidelines for the
treatment of patients with HCV-induced liver disease
covering a wide range from those with normal amino-
transferase levels to those with decompensated cirrhosis.

GUIDELINES FOR THE PRIMARY TREATMENT
OF PATIENTS WITH CHRONIC HEPATITIS C

ABLE 1 SUMMARIZES the antiviral therapy of

treatment-naive patients with chronic hepatitis C. In
comparison with previous guidelines, the durdtion of
combined treatment with pegylated interferon (Peg-
IEN) and ribavirin is extended to 48-72 weeks for
patients infected with HCV of genotype 1 in high viral
loads (HVL: 25 log IU/mL by the Japanese criteria).'?
For patients infected with HCV of genotype 2 in HVL,
Peg-IEN-0i2b and ribavirin for 24 weeks are indicated.

Treatment of chronic hepatitis C and cirthosis 9

To patients with HCV-1 in low viral loads (LVL: <5 log
[U/mL), either the standard IFN (not conjugated with
polyethylene glycol) for 24 weeks, or the weekly mono-
therapy with Peg-IFN-ci2a for 24-48 weeks, is given.’
Patients with HCV-2 in LVL receive either the standard
IEN for 8-24 weeks, or the weekly monotherapy with
Peg-IFN-02a for 24-48 weeks.

GUIDELINES FOR THE RE-TREATMENT OF
PATIENTS WITH CHRONIC HEPATITIS C

OR PATIENTS WHO receive re-treatment, first, it is

imperatively prerequisite to: (i) identify factors for
non-response to previous treatments; and (ii) decide
whether to aim for clearance of HCV or to prevent the
progression of hepatitis that can accelerate the develop-
ment of hepatocellular carcinoma (HCC), and this can
be monitored by alanine aminotransferase (ALT) and
o-fetoprotein (AFP) levels toward normalizing or stabi-
lizing their levels (Table 2).* Second, IFN combined
with ribavirin is the mainstay of re-treatiment of patients
with chronic hepatitis C. Third, long-term IFN mono-
therapy is recommended to patients who are not indi-
cated to IFN/ribavirin or who have failed to respond to
the combination therapy. However, some patients do
not tolerate IFN due to side-effects or their complicating
morbidities. In addition, IFN monotherapy does not
always improve ALT levels. Such patients need to receive
liver supportive therapy including stronger neo-
minophagen C (SNMC)® and ursodeoxycholic acid
(UDCA),® as well as phlebotomy, either alone or in
combination. Therapeutic target ALT levels are: (i)
within x1.5 the upper limit of normal (ULN) for
patients in fibrosis stage 1 (F1); and (ii) less than
30 IU/L in those in fibrosis stages 2 or 3 (F2/F3), as far
as possible.

Table 1 Guidelines for the primary treatment of patients with chronic hepatitis C

Genotypes Genotype 1 Genotype 2
Viral loads
High viral load e Peg-IFN-02b (Peg-Intron) + ribavirin (Rebetol) for s Peg-IFN-02b (Peg-Intron) + ribavizin
25.0 log IU/mL 48-72 weeks {Rebetol) for 24 weeks
2300 fmol/L e Peg-IFN-02a (Pegasys) + ribavirin (Copegus) for
21 Megq/mL 48-72 weeks
Low viral load e Standard IEN for 24 weeks e Standard IFN for 8~24 weeks
<5.0 log [U/mL o Peg-IFN-0:2a (Pegasys) for 24-48 weeks ¢ Peg-IFN-02a (Pegasys) for 24-48 weeks

<300 fmol/L
<1 Meg/mL

Peg-IFN, pegylated interferon.

© 2010 The Japan Society of Hepatology
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Table 2 Guidelines for re-treatment of chronic hepatitis C

Principles

Selection has to be made between termination of HCV

infection and normalization/stabilization of ALT as well as

AFP levels (toward preventing aggravation of liver disease

and development of HCC), after evaluating factors for

non-response in the primary IFN treatment.

1 “IFN plus ribavirin” is the mainstay of re-treatment of
patients who have failed to respond to the primary IFN
therapy.

2 Long-term IFN is recommended to patients in whom

ribavirin is not indicated or who have failed to respond to

[EN/ribavirin; self-injection at home is approved for IFN-o.

(not for Peg-IFN).

Patients who are not indicated to IFN or have failed to

improve ALT and AFP levels, in response to IFN, receive

liver supportive therapy (SNMC, UDCA) and phlebotomy,
either alone or in combination.

4 For preventing aggravation of liver disease (and
development of HCG), ALT levels need to be controlled
within 1.5 x ULN in patients in stage 1 fibrosis (F1), and
as far as possible, 30 IU/L or lower in those in fibrosis
stages 2~-3 (F2/F3).

5 In treatment combined with ribavirin, dose and mode
need to be selected, taking into consideration factors
contributing to the response, such as age, sex, progression
of liver disease, mutations in the HCV genome {amino acid
substitutions in the core protein [aa70/aa91] and ISDR)
and HCV RNA titers determined by the real-time PCR.

[¥3]

AFP, o-fetoprotein; ALT, alanine aminotransferase; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; ISDR,
interferon sensitivity determining region; PCR, polymerase chain
reaction; Peg-IEN, pegylated interferon; SNMC, stronger
neo-minophagen C; UDCA, ursodeoxycholic acid; ULN, upper
limit of normal.

SUPPLEMENTS TO GUIDELINES FOR THE
TREATMENT OF CHRONIC HEPATITIS C

OR THE FISCAL year 2008, the following iterns were
supplemented to the treatment of chronic hepatitis

C (Table 3).

1 The treatment of patients infected with HCV-1 in
HVL with Peg-IEN/ribavirin for 72 weeks is modified
by the early virological response (EVR) within
12 weeks after the start. Patients who have remained
positive for HCV RNA detectable by the real-time
polymerase chain reaction at 12 weeks after the start
of treatment, but who turn negative for HCV RNA
till 13-36 weeks on treatment.!?

2 Patients with HCV-1 in HVL who fail to clear
HCV RNA detectable by real-time PCR but in whom

© 2010 The Japan Society of Hepatology
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ALT levels normalize are continued on Peg-IFN/
ribavirin until 48 weeks, so that normalized ALT
levels endure longer afier the completion of
therapy.’

3 Patients who are not indicated to Peg-IFN/ribavirin,
or who have failed to respond to previous treat-
ments, receive long-term IFN monotherapy. During
the first 2 weeks, IEN in the conventional dose is
given daily or three times a week. Patients who do
not clear HCV RNA during the maximal treatment
period of 8 weeks receive half the conventional dose
of TFN indefinitely.®

GUIDELINES FOR THE TREATMENT OF
PATIENTS WITH CHRONIC HEPATITIS C IN
NORMAL ALT LEVELS

S IN PREVIOUS guidelines, patients with chronic

hepatitis C having normal ALT levels are stratified
into four groups by ALT levels and platelet counts
(Table 4). Patients with chronic hepatitis C who have
normal ALT levels are reported to gain the sustained
virological response (SVR) to antiviral treatments com-
parably frequently as those having elevated ALT levels.
Taking this into consideration, patients with ALT
levels of 30IU/L or less and platelet counts of
150 x 10°/mm® or more are followed for ALT every

Table 3 Supplements to guidelines for chronic hepatitis C

1 Criteria for extending the duration of Peg-IFN/ribavirin (to
72 weeks) in patients infected with HCV-1b in HVL:
patients who have remained positive for HCV RNA
detectable by the real-time polymerase chain reaction at
12 weeks after the start of treatment, but who turn
negative for HCV RNA till 13-36 weeks on treatinent.'”

2 Patients with HCV-1b in HVL who fail to lose HCV RNA
detectable by real-time PCR, but in whom ALT levels
normalize by 36 weeks, Peg-IEN/ribavirin is given till
48 weeks for maintaining normalized ALT levels long after
the completion of treatment.

3 Long-term IFN monotherapy in patients who are not
indicated to Peg-IFN/ribavirin, or have failed to respond
to it: the usual dose of IEN daily or three times in week is
given for the first 2 weeks, and when HCV RNA does not
disappear within the maximal duration of 8 weeks,
long-term treatment with half the usual dose of IFN is
continued indefinitely.

ALT, alanine aminotransferase; HCV, hepatitis C virus; HVL, high
viral loads; PCR, polymerase chain reaction; Peg-IFN, pegylated
interferon.
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Table 4 Guidelines for the treatment of patients with normal ALT levels toward preventing the development of HCC

Platelets 2150 x 10*/mm’ <150 x 10°/mm®
ALT _
<30 IU/L e Follow for ALT every 2-4 months. ¢ Liver biopsy, if possible, and consider antiviral
e If ALT levels elevate, start antiviral treatments taking into treatrnents for patients in A2/F2.
consideration the possibility of SVR and risk for HCC. o Pollow for ALT every 2-4 months, and consider
antiviral treatinents when ALT levels elevate, for
patients without biopsy.
31-40 IU/L e Consider antiviral treatments for patients younger than e Start treatments for chronic hepatitis C.

65 years.

e Select treatments according to genotypes, viral
load, age of patients, etc.

ALT, alanine aminotransferase; HCC, hepatocellular carcinoma; SVR, sustained virological response.

2-4 months. If ALT levels increase in them, antiviral
treatments are considered based on the possibility of
resolving HCV infection and the risk for developing
HCC. In view of significant fibrosis-present in patients
with platelet counts of less than 150 X 10°/mm?®, they
are recommended to receive liver biopsy, if this is pos-
sible. Patients in fibrosis stage F2 or higher are evalu-
ated for the indication to antiviral treatments. Patients
with ALT levels between 31 and 40 IU/L are classified
by platelet counts. Antiviral treatments are considered
in those aged younger than 65 years who have platelet
counts of 150 x 10°/mm? or more, while guidelines for
patients with chronic hepatitis are applied to those
with platelet counts of less than 150 x 10°/mm >*°

GUIDELINES FOR THE TREATMENT OF
PATIENTS WITH CIRRHOSIS DUE TO HCV

ATIENTS WITH COMPENSATED cirrhosis who are

not infected with HCV-1 in HVL receive either
IFN-B or IFN-o {Table 5). Since the fiscal year 2008,
IFN-0, has been approved for the treatment of patients
infected with HCV-1 in HVL, with the aim of resolving
infection and normalizing ALT as well as AFP levels by
long-term therapy. Treatment duration was set at
1 year or longer, and because the longer the treatment
duration the higher the SVR rate, 36 weeks has been
recommended as the optimal treatment duration.
Because the normalization of ALT/AST is important,
even in patients who fail to clear HCV infection by
these therapeutic regimens, treatment is better con-
ducted for maintaining normal ALT/AST levels. Guide-
lines for maintaining liver function for preventing the
development of HCC include liver supportive therapy
with glycyrrhizin® and UDCA,® either alone or in
combination. For treatment toward suppressing the

development of HCC, branched chain amino acids
(BCAA)" or phlebotomy are adopted. Also, nutrient
supplements are applied for stabilizing liver function.

SUPPLEMENTS TO GUIDELINES FOR THE
TREATMENT OF CIRRHOSIS DUE TO HCV

HE FOLLOWING ITEMS have been appended to
supplement guidelines for the treatment of type C
cirrhosis {Table 6).

Table 5 Guidelines for treatment of type C cirrhosis

Principles
Compensated: termination of HCV infection
Decompensated: reversal to compensation and prevention
of HCC
Methods
(1) Eradication of HCV and normalization of ALT/AST
{for patients with compensated cirrhosis).
a} HCV-1b in HVL (25 log IU/mL)
IEN-o (Sumiferon)
b) Others
IFN-0. (Sumiferon)
[FN-B (Feron)
(2) Maintenance of liver function (improvement of ALT/
AST and albumin) for preventing HCC.
a) Liver supportive therapy
Stronger neo-minophagen C (SNMC),
ursodeoxycholic acid (UDCA), etc.
b) Branched chain amino acids (BCAA [Livact])
¢) Phlebotomy
(3) Supplementation with nutrients (for stabilizing liver
function in decompensated cirrhosis).

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HVL,
high viral loads; IEN, interferon.

© 2010 The Japan Society of Hepatology
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Table 6 Supplements to guidelines for type C cirrhosis

1 To start with, IFN for compensated cirrhosis is desired at
6 MIU daily for 2-8 weeks, as far as possible, and to
continue for 48 weeks or longer, as for chronic hepatitis C.

2 In patients with compensated cirrhosis who fail to clear
HCV RNA within 12 weeks on IEN, long-term therapy at
3 MIU should be considered for preventing HCC.

3 In patients with platelet counts <50 x 10°/mm?®,
splenectomy or embolization of splenic artery is
recommended before re-treatment, and after thorough
evaluation has been made on the response to IFN to be
expected.

4 For the prevention of HCC, not only IEN, but also liver
supporttive therapy (SNMC, UDCA, etc.), phlebotomy and
branched chain amino acids, either alone or in
combination, are recommended for improving ALT/AST
and AFP levels.

AFP, o-fetoprotein; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus; IFN, interferon; MIU, million international
units; SNMC, stronger neo-minophagen C; UDCA,
ursodeoxycholic acid.

1 For treatment of type C cirthosis with IFN, the initial
dose of 6 million international units (MIU) daily is
continued as long as possible (2-8 weeks). Thereaf-
ter, long-term IFN for 48 weeks or longer is desired as
in the treatment of chronic hepatitis C.

2 In the treatment of type C cirrhosis, patients who fail
to achieve EVR with the clearance of HCV RNA from
serummn within 12 weeks should receive long-term JFN
at a dose of 3 MIU.

3 Por patients with type C cirrhosis who have platelet
counts of less than 50 x 10°/mm? splenectomy or
embolization of the splenic artery is desirable before
commencing IFN therapy, after the efficacy of IFN has
been evaluated thoroughly.”

4 For preventing the development of HCC, improve-
ment in ALT, AST and AFP levels are aimed. Toward
this end, not only IFN, but also liver supportive
therapy (SNMC and UDCA), phlebotomy and BCAA
are used, either alone or in combination.

DISCUSSION AND CONCLUSION

HE STUDY GROUP for the Standardization of Treat-
ment of Viral Hepatitis Including Ciirhosis, orga-
nized by the Ministry of Health, Labor and Welfare of
Japan, has compiled a series of guidelines for the treat-
ment of liver disease due to HCV ranging from chronic
hepatitis to cirrhosis of various severities for the fiscal

© 2010 The Japan Society of Hepatology
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year 2008. The principal aim of these guidelines is to
decrease the incidence of HCC due to HCV infection in
japan. In accord with this principle, supplements have
been added to previous guidelines for the standardiza-
tion of treatment of chronic hepatitis C. They are
prepared on evidence-based data that have been accu-
mulated by members and cooperators of the study
group. It is necessary to improve these guidelines in the
next fiscal year and thereafter, in accordance with many
pieces of new evidence that are expected to emerge
through enduring efforts of members and cooperators
of the study group.

In the treatment of chronic hepatitis C, the duration of
antiviral treatments is extended to 72 weeks, which has

. been approved as of the fiscal year 2008, and criteria for

the eligibility of extended treatment duration are clearly
defined. Long-term antiviral treatments, extended up to
72 weeks, are hoped to increase the SVR even further. In
addition, comprehensive guidelines for the treatment of
cirrhosis have been improved with substantial additions,
and their criteria for the indication made explicit.

The Study Group for the Standardization of Treatment
of Viral Hepatitis Including Cirrhosis has drafted,
and also displayed online (www.jsh.or.jp/medical/
index.html [in Japanese]), guidelines for a spectrum of
liver diseases due to HCV, from chronic hepatitis to
cirthosis of various severities. In view of the eventual
goal of decreasing the incidence of HCC due to
HCV infection, supplementation and adjustment are
appended to previous guidelines, and new guidelines
have been constructed for the treatment of cirrhosis
due to HCV infection. As a general rule, antiviral
treatments constitute the main body of guidelines for
the treatment of chronic hepatitis C. Furthermore, the
fundamental concept of these guidelines would need
to be kept in mind always. It is our sincere hope that,
for the treatment of each patient, readers will base
their clinical practice on these guidelines, and refer to
appropriate individual guidelines, when they make a
decision on the treatment strategy, on a case-by-case
basis. With respect to guidelines for the treatment of
patients with cirthosis, above all, expected achievable
outcomes have to be taken into account in treatment
choice.

It is our sincere desire that treatment of patients with
chronic hepatitis and cirrhosis due to HCV will proceed
following these guidelines. Efforts along these lines will
rectify a wide gap in medical treatment served to the
nation and raise substantial and efficient interest in the
medical economy on the national basis. In practicing
treatment according to these guidelines, it will be nec-
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essary to evaluate their therapeutic efficacy, and revise or 7
add necessary supplements to them as required in the
future.
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SUMMARY. In hepatitis C virus (HCV) infection, the Th1-type
immune response is involved in liver injury. A predominance
of immunosuppressive regulatory T cells (Treg) is hypothe-
sized in patients with persistently normal alanine amino-
transferase (PNALT). Our aim was to clarify the role of Treg
in the pathogenesis of PNALT. Fifteen chronically HCV-
infected patients with PNALT, 21 with elevated ALT (CH)
and 19 healthy subjects (HS) were enrolled. We determined
naturally-occurring Treg (N-Treg) as CD4+CD25high+
-FOXP3+ T cells. The expression of FOXP3 and CTLA4 in
CD4+CD25high+ cells was quantified by real-time reverse
transcriptase-polymerase chain reaction. Bulk or CD25-
depleted CD4+ T cells cultured with HCV-NS5 loaded
dendritic cells were assayed for their proliferation and

cytokine release. We examined CD127-CD25-FOXP3+ cells
as distinct subsets other than CD25+ N-Treg. The frequen-
cies of N-Treg in patients were significantly higher than
those in HS, The FOXP3 and CTLA4 transcripts were higher
in PNALT than those in CH. The depletion of CD25+ cells
enhanced HCV-specific T cell responses, showing that
co-existing CD25+ cells are suppressive. Such inhibitory
capacity was more potent in PNALT. The frequency of
CD4+CD127-CD25-FOXP3+ cells was higher in CH than
those in PNALT. Treg are more abundant in HCV-infected
patients, and their suppressor ability is more potent in
patients with PNALT than in those with active hepatitis.
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INTRODUCTION

Hepatitis C virus (HCV) causes a wide range of chronic
liver diseases in infected hosts, including chronic hepatitis
(CH), liver cirrhosis and hepatocellular carcinoma (HCC).

Abbreviations: ALT, alanine aminotransferase; CH, chronic hepati-
tis; CTL, eytotoxic T lymphocyte; DC, dendritic cell; ELISA, enzyme-
linked immunosorbent assay; FACS, fluorescence-activated cell
sorting; FBS, fetal bovine serum; HBV, hepatitis B virus; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; HS, healthy sub-
jects; IEN, interferon; IL, interleukin; IU, international units; MoDC,
monocyte-derived dendritic cell; N-Treg, naturally occurring regu-
latory T cell; PNALT, persistently normal ALT: RT-PCR, reverse
transcriptase-polymerase chain reaction; SLE, systemic lupus ery-
thematosus; TGE, transforming growth factor; Treg, regulatory

T cell.
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One of the critical determinants promoting the develop-
ment of HCV-induced liver disease is sustained liver
inflammation, explaining the therapeutic rationale of
alleviating this condition to help prevent liver cancer [1].
Among chronically infected individuals, approximately
20-30% display persistently normal serum alanine ami-
notransferase levels {2,3]. Although it is reported that
40-50% of them progress to the active stage of liver
inflammation within 5 years of observation [4], the inci-
dence of HCC in the remaining patients continues to be
lower than in those with elevated serum ALT levels [5].
Cumulative studies have revealed that HCV is not directly
cytopathic to hepatocytes. It has been demonstrated that
a Thl-type or cytotoxic T lymphocyte (CTL) response
is critically in HCV-mediated liver injury
[6,7]. Therefore, it is conceivable that some suppressor
mechanisms exist against Thl-type immune responses in
patients with persistently normal ALT levels (PNALT),
which may be distinct from those in patients with active
liver inflammation,

involved
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Regulatory T cells (Treg) are a unique subset of T cells
with inhibitory capacity against auto-reactive T cells [8].
Substantial data have been reported about the involvement
of Treg in the pathogenesis of various diseases, including
autoimmune, cancer or infectious diseases [9-13].
Currently, the existence of several types of Treg has been
reported [14]. Naturally occurring Treg (N-Treg) are derived
from the thymic stromal environment from progenitor cells
and suppress auto-reactive T cells in antigen-specific and
antigen-nonspecific manner. Forkhead/winged helix tran-
scription factor (FOXP3) is one of the specific markers of
N-Treg, the expression of which is well correlated with the
gain of a suppressor function [15,16]. As cells with high
expression of CD25 also display FOXP3, it is generally
accepted that CD25+FOXP3+ is the most reliable marker for
Treg. In HCV infection, several reports have described a
higher frequency of N-Treg in the periphery and the liver
[17-20}, suggesting their active role in HCV persistence. It
has also been demonstrated that CD25+FOXP3+ regulatory
cells are inducible in the periphery [21]. Owing to the lack of
a specific phenotypic marker of these induced regulatory
cells, referred to as adaptive Treg, their role in the patho-
genesis of HCV infection has not been clearly understood. A
recent study has demonstrated that the expression of inter-
leukin (IL)-7 receptor (CD127) is downregulated in Treg to a
degree that is inversely correlated with FOXP3 expression
{22]. These findings offer the possibility that adaptive Treg
are traceable, not all but in part, by the combination of
CD127 and FOXP3 independent of CD25 expression.

In this study, our aim was to elucidate whether or not
Treg are involved in the pathogenesis of PNALT patients, by
comparing the frequency and function of these cell subsets
with those in active hepatitis patients or healthy subjects. A
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distinct equilibrium was found between N-Treg and CD127-
CD25-FOXP3+ T cells according to differences in liver
inflammation.

MATERIALS AND METHODS

Subjects

Among chronically HCV-infected patients who had been
followed at Osaka University Hospital, 15 patients with
PNALT levels and 21 patients with elevated or fluctuating
ALT levels (the CH group) were enrolled in this study. As
controls, 19 healthy subjects (HS) who were negative for
HCV and hepatitis B virus (HBV) markers were examined,
The study protocol was approved by the ethical committee of
Osaka University Graduate School of Medicine. At enrol-
ment, written informed consent was obtained from each
subject. In this study, PNALT patients were defined as those
whose ALT levels remained within the normal range
(<30 IU/mL) without any medications for more than 1 year.
At enrolment, the patients were confirmed to be positive for
both serum anti-HCV and HCV RNA, but were negative for
other viral infections, including HBV and human immuno-
deficiency virus. The presence of other causes of liver disease,
such as autoimmune, alcoholic and metabolic disorders was
excluded by the use of laboratory and imaging analyses.
Liver biopsy was carried out in some of the patients. Histo-
logical examination was performed according to the
METAVIR scoring system. In all patients, a combination of
repetitive biochemical tests, ultrasonography or computed
tomography scans ruled out the presence of cirrhosis and
liver tumours. The clinical background of the subjects are
shown in Table 1.

Table 1 Baseline clinical characteristics

of the patients Chronic Patients
hepatitis with Healthy
patients PNALT subjects®
n 21 15 19
Sex (M/F) 8/13 5/10 ND NS
Age 50.6 £ 11.6 47.8 £12.7 ND NS
ALT (IU/L) 88.3 1+ 414 209 £ 6.9 ND P < 0.00017
Plt (10%/uL) 135+ 54 200 £ 3.9 ND P<0.01t
HCV RNA 8.6 +11.3 9.7+78 ND NS
(Meq/mL)

*The background data of healthy subjects (blood donors) were not accessible
owing to the confidentiality regulations of the blood centre, but their serum
ALT levels were confirmed to be within the normal range. TStatistical significance
was analysed by Mann—~Whitney U test between chronic hepatitis patients and
patients with PNALT. The values are expressed as mean + SD. PNALT, persis-
tently normal alanine aminotransferase level; ND, not determined; NS, not
significant; plt, platelet count.
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Frequency analyses of Treg cells

For the numerical analyses of Treg cells, heparinized
venous blood was obtained from all subjects. Peripheral
blood mononuclear cells were collected by density-gradient
centrifugation on a Picoll-Hypaque cushion. The cells
were subsequently stained with a combination of various
fluorescence-labelled anti-human mouse monoclonal anti-
bodies for phenotypic markers. The antibodies for CD25
(clone B1.49.9) and CD4 (clone 13B8.2) were purchased
from Beckman Coulter (Fullerton, CA, USA), that for
CD127 (clone 40131) from R&D Systems (Minneapolis,
MN, USA) and that for FOXP3-PE (clone PCH101) from
eBioscience (San Diego, CA, USA), respectively. The cells
were stained in phosphate-buffered saline containing 1%
fetal bovine serum (FBS) with various antibodies or
isotype controls for 15 min at room temperature. Intra-
cellular staining of FOXP3 was performed using a human
FOXP3 staining kit (eBioscience) according to the
manufacturer’s instructions. The cells were analysed
by FACSCalibur (BD Biosciences, San Jose, CA, USA) and
CellQuest software,

Functional analysis of CD4+CD25+ T cells in
HCV-specific CD4+ T cell response

We first examined the HCV-specific CD4+ T cell response in
the presence or absence of CD4+CD25+ T cells. Monocyte-
derived dendritic cells (MoDC) were generated from CD14+
cells as reported previously. In brief, CD14+ cells were
cultured in Iscove’s modified Dulbecco’s medium (Gibco
Laboratories, Grand Island, NY, USA) supplemented with
10% FBS, 50 IU/mL of penicillin, 50 mg/mL of streptomy-
cin, 2 mM of t-glutamine, 10 mu of Hepes buffer, 10 mm of
nonessential amino acids in the presence of 50 ng/mlL
of granulocyte/macrophage colony-stimulating factor
(PeproTech, Rocky Hill, NJ, USA) and 10 ng/mL of IL-4
(PeproTech) for 7 days at 37 °C and 5% CO,. On day 6 of
the culture, MoDC were pulsed with 10 pg/mL of
recombinant HCV NS5 (amino acid position: NS5B 1-544;
kindly provided by Japan Tobacco, Inc., Tokyo, Japan) and
cultured for 24 h. The antigen-pulsed MoDC were then
cultured with autologous bulk CD4+ T cells or CD4+CD25-
T cells in 96-well flat-bottom plates (Corning, NY, USA)
for 5 days. Enrichment of CD4+ T cells or CD4+CD25-
T cells was performed using a CD4+CD25+ Regulatory
T cell Isolation kit (Miltenyi Biotec, Auburn, CA, USA)
according to the manufacturer’s instructions. On day 6
of the co-culture, the cells were pulsed with 1 uCi of [3H]-
thymidine during the last 16 h of incubation. The super-
natants were collected before pulsing with [3H]-thymidine
and subjected to cytokine enzyme-linked immunosorbent
assay (ELISA). The incorporation of [3H]-thymidine in
CD4+ T cells was measured using a f-counter (Wallac-
Perkin-Elmer, Wallac, Finland).

Enzyme-linked immunosorbent assay

The concentrations of IL.-10, TGF-1 and interferon (JFN)-
y in the culture supernatants were determined by ELISA.
We used matched pairs of relevant monoclonal antibodies
(Endogen, Woburn, MA, USA) for IL-10 and IFN-y, and
the DuoSet ELISA development system (R&D Systems) for
TGF-f1, according to the manufacturer’s instructions. The
detection thresholds of IL-10, TGF-$1 and IFN-y were 10,
10 and 16 pg/ml, respectively.

Real time reverse transcriptase-polymerase chain reaction
(RT-PCR)

In order to analyse the expression of FOXP3 and CTLA-4 in
N-Treg, we collected CD4+CD25high T cells by using
FACSAria. The purity of the isolated cells was more than 95%
as determined by FACS. Total RNA was extracted from sorted
CD4+CD25high T cells using the RNeasy Mini Kit (Qiagen,
Valencia, CA, USA) according to the manufacturer’s
instructions. Complementary DNA was synthesized using the
SuperScript HI First-Strand synthesis system (Invitrogen,
Carlsbad, CA, USA). Assays-on-demand primers and probes
(PE Applied Biosystems, Foster City, CA, USA) were used to
quantify FOXP3 and CTLA4 expression. The mRNA levels
were evaluated using ABI PRISM 7900 Sequence Detection
System (Applied Biosystems). The thermal cycling conditions
for all genes were as follows: the reaction was started with a
10-min denaturing cycle at 95 °C, followed by 40 cycles of
PCR performed with 15 s of denaturing at 95 °C, then
1 minute at 60 °C for annealing and extension. We identified
a calibrator sample from the healthy volunteers. The
expressions of molecules were given as the relative values to
the calibrator samples. To standardize the amount of total
RNA added to each reaction mixture, we quantified $-actin
mRNA from each sample as a control of internal RNA and
corrected all values with this. :

Statistical analysis

Statistical analyses were performed using StatView 5.0
software (SAS Institute Inc., Cary, NC, USA). Mann—
Whitney U-test was used to compare differences in unpaired
samples. For all analyses, a P-value of less than 0.05 was
considered to be statistically significant.

RESULTS

Peripheral N-Treg are increased in HCV-infected patients

We compared the frequency of Treg between HCV-infected
patients and healthy donors. In HCV-positive individuals, they
were further categorized into PNALT and CH groups accord-
ing to the difference in their serum ALT levels, The clinical
backgrounds of these groups were not different except for
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serum ALT levels and platelet counts {Table 1), N-Treg were
defined as the cells with CD4+CD25high+FOXP3+ cells. As
the cut-off value between CD25high+ and CD2Sintermedi-
ate+ cells is a critical determinant for Treg analyses, we
defined CD4+CD25high+ as the cells with CD25 levels higher
than those of CD4-CD25+ cells (Fig. 1a). We first compared
the frequency of CD4+FOXP3+ T cells. The frequency of
FOXP3+ cells in the CD4+ T cell population in HCV-infected
patients was significantly higher than those in the HS
(Fig. 1b). However, no difference was observed in FOXP3+
cells between the PNALT and CH patients (Fig. 1b). The fre-
quency of CD4+CD25high+FOXP3+ T cells in CH or PNALT
patients were significantly higher than those in HS, whereas
those in HCV-positive patients did not differ regardless of their
ALT levels (Fig. 1c¢). Similar results were obtained for the
frequency of CD4+CD25-FOXP3+ T cells (Fig. 1d).

Next, we examined whether or not the frequency of
N-Treg is correlated with clinical parameters. Among all
HCV-infected patients, no correlation was observed
between the frequency of N-Treg (CD4+CD25high+
FOXP3+ T cells) and serum ALT, HCV RNA levels, age or
platelet counts (data not shown). In the analyses of
patients who had undergone liver biopsy, the frequency of
N-Treg was not correlated with METAVIR grade/stage
scores (data not shown).
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The expressions of FOXP3 and CTLA4 are higher in
N-Treg from PNALT patients compared with those from
the CH group

FOXP3 is the master gene of Treg in the development and
gaining of suppressor functions. Alternatively, CTLA4 is one
of the key molecules of Treg in exerting inhibitory function.
We thus evaluated FOXP3 and CTLA4 mRNA expression in
sorted N-Treg (CD4+CD25high+ T cells) by means of real-
time RT-PCR. The expression of FOXP3 in PNALT or CH
patients was significantly higher than those in HS (Fig. 2a).
Of note is the higher expression of FOXP3 in N-Treg from the
PNALT group than in those from the CH group (Fig. 2a). In
contrast, the expression of CTLA4 in N-Treg from the PNALT
was higher than those in the CH, while it did not differ
between the CH and HS groups (Fig. 2b).

CD4+CD25+ T cells from PNALT patients have more
suppressive capacity in the HCV-specific CD4+ T cell
response than those from CH patients

In order to compare the ability of N-Treg to inhibit the
antigen-specific CD4+ T cell response, we used autologous
MoDC pulsed with HCV proteins as antigen-presenting cells.
We examined CD4+ T cell proliferation or cytokine
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Fig. 1 Comparison of frequencies of naturally-occurring regulatory T cells (N-Treg) and FOXP3-positive cells among the
groups. (a) Gating of CD4+CD25high+ T cells under FACS analysis. The cut-off value of CD25high expréssion is set at a level
that is more than that of CD4-CD25+ cells (dotted line); CD4+CD25high+ T cells are shown in the rectangle drawn in the
representative dot plot. (b) Frequencies of FOXP3+ cells, (c) N-Treg (CD25high+FOXP3+ cells) and (d) CD25-FOXP3+ cells in
CD4+ T cells were compared among the groups. Boxes represent lower and upper quartiles with the median value (solid line)
between boxes, while the whiskers represent the minimum and maximum values. *, P < 0.05; , P < 0.0001 by Mann—
Whitney U-test. Abbreviations: PNALT, hepatitis C virus (HCV)-infected patients with persistently normal alanine amino-
transferase (ALT) levels; CH, HCV-infected patients with elevated ALT levels: HS, healthy subjects.
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