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TABLE II. Routes of Infection, Liver Histology, and Treatment Outcomes of the
Seven Patients in Whom Infection With HBV Genotype A Persisted

Sexual Liver HBeAg HBsAg
Case no. Age/sex contacts®  histology®  Treatment lost lost
1 54/M None F1/A2 Lam Yes Yes
2 43/M Hetero F2/A1 IFN Yes No
3 46/M None F4/A2 IFN Yes No
4 21/M Homo Fi/A1 IFN/Lam No No
5 24/M Homo F1/A2 Lam No No
6 28/M Homo F1/A1 IFN/Lam No No
7 21/M Homo F1/A1 None No No

sExtramarital sexual contacts in which infection with HBV genotype A was implicated.
bPathology of the liver in the first biopsy; F, fibrosis stage; A, activity grade.
“Treatment received after admission to the Department of Gastroenterology in Toranomon Hospital; IFN,

interferon; Lam, lamivudine.

lamivudine 8 months after the admission to our hospital.
He lost both HBeAg and HBsAg, respectively, within
83 and 90 days on lamivudine; it was withdrawn at the
disappearance of serum HBsAg. ALT levels normalized
after the loss of HBeAg and HBsAg from serum.

Cases 2 and 3 did not receive treatment during 4 and
2 years, respectively, after they visited the hospital.
They both responded to IFN 3 MU three times in week
and lost HBeAg from serum, along with the disap-
pearance of HBV DNA and normalization of ALT levels.

They did not, however, clear HBsAg from serum. Cases
1-3 had received oral (Glycyron) or intravenous
(SNMC) glycyrrhizin with or without ulsodeoxicholic
acid (UDCA) while they were admitted to other institu-
tions before referral to the Toranomon Hospital.
Clinical courses of the three patients who did not
respond to antiviral therapies (Cases 4-6) are illu-
strated in Figure 2, along with that of a single patient
who did not receive treatment (Case 7). Case 6 had
received intravenous glycyrrhizin (SNMC) before his

Gy yro Case 1: 54 years old, Male
(100 mg/day) IFN 6 MU (daily 8 W; 2 tiw, 1 M)
HBeAg (—)
1,600 +>8.7
1,200 e L 70
800 sAg cleared L 6o 3
20 =
400 o \‘\l L E
0 U = i e - <3.7 AEJ
2001.12 2002.6 2002.12 2003.6 <
— Case 2: 43 years old, Male qg)-
P - U
=) [ PN s 2tiw, 1Y £
=2 MU (21w, 1Y) E
5 5
» 1,600 F>87 o
; S e
11,200 L
! 7.0 <Zi
800 a o S
- 5.
m
400 ‘ r T
0 T T T T T T = < 3.7
1991.6  1992.6 1994.6 1995.6 1996.6 19976  1998.6
Case 3: 46 years old, Male
@tiw, 1Y) IFN 8 MU |
> >8.7
1,600 F
: - 7.0
1,200 I
800 - - 50
k L
400 . L <37

o
1990.3  '1999.12 2000.6 2000.12

Before Admission to Toranomon Hospital

2001.6

2001.12 2002.6 2002.12

Fig. 1. Clinical courses of the three patients infected with HBV genotype A who responded to antiviral
treatment with the loss of HBeAg. Courses and treatment they received before admission to
Gastroenterology Department in Tornomon Hospital are shown in shaded areas on the left. The patient
in Cases 1 lost HBsAg after treatment with lamivudine at time points indicated by arrows. IFN, interferon;

SNMC, Stronger Neo-Minophagen C.
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Fig. 2. Clinical courses of the four patients in whom HBeAg persisted after contracting infection with
HBYV genotype A despite antiviral treatment. The patient in Case 9 did not receive treatment after the
admission. Courses and treatment they received before admission to Gastroenterology Department in
Tornomon Hospital are shown in shaded areas on the left. IFN, interferon; SNMC, Stronger Neo-

Minophagen C.

transfer to the Toranomon Hospital. Cases 4 and 6 did
not respond to IFN or lamivudine that was commenced
immediately after IFN or at an interval; lamivudine has
been continued on them indefinitely. Case 5 was started
on lamivudine soon after he was admitted to hospital
and had been maintained on it for 1 year; he never
responded to lamivudine. Variants with mutations
in the YMDD motif of DNA polymerase/reverse-
transcriptase developed in Case 4 while he was receiving
lamivudine accompanied by a rise in ALT levels.
Although serum ALT returned to normal sponta-
neously (<50 IU/L) and then elevated only moderately in
Case 7, high levels of HBV DNA (>8.7 LGE/m]) persisted
through more than 1 year. Antiviral treatment was
withheld because of the absence of active hepatitis.

DISCUSSION

There are marked geographical differences in the
distribution of HBV genotypes [Magnius and Norder,
1995; Lindh et al., 1997; Miyakawa and Mizokami,
2003]. Of them, genotype A is not indigenous in Japan
where genotypes B and C prevail and account for by far
the majority of acute as well as chronic HBV infections
[Orito et al., 2001; Kobayashi et al., 2002]. Some
characteristics of HBV genotype A infection are increas-
ingly coming to the fore in Japan and have aroused
concerns in hepatologists at hospitals in urban areas
with cosmopolitan populations. Ogawa et al. [2002]
found that 14 of the 25 (56%) patients with acute
hepatitis B in a downtown Tokyo (Shinjuku) were
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infected with HBV genotype A. Moreover, the frequency
of acute hepatitis induced by HBV genotype A in our
hospital is higher after than before 1991 (2/22 [9%] vs.
26/46 [57%], P < 0.0001) [Kobayashi et al., 2004].
The present study sums up our experiences on acute
infection with HBV genotype A at the Department of
Gastroenterology in Toranomon Hospital situated in the
Metropolitan Tokyo during the past 28 years, to sup-
plement our previous reports with additional findings
and new insights [Kobayashi et al., 2002, 2003, 2004].

First, infection with HBV genotype A spreads princi-
pally by extramarital sexual contact in the adulthood in
Japan [Kobayashi et al., 2002; Ogawa et al., 2002].
All the 31 patients of acute hepatitis B infected with
HBV genotype A in the present series were men, and
16 (52%) of them confided having had extramarital
heterosexual or homosexual contacts. Only one mother
of 32 patients with acute or chronic infection with HBV
genotype A possessed HBV DNA in serum; her genotype
was B [Kobayashi et al., 2003], thereby excluding
perinatal transmission of genotype A. In a molecular
epidemiological survey of HBV in Amsterdam, a cluster
of genotype A related in men having sex with men has
been recognized [van Steenbergen et al., 2002].

Secondly, acute infection with HBV genotype A
tends to persist. Of the 31 patients with acute geno-
type A infection, seven (23%) failed to clear it within
6 months, in comparison with one of the nine (11%)
with acute genotype B or three of the 42 (7%) with
acute genotype C infection. In our previous report
[Kobayashi et al., 2002], infection persisted in all three
patients infected with genotype A, in contrasted to the
clearance of HBsAg in all four with genotype B (one) or
C (three).

Low maximum ATL levels (<500 IU/L [83%] vs.
>500 1U/L [4%], P=0.0001) and the high baseline
HBV DNA levels (median: >8.7 vs. 6.0 LGE/ml, P=0.004)
were predictive of the perpetuation of acute HBV
genotype A infection. Hence, compromised immune
responses toward lower inflammation activity in the
liver and higher viral replication may have a role in
evolving HBV genotype A infection. Four of the seven
(57%) patients who progressed to chronic were homo-
sexuals. It is tempting to speculate that derangement
in cytotocxic T cell response contributed to the failure
in clearing acute HBV infection toward persistence
[Handzel et al., 1984]. Immunomodulatory treatments
to cope with severe acute hepatitis, given to five of the
seven (71%) patients before referral to hospital (Figs. 1
and 2), may have promoted the persistence of infection
with HBV genotype A. We have reported that acute
prolonged HBV infection occurs more often in patients
with than without immunomodulatory treatments
during acute illness, regardless of genotypes (86% [6/7]
vs. 2.4% [1/42], P=0.01).

Thirdly, HBV genotype A infection persisting in
patients with acute hepatitis B is not cleared often by
antiviral therapy. HBV genotype A infection was termi-
nated in only one of the six (17%) patients who received
antiviral treatment. He was one of the three patients

Suzuki et al.

who seroconverted with the loss of HBeAg; interferon
(IFN) and lamivudine was given to him early in the
course of infection (Cases 11in Fig. 1). Since most (~95%)
patients with acute adulthood hepatitis B resolve infec-
tion in Japan, antiviral treatment is rarely used for
them. As far as acute infection with HBV genotype A is
concerned, however, therapeutic intervention needs to
be considered in view of the frequent chronic outcomes.
Since many (76% [24/31]) patients even with HBV geno-
type A can clear infection spontaneously, the timing of
starting antiviral therapy would have to be contem-
plated. The single patient who cleared HBsAg was
started on IFN and then lamivudine within 3 months
after he was referred to our hospital. It is not certain
whether he could have cleared HBV infection, should he
never be placed on lamivudine early. HBsAg was not
cleared, however, in the remaining two patients with
HBeAg seroconversion in whom IFN was started 4 and
2 years, respectively, after they came to our care (Fig. 1).

Early antiviral treatment deserves consideration in
patients who are infected with HBV genotype A,
especially because of its propensity to become chronic.
It is not certain how long patients should receive
lamivudine after HBV DNA has disappeared from the
circulation. Inasmuch as cccDNA continues to be present
in the liver [Brechot et al., 1980; Yotsuyanagi et al,,
1998], even after HBsAg is cleared from serum, a
therapeutic option would be to continue lamivudine
until anti-HBs is detected in serum as in Case 1. In view
of the poor immune responses with low ALT levels,
which might be inherent to HBV genotype A infection
among homosexual, such a special care would have to be
taken for its treatment.

There are two genetic subgroups of genotype A
designated Ae which is common in Europe (the original
genotype A) and Aa which is frequent in Africa as well as
Asia [Sugauchi et al, 2003]; Aa is equivalent to
subgroup A’ described by Bowyer et al. [1997]. It strikes
as a surprise that of the 68 patients who were infected
acutely or chronically with HBV genotype A and ad-
mitted to the Toranomon Hospital, 54 (79%) possessed
HBYV of subgroup Ae (European type); HBV of subgroup
Aa (African/Asian type) was found in only four (6%)
[Kobayashi et al., 2004]; they all were infected persis-
tently. Since subgroup Ae was not found in any patients
with acute hepatitis B in our series, it remains unclear
whether or not the outcome of primary infection with
HBV genotype A would be influenced by subgroup Aa
and Ae.

Although acute HBV infection of genotype A tends to
persist in comparison with those of the other genotypes,
only a minority (7/31 [23%]) develops chronic infection.
An efficient therapeutic strategy has to be found,
however, since the infection with HBV genotype A
was terminated in only one of the six (17%) patients
who were treated. Recently, adefovir dipivoxil was
found to be effective for the treatment of chronic
hepatitis B [Marcellin et al., 2003], and it may offer a
reasonable option for resolving persistent HBV genotype
A infection.

— 283 —



Acute Infection With HBV Genotype A in Japan

REFERENCES

Arauz-Ruiz P, Norder H, Robertson BH, Magnius LO. 2002. Genotype
H: A new Amerindian genotype of hepatitis B virus revealed in
Central America. J Gen Virol 83:2059-2073.

Botha JF, Ritchie MdJ, Dusheiko GM, Mouton HW, Kew MC. 1984.
Hepatitis B virus carrier state in black children in Ovamboland:
Role of perinatal and horizontal infection. Lancet 1:1210-1212.

Bowyer SM, van Staden L, Kew MC, Sim JG. 1997. A unique segment of
the hepatitis B virus group A genotype identified in isolates from
South Africa. J Gen Virol 78:1719-1729.

Brechot C, Pourcel C, Louise A, Rain B, Tiollais P. 1980. Presence of
integrated hepatitis B virus DNA sequences in cellular DNA of
human hepatocellular carcinoma. Nature 286:533—-535.

Chu CJ, Lok AS. 2002. Clinical significance of hepatitis B virus
genotypes. Hepatology 35:1274-1276.

Handzel ZT, Galili-Weisstub E, Burstein R, Berner Y, Pecht M, Netzer
L, Trainin N, Barzilai N, Levin S, Bentwich Z. 1984. Immune
derangements in asymptomatic male homosexuals in Israel: A pre-
AIDS condition? Ann NY Acad Sci 437:549-553.

Heijtink RA, Paulij W, van Roosmalen M, Hellings JA, Niesters HG,
Schalm SW, Osterhaus AD. 1999. Characteristics of the early phase
of chronicity in acute hepatitis B infection. J Med Virol 57:331-336.

Kao JH. 2002. Hepatitis B viral genotypes: Clinical relevance and
molecular characteristics. J Gastroenterol Hepatol 17:643—650.

Kato H, Orito E, Sugauchi F, Ueda R, Gish RG, Usuda S, Miyakawa Y,
Mizokami M. 2001. Determination of hepatitis B virus genotype G
by polymerase chain reaction with hemi-nested primers. J Virol
Methods 98:153—-159.

Kobayashi M, Arase Y, Ikeda K, Tsubota A, Suzuki Y, Saitoh S, Suzuki
F, Akuta N, Someya T, Matsuda M, Sato J, Takagi K, Miyakawa Y,
Kumada H. 2002. Viral genotypes and response to interferon in
patients with acute prolonged hepatitis B virus infection of
adulthood in Japan. J Med Virol 68:522—-528.

Kobayashi M, Arase Y, Ikeda K, Tsubota A, Suzuki Y, Hosaka T, Saitoh
S, Suzuki F, Akuta N, Someya T, Matsuda M, Sato J, Kumada H.
2008. Clinical features of hepatitis B virus genotype A in Japanese
patients. J Gastroenterol 38:656--662.

Kobayashi M, Suzuki F, Arase Y, Akuta N, Suzuki Y, Hosaka T, Saitoh
S, Kobayashi M, Tsubota A, Someya T, Ikeda K, Matsuda M, Sato d,
Kumada H. 2004. Analysis of hepatitis B virus genotype A infection
in Japan. J Gastroenterol 39:844-850.

Lee WM. 1997. Hepatitis B virus infection. N Engl J Med 337:1733—
1745.

Lindh M, Andersson AS, Gusdal A. 1997. Genotypes, nt 1858 variants,
and geographicorigin of hepatitis B virus-large-scale analysis using
a new genotyping method. J Infect Dis 175:1285-1293.

Lindh M, Horal P, Norkrans G. 2000. Acute hepatitis B in Western
Sweden—genotypes and transmission routes. Infection 28:161-163.

Magnius LO, Norder H. 1995. Subtypes, genotypes and molecular
epidemiology of the hepatitis B virus as reflected by sequence
variability of the S-gene. Intervirology 38:24—34.

Marcellin P, Chang TT, Lim SG, Tong MJ, Sievert W, Shiffman ML,
Jeffers L, Goodman Z, Wulfsohn MS, Xiong S, Fry J, Brosgart CL.
2003. Adefovir dipivoxil for the treatment of hepatitis B e antigen-
positive chronic hepatitis B. N Engl J Med 348:808-8186.

Miyakawa Y, Mizokami M. 2003. Classifying hepatitis B virus
genotypes. Intervirology 46:329-338.

39

Norder H, Hammas B, Lofdahl S, Courouce AM, Magnius LO. 1992.
Comparison of the amino acid sequences of nine different serotypes
of hepatitis B surface antigen and genomic classification of
the corresponding hepatitis B virus strains. J Gen Virol 73:1201—
1208.

Noto H, Terao T, Ryou S, Hirose Y, Yoshida T, Ookubo H, Mito H,
Yoshizawa H. 2003. Combined passive and active immunoprophy-
laxis for preventing perinatal transmission of the hepatitis B virus
carrier state in Shizuoka, Japan during 1980-1994. J Gastro-
enterol Hepatol 18:943-949,

Ogawa M, Hasegawa K, Naritomi T, Torii N, Hayashi N. 2002. Clinical
features and viral sequences of various genotypes of hepatitis B

virus compared among patients with acute hepatitis B. Hepatol Res
23:167-1717.

Okada K, Kamiyama I, Inomata M, Imai M, Miyakawa Y. 1976.
e antigen and anti-e in the serum of asymptomatic carrier mothers
as indicators of positive and negative transmission of hepatitis B
virus to their infants. N Engl J Med 294:746—749.

Okamoto H, Tsuda F, Sakugawa H, Sastrosoewignjo RI, Imai M,
Miyakawa Y, Mayumi M. 1988. Typing hepatitis B virus by
homology in nucleotide sequence: Comparison of surface antigen
subtypes. J Gen Virol 69:2575—2583.

Orito E, Ichida T, Sakugawa H, Sata M, Horiike N, Hino K, Okita K,
Okanoue T, Iino S, Tanaka E, Suzuki K, Watanabe H, Hige S,
Mizokami M. 2001. Geographic distribution of hepatitis B virus
(HBV) genotype in patients with chronic HBV infection in Japan.
Hepatology 34:590—594.

Stuyver L, De Gendt 8, Van Geyt C, Zoulim F, Fried M, Schinazi RF,
Rossau R. 2000. A new genotype of hepatitis B virus: Complete
genome and phylogenetic relatedness. J Gen Virol 81:67—74.

Sugauchi F, Orito E, Ichida T, Kato H, Sakugawa H, Kakumu S,
Ishida T, Chutaputti A, Lai CL, Gish RG, Ueda R, Miyakawa Y,
Mizokami M. 2003. Epidemiologic and virologic characteristics of
hepatitis B virus genotype B having the recombination with
genotype C. Gastroenterology 124:925-932.

Sugauchi F, Kumada H, Acharya SA, Shrestha SM, Gamutan MT,
Khan M, Gish RG, Tanaka Y, Kato T, Orito E, Ueda R, Miyakawa Y,
Mizokami M. 2004. Epidemiological and sequence differences
between two subtypes (Ae and Aa) of hepatitis B virus genotype
A. J Gen Virol 85:811-820.

Usuda S, Okamoto H, Iwanari H, Baba K, Tsuda F, Miyakawa Y,
Mayumi M. 1999. Serological detection of hepatitis B virus
genotypes by ELISA with monoclonal antibodies to type-
specific epitopes in the preS2-region product. J Virol Methods
80:97-112,

Usuda 8, Okamoto H, Tanaka T, Kidd-Ljunggren K, Holland PV,
Miyakawa Y, Mayumi M. 2000. Differentiation of hepatitis B virus
genotypes D and E by ELISA using monoclonal antibodies to
epitopes on the preS2-region product. J Virol Methods 87:81—89.

van Steenbergen JE, Niesters HG, Op de Coul EL, van Doornum GdJ. s
Osterhaus AD, Leentvaar-Kuijpers A, Coutinho RA, van den Hoek
JA. 2002. Molecular epidemiology of hepatitis B virus in Amster-
dam 1992-1997. J Med Virol 66:159-165.

Yao GB. 1996. Importance of perinatal versus horizontal transmission
of hepatitis B virus infection in China. Gut 38:539-S42.

Yotsuyanagi H, Yasuda K, lino S, Moriya K, Shintani Y, Fujie H,
Tsutsumi T, Kimura S, Koike K. 1998. Persistent viremia
after recovery from self-limited acute hepatitis B. Hepatology
27:1377-1382.

— 284 —



Journal of Medical Virology 78:60-67 (2006)

Virological Outcomes in Patients
Infected Chronically With Hepatitis B Virus
Genotype A in Comparison With Genotypes B and C

Mariko Kobayashi,' Norio Akuta,? Fumitaka Suzuki,? Yoshiyuki Suzuki,” Yasuji Arase,”
Kenji Ikeda,” Tetsuya Hosaka,? Satoshi Saitoh, Masahiro Kobayashi,”* Takashi Someya,”
Junko Sato,! Sachiyo Watabiki,' Yuzo Miyakawa,? and Hiromitsu Kumada®

!Research Institute for Hepatology, Toranomon Hospital, Tokyo, Japan

2Department of Gastroenterology, Toranomon Hospital, Tokyo, Japan
SMiyakawa Memorial Research Foundation, Tokyo, Japan

In a single hospital in Tokyo, the 87 patients
infected persistently with hepatitis B virus (HBV)
genotype A, the 413 with B, and the 3,389 with C
were compared for virological outcome. Hepatitis
B surface antigen (HBsAg) was cleared from the
serumin 12% (3/26), 2% (2/112), and 3% {23/826) of
patients with genotypes A, B, and C, respectively,
at 5 years of follow-up (P=0.0395). Hepatitis B
e antigen (HBeAg) was cleared from serum more
frequently in patients with genotype B than those
with A or C (78% [32/411 vs. 58% [11/19] or 45%
[251/562], P=0.00001) at 5 years. Of the 45
individuals infected with genotype A and followed
for 3 years or longer, HBeAg was more frequent
(16% [3/19] vs. 73% [19/26], P=0.0002) and levels
of HBV DNA higher {(median <2.6 [range: <2.6-
5.6] vs. >7.6[<2.6->7.6]log copies/ml, P=0.001)
in the 26 patients with biopsy-proven chronic
hepatitis than the 19 asymptomatic carriers.
Among the 26 hepatitis patients infected with
HBV genotype A, decreases in HBY DNAwere less
frequent {20% [1/5] vs. 93% [13/14] or 86% [6/7],
P=0.0095) and increases in serum levels of
hyaluronic acid >10 ng/ml commoner (80% [4/5]
vs. 14% [2/14] or 14% [1/7], P=0.017) in the
patients who kept HBeAg than in those who
seroconverted or who remained HBeAg-negative.
In conclusion, patients persistently infected with
HBV genotype A fare better than those with
genotype B or C. However, high levels of HBV
DNA continue in those in whom HBeAg persists
along with fibrosis in the liver. J. Med. Virol.
78:60-67, 2006. © 2005 Wiley-Liss, Inc.

KEY WORDS: chronic hepatitis; cirrhosis;
hepatitis B e antigen; hepatitis
B surface antigen; hepatocel-
lular carcinoma; sexual trans-
mission
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INTRODUCTION

There are an estimated 350 million people in the world
who are persistently infected with hepatitis B virus
(HBV), some of whom develop a spectrum of chronic liver
disease ranging from chronic hepatitis through cirrhosis
to hepatocellular carcinoma [Lee, 1997]. New HBV in-
fections have been prevented by mass vaccination of
neonates [Tsen et al., 1991; Chen et al., 1996] and imm-
unopropylaxis of babies born to mothers carrying HBV
[Noto et al., 2003). However, there are individuals who
have been infected, and they need to be identified for
receiving treatment as required. Clinical outcomes and
the response to antiviral treatment are influenced by
many host factors, such as ethnicity, gender, and the age
at infection, as well as viral factors represented by HBV
genotypes.

HBV has a partially double-stranded DNA genome of
approximately 3,200 nucleotides (nt) [Tiollais et al,,
1981]. Eight HBV genotypes have been classified by a
sequence divergence in the entire genome exceeding
8% [Okamoto et al., 1988], and they are named by
capital Alphabet letters from A to H [Okamoto et al.,
1988; Norder et al., 1992; Stuyver et al., 2000; Arauz-
Ruiz et al., 2002]. Recently, HBV genotypes have attrac-
ted an increasing attention because they influence the
clinical outcome and treatment response in patients
with chronic liver disease [Tsubota et al., 2001; Kao,
2002; Miyakawa and Mizokami, 2003; Schaefer, 2005;
Yu et al., 2005]. Due to their uneven geographical
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distribution, however, only two HBV genotypes prevail
in most countries; the United States is the only
exception with seven (A-G) genotypes [Chu et al.,
2003; Westland et al., 2003]. Thus, genotypes A and D
are common in Europe and India, while genotypes B and
C are frequent in Asia [Magnius and Norder, 1995;
Miyakawa and Mizokami, 2003]. Therefore, comparison
has been restricted between patients infected with
genotypes A and D, as well as those with B and C
[Zhanget al., 1996; Mayerat et al., 1999; Kao et al., 2000;
Orito et al., 2001; Chu et al., 2002; Thakur et al., 2002].

During 31 years from 1973 to 2003, 4,121 patients
visited Toranomon Hospital in the Metropolitan Tokyo,
and HBV genotypes were determined in them. There
were 128 patients with genotype A, of whom 87 were
chronically infected with HBV at the presentation. They
were followed along with the 413 patients chronically
infected with genotype B and the 3,389 with genotype C
for seroclearance of hepatitis B surface antigen (HBsAg)
and hepatitis B e antigen (HBeAg). Furthermore, pa-
tients with genotype A were grouped by the presence or
absence of HBeAg at the presentation, as well as se-
roconversion during the follow-up, and they were com-
pared for virological and clinical outcomes.

MATERIALS AND METHODS
Patients Chronically Infected With HBV

During 31 years from April 1973 to December 2003,
genotypes of HBV DNA were determined in 4,121
patients with HBsAg in the Department of Gastroenter-
ology at Toranomon Hospital in the Metropolitan Tokyo.
Genotypes were A in 128 (3.11%) patients, B in 431
(10.46%), C in 3,434 (83.32%), D in 4 (0.97%), E in 1
(0.02%), and F in 3 (0.07%); they were not classifiable in
the remaining 120 (2.91%) patients.

Of the 128 patients infected with HBV genotype A, 41
(32%) presented with acute hepatitis B as diagnosed by
high-titered IgM antibody to hepatitis B core antigen.
The remaining 87 (68%) patients were chronically
infected with HBV genotype A when they visited our
hospital. Their diagnoses were asymptomatic carriers
with persistently normal ALT levels in 38 (44%) and
chronic hepatitis in 39 (45%). In addition, nine (10%)
patients presented with cirrhosis and one (1%) with
hepatocellular carcinoma. Chronic hepatitis was diag-
nosed by liver biopsies performed under laparoscopy,
and liver cirrhosis by liver biopsy and/or ultrasono-
graphic images plus laparocopic findings. Hepatocellu-
lar carcinoma was diagnosed by imaging modalities,
such as ultrasonography, computed tomography, and
magnetic resonance imaging, and by liver biopsy if
necessary.

The 87 patients infected chronically with HBV
genotype A had the median age of 34 years (range: 11—
67 years), included 72 (83%) men and were followed for
the median of 5.0 years (0.1-22 years). Only two (2%)
had a history of blood transfusion, and three (3%) were
co-infected with hepatitis C virus. They had the median

61

serum HBV DNA level at 4.2 log copies/ml, and HBeAg
was detected in sera from 32 (37%). Subgenotypes of A
[Bowyer et al., 1997; Sugauchi et al., 2004] were Aa
(Asian or African type) in 5 (6%) and Ae (European type)
in 65 (75%); they were not classifiable in the remaining
17 (19%).

Serological Markers of HBV Infection

HBsAg was determined by hemagglutination
(MyCell; Institute of Immunology Co., Ltd., Tokyo,
Japan) or enzyme-linked immunosorbent assay (ELISA)
(ELISA, F-HBsAg; Sysmex, Kobe, Japan), and HBeAg
by ELISA (ELISA, F-HBe; Sysmex). HBV DNA was
determined by quantitative polymerase chain reaction
(PCR) (Amplicor HBV Monitor Test; Roche Molecular
Systems, Ine., New Jersey) and the results were
expressed in log copies/ml within a detection range from
2.6t07.6.

Genotypes of HBV

The six major genotypes (A-F) were determined
serologically by ELISA (HBV GENOTYPE EIA; Insti-
tute of Immunology). The method utilizes the combina-
tion of epitopes on preS2-region products that is specific
for each genotype [Usudaet al., 1999, 2000]. Genotype G
was determined by preS2 serotype for genotype D and
HBsAg subtype adw, and H was recognized by serotype
for genotype C and subtype adw, respectively; these
combinations were specific for genotypes G and H,
respectively [Kato et al., 2001, 2004].

Subgenotypes of A designated Ae prevalent in Europe
and Aafrequent in Africa as well as Asia [Sugauchietal.,
2004] (corresponding to A’ originally reported by Bowyer
et al. [1997]), were determined by the nucleotide
sequence in the S gene [Sugauchi et al., 2004]. Briefly,
nucleic acids were extracted from serum and a sequence
of the large S gene was amplified by PCR with nested
primers. The first-round PCR was performed with BGF1
(sense, 5'-CTG TGG AAG GCT GGC ATT CT-3 [nt
2757-2776]) and BGR2 (antisense, 5-GGC AGG ATA
GCC GCATTG TG-3' [nt 1050—1079]) primers, and the
second-round PCR with PLF5Bm (sense, 5-TGT GGA
TCC TGC ACC GAA CAT GGA GAA-3' [nt 136-162])
and BR112 (antisense, 5-TTC CGT CGA CAT ATC CCA
TGA AGT TAA GGG A-3' [nt 865—895]) as well as BGF5
(sense, 5-TGC GGG TCACCATATTCT T'G-3'[nt 2811~
2830]) and BGR6 (antisense, 5'-AGA AGT CCA CCA
CGA GTC TA-3' [nt 249-268)) for 35 cycles each (94°C,
1 min [5 min in the first cycle]; 53°C, 2 min; and 72°C,
3 min [7 min in the last cycle]). Amplification products
were run on gel electrophoresis and stained with BIG
Dye (Applied Biosystems, California), purified by
Qiquick PC purification kit (Qiagen, Hilden, Germany)
and then sequenced in AGI Prism 310 Genetic Analyzer
(Applied Biosystems). The large S-gene sequences
were analyzed phylogenetically along with reference
Aa and Ae sequences by six-parameter and neighbor-
joining methods [Gojobori et al., 1982; Saitou and Nei,
1987].
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Determination of Hyaluronic Acid in Serum

Hyaluronic acid was determined by the agglutination
of microparticles coated with proteins that specifically
bind with it (Elpia-Ace HA, Fujirepio, Tokyo, Japan).

Statistical Analysis

Frequencies were compared between groups by the
Mann—Whitney U-test and Fisher’s exact test, and
means by the Wilcoxon signed rank test. Loss of HBeAg
or HBsAg was compared in the Kaplan—Meier life table,
and differences were evaluated by log-rank test after the
production limit method. A P-value less than 0.05 was
considered significant.

RESULTS

Patients Infected Chronically With
HBYV Genotype A

There were 45 patients who were infected chronically
with HBV genotype A and had been followed for 3 years
or longer. Of them, 19 had persistently normal ALT
levels (asymptomatic carriers), while the remaining
26 with elevated ALT levels possessed biopsy-proven
chronic hepatitis. Table I compares demographic and
virological characteristics at the baseline between the
19 asymptomatic carriers and 26 patients with chronic
hepatitis. HBeAg was more frequent and the median
HBV DNA level higher in patients with chronic hepatitis
than asymptomatic carriers. The majority of asympto-
matic carriers (79% [15/19]) and patients with chronic
hepatitis (78% [19/26]) were infected with subgenotype
Ae. There were three (12%) patients infected with sub-
genotype Aa and two of them had chronic hepatitis.
Subgenotypes were not classifiable in the remaining
four (21%) asymptomatic carriers and four (15%) pa-
tients with chronic hepatitis. Liver disease worsened in
a single patient with chronic hepatitis. He was 47 years
old at the presentation and infected with subgenotype
Ae. Cirrhosis developed followed by hepatocellular car-
cinoma in him.

HBsAg and HBeAg in Patients With Chronic
Hepatitis Infected With HBV Genotype A

Of the 26 patients infected with HBV genotype A, 4
(15%) lost HBsAg during follow-up, in comparison with
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16 of the 116 (14%) patients with genotype B and 68 of
the 862 (8%) with genotype C. Figure 1 compares ser-
oclearanace of HBsAg among patients with genotype A,
B, or C. The loss of HBsAg at 5 years was significantly
more frequent in patients with genotype A than B or C
(12% vs. 2% or 3%, P =0.0395).

Of the 26 hepatitis patients with genotype A, 19 (75%)
possessed HBeAg at the presentation. HBeAg was
cleared from serum in 14 (74%) of them during follow-
up, in comparison with the seroclearance in 36 of the 41
(88%) patients with genotype B and in 347 of the 562
(62%) with genotype C. Figure 2 compares seroclearance
of HBeAg among patients with genotype A, B, or C. At
5years of follow-up, HBeAg was cleared more frequently
in patients with genotype B than in those with genotype
Aor C (78% vs. 58% or 45%, P = 0.00001).

Development of Cirrhosis and Hepatocellular
Carcinoma in Patients Infected With HBV of
Various Genotypes

Figure 3 compares the development of cirrhosis in
patients infected with genotype A, B, or C. Of the
patients with genotype A, cirrhosis developed in only
one at 5 years, but not any more during follow-up for
20 years. In contrast, cirrhosis increased steadily in
patients with genotype B or C; it developed twice more
often in patients with genotype C than B (30% vs. 14%).

Hepatocellular carcinoma developed in the single
cirrhotic patient with genotype A, but did not in any
others with genotype A during follow up for 20 years
(Fig. 4). It increased with time, however, in patients
with genotype B or C. Hepatocellular carcinoma tended
to develop more frequently in patients with genotype C
than B at 20 years (15% vs. 11%).

Changes in HBV DNA Levels and Hyaluronic
Acid in the Patients Infected With HBV
Genotype A

Of the 26 patients with genotype A, 14 (54%)
seroconverted for the loss of HBeAg, while 5 (19%) kept
it throughout follow-up longer than 3 years; the
remaining 7 (27%) patients were without HBeAg at
the presentation and thereafter. Table II compares
demographic and virological characteristics of the three

TABLE 1. Baseline Characteristics of the 45 Patients Infected With HBV Genotype A Who Were Followed for Longer Than

3 Years

Feature Asymptomatic carriers (n = 19) Chronic Hepatitis (n = 26) Differences
Age (years)® 29 (11-48) 32 (13-59) NS¢
Male 15 (79%) 24 (92%) NS
Follow-up (years)® 6.5 (3.4-17.7) 6.8 (3.5-18.6) NS
History of transfusion 0 (0%) 1(4%) NS
Anti-HCV 0 (0%) 1 (4%) NS
HBeAg positive 3 (16%) 19 (75%) P=0.0002
HBV DNA (log copies/ml) <2.6 (<2.6-5.9) >7.6 («2.6->7.6) P=0.001
Subgroups (Aa/Ae/ND?) 09%/79%/21% 12%(73%/15% NS

2Median values are shown with the range in parentheses.
"Not determined.
“Not significant.
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Fig. 1. Seroclearance of HBsAg during follow-up. Clearance rates of
HBsAg are compared among patients with chronic hepatitis B who
were infected with genotypes A, B, or Cby the Kaplan—Meier life table.
Differences are significant between genotype A and genotypes B and C
at 5 and 10 years, as well as between genotypes B and C at 20 years by
the log-rank test. Seroclearance of HBsAg did not spontaneously
occurr in all of them.

groups of patients at the baseline. Levels of HBV DNA
were significantly lower in the patients without HBeAg
than in those whom HBeAg persisted or who serocon-
verted within 3 years (P = 0.03).

Figure 5 compares changes in HBV DNA levels among
patients infected with genotype A in whom HBeAg
persisted, who seroconverted and who had remained
negative for HBeAg. HBV DNA levels >7.6 log copies/ml
continued for longer than 3 years in four of the five (80%)
patients with persistent HBeAg. HBV DNA levels
decreased in 13 of the 14 (93%) patients with serocon-
version; they slightly changed from 6.7 to 7 log copies/ml
in the remaining one patient. HBV DNA decreased to
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Fig. 3. Development of cirrhosis in patients infected with HBV
genotype A, B, or C.

levels below the detection limit in 4 of the 14 (29%)
patients with seroconversion and 1 of the 7 (14%)
without HBeAg at the baseline. Of the 7 patients
without HBeAg, 4 (57%) kept HBV DNA in detectable
levels, comparable to 9 of the 14 (64%) patients with
seroconversion. Decreases in HBV DNA during follow-
up for 3 years or longer were significantly more frequent
in the patients with seroconversion and those without
HBeAg than in those with persistent HBeAg (93% [13/
14] and 86% [6/7] vs. 20% [1/5], P=0.0095 by the
Fisher’s exact test).

Figure 6 compares serum levels of hyaluronic acid
among patients infected with genotype A in whom
HBeAg persisted, who seroconverted and who had
remained HBeAg-negative. Hyaluronic acid increased
in four of the five (80%) patients in whom HBeAg
persisted in contrast to only one of the seven (14%)
patients without HBeAg. Increases in serum levels of
hyaluronic acid >10 ng/ml was more frequent in the
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Fig. 2. Seroclearance of HBeAg during follow-up. Clearance rates of
HBeAg are compared among patients with chronic hepatitis B who
were infected with genotypes A, B, or C by the Kaplan—Meier life table.
Differences are significant among genotypes A—C at 5 years as well as
between genotypes B and C since 10 years or later by the log-rank test.
Seroclearance of HBeAg did not spontaneously occurr in all of them.
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Fig. 4. Development of hepatocellular carcinoma in patients infected
with HBV genotype A, B, or C.
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TABLE II. Baseline Characteristics of the 26 Patients Infected With HBV Genotype A in Whom HBeAg Persisted, Who
Seroconverted and Who Were Without HBeAg at the Presentation

Feature HBeAg persisted (n=5) Seroconverted (n = 14) Without HBeAg (n=17) Differences
Age (years)® 49 (24-59) 30 (13-60) 33 (14—-41) NS*
Male 5 (100%) 14 (100%) 5(71%) NS
Follow-up (years)® 6.2 (3.7-7.4) 9.2 (3.0-21) 8.1(3.9-17) NS
History of transfusion 0 1(7%) 0 NS
Anti-HCV 0 0 1 (14%) NS
HBV DNA (log copies/ml) >17.6 (all patients) >7.6 (6.7T->7.6) 4.1(<2.6-7.1) P=0.03
Subgroups (Aa/Ae/NDP) (0%/80%/20%) (T%/79%/14%) (29%/57%/14%) NS
*Median values are shown with the range in parentheses.

"Not determined.

“Not significant.

patients with persistent HBeAg than in those with DISCUSSION

seroconversion and those without HBeAg (80% [4/5] vs.
149% [2/14] and 14% [1/7], P = 0.017 by the Fisher’s exact
test).

Of the 19 hepatitis patients presenting with serum
HBeAg, 16 received antiviral and/or steroid withdrawal
therapies, and 11 (69%) responded by the loss of HBeAg,
while the remaining 4 failed to do so (Table III). There
were three patients in whom HBeAg disappeared with-
out receiving treatments. In total, therefore, serocon-
version was accomplished in 14 of the 19 (74%) patients
with genotype A.
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Fig. 5. Changes in serum levels of HBV DNA from the baseline to the

last follow-up. Patients in whom HBeAg persisted, who seroconverted
and who were without HBeAg at the baseline are compared.
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Of the eight genotypes of HBV, E, and F are local, and
confined to Central Africa and Central/South America,
respectively [Magnius and Norder, 1995; Miyakawa and
Mizokami, 2003]. Genotype H is genetically close to F
and distributes in Central America [Arauz-Ruiz et al.,
2002]. Genotype G occurs very rarely [Stuyver et al.,
2000; Chu et al., 2003; Kato et al., 2004], and is always
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Fig. 6. Changes in serum levels of hyaluronic acid from the baseline
to the last follow-up. Patients in whom HBeAg persisted, who
seroconverted and who were without HBeAg at the baseline are
compared.
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TABLE III. Loss of HBeAg in the 19 Hepatitis Patients Infected With HBV Genotype A Who Had Been Followed for Longer
: Than 3 Years

Case No. Sex/age Pathology Sub-group Treatment HBeAg Lost
1 M23 F1/A1 Ae Interferon Yes
2 M33 F2/A1 Ae Interferon Yes
3 M44 F3/A1 Ae Interferon Yes
4 M57 F2/A1 Ae Interferon Yes
5 M13 F1/A1 Ae Steroid withdrawal Yes
6 M16 IF1/A1 Ae Steroid withdrawal Yes
7 M28 F1/A1 ND Steroid withdrawal Yes
8 M47 F2/A1 Aa Steroid withdrawal Yes
9 M17 F1/A1 Ae Steroid/Interferon Yes

10 M29 F1/A1 Ae Lamivudine Yes

11 M38 F1/A1 Ae Lamivudine Yes

12 M30 F1/A0 Ae None Yes

13 M39 F1A1 Ae None Yes

14 M47 F3/A2 Ae None Yes

15 M24 F2/A2 Ae Interferon and others® No

16 M43 F2/A1 Ae Steroid/Interferon No

17 M48 F1/A2 Ae Interferon/Lamivudine No

18 M49 F1/A1 ND? Steroid withdrawal No

19 M59 F1A1 Ae Interferon No

“Not determined.

bThe patient received interferon, lamivudine interferon/lamivudine, and then lamivudine plus entecavir.

co-infected with HBV of the other genotypes [Kato et al.,
2002, 2003]. Thus, only four genotypes (A—D) are left for
comparison in epidemiological and eclinical studies in
most countries of the world. Since even these four
genotypes have distinet geographical distributions,
comparison with respect to severity of liver disease or
response to antiviral treatment is hardly feasible among
them, except in multi-national studies on patients of
diverse ethnicities [Westland et al., 2003; Janssen et al.,
2005].

In the Toranomon Hospital in Tokyo, by far the most
patients presenting with HBsAg were infected with
HBYV of genotype B (10.5%) or C (83.3%), and genotype
A infected only a minority (3.10%) of them. During
31 years, 128 patients with genotype A visited there.
Unlike most infections with genotype B and C trans-
mitted perinatally from carrier mothers with HBeAg
[Okada et al., 1976], genotype A infection in Japan is
often acquired in the adulthood by men having extra-
marital sexual contacts either with men or women; there
has been no evidence for maternal transmission of HBV
genotype A in Japan [Kobayashi et al., 2002, 2003;
Ogawa et al., 2002; Suzuki et al., 2005]. HBV infection
prevails among homosexuals in Western countries
where genotype A is frequent, who poorly respond to
vaceines [Goilav and Piot, 1989]. Genotype A infection in
Japan has a propensity to become chronic and tends to
respond to antiviral therapies better than genotype B or
C infection [Kobayashi et al., 2002, 2003 Suzuki et al.,
2005].

In the present study, we have compared the virologi-
cal outcome among infections with HBV genotypes A, B,
and C, and found substantial differences. Patients with
genotype A fared better than those with genotype B or C
in that they cleared HBsAg and HBeAg faster during
follow-up (Figs. 1 and 2). It is not certain, however,
whether or not the observed differences are influenced

by the duration of HBV infection. HBV genotype A is
contracted predominantly by men in the adulthood and
genotypes B or C had been transmitted perinatally until
1986 when the national immunoprophylaxis started. It
needs to be pointed out that this study is retrospective in
nature, and most patients with HBeAg had received
interferon, lamivudine or steroid withdrawal, or combi-
nation thereof. Of the 16 patients with genotype A who
received treatment, 11 (69%) responded and cleared
HBeAg from serum. In addition, three patients lost
HBeAg spontaneocusly. Hence seroconversion was
achieved in 14 of the 19 (74%) patients with genotype
A. In view of lamivudine, adefovir dipivoxil, and pegy-
lated interferon that are reported efficacious in treat-
ment of chronic hepatitis B [Perrillo et al., 2000;
Hadziyannis et al., 2003; Kumada, 2003; Janssen et al.,
2005], it would be unethical to evaluate genotype-
dependent differences in the natural course of persistent
HBYV infection.

Of the 45 individuals chronically infected with HBV
genotype A and had been followed for 3 years or longer,
HBeAg was more frequent and HBV DNA levels higher
in the 26 patients with biopsy-proven chronic hepatitis
than in the 19 asymptomatic carriers. Among the
26 patients with genotype A, HBeAg persisted through-
outthe observation in 5 (19%) and disappeared in 14 (54%);
HBeAg remained negative in the other 7 (27%) patients.
HBV DNA stayed in high levels more frequently
(P=0.0095) in the patients with persistent HBeAg
(80% [4/5]) than in those who seroconverted (7% [1/14])
or remained HBeAg-negative (29% [2/7]). Furthermore,
increases in serum hyaluronic acid >10 ng/ml were more
frequent (P=0.017) in the patients with persistent
HBeAg (80% [4/5]) than in those with seroconversion
(14% [2/17]) or HBeAg-negative (14% [1/7]). Although
the patients with genotype A fare better than those
with genotype B or C, persistent HBeAg refractory to
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treatment would predict ongoing liver disease with
fibrosis in progress.

Recently, subgenotypes have been recognized and
they may influence the biology of HBV and liver disease.
For instance, a subgenotype of B having the recombina-
tion with genotype C (Ba) induces more severe liver
disease with poorer response to lamivudine than that
without the recombination (Bj) [Sugauchi et al., 2002,
2003; Akuta et al., 2003]. As for genotype A, there are
two subgenotypes with different geographical distribu-
tions. Subgenotype Ae is common in Furope and the
United States, while Aa is prevalent in Asia and Africa
[Bowyer et al., 1997; Sugauchi et al., 2004]. In a case-
control study, HBeAg was more frequent and HBV DNA
levels higher in carriers of Ae than Aa [Tanaka et al,,
2004]. The majority of genotype A strains from our
patients (86%) were found to be Ae; they were probably
introduced to Japan by immigrants and visitors from
foreign countries [Kobayashi et al., 2004]. Cirrhosis and
hepatocellular carcinoma developed in only one of the 19
(5%) patients infected with subgenotype Ae, in remark-
able contrast to frequent hepatocellular carcinoma in
Africa where infection with subgenotype Aa is common
during the infancy [Kew et al., 2005].

Although there have been accumulating lines of
evidence for virological and clinical influence of HBV
genotypes, there are conflicting views on them. Differ-
ences between genotypes B and C in Asia [Kao et al,,
2000; Orito et al., 2001; Tsubota et al., 2001; Chan et al.,
2004; Yu et al., 2005] have not been reproduced,
probably due to selection bias for the patients with
severe disease [Sumi et al., 2003] or subgenotypes of B
different between Japan (Bj) and Hong Kong (Ba) [Yuen
et al., 2004]. Liver disease, once advanced beyond a
certain severity, will progress spontaneously irrespec-
tive of HBV genotypes. Subgenotype Ba having the
recombination with genotype C may be endowed with a
higher disease-inducing capacity than subgenotype Bj
without the recombination [Sugauchi et al., 2002].

Of patients infected with three different genotypes
in Japan, the virological outcome of persistent HBV
infection was more favorable for those with genotype A
than B and C in that order. It is not known where
genotype D stands, although it fares worse than
genotype A in chronic HBV infection [Thakur et al.,
2002; Janssen et al., 2005]. In ranking the four major
genotypes (A-D) in disease-inducing capacity and
response to antiviral therapies, perinatals, or adulthood
transmission, as well as subgenotypes inherent to
countries, would have to be taken into considerations
[Sugauchi et al., 2002, 2004; Norder et al., 2004].
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NAD(P)H Oxidase Plays a Crucial Role in PDGF-

Induced Proliferation of Hepatic Stellate Cells

Tohru Adachi,! Hitoshi Togashi,' Akihiko Suzuki,' Shigenobu Kasai,? Junitsu Ito,"
Kazuhiko Sugahara,! and Sumio Kawata!

The proliferation of hepatic stellate cells (HSCs) is a critical step in hepatic fibrogenesis. Platelet-
derived growth factor (PDGF) is the most potent mitogen for HSCs. We investigated the role of
nonphagocytic NAD(P)H oxidase—derived reactive oxygen species (ROS) in PDGF-induced
HSC proliferation. The human HSC line, LI-90 cells, murine primary-cultured HSCs, and
PDGEF-BB were used in this study. We examined the mechanism of PDGF-BB-induced HSC
proliferation in relation to the role of a ROS scavenger and diphenylene iodonium, an inhibitor
of NAD(P)H oxidase. We also measured ROS production with the aid of chemiluminescence.
We showed that PDGF-BB induced proliferation of HSCs through the intracellular production
of ROS. We also demonstrated that HSCs expressed key components of nonphagocytic
NAD(P)H oxidase (p22Phx, gp91phox, p47phox, and p67Pb*%) at both the messenger RNA and
protein levels. Diphenylene iodenium suppressed PDGF-BB-induced ROS production and
HSC proliferation. Coincubation of H;0, and PDGF-BB restored the proliferation of HSCs that
was inhibited by diphenylene iodonium pretreatment. Phosphorylation of the mitogen-activated
protein kinase (MAPK) family constitutes a signal transduction pathway of cell proliferation.
Our data demonstrate that NAD(P)H oxidase—derived ROS induce HSC proliferation mainly
through the phosphorylation of p38 MAPK. Moreover, an iz vivo hepatic fibrosis model also
supported the critical role of NAD(P)H oxidase in the activation and proliferation of HSCs. In

conclusion, NAD(P)H oxidase is expressed in HSCs and produces ROS via activation of
NAD(P)H oxidase in response to PDGF-BB. ROS further induce HSC proliferation through the
phosphorylation of p38 MAPK. (HepATOLOGY 2005341:1272-1281.)

n chronic liver diseases, regardless of their nature (vi-
ral infection, alcohol abuse, metal overload), the pro-
gression of hepatic fibrosis is associated with the
development of portal hypertension and the occurrence of

Abbreviations: HSC, bepatic stellate cell; PDGE, platelet-derived growth factor;
NAD(P)H, nicotinamide-adenine dinucleotide phosphate; ROS, reactive oxygen species;
MAPK, mitogen-activated protein kinase; mRINA, messenger RNA; Mn-TBAP, man-
ganese (I1) tetrakis (benzoic acid) porphyrin chloride; DPL, diphenylene iodonivm;
PMAC, 10-methyl-9-(phenoxycarbamoylacridinium fluorosulfonetae; ERK, exiracel-
lular-signal-related kinase; PCNA, proliferating cell nuclear anvigen; DMEM, Dulbec-
co’s Modsfied Eagle Medium; FBS, fetal bovine serum; PBS, phosphate-buffered saline;
IP, intraperitoneal; DMN, dimethylnitrosamine.

From the ' Department of Gastroenterology, Course of Internal Medicine and
Therapeutics, Yamagata University School of Medicine, Yamagata, Japan; and the
2Institute for Life Support Technology, Yamagaia Public Corporation for the De-
velopment of Industry, Yamagata, Japan.

Received September 29, 2004; accepted March 23, 2005.

Addyress reprint requests to: Hitoshi Tagashi, M.D., Ph.D., Department of Gas-
troenterology, Course of Internal Medicine and Therapeutics, Yamagata University
School of Medicine, 2-2-2 Iida-Nishi, Yamagata 990-9585, Japan. E-mail:
htogashi@med.id yamagata-u.ac.jp; fax: (81) 23-628-5311.

Copyright © 2005 by the American Association for the Study of Liver Diseases.

Published online in Wiley InterScience (www.interscience.wiley.com).

DOI 10.1002/hep.20719

Potential conflict of interest: Nothing to report.

1272

hepatocellular carcinoma. Hepatic stellate cells (HSCs)
are increasingly being recognized as the key mediators of
the progression of hepatic fibrosis.! In chronic liver dis-
eases, HSCs undergo a process of activation, developing a
myofibroblast-like phenotype that is associated with in-
creased proliferation, chemotaxis, and collagen synthesis.?
Of these, the degree of fibrogenesis that occurs in liver
diseases is most likely to be affected by an increased num-
ber of HSCs, which results from their proliferation.? The
results of in vitro and in vive studies suggest that platelet-
derived growth factor (PDGEF) is the most potent mitogen
of HSCs and is therefore likely to be an important medi-
ator of the increased proliferation of HSCs during hepatic
fibrogenesis in chronic liver diseases.*5 Immunohisto-
chemistry and 77 situ hybridization studies have revealed
that PDGF and PDGEF receptors are overexpressed at
both the messenger RNA (mRNA) and protein levels in
liver tissue from patients with chronic hepatitis or cirrho-
sis, and are positively correlated with the severity of his-
tological lesions and collagen deposition.6” These reports
suggest strongly that PDGF facilitates the progression of
hepatic fibrosis in human chronic liver diseases. There-
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fore, clarification of the cellular and molecular mecha-
nisms underlying the PDGEF-induced proliferation of
HSCs will aid in the development of a new antifibrotic
therapy for chronic liver diseases.

Reactive oxygen species (ROS) such as superoxide an-
ion, hydrogen peroxide (H,0,), and hydroxyl radical can
stimulate HSC proliferation and collagen synthesis.®9 Al-
though both PDGF and ROS have been implicated in the
initiation and progression of hepatic fibrogenesis, the re-
lationship between PDGF and ROS in HSC proliferation
has yet to be clarified. Recently, it has been shown that
nonphagocytic nicotinamide-adenine dinucleotide phos-
phate [NAD(P)H] oxidase exists in vascular smooth mus-
cle cells and endothelial cells and is involved in the
proliferation of these types of cells through the continu-
ous, low-level intracellular production of ROS.10-12 A pre-
vious 7 vive study has shown that p22Ph°" and gp9lph°X,
which are anchored in the cell membrane, are expressed in
HSCs at both the mRNA and protein levels.!® However,
it is presently uncertain whether PDGF causes HSC pro-
liferation through NAD(P)H oxidase—derived ROS. In
the present study, we examined whether key components
of NAD(P)H oxidase—p22Phox, gp91phox, pg7phox apd
p67°h* _are expressed in HSCs and investigated whether
PDGF enhances the production of NAD(P)H-derived
ROS. Moreover, we clarified the role of NAD(P)H oxi-
dase—derived ROS in the process of PDGF-induced HSC
proliferation. Here we have shown that NAD(P)H oxi-
dase—derived ROS play a critical role in PDGF-mediated
HSC proliferation and the 77 vivo hepatic fibrosis model.

Materials and Methods

Reagents. Human recombinant PDGF-BB was pur-
chased from Austral Biologicals (San Ramon, CA). Man-
ganese (III) tetrakis (benzoic acid) porphyrin chloride
(Mn-TBAP) was purchased from Cayman Chemical
Company (Ann Arbor, MI). Diphenylene iodonium
(DPI) and 10-methyl-9-(phenoxycarbamoyl)acridinium
fluorosulfonate (PMAC) were purchased from Dojindo
Laboratories (Kumamoto, Japan). Allopurinol, indo-
methacin, apocynin, PD98059, and SB203580 were ob-
tained from Sigma Chemical Company (St. Louis, MO).
All other chemicals and reagents were of analytical grade
and, if not stated, were purchased from Sigma or from
Walko Pure Chemical Industries (Osaka, Japan).

Antibodies. Rabbit anti-human p22phox, gp91phox,
p47Ph°X, and p67Ph°x antibodies were kindly provided by
Dr. S. Imajoh-Ohmi.'# Rabbit anti-phospho—extracellu-
lar signal-related kinase (ERK) and anti-phospho-p38
mitogen-activated protein kinase (p38 MAPK) antibod-
ies were obtained from Cell Signaling Technology, (Bev-
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erly, MA). Mouse anti-a-smooth muscle actin and anti-
proliferating cell nuclear antigen (PCNA) were obtained
from DAKO (Kyoto, Japan).

Cell Culture. The HSC line LI-90, which exhibits
characteristics compatible with those of human HSCs,
was used in this study.'® LI-90 was kindly provided by
Human Science Cell Bank (Saitama, Japan). The experi-
ments were performed on cells between the third and
tenth serial passages (1:3 split ratio) using originally sup-
plied LI-90.

Primary-cultured HSCs were isolated from female
BALB/c mice (6 weeks old) via in situ collagenase perfu-
sion and differential centrifugation on Nycodenz
(Pharma AS, Oslo, Norway) density gradients, as previ-
ously described.'6 Cultured HSCs at second passage were
used in this study. Both LI-90 cells and primary-cultured
HSCs were cultured in a 5% CO, humidified incubator
at 37°C. Dulbecco’s Modified Eagle Medium (DMEM)
(GIBCO BRL, Rockville, MD) containing 10% fetal bo-
vine serum (FBS) (Filton, Brooklyn, Australia) was used
as the growth medium. After cells became subconfluent
(at 70%-80% confluence), the cells were cultured with
DMEM without containing phenol red and FBS for 24
hours (serum starvation) before the start of all experi-
ments.

Cell Proliferation Assay. 11-90 cells or primary-cul-
tured HSCs were plated in 96-well microplates (Sumi-
tomo Bakelite Co., Tokyo, Japan) at a density of 7 X 103
cells/well in complete culture medium. The cells prolifer-
ation assay was performed using the Prex WST-1 cell
proliferation assay system (Takara, Osaka, Japan).1” The
number of viable cells was estimated at a wavelength of
450 nm on an enzyme-linked immunosobent assay plate
reader 1 hour after the addition of WST-1. To confirm
that the cell proliferation assay reflected the increase in cell
number, the number of cells was counted by the trypan
blue exclusion method after trypsinization.

DNA synthesis was also measured using a Biotrack cell
proliferation ELISA system (Amersham, Little Chalfont,
UK).'8 During the last 4 hours, the cells were labeled with
bromodeoxyuridine. After removing the culture medium,
the cells were fixed and the incorporated bromodeoxyuri-
dine was detected according to the manufacturer’s recom-
mended protocol.

Reverse-Transcription Polymerase Chain Reaction.
Total cellular RNA was extracted from the cells, using
Isogen (Nippon Gene, Tokyo, Japan) as described in the
product protocol. cDNA was generated from 1 pg of total
RNA, using random hexanucleotide primers, and reverse-
transcription polymerase chain reaction was performed.
The specific primers were the same as previously re-

ported.!!
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Fig. 1. ROS-mediated proliferation of HSCs in-
duced by PDGF-BB. (A) PDGF-BB dose-dependently
increased LI-90 proliferation as demonstrated via
WST-1 assay. (B) PDGF-BB also increased the num-
ber of cells as demonstrated by the trypan blue
exclusion method. (C) Mn-TBAP significantly reduced
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the PDGF-BB-mediated proliferation of cells. (D) Mn-
TBAP dose-dependently inhibited the DNA synthesis
induced by PDGF-BB. Data are expressed as the
mean =+ SD of 5 independent experiments. *P <
# .01 and **P < .001 compared with the unstimu-
lated control group. *P < .01 and #P < .001
compared with the PDGF-BB group. DMEM, Dulbec-
co's Modified Eagle Medium; PDGF, platelet-derived
growth factor; Mn-TBAP, manganese (lll} tetrakis
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Immunoblots and Immunocytochemistry. Western
blotting (10% SDS-PAGE) was performed as described
elsewhere.!® The bands were visualized using a Lumiglo
Substrate Kit (Kirkegaard & Perry Laboratories, Gaith-
ersburg, MD).

Immunocytochemistry was performed using antibod-
ies recognizing p22rbex (1:100 dilution), gp91Phox (1:100
dilution), p47°"o* (1:100 dilution), or p67PPex (1:100 di-
lution). Immunostaining of the cells was accomplished
using a commercial kit (Vector Laboratories, Burlingame,
CA) according to the manufacturer’s protocol.

Measurement of ROS Production in HSCs. To
measure intracellular ROS production in LI-90 cells and
primary-cultured HSCs, we used a modification of a pre-
viously described method using PMAC-enhanced chemi-
luminescence.?® This method is based on the reaction
between reduced PMAC and ROS, which results in the
emission of light. The chemiluminescence images were
acquired with a high-performance intensified CCD cam-
era (PI-MAX 512RB Princeton Instruments, Nippon
Roper, Chiba, Japan) that was placed 30 cm above a black
polystyrene 96-well plate containing HCSs set in a dedi-
cated black box.2! Chemiluminescence was measured ev-
ery 2 minutes for 0 to 16 minutes after the addition of
phosphate-buffered saline (PBS) containing PDGF-BB
and PMAC.

Animals and Treatment. The in vivo experiments
were performed in accordance with the Yamagara Univer-
sity School of Medicine Guidelines for the Care and Use
of Laboratory Animals. Specific pathogen-free BALB/c
female mice (6 weeks old) were used. Hepatic fibrosis was
induced by intraperitoneal (IP) injection of 10 mg/kg
dimethylnitrosamine (DMN) in saline three times a week
for the indicated periods for 6 weeks. Daily IP adminis-
tration of Mn-TBAP (5 mg/kg) or DPI (1 mg/kg) was

begun simultancously with DMN administration. Ani-

ln-TBAP
PQ%GHF[I/%E) (0pmolit) (100 nmotiL)

166 ot (benzoic acid) porphyrin chloride; BrdU, bromode-

+PDEF-BB 20 ne/nl) oxyuridine; 0.D., optical density.

mals were divided into the following groups: (1) control
(daily IP administration of 0.1 mL PBS [n = 6}); (2)
DMN (daily IP administration of 0.1 mL PBS [n = 6]);
(3) DMN + Mn-TBAP (daily IP administration of 0.1
mL Mn-TBAP solution in PBS [1 mg/mL} [n = 6]); and
(4) DMN + DPI (daily IP administration of 0.1 mL DPI
solution in PBS 0.2 mg/mL] [n = 6]).

Histological and Immunobhistochemical Examina-
tion. Liver specimens were routinely fixed in 4% formal-
dehyde in PBS and embedded in paraffin. Tissue sections
(4 um thick) were either stained with Sirius red or sub-
jected to immuno-histostaining with antibodies against
PCNA. Specific staining was visualized using a commer-
cial kit (Vector Laboratories).

Statistical Analysis. Data are expressed as the
mean * SD. Statistical comparisons were made using the
Student 7 test for unpaired samples. For studies involving
more than two groups, a two-way ANOVA was deter-
mined using Scheffe’s test. The level of statistical signifi-
cance was set at P <C .05 for all cases.

Results

ROS Scavenger Suppressed the PDGF-BB-Induced
Proliferation of HSCs. PDGF-BB induced a dose-de-
pendent increase in LI-90 proliferation, as measured via
WST-1 assay (Fig. 1A). PDGF-BB ata concentration of 5
ng/mL, 10 ng/mL, and 20 ng/mL significantly increased
cell proliferation after 24 hours of incubation compared
with the unstimulated control cells. To assess whether the
PDGE-BB-induced increase in formazan formation mea-
sured via WST-1 assay was really associated with cell
growth, cell count experiments were also performed with
the aid of trypsinization. As shown in Fig. 1B, the addi-
tion of PDGE-BB (20 ng/mL) in FBS-free DMEM

caused a significant increase in cell number.
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Fig. 2. Expression of NAD(P)H oxidase components in HSCs. LI-90 cells were seeded onto chamber slides (Nunc Lab-TekTM II-Chamber Slide;
Nalge Nunc, Rochester, NY) and were cultured with DMEM containing 10% FBS. The cells were then fixed with 4% formaldehyde in PBS for 15 minutes
at room temperature. (A) Cultured cells expressed 4 enzymatic subunits of NAD(P)H oxidase at the mRNA level. (B) Western blotting analysis showed
that cells express p22P"x, gng1phox pA7Piox and pG7Pe at the protein level. Whole cell extracts were obtained in lysis buffer containing protease
and phosphatase inhibitors. Proteins (50 ug) were run on 10% SDS polyacrylamide gels. (C) Immunocytochemistry of cells showed positive staining

for the key enzymatic components of NAD(P)H oxidase: p22°hox, gpg1phox p47ehex gnd p67Pi* (original magnification, X400)

We pretreated LI-90 cells with Mn-TBAP, a cell-per-
meable SOD/catalase mimetic, as intracellular ROS scav-
enger for 30 minutes. As shown in Fig. 1C, Mn-TBAP
dose-dependently suppressed the PDGF-BB—induced
proliferation of cells. Particularly, Mn-TBAP at a concen-
tration of 100 nmol/L significantly suppressed the
PDGE-BB-induced proliferation of cells, and this same
dose did not exert any toxic effects on cells after incuba-
tion times as long as 36 hours (data not shown). Bro-
modecoxyuridine analysis showed that PDGF-BB at a
concentration of 20 ng/mL significantly stimulated DNA
synthesis. Mn-TBAP dose-dependently inhibited the
DNA synthesis induced by PDGF-BB (Fig, 1D).

HSCs Express Four Enzymatic Subunits of
NAD(P)H Oxidase. Reverse-transcription polymerase
chain reaction analysis showed that four enzymaric subunits
of NAD(P)H oxidase were expressed at the mRINA level
(Fig. 2A). Western blot analysis revealed that four enzymatic
subunits of NAD(P)H oxidase were expressed at the protein
level in LI-90 cells (Fig. 2B). Immunocytochemical analysis
of cultured cells showed positive staining for p22phox,
gp9l*’h0x, p47Phox, and pG7Phox (Fig. 2C). No cultured cells
showed positive immunostaining when the antibodies were
replaced with a control serum (data not shown).

NAD(P)H Oxidase Is the Main Source of PDGF-
BB-Induced ROS Production by HSCs. To investigate
whether LI-90 cells produced ROS in response to PDGF-

BB, we incubated cells with PDGF-BB (20 ng/mL) and
PMAC (500 pwmol/L) and measured the PMAC-en-
hanced chemiluminescence with a high-performance in-
tensified CCD camera at an interval of 2 minutes.
PDGEF-BB caused a marked increase in the chemilumi-
nescence from PMAC immediately after the incubation.
The chemiluminescence observed in response  to
PDGF-BB peaked at 6 minutes after the incubation and
declined gradually thereafter (Fig. 3A). To confirm that
the chemiluminescence accurately reflected the increased
production of ROS, we examined whether Mn-TBAP, a
cell-permeable ROS scavenger, was able to decrease the
enhanced chemiluminescence by PDGF-BB. The chemi-
luminescence was completely abolished when cells were
preincubated with Mn-TBAP for 30 minutes (Fig. 3B).
However, superoxide dismutase, a cell-nonpermeable en-
zyme, failed to inhibit the enhanced chemiluminescence
induced by PDGF-BB (data not shown). Pretreatment
with DPI for 30 minutes, an inhibitor of NAD(P)H oxi-
dase, remarkably reduced PDGF-BB~induced chemilu-
minescence (Fig. 3B). Pretreatment with apocynin (100
pmol/L), another type of NAD(P)H oxidase inhibitor,
for 1 hour also reduced the enhanced chemiluminescence
induced by PDGF-BB (data not shown).

A high concentration of DPI inhibits flavoproteins in-
cluding NAD(P)H oxidase, mitochondrial oxidases, xan-

thine oxidase, and cyclooxygenase. To ascertain that the
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Fig. 3. ROS formation in HSCs as a result of stimulation by PDGF-BB. 11-90 cells were grown on black polystyrene 96-well microplates (Coming,
NY) in DMEM containing 10% FBS. After cells became subconfluent, they were cuttured with DMEM not containing phenol red or FBS for 24 hours.
The cells were rinsed twice with PBS. The cells were then incubated with the fresh PBS containing PDGF-BB and PMAC, and the resulting
chemiluminescence was measured. (A) Time course of the changes in chemiluminescence. These changes were monitored in the presence of
PDGF-BB and PMAC using a high-performance intensified camera. The chemiluminescence in cells in response to PDGF-BB gradually increased and
peaked at 6 minutes after the incubation. Data are given as the mean * SD of 4 independent experiments. (B) Pretreatment with Mn-TBAP (100
nmol/L) or DPI (25 wmol/L) suppressed the PDGF-BB-induced chemiluminescence. (C) Pretreatment of cells with KCN (500 umol/L) did not reduce
the formation of PDGF-BB-derived ROS in cells. (D) Pretreatment of cells with either allopurinol (100 wmol/L) or indomethacin (100 pmol/L) did
not significantly reduce the PDGF-BB- derived ROS formation. Data are expressed as the mean + SD of 5 independent experiments. The figures are
representative of at least 4 independent experiments. PDGF, platelet-derived growth factor; PBS, phosphate-buffered saline; Mn-TBAP, manganese
() tetrakis (benzoic acid) porphyrin chloride; DPI, diphenylene iodonium; KCN, potassium cyanide; NS, not significant compared with PDGF-BB
group.

enhanced chemiluminescence did not originate from a  cyclooxygenase: 100 wmol/L) failed to inhibit the PDGF-
mitochondrial electron transport system, we examined ~BB-mediated enhanced chemiluminescence (Fig. 3D).

whether the mitochondrial poison potassium cyanide NAD(P)H Oxidase—Derived ROS Are Essential to
(KCN) inhibited the PDGF-BB—enhanced chemilumi-  #he PDGF-BB-Induced Proliferation of HSCs. To
nescence. As shown in Fig. 3C, pretreatment with KCN  elucidate whether PDGF-BB-induced proliferation of
(500 wmol/L) for 30 minutes had no significant effeccon  LI-90 cells was mediated by the activation of NAD(P)H
the enhanced chemiluminescence induced by PDGF-BB.  oxidase, we examined the effect of DPI on the PDGE-
Preincubation for 1 hour with a maximally effective con-  BB-induced proliferation of cells. Pretreatment of the
centration of allopurinol (an inhibitor of xanthine oxi-  cells with DPI (25 pmol/L) for 30 minutes significantly
dase: 100 pmol/L) or indomethacin (an inhibitor of inhibited the PDGF-BB-induced proliferation of cells
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(Fig. 4). DPI at a concentration of 25 umol/L did not
exert any toxic effects on cells after incubation times as
long as 36 hours (data not shown). Pretreatment with
apocynin (100 wmol/L), another type of NAD(P)H oxi-
dase inhibitor, for 1 hour also inhibited the PDGF-BB-—
induced proliferation of cells (Fig. 4). Preincubation with
ncither indomethacin (an inhibitor of cyclooxygenase)
nor allopurinol (an inhibitor of xanthine oxidase) for 1
hour attenuated the PDGF-BB~induced proliferation of
cells (Fig. 4). Coincubation of H,O, and PDGFE-BB re-
stored the LI-90 proliferation that was inhibited by DPI
pretreatment (Fig. 4).

PDGF-BB Mediates the Phosphorylation of p38
MAPK Through the Activation of NAD(P)H Oxidase.
PDGF-BB-induced LI-90 proliferation was significantly
suppressed by preincubation for 1 hour with PD98059
(an inhibitor of MEK upstream activator of ERK: 25
pmol/L) or SB203580 (an inhibitor of p38 MAPK: 25
pmol/L). The degree of suppression was more significant
with SB203580 than with PD98059 (Fig. 5A). To inves-
tigate the relationship between NAD(P)H oxidase—de-
rived ROS and the phosphorylation of MAPKs, we first
examined the effect of DPI or Mn-TBAP on the phos-
phorylation of ERKs and p38 MAPK in cells. PDGF-BB
caused the phosphorylation of ERKs and p38 MAPK in
cells, with a peak at 10 to 15 minutes (Fig. 5B). Preincu-
bation of cells with PD98059 or SB203580 for 1 hour led
to the inhibition of PDGF-induced ERKs or p38 MAPK
phosphorylation, respectively (data not shown). As shown
in Fig. 5B, preincubation with DPI inhibited the phos-
phorylation of p38 MAPK but had no effect on the
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Fig. 4. The role of NAD(P)H oxidase-derived ROS on the PDGF-BB-
induced proliferation of HSCs. Two different NAD(P)H oxidase inhibitors, DPI
and apocynin, significantly reduced the PDGF-BB-mediated proliferation of
LI-90 cells. Preincubation with neither allopurinol nor indomethacin attenu-
ated the PDGF-BB-induced proliferation of cells. Coincubation with H,0,
(100 nmol/L) and PDGF-BB (20 wmol/L) restored the PDGF-BB-induced
proliferation of cells that was inhibited by DPI pretreatment. Data are
expressed as the mean = SD of 5 independent experiments. *P < .001
compared with the PDGF-BB group. **P << .001 compared with the DMEM
and DPI + PDGF-BB groups. NS, not significant compared with PDGF-BB
group; DMEM, Dulbecco’s Modified Eagle Medium; PDGF, platelet-cerived
growth factor; DPI, diphenylene iodonium; 0.D., optical density.
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Fig. 5. Involvement of p38 MAPK in PDGF-BB-mediated HSC prolif-
eration. (A) PDGF-BB-induced LI-90 proliferation was significantly sup-
pressed by pretreatment with PDO8059 or SB203580. The degree of
suppression was more significant with SB203580 than with PD98059. (B)
PDGF-BB (20 ng/mL} induced the phosphorylation of ERK and p38 MAPK,
Pretreatment with DPI (25 pmol/L) or Mn-TBAP (100 nmol/ L) inhibited the
phosphorylation of p38 MAPK. However, DP} or Mn-TBAP had no significant
effect on the PDGF-BB-mediated phosphorylation of ERK. (C) Coincubation
of H,0, and PDGF-BB restored the phosphorylation of p38 MAPK that was
inhibited by DP} pretreatment. Data are expressed as the mean *+ SD of 5
independent experiments and are representative of at least 4 independent
experiments. *P <C,01 and **P < .001 compared with the PDGF-BB group.
DMEM, Dulbecco’s Modified Eagle Medium; PDGF, platelet-derived growth
factor; MAPK, mitogen-activated protein kinase; DPI, diphenylene fodonium:;
Mn-TBAP, manganese (Ill) tetrakis (benzoic acid) porphyrin chloride; 0.D.,
optical density.

phosphorylation of ERK induced by PDGF-BB. Prein-
cubation with Mn-TBAP also inhibited the phosphoryla-
tion of p38 MAPK induced by PDGEF-BB but did not
affect the phosphorylation of ERKs (Fig. 5B). Coincuba-
tion of H,O, (100 nmol/L) and PDGF-BB (20 ng/mlL)
restored the phosphorylation of p38 MAPK that was in-
hibited by DPI pretreatment (Fig. 5C).

NAD(P)H Oxidase—Derived ROS Are Essential for
the PDGF-BB-Induced Proliferation of Primary Cul-
tured HSCs. To ascertain whether the phenomenon ob-
served was not an artifact of the cell line used, we
examined the role of NAD(P)H oxidase in PDGF-BB—
induced proliferation of murine primary-cultured HSCs.
Reverse-transcription polymerase chain reaction analysis
showed that four enzymatic subunits of NAD(P)H oxi-
dase were expressed at the mRNA level (F ig. 6A). Western
blot analysis revealed that 4 enzymatic subunits of
NAD(P)H oxidase were expressed at the protein level in
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the primary-cultured HSCs (data not shown). PDGF-BB
caused a marked increase in the chemiluminescence from
PMAC immediately after the incubation with primary-
cultured HSCs, which peaked at 6 to 8 minutes (Fig. 6B).
The chemiluminescence was abolished when cells were
preincubated with Mn-TBAP or DPI for 30 minutes (Fig.
6C).

As shown in Fig. 6D, PDGEF-BB stimulated the DNA
synthesis of primary-cultured HSCs. This PDGF-BB-
induced DNA synthesis was inhibited by pretreatment
with Mn-TBAP, DPI for 30 minutes, or apocynin for 1
hour. Coincubation of H,O, and PDGF-BB restored the
DNA synthesis that was inhibited by DPI pretreatrment
for 30 minutes (Fig. 6D). Moreover, PDGF-BB-induced
DNA synthesis of primary-cultured HSCs was signifi-
cantly suppressed by pretreatment with SB203580 or
PD98059 for 1 hour. Similar to the result for LI-90, the
degree of suppression was more significant  with
SB203580 than with PD98059 (Fig. 6D).

Mn-TBAP and DPI Attenuate the Activation and
Proliferation of HSCs in a Hepatic Fibrosis Model.
Murine chronic liver injury was induced via IP injection
of DMN to assess the role of NAD(P)H oxidase in hepatic
fibrosis. Mice in DMN + Mn-TBAP and DMN + DPI
groups showed no evidence of connective tissue septa
(Fig. 7A). Western blotting analysis indicated that
a-smooth muscle actin expression was increased in
DMN-induced fibrotic liver but that Mn-TBAP or DPI
reduced the expression of a-smooth muscle actin in
DMN-induced hepatic fibrosis (Fig. 7B). Immunostain-
ing for PCNA, an index of HSC proliferation, also
showed an increased number of S-phase HSCs in the
DMN group and a reduced number of S-phase HSCs in
the DMN + Mn-TBAP and DMN -+ DPI groups (Fig.
7C).

Discussion

Because PDGF is the most potent mitogen for HSCs,
clarification of the mechanisms underlying the PDGFE-
induced proliferation of HSCs is clinically important for
the establishment of new antifibrotic therapies of chronic
liver diseases. In the present study, we investigated the
mechanisms underlying PDGF-BB~induced HSC prolif-
eration, using not only the human HSC line, L1-90, but
also primary-cultured HSCs. PDGF is a dimer of two
polypeptide chains, A and B, forming three isoforms
known as PDGEF-AA, PDGF-AB, and PDGF-BB. Of
these, PDGF-BB has the most potent activity.?? In this
study, PDGF-BB induced proliferation of HSCs through
the intracellular production of ROS. Moreover,
NAD(P)H oxidase—derived ROS stimulated the phos-
phorylation of p38 MAPK, a stress-activated protein ki-
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Fig. 6. Critical role of NAD(P)H oxidase-derived ROS in the PDGF-
BB-induced proliferation of primary-cultured HSCs. (A) Primary-cultured
HSCs expressed 4 enzymatic subunits of NAD(P)H oxidase at the mRNA
level. (B) The chemiluminescence in HSCs in response to PDGF-BB (20
ng/mL) gradually increased and peaked at 6 to 8 minutes after the
incubation. (C) Pretreatment with Mn-TBAP (100 nmol/L) or DPI (25
wmol/L) suppressed the PDGF-BB-induced chemiluminescence. (D)
PDGF-BB (20 ng/mL) significantly increased DNA synthesis of HSCs.
Pretreatment with Mn-TBAP (100 nmol/L), DPI (25 pmol/L), or apocynin
(100 umol/L) significantly reduced the PDGF-BB-mediated DNA syn-
thesis of HSCs. PDGF-BB-induced DNA synthesis was significantly sup-
pressed by pretreatment with SB203580 (25 mol/L) or PD98059 (25
wmol/L) for 1 hour. The degree of suppression was more significant with
SB203580 than with PD98059. Coincubation of H,0, (100 nmol/L) and
PDGF-BB (20 ng/mL) restored the phosphorylation of p38 MAPK that
was inhibited by DPI pretreatment. The figure is representative of at least
4 independent experiments. Data are expressed as the mean = SD of b
independent experiments. #*P < .001 and # P < .05 compared with the
PDGF-BB group. P < .001 compared with the DMEM and DPI +
PDGF-BB groups. PDGF, platelet-derived growth factor; PBS, phosphate-
buffered saline; Mn-TBAP, manganese (lll} tetrakis (benzoic acid) por-
phyrin chloride; DPI, diphenylene iodonium; DMEM, Dulbecco’s Modified
Eagle Medium; BrdU, bromodeoxyuridine; 0.D., optical density.
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Fig. 7. In vivo effect of Mn-TBAP or DPI on activation and proliferation
of HSCs induced by DMN. (A) Representative photomicrographs of Sirius
red-staining of liver tissues from control, DMN alone, DMN + Mn-TBAP,
and DMN + DPI (original magnification, X 100). (B) «-Smooth muscle
actin protein expression in liver homogenates via Western blotting,
Proteins (50 ng) were run on 10% SDS polyacrylamide gels. (C) HSC
proliferation evaluated by immunostaining for PCNA. A total area of 50
mm? was examined in each liver, and PCNA-positive cell number per
square millimeter was calculated. Mn-TBAP and DPI reduced HSC pro-
liferation. The figure is representative of 1 experiment. Data are ex-
pressed as the mean % SD of 6 mice used in the experiment. *P < .001
compared with the control group. **P < .01 compared with the DMN
group. DMN, dimethylnitrosamine; Mn-TBAP, manganese (lil} tetrakis
(benzoic acid) porphyrin chioride; DPI, diphenylene iodonium; «-SMA,
a-smooth muscle actin, HSC, hepatic stellate cell,

nase, and formed the signaling pathway that mediated the
PDGF-induced proliferation of HSCs. The selective sup-
pression of NAD(P)H oxidase in HSCs may be relevant
to the development of new antifibrotic therapy for
chronic liver diseases.

ROS—which include the superoxide anion, H,O,,
and hydroxyl radical—are highly reactive molecules. It is
now well established that lower, more “physiological” lev-
els of ROS can exert regulatory roles within the cells.
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Recently, a series of reports has documented that the in-
tracellular redox system can also modulate protein phos-
phorylation and dephosphorylation as a result of the
presence of redox-sensitive functional groups in the struc-
tures of both protein kinases and phosphatases.?324 Re-
dox homeostasis also regulates the activation of
transcription factors. Our present results show that Mn-
TBAP, a cell-permeable ROS scavenger, suppresses the
PDGF-BB-induced proliferation of HSCs. The effective
concentration of Mn-TBAP was in the nanomole order
and is clinically achievable in humans. Moreover, H,0,
significantly increased HSC proliferation. These results
suggest that a low level of ROS induces the proliferation
of HSCs and is essential for PDGF-BB—mediated HSC
proliferation.

To dlarify the mechanism of ROS production in HSCs
by PDGF-BB, we detected ROS production by PMAC-
enhanced chemiluminescence with a high-performance
intensified CCD camera. The ROS detection system we
employed in the present study can minimize sampling
error and has the advantage of being able to quantify
intracellular ROS production by various types of cultured
cells.2! The chemiluminescence was completely abolished
when cells were incubated with Mn-TBAP, a cell-perme-
able ROS scavenger. However, superoxide dismutase, a
cell-nonpermeable enzyme, failed to inhibit the enhanced
chemiluminescence induced by PDGF-BB. Taken to-
gether with the finding that Mn-TBAP significantly in-
hibited  PDGF-induced HSC proliferation, ROS
produced after incubation with PDGF-BB appear to be
implicated in PDGE-BB~induced HSC proliferation.

NAD(P)H oxidase is a four-subunit enzyme consisting
of two membrane components, pZZPhOX and gp91 phox and
two cytosolic components, p47°h* and pG7Phox A previ-
ous in vivo study showed that p22P"* and gp91Ph°x, an-
chored in the cell membrane, are expressed in HSCs ar
both the mRNA and protein levels.'3 However, the role of
NAD(P)H oxidase in HSCs has not been understood un-
til recently. Bataller et al. reported that NAD(P)H oxi-
dase—derived ROS were the signal
transduction pathway of angiotensin 11.25 They showed
pd7Phex, gp91phox, and Nox1, a homologue of gp91phox,
were expressed at the mRNA level. In the present scudy,
we demonstrated that p22Ph°X, gp91Ph°X, p47Ph°X, and
pG7Phox were expressed in HSCs at both the mRNA and
protein levels. PDGF-BB induced ROS production
through the activation of NAD(P)H oxidase, and this was
confirmed by the inhibition of ROS production by
NAD(P)H oxidase inhibitors, DPI, and apocynin. Be-
cause ROS production by NAD(P)H oxidase in HSCs is
observed not only in angiotensin II but also in PDGF, as
we showed in the present study, NAD(P)H oxidase—

involved in

— 300 —



