stop codon, and the A to T mutation at nt 1762 and the G
to A mutation at nt 1764 in the core promoter region are
frequently found in patients with fulminant hepatitis[16-
21]. These mutations in the precore and core promoter
regions are related to a reduction of the HBeAg by the
translational and transcriptional levels, respectively. The
mechanisms involved with severe liver damage and these
mutations are under investigation in relation to viral
replication, viral gene expression and localization of viral
proteins [22-27]. On the other hand, there are many
reports from western countries showing that the frequen-
cies of these mutations were not high among fulminant
hepatitis patients and that they were not related to the
severity of hepatitis [28—32]. It has been reported that the
frequencies of these mutations are different among HBV
genotypes [33-36]. The differences of frequency of these
mutations in fulminant hepatitis in western and eastern
countries may be related to the difference of HBV geno-
type distribution throughout the world, as genotypes B
and C are major genotypes in East Asia, and genotypes A
and D are major in the US and Europe [33, 34, 37-39].

Several investigators have studied infectious source
factors in cases of infant patients with fulminant hepatitis
B, and some results have indicated that anti-HBe positivi-
ty or mutant HBV with a precore mutation (nt 1896G to
A) in the mother has a relation with fulminant hepatitis in
the child; however, some reports are contradictory [40-
44]. In cases of adult patients with acute HBV infection,
only a few reports have discussed the virological aspects of
the infectious sources. Aye et al. [45] studied 7 adult
patients with acute HBV infection and 7 HBV carriers
who were their infectious sources, and found that all 5
infectious sources with acute hepatitis B were positive for
HBeAg without precore mutant HBV and 4 of the 5 were
healthy carriers, whereas 2 of 2 infectious sources of ful-
minant hepatitis were patients with chronic hepatitis and
1 was positive for anti-HBe with precore mutated HBV.
Further, Yotsumoto et al. [46] and Tanaka et al. [47]
noted that infectious sources of adult patients with fulmi-
nant hepatitis were positive for anti-HBe with a precore
mutation. However, there are no known reports that have
performed statistical analysis of the risk factors in infec-
tious sources in relationship to the severity of hepatitis in
partner patients.

In the present study, we analyzed the clinical features
and viral genomes of infectious sources infected with
genotype C HBV, which is the main genotype found in
our region. It has been proven that the infectious source
factors that related to the transmission of SH were higher
age, anti-HBe, chronic liver diseases, ALT abnormality

Infectious Source Factors of AH-B

and mutations in core promoter and precore regions. It is
interesting that all of these factors were related to the
immune pressure to HBV in the chronically infected host.
Therefore, it is suspected that HBV strains that are able to
replicate under host immune pressure may have a rela-
tionship to SH in the receivers. HBeAg-positive asymp-
tomatic carriers are thought to be at the immune tolerance
stage in the course of chronic HBV infection. All patients
infected by an HBeAg-positive asymptomatic carrier were
diagnosed with AH, and no infectious sources with SH
were diagnosed as an HBeAg-positive asymptomatic car-
rier. One infectious source of SH was diagnosed as ASC;
however, this source was positive for anti-HBe, and it
may be better to diagnose this case as an inactive HBsAg
carrier state [48]. These results also support the suspicion
that replication-competent HBV strains under immune
pressure have a relation with SH in receivers. These
results of adult acute HBV infection were not inconsistent
with reports of infant cases with fulminant hepatitis B,
suggesting the importance of anti-HBe and the precore
mutant in mothers.

The present results confirmed that core promoter or
precore mutations are related to the severity of acute
genotype C HBV infection, as seen from the analyses of
HBYV in patients with acute HBV infection and their
infectious sources. However, all but one infectious
sources in this study were infected with either mutant
type HBV (nt 1762T, nt 1764A and nt 1896A) or wild
type HBV (nt 1762A, nt 1764G and nt 1896G), therefore,
it was not possible to analyze and compare the impact of
the nature of these 3 mutations with the severity of hepati-
tis in infected patients.

Because of the restricted number of patients in this
study, statistical analysis could only be done for genotype
C. Risk factors relating to the severity of hepatitis might
be different among different genotypes. This issue should
be clarified in the future.

In conclusion, among the partners of patients chroni-
cally infected with genotype C HBV, those who were diag-
nosed with chronic liver diseases, positive for anti-HBe
and infected with core promoter (nt 1762T, nt 1764A) or
precore (nt 1986A) mutants were identified as risky infec-
tious sources of sexually transmitted severe hepatitis.

Acknowledgement

This study was supported in part by a grant to the study group
from the Ministry of Health, Labour and Welfare, Japan.

Intervirology 2005;48:112-119 117

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



—

N

10

1

References

Eto T, Shiraki K: National project on the pre-
vention of mother-to-infant infection by hepa-
titis B virus in Japan. Acta Paediatr Jpn 1989;
31:681-684,

Japanese Red Cross Non-A, Non-B Hepatitis
Research Group: Effect of screening for hepati-
tis C virus antibody and hepatitis B core anti-
body on incidence of post-transfusion hepati-
tis, Lancet 1991;338:1040-1041.

NIH Consensus Development Panel on Infec-
tious Disease Testing for Blood Transfusions:
Infectious disease testing for blood transfu-
sions. JAMA 1995;274:1374-1379.

Struve J, Giesecke J, Lindh G, Weiland O: Het-
erosexual contact as a major route for transmis-
sion of acute hepatitis B among adults. J Infect
1990;20:111-121.

Hou MC, Wu JC, Sheng WY, Chen TZ, Lee
SD, Lo KJ: Heterosexual transmission as the
most common route of acute hepatitis B virus
infection among adults in Taiwan — the impor-
tance of extending vaccination to susceptible
adulis. J Infect Dis 1993;167:938-941.

Bath GE, Scott TG, Sibbald CJ, Upton PA,
Ramsay CN, Willocks LJ: Acute hepatitis B in
Edinburgh 1975-92: A retrospective study in a
population where human immunodeficiency
virus is highly prevalent. Epidemiol Infect
1997;119:85-89.

Massari V, Maison P, Desenclos JC, Flahault
A: Six years of sentinel surveillance of hepatitis
B in general practice in France. Eur J Epidem-
iol 1998;14:765~767.

Lindh M, Horal P, Norkrans G: Acule hepatilis
B in Western Sweden - genotypes and trans-
mission routes. Infection 2000;28:161-163.
Arima S, Michitaka K, Horiike N, Kawai K,
Matsubara H, Nakanishi S, Abe M, Hasebe A,
Tokumoto Y, Yamamoto K, Onji M: Change
of acute hepatitis B transmission routes in Ja-
pan. J Gastroenterol 2003;38:772-775.
Bernuau J, Rueff B, Benhamou JP: Fulminant
and subfulminant liver failure; Definitions and
causes. Semin Liver Dis 1986;6:97-106.
Robert A, Chazouilleres O: Prothrombin time
in liver failure: Time, ratio, activity percentage
or international normalized ratio? Hepatology
1996;24:1392-1394.

Takahashi Y, Shimizu M, Study Group of Ful-
minant Hepatitis: Aetiology and prognosis of
fulminant hepatitis in Japan: A multicentre
study, J Gastroenterol Hepatol 1991;6:159-
164.

Kaplan PM, Greenman RL, Gerin JL, Purcell
RH, Robinson WS: DNA polymerase associat-
ed with human hepatitis B antigen. J Virol
1973;12:995-1005.

Chen Y, Michitaka K, Matsubara H, Yamamo-
to K, Horiike N, Onji M: Complete genome
sequence of hepatitis B virus (HBV) from a
patient with fulminant hepatitis without pre-
core and core promoter mutations: Compari-
son with HBV from a patient with acute hepati-
tis infected from the same infectious source. J
Hepatol 2003;38:84-90.

19

21

22

23

24

25

26

27

Mizokami M, Nakano T, Orito E, Tanaka Y,
Sakugawa H, Mukaide M, Robertson BH: Hep-
atitis B virus genotype assignment using re-
striction fragment length polymorphism pat-
terns, FEBS Lett 1999;450:66-71.

Omata M, Ehata T, Yokosuka O, Hosoda K,
Ohto M: Mutations in the precore region of
hepatitis B virus DNA in patients with fulmi-
nant and severe hepatitis. N Engl J Med 1991;
324:1699-1704.

Carman WF, Fagan EA, Hadziyannis S, Ka-
rayiannis P, Tassopoulos NC, Williams R,
Thomas HC: Association of a precore genomic
variant of hepatitis B virus with fulminant hep-
atitis. Hepatology 1991;14:219-222.

Liang TJ, Hasegawa K, Rimon N, Wands J,
Ben-Porath E: A hepatitis B virus mutant asso-
ciated with an epidemic of fulminant hepatitis.
N Engl J Med 1991;324:1705-1709.

Kosaka Y, Takase K, Kojima M, Shimizu M,
Inoue K, Yoshiba M, Tanaka S, Akahane Y,
Okamoto H, Tsuda F, Miyazawa Y, Mayumi
M: Fulminant hepatitis B: Induction by hepati-
tis B virus mutants defective in the precore
region and incapable of encoding e antigen.
Gastroenterology 1991;100:1087~1094.

Sato S, Suzuki K, Akahane Y, Akamatsu K,
Akiyama K, Yunomura X, Tsuda F, Tanaka T,
Okamoto H, Miyakawa Y, Mayumi M: Hepati-
tis B virus strains with mutations in the core
promoter in patients with fulminant hepatitis.
Ann Intern Med 1995;122:241-248,

Teo EK, Ostapowicz G, Hussain M, Lee WM,
Fontana R, Lok AS, US ALF Study Group:
Hepatitis B infection in patients with acute liv-
er failure in the United Statés. Hepatology
2001;33:972-976.

Lamberts C, Nassal M, Velhagen I, Zentgraf H,
Schroder CH: Precore-mediated inhibition of
hepatitis B virus progeny DNA synthesis. J
Virol 1993;67:3756~3762.

Baumert TF, Rogers SA, Hasegawa K, Liang
TJ: Two core promoter mutations identified in
a hepatitis B virus sirain associated with fulmi-
nant hepatitis result in enhanced viral replica-
tion. J Clin Invest 1996;98:2268-2276.
Buckwold VE, Xu Z, Chen M, Yen TS, Ou JH:
Effects of a naturally occurring mutation in the
hepatitis B virus basal core promoter on pre-
core gene expression and viral replication. J
Virol 1996;70:5845-5851.

Kidd-Ljunggren K, Oberg M, Kidd AH: Hepa-
titis B virus X gene 1751 to 1764 mutations:
Implications for HBeAg status and disease. J
Gen Virol 1997;78:1469-1478.

Sterneck M, Kalinina T, Gunther S, Fischer L,
Santantonio T, Greten H, Will H: Functional
analysis of HBV genomes from patients with

fulminant hepatitis. Hepatology 1998;28:
1390-1397.
Kawai K, Horiike N, Michitaka K, Onji M:

The effects of hepatitis B virus core promoter
mutations on hepatitis B core antigen distribu-
tion in hepatocytes as detected by laser-assisted
microdissection. ¥ Hepatol 2003;38:635-641.

118

Intervirology 2005;48:112-119

28

29

30

31

32

33

34

35

36

37

38

39

Feray C, Gigou M, Samuel D, Bernuau J, Bis-
muth H, Brechot C: Low prevalence of precore
muiaiions in hepatitis B virus DNA in fulmi-
nant hepatitis type B in France. J Hepatol
1993;18:119-122,

Laskus T, Rakela J, Nowicki M, Persing DH:
Hepatitis B virus core promoter sequence anal-
ysis in fulminant and chronic hepatitis B, Gas-
troenterology 1995;109:1618-1623,

Hsu HY, Chang MH, Lee CY, Hsieh KH, Ni
YH, Chen PJ, Chen DS: Precore mutant of
hepatitis B virus in childhood fulminant hepa-
titis B: An infrequent association. J Infect Dis
1995;171:776-781.

Sterneck M, Gunther S, Santantonio T, Fischer
L, Broelsch CE, Greten H, Will H: Hepalitis B
virus genomes of patients with fulminant hepa-
titis do not share a specific mutation. Hepato-
logy 1996;24:300-306.

Karayiannis P, Alexopoulou A, Hadziyannis S,
Thursz M, Watts R, Seito S, Thomas HC: Ful-
minant hepatitis associated with hepatitis B
virus ¢ antigen-negative infection: Importance
of host factors. Hepatology 1995;22:1628-
1634,

Orito E, Mizokami M, Sakugawa H, Michitaka
K, Ishikawa K, Ichida T, Okanoue T, Yotsuya-
nagi H, Tino S: A case-control study for clinical
and molecular biological differences between
hepatitis B viruses of genotypes B and C. Hepa-
tology 2001;33:218-223.

Sumi H, Yokosuka O, Seki N, Arai M, Imazeki
F, Kurihara T, Kanda T, Fukai K, Kato M, Sai-
sho H: Influence of hepatitis B virus genotypes
on the progression of chronic type B liver dis-
ease. Hepatology 2003;37:19-26.

Chan HL, Hussain M, Lok AS: Different hepa-
titis B virus genotypes are associated with dif-
ferent mutations in the core promoter and pre-
core regions during hepatitis B e antigen sero-
conversion. Hepatology 1999;29:976-984.
Blackberg J, Kidd-Ljunggren K: Genotypic dif-
ferences in the hepatitis B virus core promoter
and precore sequences during seroconversion
from HBeAg to anti-HBe. J Med Virol 2000;
60:107-112.

Mayerat C, Mantegani A, Frei PC: Does hepa-
1itis B virus (HBV) genotype influence the clin-
ical outcome of HBV infection? J Viral Hepat
1999;6:299-304.

Swenson PD, Van Geyt C, Alexander ER, Ha-
gan H, Freitag-Koontz JM, Wilson S, Norder
H, Magnius LO, Stuyver L; Hepatitis B virus
genotypes and HBsAg subtypes in refugees and
injection drug users in the United States deter-
mined by LiPA and monoclonal EIA, J Med
Virol 2001;64:305-311.

Orilo E, Ichida T, Sakugawa H, Sala M, Ho-
ritke N, Hino K, Okita K, Okanoue T, Iino S,
Tanaka E, Suzuki K, Watanabe H, Hige S,
Mizokami M: Geographic distribution of hepa-
titis B virus (HBV) genotype in patients with
chronic HBV infection in Japan. Hepatology
2001;34:590-594.

Michitaka et al.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



40 Beath SV, Boxall EH, Watson RM, Tarlow MJ,

41

42

Kelly DA: Fulminant hepatitis B in infants
born to anti-HBe hepatitis B carrier mothers.
BMJ 1992;304:1169~1170.

Terazawa S, Kojima M, Yamanaka T, Yotsu-
moto S, Okamoto H, Tsuda F, Miyakawa Y,
Mayumi M: Hepatitis B virus muiants with
precore-region defects in two babies with ful-
minant hepatitis and their mothers positive for
antibody to hepatitis B ¢ antigen. Pediatr Res
1991;29:5-9.

Vanclaire J, Cornu C, Sokal EM: Fulminant
hepatitis B in an infant born to a hepatitis Be
antibody positive, DNA negative carrier. Arch
Dis Child 1991;66:983-985.

Infectious Source Factors of AH-B

43

44

45

Komatsu H, Inui A, Morinishi Y, Sogo T,
Fujisawa T: Sequence analysis of hepatitis B
virus genomes from an infant with acute severe
hepatitis and a hepatitis B e antigen-positive
carrier mother, J Med Virol 2001;65:457-462,
Cacciola I, Cerenzia G, Pollicino T, Squadrito
G, Castellaneta S, Zaneiti AR, Mieli-Vergani
G, Raimondo G: Genomic heterogeneity of
hepatitis B virus (HBV) and outcome of perina-
tal HBV infection. J Hepatol 2002;36:426~
432,

Aye TT, Uchida T, Becker SO, Shikata T,
Mima S: Completely or nearly identical hepati-
tis B virus strains replicate between patients
with acute or fulminant hepatitis B and their
respective infectious sources. J Med Virol
1994;42:60-65.

46

47

48

49

Yotsumoto S, Kojima M, Shoji I, Yamamoto
K, Okamoto H, Mishiro S: Fulminant hepatitis
related to transmission of hepatitis B variants
with precore mulations between spouses. He-
patology 1992;16:31-35.

Tanaka S, Yosiba M, Iino S, Fukuda M, Nakao
H, Tsuda F, Okamoto H, Miyakawa Y, Mayu-
mi M: A common-source outbreak of fulmi-
nant hepatitis B in hemodialysis patients in-
duced by precore mutant. Kidney Inl 1995;48:
1972-1978.

Lok AS, McMahon BJ: Chronic hepatitis B.
Hepatology 2001;34:1225-1241.

Kobayashi M, Koike K: Complete nucleotide
sequence of hepatitis B virus DNA of subtype
adr and its conserved gene organizalion. Gene
1984;30:227-232.

Intervirology 2005;48:112~119

119

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Original Paper

Intervirology

Intervirology 2005;48:262-267
DOI: 10.1158/000084604

Received: September 21, 2004
Accepted after revision: October 28, 2004

Co-Infection with Hepatitis B Virus
Genotype D and Other Genotypes in

Western Japan

Kojiro Michitaka®® Norio Horiike? Yan Chen?

Kana Matsuura? Yoshio Tokumoto? Yoichi Hiasa?

Morikazu Onji?

Tran Nhu Duong?
Fazle S.M. Akbar?

aThird Department of Internal Medicine, and bEndoscopy Center, Ehime University School of Medicine,

Ehime, Japan

Key Words
Hepatitis B virus - Co-infection - Genotype - Hepatitis B
surface antigen - Subtype

Abstract

Objective: Genotypes B and C are the prevalent hepatitis
B virus (HBV) genotypes in eastern Asia. Although very
rare in this region of the world, genotype D was found
to be prevalent in a small area of western Japan. In this
study, we confirm the frequency and clinical significance
of co-infection with different genotypes among patients
from that area infected with genotype D. Methods: Twen-
ty-three patients from the same area of western Japan
infected with HBV genotype D, determined using a ge-
notyping enzyme immunoassay, were studied. Cloning
was done using DNA extracted from serum samples, and
polymerase chain reaction assays with the restriction
fragment length polymorphism for HBV genotyping
were performed with 10 clones from each patient. Re-
sults: Four (17.4%) of the 23 patients were found to be
co-infected with HBV genotype C, and the HB surface

antigen subtype was ayw in both mono- and co-infected
patients. No clinical differences were found between
mono-infected and co-infected patients carrying geno-
type D. Conclusion: A significant number of patients
from the study area found to be infected with HBV geno-
type D were co-infected ‘with genotype C. Additional
study with a larger number of patients is needed to elu-
cidate the possible clinical significance.

- Copyright ©® 2005 S. Karger AG, Basel

Introduction

Hepatitis B virus (HBV) is a DNA virus, with genom-
ic length of approximately 3,200 bases, and is an impor-
tant causative agent of acute and chronic liver diseases.
Approximately 350 million people overall are chroni-
cally infected with HBV in the world, and 8 genotypes
(A through H), classified according to the divergence of
the entire genome, have been reported {1-4]. HBV geno-
types have a distinct geographic distribution among var-
ious regions of the world. Genotypes A and D are dis-
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tributed mainly in Europe, West Asia, Africa and Amer-
ica, while genotypes B and C are predominant in East
Asian countries [5-7]. Further, many reports have indi-
cated that there are some differences in the clinical fea-
tures of patients infected with the various genotypes [8—
13]. The rate of persistence of HBV genotype A infection
following acute infection is reported to be high as com-
pared with genotype D, and genotype C has been re-
ported to have a relationship with advanced liver dis-
eases and delayed HBeAg seroconversion, in contrast to
genotype B. '

Several studies have reported recombination with
different genotypes, and a few reports have indicated
the clinical relevance of such recombination [14~18].
On the other hand, co-infection with genotypes B and
C, and with genotypes A and D have been reported
[19-22], with clinical and virological significance of
co-infection studied. In contrast, there are no known
reports that have provided detailed data of other com-
binations, such as genotypes B and D or genotypes C
and D, because of their different geographical distribu-
tion.

Genotype C is the most prevalent HBV genotype in
Japan, followed by genotype B, whereas genotype D is
~ very rare [5]. However, we have reported that approxi-
mately 10% of the HBV carriers in a small area in western
Japan were infected with genotype D [23]. In the present
study, we attempted to clarify the frequency and clinical
features of co-infection with other genotypes in patients
infected with genotype D in this area. The rate of preva-
lence of genotypes A, B, C, and D in this area were found
tobe 2.7, 3.4, 84.7 and 9.2%, respectively, among chron-
ic HBV carriers [23].

Patients and Methods

Patients

Among all patients positive for the HB surface antigen (HB-
sAg) who consulted our hospital from 1999 to 2002, 23 (14 males,
9 females; median age 26 years old, ranging from 13 to 88 years
of age: 20 with chronic HBV infcction, 3 with acutc infection)
were confirmed to be infected with genotype D and included in
this study. All were negative for anti-hepatitis C virus (HCV). The
infectious route was not determined in 21 patients, whereas sex-
ual transmission was suspected in 2 patients with acute HBV in-
fection. None were drug abusers or homosexuals. Among the 20
patients with chronic infection, none had a history of acute hepa-
titis. The purpose of the study was explained to each patient be-
forehand, and written informed consent was obtained from
each.

Co-Infection with HBV Genotype D and
Other Genotypes

Serological Testing

The presence of HBsAg was assayed using a chemiluminescent
immunoassay (Architect HBsAg, Dainabot, Tokyo, Japan), while
hepatitis B ¢ antigen (HBeAg) and antibody to HBeAg (anti-HBe)
were checked with an enzyme immunoassay (EIA) (AxSYM HBeAg
and AxXSYM HBeAb assays, Dainabot), and the subtype of HBsAg
(scrotypc) was tested using a commercially available EIA kit (HB-
sAg subtype EIA, Institute of Immunology, Tokyo).

Genotype Testing

The HBYV genotypes of the 23 serum subjects were determined
using an HBV-genotyping ETA kit (Institute of Immunology) [24].
Genotype of clones described below was assayed using a restriction
fragment length polymorphism method on the small-S gene se-
quence amplified by a polymerase chain reaction (PCR-RFLP)
[25].

Cloning

Serum samples were stored at ~-80°C. DNA was extracted from
50 ! of serum with lysis buffer containing proteinase K, and the S
region of HBV-DNA was amplified using PCR. The details of the
present method were reported in our previous study [26]. Bricfly,
a semi-nested PCR assay was performed using sense primers SS1
(5'-CTCCACCACATTCCACCAA, nt1-20), 883 (5'-TCCTGCT-
GGTGGCTCCAGTTC, nt55-75) and anti-sense primer SS2 (5'-
GAGGAGCCACAAAGGTTCCGC, nt1258-1238). SS1 and 882
were used for the first-round of PCR, and SS2 and SS3 for the sec-
ond-round. The amplified HBV-DNA was inserted into a plasmid
vector (pT7BBlue-vector) and transformed into competent cells
(NovaBlue Singles™) using a commercially available cloning kit
(Perfectly Blunt™ cloning kits, Novagen, Darmstadt, Germany),
with 10 clones obtained from each serum sample. Each clone was
analyzed for genotype using the PCR-RFLP mcthod described
above. Sequencing was done with a commercially available kit (Big-
Dye Terminator Cycle Sequencing 'S Ready Reaction Kit, Applied
Biosystems, Alameda, Calif., USA).

Statistical Analyses

Statistical analyses were performed using a Mann-Whitney test
and Fisher’s exact test. p < 0.05 was considered statistically sig-
nificant.

Resuits

Frequency of Co-Infection with Different Genotypes

All of the 23 subjects with HBV were shown to be
genotype D by the EIA method. PCR-RFLP findings of
the cloned samples revealed that the genotype of all 10
clones from 19 patients was D, while some in each group
of 10 clones from the other 4 (17.4% of all patients) were
genotype C (table 1; fig. 1). The HBsAg subtype was also
determined in 15 patients and all, including 3 patients
who were co-infected with genotype C and D, were
shown to be serotype ayw. To ensure the accuracy of the
PCR-RFLP genotyping results for each clone, sequenc-
ing was performed for all 10 clones from a single patient
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who was co-infected with genotypes C and D (patient 4
in table 1), and the PCR-RFLP findings were confirmed

(fig. 2). '

Clinical Features of Co-Infected Patients

We compared the clinical features between 4 patients
co-infected with genotypes C and D and the 19 patients
who showed mono-infection with genotype D, however,
no significant differences were found for age, sex, diagno-
sis, level of ALT, and HBeAg/Ab status (table 2).

Clone No.
1t 2 3 4 5 6 7 8 9 10

485 bp —»
233 bp —b

Patient 4

Fig. 1. Restriction fragment polymorphism patterns from genotyp-
ing 10 clones from patient 4. Shown are the electrophoresis results
of the 10 clones from patient 4 digested with Alw 1, which was the
first genotyping step used in the PCR-RFLP method. DNA with
485 bp corresponds to genotype C, while that with 233 bp corre-
sponds to genotype A, B, D, E, or F [25]. Clones with 233 bp were
proven to be genotype D by the final results of the entire PCR-RFLP
proccdure.

Table 1. Patient clinical backgrounds, HBsAg subtypes, and num-
ber of clones with each genotype

No. Age Sex Diag ALT ‘HBe Anti- HBsAg Clones with
nosis Ag HBe subtype each genotype
1 28 F ASC* 12 - + NE D:9 C1
2 26 F ASC* 19 - + ayw D:7 C3
3 8 F CH 41 <+ - ayw D:7 C:3
4 26 M CH 43 - + ayw D:8 C2
5 16 M ASC 15+ - NE D: 10
6 64 F ASC 33+ - ayw D: 10
7 70 M ASC 21+ - ayw D: 10
8 23 F ASC* 21 - + NE D: 10
9 63 F ASC* 17 - + ayw D: 10
10 26 M ASC* 39 - + ayw D: 10
11 26 M ASC* 20 - + NE D: 10
12 24 M ASC* 14 - + ayw D: 10
13 25 M ASC* 20 - + NE D: 10
14 280 M ASC* 28 - + ayw D: 10
15 27 M ASC* 24 - + ayw D: 10
16 28 M ASC* 26 - + ayw D: 10
17 18 F FH 7,620 + - NE D: 10
18 20 F AH 189 + - ayw D: 10
19 13 F AH 1452 - + ayw D: 10
20 2t M CH 46 + - NE D: 10
21 27 M CH 88 + - ayw D: 10
22 64 M CH 39+ - ayw D: 10
23 26 M CH 50 - + NE D: 10

AH = Acute hepatitis; FH = fulminant hepatitis; ASC = asymp-
tomatic HBV carrier; CH = chronic hepatitis; ALT = alanine ami-
notransferase; NE = not examined.

“* These cases were also diagnosed to be an inactive HBsAg car-
ricr state, though histological cxaminations were not performed
[38].

nt 287 493 630 963

S [ I [ I
Genotype C (AB@33550) GCACCCAC---- -~AACAACTAC--- --CAAGAT-- --AAATAGAC-
Genotype D (M32138) = A-CA--GT--w= =~ ==TT=m=--A--mm- —=G--A--=m -=T==C--G-=
Clone 1 A-CA==GT-=2= ==TTroooA-moe —oGA--mm  —=T-~C--G--
Clone 2 A-CA-=GT-===  —-TT==ecAmm—mm “=G-=A-—==  =-T--C--G--
) o Clone 3 A-CA-=GT-=== ==TT-mm-A-=-m- B T o o B
Fig. 2. Nucleotide sequences of S regions in Clone 4 A-CA-=GTmmmt = TTom oo Ammme eGoAmmmm T CmiGen
10 clones from patient 4. The 10 clones Clone 5 e il il iimaianl
(clone 1-10) are the same as in figure 1. Clone 6 e e e
DNA from clone 5 and 6 were confirmed to
. Clone 7 A-CA--GT---- ==TT===-A----- ——G=-A--—= ==T=-C-=G--
be genotype C, while that from the other 8 lone 8 A~CA-GT B oo - .
clones was shown to be genotype D by their one oo TTGesAmeme = TeeConGon
nucleotide sequences. The nucleotide se- Clone 9 A-CA-=GT--== —=TT-m-A=-mo- T7GoAmmm T GG
Clone 10 A-CA--GT--mm  ==TT-moAmmnnn ~=Ge-A-=mm  ~-T--C--G--

quences of strains AB033550 and M32138
arc shown as prototypc sequences of geno-
types C and D, respectively [1, 39].
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Table 2. Comparison of clinical features between co-infected (ge-
notype D + C) and mono-infected (D) subjects

Co-infection Mono-infection p

(D+C) D)
Number 4 19
Age, years, median (range)  28.5 (26-88) 32 (13-70) NS
Sex (M/F) 1/3 13/6 NS
Diagnosis NS
FH,AH 0 3
ASC 2 12
CH 2 4
ALT, IU/L, median (range)  30(12-43)  28(15-7,620) NS
HBcAg/anti-HBc NS
HBeAg+ 1 8
Anti-HBe+ 3 11

AH = Acute hepatitis; FH = fulminant hepatitis; ASC = asymp-
tomatic HBV carrier; CH = chronic hepatitis; ALT = alanine ami-
notransferase; NS = not significant.

Discussion

The samples examined in the present study came from
subjects living in the small area in western Japan, where
Gianotti-Crosti syndrome caused by infection with HBV
subtype ayw was endemic in the 1970s {27, 28]. Recently,
we reported that the infectious agent that caused the out-
break in this area was suspected to be HBV genotype D
[23,29]. It is convincing that genotype C was the common
genotype involved in the co-infected cases in the present
study, because C is the most prevalent genotype in this
area.

In all of the present subjects infected with genotype D,
the serotype of HBsAg was ayw. On the other hand, most
of patients infected with genotype C in Japan show sero-
type adr [24] and the same result was obtained in the
study area (data, not shown). We expected that patients
co-infected with genotypes C and D would show com-
bined serotypes of ayw and adr, however, all of those as-
sayed for serotypes in the present study were found to be
serotype ayw. Thus, we suspected that the major serotype
in the cases of co-infection was ayw, while the sensitivity
for detection of HBsAg serotype adr in the serum samples
was not adequate using the present method. As a result,
the present serotyping method may not be sensitive
enough to screen patients co-infected with different sero-
types. On the other hand, several other reports have de-
scribed compound serotypes, such as adwr or adywr in
infected patients [30-33]. Further study is needed to de-

Co-Infection with HBV Genotype D and
Other Genotypes

termine whether patients with compound subtypes are
co-infected with different genotypes.

Several studies regarding co-infection with different
genotypes of HBV have been reported. Chen et al. found
that 17.5% of intravenous drug abusers co-positive for
HBsAg, anti-HCV and anti-HDV were co-infected with
genotypes B and C [19]. Kato et al. [20] reported that 2
distinct HBV genotypes were found in 10.9% of the sam-
ples from HBV carriers collected from several countries
throughout the world. In another study in which 40% of
the subjects were homosexual, Hannoun et al. [21]
showed that 67% of chronic hepatitis B patients were co-
infected with genotype A and other genotypes. In the
present study, 4 (17.4%) of the 23 patients were found to
have co-infection, which is comparable to that among
drug abuser reported by Chen et al. described above. Al-
though none of the present subjects were known to be
drug abusers or homosexual, a considerable ratio of
genotype D HBV carriers were co-infected with geno-
type C.

The possible route of co-infection with genotypes C
and D was considered to be superinfection with genotype
C in a genotype D carrier, superinfection with genotype
D in a genotype C carrier, or simultaneous infection with
genotypes C and D. No history of acute hepatitis was ob-
served in any of the subjects with chronic infection, thus
the process remains unidentified. The high prevalence of
co-infection with genotype A and other genotypes in the
report of Hannoun et al. [21] is intriguing because the rate
of progression to chronic carrier state in adult patients
with acute genotype A infection is known to be high and
many of their subjects were homosexuals. Recently, the
most important infectious route for acute HBV infection
in Japanese adults is sexual transmission [34], and it has
been reported that acute hepatitis B with genotype A is
increasing in the Tokyo area [35, 36], whereas acute hep-
atitis B with genotype D is prevalent in the present area
[26]. The rate of chronicity following acute HBV infec-
tion of each genotype via sexual transmission must be
clarified, as well as that following acute HBV superinfec-
tion in chronic carrier state patients' with other geno-
types.

Little is known regarding the significance of co-infec-
tion with the different genotypes, though Kato et al. re-
ported the virological significance of co-infection with
genotypes G and A in regard to the existence of HBeAg
in serum [37]. We have reported previously that in com-
parison to genotype C, infection with genotype D was
related to normal levels of ALT, low frequency of ad-
vanced liver diseases (liver cirrhosis and hepatocellular
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carcinoma), and early seroconversion of HBeAg to anti-
HBe in contrast to genotype C [23]. In the present study,
we attempted to know the differences of clinical features
between patients co-infected with genotype C and D and

those infected with genotype D only, but the significant

differences were not found. However, the number of pa-
tients was too few to form a conclusion.

In conclusion, we confirmed that a considerable num-
ber of patients in the study area infected with genotype

1~
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Efficacy of lamivudine therapy for decompensated liver cirrhosis
due to hepatitis B virus with or without hepatocellular carcinoma
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Abstract. The prognosis for patients with decompensated
hepatitis B virus (HBV) related liver cirrhosis (LC-B),
especially for those with LC-B complicated with hepatocellular
carcinoma (HCC), is poor. We investigated the effects of
Jamivadine in patients with decompensated LC-B, with and

without HCC. Decompensated LC-B patients (n=55) with -

Child-Pugh classification scores (CPS) >7 points were enrolled.
All were admitted to the hospitals of the authors between
January 1997 and December 2004. Decompensated cases due
10 a severe exacerbation of hepatitis with CH-B and patients
with HCC showing an extra hepatic metastasis or portal vein
tumor thrombus were excluded. Some 19 cases (including
5 cases complicated with HCC at the start of therapy)
were treated with lamivadine at 100 mg/day (L group), and
36 (including 7 cases with HCC at time of admittance) were
treated without lamivudine (non-L group). The median of
CPS points in the L group was higher than that of non-L
group (11 points versus 9 points, p<0.02). Prothrombin time
(%), albumin, ascites, CPS, and HBV-DNA quantity were
each significantly improved after 6 months in the L group
(p<0.05). A mutation in the YMDD motif was observed in
5 patients in the L group, however liver function did not
deteriorate. Further, the survival rate was significantly higher
in the L group (p<0.05). HCC was found in 3 L group and
4 non-L group patients during the study. In the L group, all
patients complicated with HCC were treated repeatedly or
until cured, whereas 91% of those in the non-L group could
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Internal Medicine, Ehime University School of Medicine, Ehime
791-0295, Japan

E-mail: onjimori @m.echime-u.ac.jp

Key words: hepatic decompensation, lamivudine, hepatocellular
carcinoma, liver cirrhosis, hepatitis B virus

not be treated (p<0.01). Our results suggest that lamivadine is
a useful and important therapy for patients with decompensated
LC-B with and without HCC, as well as those who are
restricted from having liver transplantation.

Introduction

In patients with hepatitis B virus (HBV)-related liver cirrhosis
(LC-B), hepatic decompensation is a major clinical problem.
Further, in those cases complicated with hepatocellular
carcinoma (HCC), hepatic decompensation decreases quality
of life and limits the available treatments for HCC. Liver
transplantation is recommended for liver cirrhosis (1,2) and
HCC (3.4), however many patients are unable to receive a
transplant with the lack of donors available in Japan. Therefore,
it is hoped that liver cirrhosis and HCC can be controlled
non-surgically in many cases.

Interferon therapy is usually difficult in cases of LC-B
with severe liver dysfunction because of the low levels-of
platelets, though lamivudine has been widely used for chronic
hepatitis due to HBV (CH-B) (5), and also reported to be
useful for decompensated LC-B (6-8). However, data regarding
the efficacy of lamivudine for patients with decompensated
LC-B with HCC is scarce, even though cases of liver cirrhosis
with HCC have been increasing at a high rate. We previously
reported on a decompensated LC-B patient classified as
grade C in the Child-Pugh classification, in whom hepatic
resection of an HCC that emerged 3 years after lamivudine
therapy was enabled (9). In the present study, we retrospectively
analyzed the usefulness of lamivudine therapy for patients
with decompensated LC-B and in those complicated with
HCC.

Patients and methods

Patients. Decompensated LC-B patients (n=55) with Child-
Pugh classification score (CPS) >7 points were enrolled in the
present study, and their results were analyzed retrospectively.
All patients were admitted to the hospitals of the authors
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Table I. Clinical data at entry and observation period for all patients.

L group Non-L group p-value

Number of patients 36 -
Age in years

Median 57 NS

Range 28-68 . 40-82
Sex (males:females) 15:4 19:17 NS (0.06)
Total-bilirubin (mg/dl) 43=3.1 20=1.5 <0.001
Prothrombin time (%) 4712142 543x134 NS
ALT (IUN) 0571194 79.1x120.0 NS
Albumin (g/dl) 2.8+0.6 3.0£0.4 NS
Platelets (x10%ml) 8.7x4.1 0.1x4 4 NS
Child-Pugh classification score (CPS)

Median 9 <0.020

Range 8-15 7-12
Patients with Child-Pugh class C 15 (79%) 18 (50%) <0.050
Ascites 15 (79%) 29 (81%) NS
Hepatic encephalopathy 1 (5%) 2 (6%) NS
Patients positive for HBeAg 10 (53%) 10 (42%) (12:NE) NS
HBV-DNA (TMA: Meg/ml) 6.2x1.1 6.2x1.5 NS
Patients with emergence of YMDD mutant 5 (26%) - -
Patients with breakthrough hepatitis 0 (0%) - -
Patients with HCC diagnosed at the entry 5 (26%) 7(19%) . NS
Observation period (months) 28.0+16.0 29.0+19.0 NS

NS, not significant; NE, not examined. Analyses were conducted with the Student's t-test and Mann-Whitney U test.

between January 1997 and December 2004, and were positive
for hepatitis B surface antigen (HBsAg), negative for anti-
hepatitis C virus antibody second generation, and not alcoholic.
Those cases with an HCC diagnosed within 6 months of
admittance were classified as HCC complicated at entry.
Decompensated cases due to a severe exacerbation of hepatitis
with CH-B and patients with HCC showing an extra hepatic
metastasis or portal vein tumor thrombus were excluded.

Methods. Of the 55 patients, 19 were treated orally with
lamivudine at 100 mg/day (L group) (median age, 53 years
old; 15 males and 4 females). Fifteen had Child-Pugh class C
liver disease (79%), and 5 had known HCC at the start of
lamivudine therapy, of whom 2 were HCC recurrence cases.
Also, 2 were tumor node metastasis (TNM) stage 1I (10) and
3 were stage IIL. Of 19 patients, 17 had no past history of HCC.

A total of 36 patients were treated conservatively without
lamivudine (non-L group) (median age, 57 years; 19 males and
17 females). Eighteen had Child-Pugh class C liver disease
(50%), and 7 patients were diagnosed with HCC within
6 months after entry to this study, of which 4 were TNM
stage II and 3 were stage II1. None of the patients in the non-L
group had a past history of therapy for HCC.

The diagnosis of liver cirthosis was made by a histological
study of past hospitalization in 8 cases, and past history of
treated esophageal varices or existence of esophageal varices
was determined using biochemical data combined with
characteristic findings of abdominal ultrasonography (US) in
the other 47 cases (11). Informed consent was received from
all patients.

Evaluation. During the follow-up period, serial serum samples
were measured for HBV-DNA quantity (TMA method),
prothrombin time (PT%), aspartate aminotransferase, alanine
aminotransferase (ALT), total bilirubin, albumin, and
hepatitis B e antigen (HBeAg). Further, US and physical
examinations were also performed. Data from examinations
at 6, 12, 24, 36, and 48 months after entry to the study were
analyzed.

Statistical analysis. Results are shown as the mean = standard
deviation (SD). Analyses were conducted using the Student's
t-test, Mann-Whitney U test, paired t-test, Wilcoxon signed-
rank test, Fisher's exact probability test, log-rank test, and
Kaplan-Meier method. p-values <0.05 were considered
statistically significant. All statistical analyses were carried
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Figure 1. Serial changes of CPS in L group. After starting lamivudine, an
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Figure 2. Serial changes of CPS points in non-L group. Six months after
beginning conservative therapy without lamivudine, the CPS point average
was decreased (p<0.05), then finally rebounded in nearly all cases in the
non-L group. CPS points following complication with HCC (e).

Table IT. Changes of CPS points in both groups.

Months
0 6 12 24 36 48

L group

Median 11 8 8 6 5 5

Range (8-15) (5-12) (5-9) (5-8) (5-6) -

n 19 19 15 10 6 2
Non-L group

Median 9 9 9 10 10 11

Range (7-13) (6-13) (6-14) (7-15) (7-14) (7-14)

n 36 30 25 17 9 7
p-value <0020 NS <0001 <0.001 0001 <0.050

NS, not significant. Analyses were conducted using a Mann-Whitney U
test. All data are expressed as CPS.
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Figure 3. Survival rates of patients in L group and non-L group. The survival
rate was lower in the non-L group (p<0.05).

out on a personal computer using StatView version 5.0 (SAS
Institute, Inc., Berkeley, CA, USA).

Results

Clinical backgrounds and outcomes for the L group and non-L
group are shown in Table 1. The levels of total bilirubin and
CPS points were worse in the L group than in the non-L
group (p<0.001 and p<0.02, respectively) at study entry.

Fig. 1 shows the changes in CPS after the start of therapy
in the L group. Of the 19 patients in that group, 16 showed a
decrease in CPS points 6 months after beginning lamivudine
(84%), and most cases showed a good response io therapy.
Mutant HBV resistance to lamivudine appeared in 5 cases,
though breakthrough hepatitis was not observed. Fig. 2
shows the changes in CPS in the non-L group. After 1 year,
no significant improvement was observed in those patients
regarding CPS points as compared with the time of entry.

CPS points in the L group were significantly lower than
in the non-L group at 12, 24, 36, and 48 months after entry
(Table II), and the survival rate in the L group was significantly
longer (Fig. 3; p<0.05). In addition to the improvement of
CPS, remarkable improvements in ALT (from 95.7x1194 to
36.6=14.1 TU/, p<0.05), and a decreasing quantity of HBV-
DNA (TMA method) (from 6.2+1.1 to 3.3£0.8 Meqg/ml,
p<0.01) were observed after 6 months of lamivudine therapy
in the L group.

HCC occwrred in 3 patients in the L group, and 4 patients
in the non-L group became complicated with HCC during the
study. There were no significant differences between the
clinical profiles of HCC-complicated cases in both groups
(data not shown). Therapies against HCC [e.g. transcatheter
hepatic arterial embolization (TAE), radiofrequency ablation
(RFA), and surgery] could be performed without exacerbation
of hepatic decompensation after recovery from a decompen-
sated state in the L group patients. On the other hand, 5 of 11
cases with HCC in the non-L group could not receive any of
the above treatments for HCC because of a decompensated
state. In 5 cases, the decompensated state (ascites or icterus)
deteriorated after therapy [TAE, percutaneous ethanol injection
therapy (PEIT), or RFA]. Some 10 of the ‘11 non-L group
patients with HCC died (91%) (Table III). The rate of patients
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Table IIT. Clinical data for patients with HCC.

HIRAOKA et al: LAMIVUDINE FOR LIVER CIRRHOSIS WITH HCC

Complicated with HCC Complicated with HCC
at study entry after study entry
L group non-L group L group non-L group

No. of patients (males:females) 54 (3:2) 7(3:4) 3 (3:0) 431
Outcome (SUrvivor:non-survivor) 4:1 16 3:0 0:4
Performed therapies without exacerbation 5:0 1:6 3:0 0:4
of decompensated state
CPS points at the entry (median:range) 12 (9-13) 10 (8-11) 12 (8-15) 10 (7-12)
CPS points at diagnosis of HCC - - 8 (7-11) 10 (7-12)
TNM classification (L:1L:IIT) 0:2:3 0:4:3 2:1:0 2:1:1
Average size of HCC (mm) 252+5.7 29.1+6.0 17.7x6.4 19.8+8.2
Possible to perform radical treatment for HCC (u) 2 1 3 -
Possible to perform repeated treatment for HCC (n) 3 - - -
Impossible to perform therapy for HCC (n) - 6 - 4

30 5 cases, 2 were recurrence of known HCC cases. bHepatic decompensation deteriorated after treatment for HCC in 5 cases.

with successful therapy for HCC was significantly higher in
the L group (p<0.001). There was no significant difference in
sarvival rate in the non-L group between cases with and without
HCC (data not shown).

Discussion

Previous studies have shown that lamivudine is useful for
patients with decompensated LC-B (6-8), however there are
no known reports regarding the prognosis of patients with
decompensated LC-B complicated with HCC treated with
lamivudine. This is the first known report of lamivudine
therapy for such cases.

The reserve function of the liver is an important factor in
the prognosis of HCC patients (12) because therapy restrictions
lead to a poor prognosis. As a result, some HCC staging scores
that refer to the reserve function of the liver have been used
as a means to predict the prognosis of HCC patients (13-16).
In the present study, survival rates were not significantly
different between cases with and without HCC in the non-L
group, which indicated that severe hepatic failure might be a
more important factor in the prognosis of decompensated
LC-B patients with HCC.

Optional therapies against HCC include PEIT (17), RFA
(18), TAE (19), surgery (20), and liver transplantation (3.4).
When liver trausplantation is restricted, decompensated liver
cirrhosis patients with HCC usually cannot undergo radical
therapy, such as surgery, PEIT or RFA, due fo ascites or the
tendency to bleed. In the present study, following recovery
from hepatic decompensation, of 8 HCC complicated
patients in the L group, 5 underwent therapies and were alive
at the time of writing, with no recurrence or controlled with
repeated TAE. :

On the other hand, the appearance of mutant HBV
resistance to lamivudine and breakthrough hepatitis are known

as major problems that can occur during lamivudine therapy.
Adefovir dipivoxil and entecavir have been introduced as
drugs for breakthrough hepatitis (21,22), though it did not
occur in any patients in the present study. Lamivudine therapy
for decompensated LC-B requires careful follow-up, as
breakthrough hepatitis can be fatal, and early therapy is
required when it appears.

The prognosis of patients with hepatic decompensated
LC-B is poor, with or without HCC complication. A liver
transplantation is the most effective therapy, however, for
cases that cannot undergo transplantation, the present results
showed that lamivudine administration can improve the
prognosis in those with decompensated LC-B complicated
with HCC, though further investigation with a greater number
of patients in a randomized controlled study is needed. Further,
additional study with more cases and a longer period is
needed regarding the frequency and severity of breakthrough
hepatitis in patients undergoing lamivudine therapy.

- In conclusion, lamivudine improved the survival rate of
decompensated LC-B patients, and it is suggested that those
with decompensated LC-B with or without HCC are indicated
for lamivudine therapy.
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Abstract: Background: Primary biliary cirrhosis (PBC) is one of the organ-
specific autoimmune diseases characterized by destruction of the biliary
epithelial cells, cholestasis, liver cirrhosis, and liver failure. With the
postulation that induction of the autoimmune process might induce PBC-like
cholangitis, here we used polyinosinic polycytidylic acid (poly I:C), an
inducer of type-1 interferon (IFN), to generate an autoimmune cholangitis
animal model. Methods: Female C57BL/6 mice were injected with 5mg/kg of
poly I:C twice a week for 28 consecutive weeks. Liver specimens were
collected to evaluate the degree of cell infiltration. Autoantibodies, including
antimitochondrial antibody (AMA), were assayed by immunofluorescence,
enzyme-linked immunosorbent assay (ELISA) and immunoblotting. IFN-o.
was estimated in the sera by an ELISA method. Poly I:C injection induced
IEN-o.. Results: Mononuclear cells were detected at the portal areas 8 weeks
after the start of poly I:C injection, which progressed up to 16 weeks.
Autoantibodies, including AMA, were detected in the sera from all poly I:C-
injected mice. Conclusions: In conclusion, we show an early development of
a PBC-like cholangitis in a genetically susceptible mouse strain because of
poly I:C administration. This model would be helpful to study PBC
immunopathogenesis and to evaluate the effectiveness of newly developed
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therapeutic regimens for PBC.

Primary biliary cirrhosis (PBC) is one of the
organ-specific autoimmune diseases characterized
by the destruction of the biliary epithelial cells,
cholestasis, liver cirrhosis, and liver failure (1).
PBC diagnosis is comparatively easier because
autoreactive antibodies (antimitochondrial anti-
body (AMA)) (2) are usually detected in PBC
patients. The major antigens (M2 antigen: com-
plex of three kinds of 2-oxo-acid dehydrogenase
complexes) reactive to this antibody have also
been detected (3-6). The disease remains mostly
asymptomatic for prolonged periods and symp-
toms usually develop in patients with advanced
stages of disease (7-9). Accordingly, the early
cellular events underlying PBC pathogenesis are
difficult to study in PBC patients because most of
these patients attend the clinics during the later
stages of the disease.

This prompted the development of PBC animal
models by several investigators (summarized in
Vierling (10)). Spontaneous development of PBC-
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like biliary lesions has been reported in some
genetically susceptible mouse strains. PBC-like
lesions were also developed by administration of
the pyruvate dehydrogenase complexes (PDCs) or
biliary epithelial cells in mice. Although PBC-like
lesions might be developed in experimental ani-
mals, there are several limitations to these models
in the context of understanding the pathogenesis
of human PBC. However, PBC animal models
might be useful to study the impact of newer drugs
or novel therapeutic approaches. Hayashi et al.
(11) and Kanda et al. (12) have reported the
spontaneous development of PBC-like lesions in
more than half of the female C57BL/6 mice at 18—
24 months. However, the effect of newer drugs
could not be tested in this model because mice
became too old when PBC-like lesions were emi-
nent. It was also uncertain which mice would and
would not develop PBC-like lesions in this model.

We speculated that PBC-like lesions could be
developed at an early time by inducing autoim-
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mune processes in genetically susceptible mice. It
is now evident that type-1 interferons (IFN)
might be a useful agent for attaining this goal.
Overproduction or increased levels of type-1 IFN
have been documented either in the sera or in
target organs from patients with systemic lupus
erythematosus (13, 14) and rheumatoid arthritis
(15). In addition, administration of type-1 IFN
for therapeutic purposes has induced features of
autoimmunity in patients with chronic viral he-
patitis and renal carcinoma (16, 17). Moreover,
there have been some reports about the exacer-
bation of PBC symptoms during therapy with
type-1 TFN (18-20).

In this study, we speculated that type-1 IFN
might cause the earlier onset of PBC-like cholan-
gitis in female C57BL/6 mice. We used polyinosinic
polycytidylic acids (poly I:C), a synthetic double
stranded RNA (21), to induce type-l1 IFN in
female C57BL/6 mice. Type-1 IFN was produced
in all mice because of poly I:C administration.
Considerable numbers of mononuclear cells infil-
trated into the liver starting at 8 weeks in all poly
I:C-injected mice. These mice also showed auto-
antibodies, including AMA, a hallmark of PBC.

iiaterial and methods
Mice

Adult 6-8 week-old C57BL/6J (H-2") mice were
purchased from CLEA Japan, Inc. (Osaka, Ja-
pan). They were maintained separately at the
Department of Biological Resources, Integrated
Centre for Sciences (INCS), Ehime University,
Ehime, Japan, under controlled conditions
(22 °C, 55% humidity, and 12h day/night), and
were fed freely supplied standard laboratory
chow and water. All animals received adequate
care according to good laboratory practice guide-
lines. The Committee of Animal Experimenta-
tion, Ehime University School of Medicine,
Japan approved this study protocol.

Poly I:C injection

Poly I:C injection was done according to the
method of Qu et al. (22) with brief modifications.
Poly I.C was obtained from Sigma Chemical Co.
(St Louis, MO). It was dissolved in sterilized
phosphate-buffered saline (PBS) at a concentra-
tion of 1mg/ml and stored at —20°C until
needed. Female C57BL/6 mice were injected with
graded doses of poly I.C (2, 5, 10, 15, 20, and
25mg/kg of body weight) intraperitoneally twice a
week for 28 consecutive weeks. As controls, a
group of female C57BL/6 mice was injected with
PBS according to the poly I:C injection protocol.
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Mice were killed by cervical dislocation at
different times after administration of poly I.C
or PBS. Several tissues including liver, pancreas,
salivary gland, and kidney were collected. Tissues
were fixed in buffered formalin (10%) or snapped
frozen for histological evaluation. Sera and tissue
specimens were stored at — 80 °C until used.

Histopathology and immunochistochemical examination

Formalin-fixed, paraffin-embedded tissues were
used for histological evaluation. After deparafi-
nization, various tissues were stained with hema-
toxylin and eosin. The extent of infiltrating cells
in the liver tissues was evaluated by light micro-
scopy. The total number of portal veins and
portal veins with moderate cell infiltrations in
the liver specimens were counted. The area of the
liver specimens, the number of portal tracts, and
the extent of cell infiltration were estimated using
a combination of a digital camera and imaging
tools. A digital camera system and Nikon ACT-1
software (NIKON Instech Co., Kanagawa,
Japan) along with Scion image software (Scion
Co., Frederick, MD) were used for this purpose.
Periodic acid Schiff staining after digestion (d-
PAS) was done in some liver specimens to see the
relation between infiltrating cells and biliary
epithelium in the liver.

Frozen sections of liver tissues were fixed in
acetone and incubated with normal goat serum
(1:100, Funakoshi, Osaka, Japan) to block bind-
ing with unrelated proteins. After adding opti-
mum concentrations of primary antibodies, rat
anti-murine Thy-1.2 [clone 53-2.1], biotin-conju-
gated antibodies to murine CD45/B220 [clone
RA3-6B2], CD4 [clone H129.19], CD8a [clone
53-6.7], CD11b [clone M1/70] and CD1l1c [clone
HL3] antibodies (all from BD Pharmingen, San
Diego, CA), the specimens were incubated over-
night at 4 °C. After washing in PBS, the speci-
mens were incubated with rhodamine-conjugated
anti-rat IgG or alkaline phosphatase-conjugated
streptavadin (Dako Cytomation Co. Ltd, Kyoto,
Japan) or Alexa Fluor 488 or Alexa Fluor 555-
conjugated streptavadin (Molecular Probe Co.
Eugene, OR).

The positive signals were visualized by Fuchsin
(Dako Cytomation Co. Ltd) in specimens stained
with alkaline phosphatase-conjugated streptava-
din by light microscopy. Tissue specimens that
were stained with Alexa Fluor 488 and Alexa
Fluor 555 were visualized with a fluorescence
microscope (Carl Zeiss Fluorescence Microscope,
Gottingen, Germany). Signals from Alexa Fluor
488 were green, whereas Alexa Fluor 555 signals
were red. Dual-positive cells stained yellow.



Biochemical analysis of the sera

The serum levels of alkaline phosphatase (ALP)
and alanine amino-transferase (ALT) were mea-
sured by commercially available kit (WAKO Pure
Chemical Industry, Osaka, Japan) exactly ac-
cording to the manufacturer’s protocol.

Detection of autoantibodies

Three methods were employed to detect various
autoantibodies in the mouse serum. The existence
of autoantibodies was firstly examined by stain-
ing HEp-2 cells (23) using the commercially
available fluioroHEPANA test system (MBL,
Nagoya, Japan). The sera were diluted 300 times
in ice-chilled PBS. This dilution was estimated by
measuring untreated young male mice serum as
negative controls. Alexa Fluor 555-conjugated
polyclonal goat anti-mouse immunoglobulin
(Molecular Probes Inc.) was used as a secondary
antibody. We also used frozen sections of rat
kidney for immunofluorescence assay (IFA).
Alexa Fluor 488-conjugated polyclonal goat
anti-mouse immunoglobulin (Molecular Probes
Inc.) was used. :

Then, the levels of AMAs in the sera were
measured semi-quantitatively by enzyme-linked
immunosorbent assay (ELISA) (24-26) using the
Immunis EIA kit (Institute of Immunology Co.,
Tochigi, Japan), according to the manufacturer’s
protocol with some modifications. Microtiter
wells were coated with porcine heart M2 antigens.
Diluted sera (1:1000) were added to the plates and
incubated at room temperature for 30 min. Either
horseradish peroxidase (HRP)-conjugated mono-
clonal goat anti-mouse IgM or IgG (Jackson
ImmunoResearch Laboratories, West Grove,
PA) was used as the secondary antibody. Color
development was completed by tetramethylbenzi-
dine. The optical density (OD) values of each of
the wells were measured using a microplate reader
(Nalge Nunc International K.K, Tokyo, Japan).
Sera that were negative for autoantibodies by
the immunofluorescence method were used as
negative controls.

The existence of AMA in mouse sera was also
confirmed by immunoblotting. Mitochondrial
antigen (a kindly gift from Prof. Miyakawa) con-
tained PDC-E2 (74kDa), protein-X (52kDa),
branched chain 2-oxo dehydrogenase complex
(BCOADC)-E2 (50 kDa), 2-oxoglutarate dehydro-
genase complex (OGDC)-E2 (48kDa) and PDC-
El (41kDa). This antigen was resolved by SDS-
PAGE using commercially available gel (ATTO
Co., Tokyo, Japan) and then transferred electro-
phoretically to nitrocellulose membranes (Bio-Rad
Laboratories, Hercules, CA). After transfer, mem-

Cholangitis model induced by poly I:C

branes were cut into strips and blocked with PBS-
tween containing 10% skim milk. Then strips were
incubated with diluted mouse sera (x 20) for
90min and then washed with PBS-tween. The
strips were then incubated with HRP-labeled
goat anti mouse immunoglobulin (Sigma Chemi-
cal Co.), washed and visualized with diaminoben-
zidine (DAB) (Dako -Cytomation Co. Ltd).
Known AMA-positive human sera and sera
from untreated male mouse were used as positive
and negative control, respectively.

Serum IFN-o levels

IFN-o levels in the sera were measured by a
commercially available ELISA Kit (PBL Biome-
dical Laboratories, Piscataway, NJ) according to
the manufacturer’s protocol. The OD values were
estimated by a microplate reader (Nalge Nunc
International K.K). The OD values of the sam-
ples were calibrated against the OD values of the
standard containing known amounts of mouse
[FN-o. The detectable levels of IFN-o are 10—
500 pg/ml with this kit. Other cytokines were
measured by commercially available cytometric
beads assay (CBA) kit (BD Pharmingen).

Statistical analysis

Data are expressed as mean = standard error
(SE). The statistical analyses were done by the
unpaired or paired r-test, x> test, and Fischer’s
exact test, when indicated. Mann—Whitney’s U-
test was also utilized when the unpaired and
paired t-test was not indicated, respectively.
P values less than 0.05 were considered to indicate
statistical significance. Statistical calculations were
performed using the SPSS (version 10.0 J) statis-
tical program on a Windows computer.

Resulis

IFN-ou production in mouse serum because of
poly 1:C injection

The kinetics of IFN-a because of poly I:C injec-
tion were studied in female C57BL/6 mice.
Although IFN-a could not be detected in the
sera of untreated mice, IFN-o. was induced in
these mice by poly L:C injection. Kinetic studies
showed that the IFN-a levels were highest within
3-6h after poly I:C injection, then gradually
decreased and became almost undetectable 24 h
after injection (data not shown). In this study,
poly I:C was injected twice a week. When poly I:C
was subsequently injected 72h after the first
injection, the IFN-o levels were again elevated.
The TFN-o levels in female C57BL/6 mice 3h
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Fig. 1. Production of interferon-o. (IFN-¢) because of polyino-
sinic polycytidylic acid (poly I:C) administration. Female
C57BL/6 mice were injected with 5mg/kg of poly I:C intraper-
itoneally twice a week for 28 consecutive weeks. Sera were
collected 31 after injecting poly I:C for 0 (first injection), 4, 8,
12, 16, 20, 24, and 28 weeks. The IFN-a levels in the sera were
estimated by enzyme-linked immunosorbent assay and ex-
pressed as pg/ml. Data are shown as the mean & SE. The
mean data of at least three mice are plotted. *P=0.036
compared with 12 weeks, P = 0.032, compared with 12 weeks.

after poly I.C injection are shown in Fig. 1. Few
sera from poly I:C-injected mouse were measured
by CBA kit. Interleukin (IL)-12p70, IL-10,
Monocyte Chemoattractant Protein (MCP)-1,
IFN-y levels were raised within 3h after the
injection. However, the levels of IL-6 remained
higher until 24 h.

Induction of PBC-like lesions in the livers of femal
C57BL/6 mice treated with poly I:C '

The mice were injected twice a week with different
doses of poly I:C for 28 consecutive weeks.
Preliminary studies indicated that injection with
poly I.C at 5mg/kg of body weight would be
optimum because higher doses of poly I.C (20 or
25mg/kg of body weight) did not flare up the
PBC-like lesions in these mice. Representative
staining patterns of mononuclear cell infiltration
in the liver tissues because of injection with 5mg
of poly I.C/kg of body weight are shown in Fig. 2.
Cellular infiltration in the liver tissues was ex-
tremely low 4 weeks after poly I:C injection (A);
however, considerable numbers of infiltrating
cells were detected at 8 weeks after poly I:C
injection (B). After this time point, the extent of
the infiltrating cells progressively increased (B—
G). A representative staining pattern of the
magnified versions of the portal areas at 16 weeks
after the start of poly I:C injection is shown in
Fig. 2H. Some infiltrating cells accumulated
around the damaged bile ducts (indicated by the
arrowhead). The localization of infiltrating cells
near the basement membrane of bile duct was
also confirmed by d-PAS staining (data not
shown).
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Fig. 2. Serial observation of infiltration of mononuclear cells in
the liver tissue because of polyinosinic polycytidylic acid (poly
1:C) administration. Female C57BL/6 mice were injected with
5mg/kg of poly I:C twice a week for 28 consecutive weeks. Liver
specimens were collected at 4 (A), 8 (B), 12 (C), 16 (D), 20 (BE),
24 (F), and 28 (G) after the start of poly I:C injection and were
stained with hematoxylin and eosin (H.E). Mononuclear cells
are present mainly at and around the portal areas. A represen-
tative staining pattern from each period is shown. A represen-
tative magnified version of H.E staining shows distorted bile
ductules in the portal areas along with many infiltrating cells at
16 weeks after the commencement of poly I:C administration
(H). Magnification: (A-G), x 4; (H), x 40.

The number of portal tracts with infiltrating
mononuclear cells was estimated for the begin-
ning of the study at 4-week intervals. As shown in
Fig. 3, the number of portal tracts with more than
100 infiltrating mononuclear cells progressively
increased up to 16 weeks.

Serum ALT levels were raised among the poly
I.C injected mouse compared with untreated
mouse (35.0£3.8TU/ vs. 13.74+ 1.7IU/l, P=
0.006). Serum ALP levels also raised among the
poly L:C injected mouse (70.7 % 5.51U/1 vs.
50.2 £ 5.910/1, P=0.054).
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Fig. 3. Increased infiltration of mononuclear cells at the portal
areas verses time because of polyinosinic polyeytidylic acid (poly
I:C) administration. Female C57BL/6 mice were injected with
5mg/kg of poly I:C twice a week for 28 consecutive weeks. Liver
specimens were collected at 4, 8, 12, 16, 20, 24, and 28 weeks
after the start of poly I:C injection or from control mice and
were stained with hematoxylin and eosin. The portal tracts with
size of more than 0.01 mm? were counted as total portal areas in
the liver specimens. Among them, the number of portal areas
with more than 100 mononuclear cells was also counted as cell
infiltrated portal areas. Data are shown as the mean + SE of the
ratio of cell infiltrated portal areas to that of the total portal
areas. The mean data of at least five mice are plotted. *P<0.001,
compared with control; §P =0.017, compared with 4 weeks,
+P = 0.01, compared with 8 weeks, 1P = 0.002, compared with
12 weeks.
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Development of autoantibodies in female C57BL/6 mice
injected with poly I:C

Although female C57BL/6 mice injected with
poly I.C (5mg/kg of body weight) exhibited
infiltration of mononuclear cells in the liver, the
prevalence of autoantibodies, including AMA
was examined in the sera from these mice. A
representative staining pattern of autoantibodies
of anti-nuclear type (all show speckled type) (A),
anticytoplasmic type (suspected AMAS) (B), and
mixed type (C) using HEp-2 cells by an immuno-
fluorescence method is shown in Fig. 4. The IFA
staining pattern of Rat kidney section was also
shown in Fig. 4 (untreated mouse sera (D), AMA
positive (E), and mixed type (F)).

The prevalence of the different autoantibodies
has been compiled in Table 1. Autoantibodies
were not detected in untreated mice. However
autoantibodies were detectable from 4 weeks
after the start of poly I:C injection. By 24 weeks,
all of the poly I:C-injected mice exhibited one or
both types of autoantibodies.

AMA in the mouse sera were measured by
ELISA. As shown in Fig. 5A, 27.8% of female
C57BL/6 mice injected with poly I:C developed
AMA in the sera at 8 weeks. Eighty-seven per-
centage of female C57BL/6 mice administrated
with poly I:C developed AMA in the sera at 24
weeks after injection commencement.

Fig. 4. Presence of autoantibodies in the sera of mice injected with polyinosinic polycytidylic acid (poly L1:C). HEp-2 cells were
incubated with the sera from mice injected with poly I:C. The presence of anticytoplasmic antibodies (A), antinuclear antibodies (B)
and coexistence of both antibodies (C) was evaluated by an immunofluorescence method using Alexa Fluor 555 conjugated polyclonal
anti mouse immunoglobulin antibody. Frozen sections of rat kidney were incubated with the sera from mice injected with poly I:C or
untreated mice (negative control). Color development was done by Alexa Fluor 488. Autoantibody was not detected in the sera from
untreated mice (D). The existence of anticytoplasmic antibodies (E) and coexistence of both antibodies (F) in the sera of poly I.C
injected mice are shown. A representative staining pattern of autoantibodies from the sera of female C57BL/6 mice injected with poly

I:C is shown.
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Table 1. Prevalence of autoantibodies in female C57BL/6 mice administered poly I:C

Injection periods (weeks) 4 8 12 16 20 24 28

64.0
60.0

90.0%
50.0

4.7
33.3

60.0
30.0

66.7
40.0

100.0¢
75.0

83.3
50.0

Anticytoplasmic type
Antinuclear type

Female C57BL/6 mice were injected with poly 1:C and sera were collected at the indicated time. Each groups contained at least five mice. Autoantibodies
in these sera were measured by an immunofluorescence method using HEp-2 cells and were defined as anticytoplasmic type and antinuclear type based
on the manufacturer's instructions. The data are shown as autoaniibody positivity among total mice used in the study. poly I.C, polyinosinic
polycytidylic acid. *P=0.031 compared with that of 4 weeks, +P=10.015 compared with that of 4 weeks.

Table 2. Incidence of extrahepatic lesions in mice injected with poly 1.C

Injection periods (weeks) 4 8 12 16 20 24 28

Salivatitis 0 26.7 40.0 70.0 62.5 83.3 90.9
Pancreatitis 16.7 26.7 64.0* 100.0% 87.5 83.5 54.5
Interstitial nephritis 0 0 12.0 30.0 37.5 33.3 45.5

Female G57BL/6 mice were injected with poly 1:C and different tissues were collected at different times after the start of poly 1:G administration. Data show the
incidence of extrahepatic lesions at different times after the start of poly 1:.G administration among the total mice in the groups, which consisted of at least five

mice. poly I:C, polyinosinic polycytidylic acid *P= 0.048, compared with that of 8 weeks. 1P = 0.036, compared with that of 12 weeks.

The AMA in the sera was also confirmed by B , .
immunoblotting. Figure 5B showed the represen- - SN g
tative patterns of the immunoblotting. Sera 1 /‘< SO
recognized 74 kDa protein (PDC-E2) and sera 2 ' . e s
recognized 41 kDa protein (PDC-E1). A 2P RE
Extrahepatic lesions in female C57BL/6 mice injected with
poly I:C ORI p] [ In

(weeks)

PBC is associated with an autoimmune type of
lesion in various extrahepatic organs. The relative
frequencies of salivatitis, pancreatitis, and inter-
stitial nephritis in these mice at every 4 weeks of
injection have been summarized in Table 2.

Nature of infilirating cells at the liver because of
poly I:C injections

Poly I:C injection led to the accumulation of
mononuclear cells in the liver tissues. At the
same time, high levels of IFN-o were detected in
the sera after poly I:C injection. Thus, it was
important to analyze the types of cells that
infiltrated the liver because of the poly I:C injec-
tion. As shown in Fig. 6, T and B lymphocytes
constituted the main bulk of the infiltrating cells
of the liver (A). Among the T lymphocytes, both
CD4* and CD8a™* T cells were localized in the
liver (B). CD8a" T cells were localized near the
bile ducts as detected by using Fuchsin as chro-
mogen (data not shown). In addition, CD11b*
macrophages and CD11c™ dendritic cells were
detected in the liver tissues (C).

Discussion

A proper animal model of disease is essential
when the cellular and molecular events under-
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Fig.5. (A) Antimitochondrial antibody (AMA) expression in
the sera of female C57BL/6 mice injected with polyinosinic
polycytidylic acid (poly 1:C). AMA was measured by enzyme-
linked immunosorbent assay (ELISA). Sera negative for auto-
antibodies by the immunofluorescence method were used as the
negative controls. Monoclonal goat anti-mouse IgM or IgG was
used as the secondary antibody. AMA positivity was ascer-
tained from the optical density (OD) values of the AMA-
negative sera. Sera showing OD values greater than the
mean+3 standard deviations from the negative controls were
regarded as AMA positive. Open circle indicate IgG, closed
square indicate IgM. *P = 0.01 (IgG), compared with 4 weeks,
9P =0.046 (1gG) or 0.003 (IgM), compared with 4 weeks, 0.016
compared with 8weeks, 1P =0.03, compared with 4 weeks,
0.009 compared with 8 weeks. (B) The presence of AMA in
the sera was confirmed by immunoblotting. Mitochondrial
antigen resolved by SDS-PAGE contained pyruvate dehydro-
genase complex (PDC)-E2 (74kDa), protein-X (52k Da),
branched chain 2-oxo dehydrogenase complex (BCOADC)-E2
(50 kDa), 2-oxoglutarate dehydrogenase complex (OGDC)-E2
(48 kDa) and PDC-E! (41kDa). Horseradish peroxidase-con-
jugated anti mouse immunoglobulin was used as the secondary
antibody and diaminobenzidine was used as chromogen. Im-
munoblotting profile of a known AMA-positive human serum
was shown in lane P as positive control. Sera positive for AMA
by ELISA method (taken from poly I:C-treated mice) were
applied to Lanes 1 and 2.

lying the pathogenesis of that disease could not be
adequately understood from patient examination.
Moreover, animal models are important to study
the effects of newly developed drugs and thera-
peutic regimens because most of these approaches



