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its adjacently located ISDR work as adaptive mutations
in the HCV replicon, possibly through decreasing the
hyperphosphorylated form of NS5A,%*" which seems
to control HCV replication. The conservation of c-ter-
minal serine residual cluster of NS5A, downstream to
IRRDR, is required for NS5A basal phosphorylation,
interaction with the core protein on the lipid droplet,
and thus virion formation.*"*? Taken together, it can
be speculated that the structural changes in core and
NS5A protein can coordinately modify HCV replica-
tion, especially through virion formation around lipid
droplets. However, the precise mechanism through
which these modulations of viral proteins lead to the
different  treatment response should be further
investigated.

In conclusion, we have found that polymorphic viral
sequences in core aa.70, NS5A-ISDR aa.2224-2248,
and NS5A-IRRDR 2a.2340-2382 in genotype 1b
HCV infection are correlated significantly with the
treatment phase-specific viral responses to Peg-IFN/
RBV therapy. In addition, these viral responses were
also significantly correlated with the polymorphism in
IL28B SNP, and this polymorphism was significantly
correlated with the polymorphism in the core. More
important, combined information of IL28B and
IRRDR 2a.2340-2382 is significantly important in
predicting viral kinetics and treatment outcome. We
consider that our comprehensive study provides a new
basis for introducing Peg-IFN/RBV therapy as well as
a new generation of anti-HCV therapies.
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Hepatitis C virus kinetics by administration
of pegylated interferon-c. in human and chimeric
mice carrying human hepatocytes with variants

of the /L28B gene

Tsunamasa Watanabe,' Fuminaka Sugauchi,? Yasuhito Tanaka,' Kentaro Matsuura,?

Hiroshi Yatsuhashi,* Shuko Murakami,’
Takashi Shimada,® Masakazu Kakuni,?

ABSTRACT

Objective Recent studies have demonstrated that
genetic polymorphisms near the /L2688 gene are
associated with the clinical outcome of pegylated
interferon o {peg-IFN-o) plus ribavirin therapy for patients
with chronic hepatitis C virus (HCV). However, it is
unclear whether genetic variations near the /L2868 gene
influence hepatic interferon {IFN)-stimulated gene (ISG)
induction or cellular immune responses, lead to the viral
reduction during IFN treatment.

Design Changes in HCV-RNA levels before therapy, at
day 1 and weeks 1, 2, 4, 8 and 12 after administering
peg-IFN-o plus ribavirin were measured in 54 patients
infected with HCV genotype 1. Furthermore, we prepared
four lines of chimeric mice having four different lots of
human hepatocytes containing various single nucleotide
polymorphisms (SNP) around the /L288 gene. HCV
infecting chimeric mice were subcutaneously
administered with peg-IFN-o. for 2 weeks.

Results There were significant differences in the
reduction of HCV-RNA levels after peg-IFN-o plus ribavirin
therapy based on the /L28B SNP rs8099917 between TT
(favourable) and TG/GG {unfavourable) genotypes in
patients; the first-phase viral decline slope per day and
second-phase slope per week in TT genotype were
significantly higher than in TG/GG genotype. On peg-IFN-
o administration to chimeric mice, however, no
significant difference in the median reduction of HCV-
RNA levels and the induction of antiviral ISG was
observed between favourable and unfavourable human
hepatocyte genotypes.

Conclusions As chimeric mice have the characteristic of
immunodeficiency, the response to peg-IFN-c associated
with the variation in /L28B alleles in chronic HCV patients
would be composed of the intact immune system.

INTRODUCTION
Hepeatitis C is a global health problem that affects
a significant portion of the world’s population.
The WHO estimated that, in 1999, 170 million
hepatitis C virus (HCV)-infected patients were
present worldwrde with 3—4 million new cases
appearing per year.!

The standard therapy for hepatitis C still consists
of pegylated interferon-o. (peg-1FN-0), administered
once weekly, plus daily oral ribavirin for 24-48 weeks

- 297 -

Sayuki lijima," Etsuko lio,* Masaya Sugiyama,®
Michinori Kohara,” Masashi Mizokami®

What is already known on this subject?
» Genetic polymorphisms near the /L28B. gene
are associated with a chromc HCV treatment

response.

» HCV-infected patients wrth the ILZBB homozy
gous favourable allele had a more rapid decline
in HCV kinetics in the first and second phases
by peg-IFN-o-based therapy.

» During the acute phase of HCV infection, a
strong immune response among patients with
the /L28B favourable : genotype  could: induce
more frequent spuntaneous clearance of HCV.

What are the new findings?

» In chronically HCV genotype 1b- rnfected chi-
meric- mice . that have the characteristic  of
immunodeficiency, no srgmfrcant difference in
the reduction in serum HCV-RNA levels and the
induction of antiviral hepatrc ISG by the admin-
istration of peg-IFN-c. was observed between
favourable and unfavourable human hepatocyte
1L28B genotypes. .

» By comparison of serum HCV kmetrcs between

~human and chimeric_mice, the viral decline in
both the first and second phases by peg-IFN-o.
treatment was affected by the variation in /L288
genotypes only in chronic hepatitis C patients.

How might |t impact on clinical practrce in

the foreseeable future?

» The immune response according to. /L28B
genetic variants could contribute to the first
and second phases of HCV-RNA  decline and
might be critical for HCV clearance - by
peg-IFN-o-based therapy.

in countries where protease inhibitors are not avail-
able.? This combination therapy is quite successful
in patients with HCV genotype 2 or 3 infection,
leading to a sustained virological response (SVR) in
approximately 80-90% of patients treated; however,
in patients infected with HCV genotype 1 or 4, only
approximately half of all treated individuals achieved
aSVR?*

Copyrigtt\Article. atpthor-{or-1b18ie employer) 2012. Produced by BMJ Publishing Group Ltd (& BSG) under licernce.



Table 1 Characteristics of 54 patients infected HCV genotype 1

1L.28B SNP rs8099917

TT (n=34) TG (n=19) + GG (n=1) p Value
Age (years) 55.610.1 547113 0.746
Gender (male %) 70 50 0.199
Body mass index {kg/m? 24.6+3.1 24.7+33 0.870
Viral load at therapy (log IU/ml)  6.0+0.7 5.8+0.8 0.357
SVR rate (%) 50 1" 0.012
Serum ALT level (1U/1) 100.3=80.8 79.3x45.0 0.226
Platelet count (x10%ul) 17.1£9.0 16.5+5.8 0.771
Fibrosis (F3-+4 %) 42 40 0.877

HCV, hepatitis C virus; SNP, single nucleotide polymorphism; SVR, sustained virological
response.

Host factors were shown to be associated with the outcome
of the therapy, including age, sex, race, liver fibrosis and obesity.”
Cenome-wide association studies have demonstrated that
genetic variations in the region near the interleukin-28B (IL28B)
gene, which encodes interferon (IFN)-A3, are associated with a
chronic HCV treatment response.>™® Furthermore, it was
demonstrated that genetic variations in the IL28B gene region
are also associated with spontaneous HCV clearance.’*!2

Interestingly, a recent report showed the effect of genetic
polymorphisms near the IL28B gene on the dynamics of HCV
during peg-IFN-o plus ribavirin therapy in Caucasian, African
American and Hispanic individuals;*® HCV-infected patients
with the IL28B homozygous favourable allele had a more rapid
decline of HCV in the first phase, which is associated with the
inhibition of viral replication as well as the second phase asso-
ciated with immuno-destruction of viral-infected hepatocytes.™
However, it is unknown how a direct effect by the [L28B
genetic variation, such as the induction of IFN-stimulated genes
(ISG) or cellular immune responses, would influence the viral
kinetics during IFN treatment. Over recent periods, engineered
severe combined immunodeficient (SCID) mice transgenic
for urokinase-type plasminogen activator (uPA) received
human hepatocyte transplants (hereafter referred to as chimeric
mice)’® and are suitable for experiments with hepatitis
viruses in vivo.'® ° We have also reported that these chimeric
mice carrying human hepatocytes are a robust animal model to
evaluate the efficacy of IEN and other anti-HCV agents.® 2!

The purpose of this study was to reveal the association
between genetic variations in the IL28B gene region and viral
decline during peg-IFN-o treatment in patients with HCV, and
to clarify the association between different IL28B alleles of
human hepatocytes in chimeric mice and the response to
peg-IFN-o without immune response. These studies will eluci-
date whether the immune response by the IL28B genetic vari-
ation affects the viral kinetics during peg-IFN-o treatment.

MATERIALS AND METHODS

Patients

Fifty-four Japanese patients with chronic HCV genotype 1
infection at Nagasaki Medical Center and Nagoya City

University were enrolled in this study (table 1). Patients
received peg-IFN-02a (180 ug) or 2b (1.5 pg/kg) subcutaneously
every week and were administered a weight-adjusted dose of
ribavirin (600 mg for <60 kg, 800mg for 60-80kg, and
1000 mg for >80 kg daily), which is the recommended dosage
in Japan. Patients with other hepatitis virus infection or HIV
coinfection were not included in the study. The study protocol
conformed to the ethics guidelines of the 1975 Declaration of
Helsinki as reflected by earlier approval by the institutions’
human research committees.

Laboratory tests

Blood samples were obtained before therapy, as well as on day
1 and at weeks 1, 2, 4, 8 and 12 after the start of therapy and
were analysed for the HCV-RNA level by the commercial
Abbott Real-Time HCV test with a lower limit of detection of
12 IU/ml (Abbott Molecular Inc., Des Plains, Illinois, USA).
Genetic polymorphism in the IL28B gene (rs8099917), a single
nucleotide polymorphism (SNP) recently identified to be asso-
ciated with treatment response,>® was tested by the TagMan
SNP genotyping assay (Applied Biosystems, Foster City,
California, USA).

HCV infection of chimeric mice with the liver repopulated

for human hepatocytes

SCID mice carrying the uPA transgene controlled by an albumin
promoter were injected with 5.0-7.5x10° viable hepatocytes
through a small left-flank incision into the inferior splenic pole,
thereafter chimeric mice were generated. The chimeric mice
were purchased from PhoenixBio Co, Ltd (Hiroshima, ]apan).17
Human hepatocytes with the IL28B homozygous favourable
allele, heterozygous allele or homozygous unfavourable allele
were imported from BD Biosciences (San Jose, California, USA)
(table 2). Murine serum levels of human albumin and the body
weight were not significantly different among four chimeric
mice groups providing a reliable comparison for anti-HCV
agents.?? Three different serum samples were obtained from
three chronic HCV patients (genotype 1b).2* 22 Each mouse was
intravenously infected with serum sample containing 10° copies
of HCV genotype 1b. Administration of peg-IEN-a2a (Pegasys;
Chugai Pharmaceutical Co., Ltd., Tokyo, Japan) at the dose for-
mulation (30 pg/kg) was consecutively applied to each mouse
ondays 0, 3, 7 and 10 (table 3).

HCV-RNA quantification

HCV-RNA in mice sera (days 0, 1, 3, 7 and 14) was quantified
by an in-house real-time detection PCR assay with a lower
quanntatwe limit of detection of 10 copies/assay, as previously
reported.?!

Quantification of IFN-stimulated gene-expression levels

For analysis of endogenous ISG levels, total RNA was isolated
from the liver using the RNeasy RNA extraction kit (Qiagen,
Valencia, California, USA) and complementary DNA synthesis

Table 2 Four lines of uPA/SCID mice from four different lots of human hepatocytes (donor) containing various SNP around the /L28B gene

uPA/SCID mice Donor Race Age Gender rs8103142 12979860 rs8099917
PXB mice A African American 5 Years Male cC il TG

B Caucasian 10 Years Female cC 1T TG

C Hispanic 2 Years Female T cc T

D Caucasian 2 Years Male T cc 1T

PXB mice; urokinase-type pl
SCID, severe combined |mmunodeﬁment SNP single nucleotide polymorphism.

ombined immunodeficiency (uPA/SCID) mice repopulated with approximately 80% human hepatocytes.

Gut 2012;0:1-7. doi:10.1136/gutjnl-2012-302553
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Table 3 Dosage and time schedule of peglFN-c:2a* treatment for HCV genotype 1b infected chimeric mice

Dose

Donor hepatocytest No of chimeric mice Inoculum Test compound Level (pg/kg) Concentrtion (ug/ml) Volume (ml/kg) Frequency

A 3 Serum A Peg-IFN-0:2a 30 3 10 Day0, 3,7, 10
B 4 Serum A Peg-IFN-c:2a 30 3 10 Day 0, 3,7, 10
C 3 Serum A Peg-iIFN-02a 30 3 10 Day 0, 3,7, 10
D 3 Serum A Peg-IFN-0:2a 30 3 10 Day 0, 3,7, 10
A 2 Serum B Peg-IFN-02a 30 3 10 Day 0, 3,7, 10
C 2 Serum B Peg-IFN-c:2a 30 3 10 Day0,3,7,10
A 2 Serum C Peg-IFN-02a 30 3 10 Day0, 3,7, 10
c 2 Serum C Peg-IFN-02a 30 3 10 Day 0,3, 7,10

*Pegasys; Chugai Pharmaceutical Co., Ltd., Tokyo, Japan.
1The /L28B genetic variation of the donor hepatocytes was indicated in table 2.
HCV, hepatitis C virus; peg-IFN-o, pegylated interferon o.

was performed using 2.0 pg of total RNA (High Capacity
RNA-to-cDNA kit; Applied Biosystems). Eluorescence real-time
PCR analysis was performed using an ABI 7500 instrument
(Applied Biosystems) and TagMan Fast Advanced gene expres-
sion assay (Applied Biosystems). TagMan Gene Expression
Assay primer and probe sets (Applied Biosystems) are shown in
the supplementary information (available online only). Relative
amounts of messenger RNA, determined using a FAM-Labeled
TagMan probe, were normalised to the endogenous RNA levels
of the housekeeping reference gene, glyceraldehé/de-8-phosphate
dehydrogenase. The delta Ct method (27@!* ©9) was used for
quantitation of relative mRNA levels and fold induction.?® 2*

Statistical analyses

Statistical differences were evaluated by Fisher’s exact test or
the %2 test with the Yates correction. Mice serum HCV-RNA
and intrahepatic ISG expression levels were compared using the
Mann-Whitney U test. Differences were considered significant
if p values were less than 0.05.

RESULTS

Characteristics of the study patients

Genotypes (rs8099917) TT, TG and GG were detected in 34, 19
and one patient infected with HCV genotype 1, respectively.
SVR rates were significantly higher in HCV patients with geno-
type TT than in those with genotype TG/GG (50% vs 11%,
p=0.012). The initial HCV serum load was comparable between

1s8099917
TG+GG (n = 20)
e TT (1= 34)

-0.91

Reduction in HCV-RNA level (log 1U/ml)

-1.54 P<0.001
2.0
a5l ] 235
0 1 7 14
Time (days)
Figure 1 Rapid reduction of median hepatitis C virus (HCV)-RNA

levels (log IU/ml) at 1, 7 and 14 days between /L28B single nucleotide
polymorphisms rs8099317 genotype TT (n=34) and TG/GG {n=20) in
HCV genotype 1-infected patients treated with peg-IFN-o. plus ribavirin.

Gut 2012;0:1-7. doi:10.1136/gutjnl-2012-302553

genotypes TT and TG/GG (6.0+0.7 vs 5.8%0.8 log IU/ml).
There were no significant differences in sex (male%, 70% vs
50%), age (55.6+10.1 vs 54.7+11.3 years), serum alanine amino-
transferase level (100.3+£80.8 vs 79.3+45.0 IU/L), platelet count
(17.1£9.0 vs 16.5+5.8x10%/ul) and fibrosis stages (F3/4%, 42%
vs 40%) between HCV patients with the favourable (rs8099917
TT) and unfavourable (158099917 TG/GG) IL28B genotypes
(table 1).

Changes in serum HCV-RNA levels in patients treated

by peg-IFN-a. plus ribavirin

Figure 1 shows the initial change in the serum HCV-RNA level
for 14 days after peg-IFN-a plus ribavirin therapy in patients
infected with HCV genotype 1 based on the genetic poly-
morphism near the [L28B gene. The immediate antiviral
response (viral drop 24 h after the first IEN injection) was sig-
nificantly higher in HCV patients with genotype TT than
genotype TG/GG (-1.08 vs —0.39 log IU/ml, p<0.001).
Figure 2 also shows the subsequent change in the serum
HCV-RNA reduction after peg-IFN-a plus ribavirin therapy in
patients infected with HCV genotype 1. Similarly, during
peg-IEN-o. plus ribavirin therapy, a statistically significant dif-
ference in the median reduction in serum HCV-RNA levels was
noted according to the genotype (TT vs TG/GG). The median
reduction in the serum HCV-RNA levels (log IU/ml) at 1, 2, 4,
8 and 12 weeks between genotypes TT and TG/GG was as
follows: —1.58 vs —0.62, p<0.001; -2.35 vs —-0.91, p<0.001;

rs8099917
TG+GG (n = 20)
e TT (n = 34)

~1.56

Reduction in HCV-RNA Jevel (log 1U/ml)

P<0.001
-4
453 o
s 493
6 T T T T T
6 1 2 4 8 12

Time (weeks)

Figure 2 Weekly reduction of median hepatitis C virus {HCV)-RNA
levels {log IU/ml) at 1, 2, 4, 8 and 12 weeks between /[28B single
nucleotide polymorphisms rs8099917 genotype TT (n=34) and TG/GG
(n=20) in HCV genotype 1-infected patients treated with pegylated
interferon o plus ribavirin.
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Figure 3  (A) The first-phase viral a)
decline slope per day (Ph1/day) and
(B) second-phase viral decline slope 25-

per week (Ph2/week]) in hepatitis C
virus (HCV) genotype 1-infected

P<0.001

P<0.001

£
=
patients treated with pegylated £ ¥ 5 5
interferon o plus ribavirin. The lines £ 7% 125 £3
across the boxes indicate the median g 1 22,
values. The hash marks above and £% 75 25
below the boxes indicate the 90th and 5 5 N
N E 25- 9]
10th percentiles for each group, . =
respectively. o5 ] o §
TT (n = 34) TG+GG (n = 20) TT (n=34) TG+GG (n=20)
rs8099917 rs8099917

—3.48 vs —1.56, p<0.001; —4.53 vs —2.37, p<0.01; —4.93
vs —2.86, p<0.001. Furthermore, the initial first-phase viral
decline slope per day (Phl/day) and subsequent second-phase
viral decline slope per week (Ph2/week) in TT genotype were
significantly higher than in genotype TG/GG (Phl/day 0.94
+0.83 vs 0.38+0.40 log IU/ml, p<0.001; Ph2/week 0.08+0.06
vs 0.04%0.03 log IU/ml, p<0.001) (figure 3).

Changes in serum HCV-RNA levels in chimeric mice treated

by peg-IFN-a.

In order to clarify the association between IL28B alleles of
human hepatocytes and the response to peg-IEN-o, we pre-
pared four lines of uPA/SCID mice and four different lots. of
human hepatocytes containing various 1s8099917, rs8103142

o
)
~

p=0.796
p=0.999

+1.2vs.-13
~l4vs.~1.4

and 112979860 SNPs around the IL28B gene (table 2). The chi-
meric mice were inoculated with serum samples from each
HCV-1b patient, and then HCV-RNA levels had increased and
reached more than 10° copies/ml in all chimeric mice sera at
2 weeks after inoculation. After confirming the peak of
HCV-RNA in all chimeric mice, they were subcutaneously
administered with four times injections of the bolus dose of
peg-IFN-02a for 2 weeks (table 3). Figure 4 shows the change
in the serum HCV-RNA levels for 14 days during IFN injection
into chimeric mice transplanted with [L28B favourable or
unfavourable human hepatocyte genotypes. On peg-IFN-o
administration, no significant difference in the median reduction
in HCV-RNA levels in the serum A-infected® chimeric mice
sera was observed between favourable (n=7) and unfavourable
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Figure 4 Median reduction of hepatitis C virus (HCV)-RNA levels (log copies/ml) after administering pegylated interferon o to chimeric mice having
human hepatocytes containing various single nucleotide polymorphisms around the /L28B gene as favourable {rs8099917 TT) and unfavourable
(rs8099917 TG) genotypes. Data are represented as mean+SD. Chimeric mice infected with a) serum A (n=7; favourable genotype, n=6;
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(n=6) IL28B genotypes on days 1, 3, 7 and 14 (=12 vs =1.5,
~1.4 vs =14, =18 vs —=1.7, and -2.3 vs —1.9 log copies/ml)
(figure 4A). Moreover, we prepared two additional serum
samples from the other HCV-1b patients (serum B and C)! to
confirm the influence of IL28B genotype in early viral kinetics
during IEN treatment. After establishing persistent infection
with new HCV-1b strains in all chimeric mice, they were also
administered four times injections of the bolus dose of
peg-IEN-02a for 2 weeks (figure 4B,C). In a similar fashion, no
significant difference in HCV-RNA reduction in chimeric mice
sera was observed between favourable and unfavourable JL28B
genotypes.

Expression levels of ISG in chimeric mice livers
Because chimeric mice have the characteristic of severe com-
bined immunodeficiency, the viral kinetics in chimeric mice

Figure 5 Intrahepatic interferon
(IFN)-stimulated gene (ISG) expression
levels in the pegylated interferon

o {peg-IFN-o)-treated chimeric mice
having human hepatocytes containing
homozygous favourable allele
(rs8099917 TT; MA) and heterozygous
unfavourable allele (rs8099917 TG; HE)

sera during IEN treatment could be contributed by the innate
immune response of HCV-infected human hepatocytes.
Therefore, ISG expression levels in mice livers transplanted
with human hepatocytes were compared between favourable
and unfavourable IL28B genotypes (figure 5).

As shown in figure 5A, ISG expression levels in mice livers
were measured at 8 h and 24 h after IFN treatment. The levels
of representative antiviral ISG (eg, myxovirus resistance protein
A, oligoadenylate synthetase 1, RNA-dependent protein kinase)
and other ISG for promoting antiviral signalling (eg, Toll-like
receptor 3, retinoic acid-inducible gene 1) were significantly
induced at least 8 h after treatment, and prolonged at 24 h. No
significant difference in ISG expression levels in HCV-infected
livers was observed between favourable and unfavourable /L28B
genotypes. The other inoculum for persistent infection of
HCV-1b also demonstrated no significant difference in ISG
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expression levels between favourable and unfavourable IL28B
genotypes (figure 5B,C). Interestingly, IFN-A expression levels
by treatment of peg-IFN-o. were significantly induced in
HCV-infected human hepatocytes harbouring the favourable
IL28B genotype (figure 5 A~C).

DISCUSSION

Several recent studies have demonstrated a marked association
between the chronic hepatitis C treatment response®” and
SNP (rs8099917, rs8103142 and rs12979860) near or within the
region of the IL28B gene, which affected the viral dynamics
during peg-IEN-a plus ribavirin therapy in Caucasian, African
American and Hispanic individuals.®

It has been reported that when patients with chronic hepa-
titis C are treated by IFN-o or peg-IFN-a plus ribavirin,
HCV-RNA generally declines after a 7-10 h delay.*® The typical
decline is biphasic and consists of a rapid first phase lasting for
approximately 1-2 days during which HCV-RNA may fall 1-2
logs in patients infected with genotype 1, and subsequently a
slower second phase of HCV-RNA decline.?® The viral kinetics
had a predictive value in evaluating antiviral efficacy.’ In this
study, biphasic decline of the HCV-RNA level during peg-IFN-o.
treatment was observed in both patients and chimeric mice
infected with HCV genotype 1; however, in the first and
second phases of viral kinetics, a difference between IL28B gen-
otypes was observed only in HCV-infected patients; a more
rapid decline in serum HCV-RNA levels after administering
peg-IEN-o plus ribavirin was confirmed in patients with the
TT genotype of rs8099917 compared to those with the TG/GG
genotype.

On the other hand, in-vivo data using the chimeric mouse
model showed no significant difference in the reduction of
HCV-RNA titers in mouse serum among four different lots of
human hepatocytes containing IL28B favourable (18099917 TT)
or unfavourable (rs8099917 TG) genotypes, which was con-
firmed by the inoculation of two additional HCV strains. These
results indicated that variants of the IL28B gene in donor hepa-
tocytes had no influence on the response to peg-IFN-o under
immunosuppressive conditions, suggesting that the immune
response according to IL28B genetic variants could contribute to
the first and second phases of HCV-RNA decline and might be
critical for HCV clearance by peg-IFN-a-based therapy.

Two recent studies indeed revealed an association between
the IL28B genotype and the expression level of hepatic ISG in
human studies.”’” ?® Quiescent hepatic ISG before treatment
among patients with the IL28B favourable genotype have been
associated with sensitivity to exogenous IFN treatment and
viral eradication; however, it is difficult to establish whether
the hepatic ISG expression level contributes to viral clearance
independently or appears as a direct consequence of the IL28B
genotype. Another recent study addressed this question and the
results suggested that there is no absolute correlation with the
IL28B genotype and hepatic expression of ISG.? Our results on
the hepatic ISG expression level in immunodeficient chimeric
mice also suggested that no significant difference in ISG expres-
sion levels was observed between favourable and unfavourable
IL28B genotypes. However, these results were not consistent
with a previous report using chimeric mice that the favourable
IL28B genotype was associated with an early reduction in
HCV-RNA by ISG induction.®® The reasons for the discrepancy
might depend on the dose and type of IEN treatment, as well
as the time point when ISG expression was examined in the
liver. In addition, although IFN-A transcript levels measured in
peripheral blood mononuclear cells or liver revealed inconsistent

results in the context of an association with the IL28B geno-
type,” 8 our preliminary assay on the IL28A, IL28B and 1129
transcripts in the liver first indicated that the induction of
IFN-A on peg-IFN-o administration could be associated with
the IL28B genotype. Therefore, the induction of IEN-A followed
by immune response might contribute to different viral kinetics
and treatment outcomes in HCV-infected patients, because no
difference was found in chimeric mice without immune
response.

It has also been reported that the mechanism of the associ-
ation of genetic variations in the /L28B gene and spontaneous
clearance of HCV may be related to the host innate immune
response.”* Interestingly, participants with seroconversion
illness with jaundice were more frequently rs8099917 homozy-
gous favourable allele (TT) than other genotypes (32% vs 5%,
p=0.047). This suggests that a stronger immune response
during the acute phase of HCV infection among patients with
the IL28B favourable genotype would induce more frequent
spontaneous clearance of HCV.

Taking into account both the above results in acute HCV
infection and our results conducted on chimeric mice that have
the characteristic of immunodeficiency, it is suggested that the
response to peg-IFN-o associated with the variation in IL28B
alleles in chronic hepatitis C patients would be composed of
the intact immune system.
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The transmission rate of intra-familial hepatitis
B virus (HBV) and mode of transmission were
investigated in north eastern Egypt. HBV infec-
tion was investigated serologically and con-
firmed by molecular evolutionary analysis in
family members (N = 230) of 55 chronic hepati-
tis B carriers (index cases). Hepatitis B surface
antigen (HBsAg) and hepatitis B core antibody
(anti-HBc) prevalence was 12.2% and 23%
among family members, respectively. HBsAg
carriers were prevalent in the age groups; <10
(16.2%) and 21-30 years (23.3%). The preva-
lence of HBsAg was significantly higher in the
family members of females (19.2%) than males
(8.6%) index cases (P = 0.031). HBsAg and anti-
HBc seropositive rates were higher significantly
in the offspring of females (23%, 29.8%) than
those of the males index cases (4.3%, 9.8%)
(P = 0.001, 0.003), as well as higher in the off-
spring of an infected mother (26.5, 31.8%) than
those of an infected father (4.7%, 10.5%)
(P = 0.0006, 0.009). No significant difference
was found in HBsAg seropositive rates between
vaccinated (10.6%) and unvaccinated family
members (14.8%). Phylogenetic analysis of the
preS2 and S regions of HBV genome showed
that the HBV isolates were of subgenotype D1
in nine index cases and 14 family members.
HBV familial transmission was confirmed in
five of six families with three transmission pat-
terns; maternal, paternal, and sexual. It is con-
cluded that multiple intra-familial transmission
routes of HBV genotype D were determined; in-
cluding maternal, paternal and horizontal. Uni-
versal HBV vaccination should be modified by
including the first dose at birth with (HBIG)
administration to the newborn of mothers

© 2012 WILEY PERIODICALS, INC.

infected with HBV. J. Med. Virol. 84:587-~
595, 2012. © 2012 Wiley Periodicals, Inc.

KEY WORDS: HBYV genotype D; intra-familial
transmission; vaccine

INTRODUCTION

Chronic hepatitis B virus (HBV) infection is a major
health problem worldwide and is affecting approxi-
mately 350 million individuals [Lee, 1997]. Infection
with HBV may lead to chronic state of hepatitis in
5-10% of patients who acquired the infection in the
adult life and in 80-90% of patients who acquired the
infection in the infancy [Chen, 1993]. Infection with
HBYV can lead to a progressive liver disease including
liver cirrhosis and hepatocellular carcinoma (HCC)
with approximately 1 million HBV-associated deaths
from HCC every year [Seeger and Mason, 2000; Kao
and Chen, 2002].

Based on the proportion of the population who are
seropositive for hepatitis B surface antigen (HBsAg),
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the world is divided conceptually into zones of high,
intermediate, and low HBV endemic areas [Lavanchy,
2004]. In countries where the HBV infection is endem-
ic, most infections result from the vertical transmis-
sion from the mother to the child in the peripartum
period or from the infection in the early childhood. In
the low HBV endemic regions, the neonatal or the
childhood HBV infection is rare or even sporadic and
the transmission of HBV occurs primarily among un-
vaccinated adults through the sexual transmission
and injecting drug use [Custer et al., 2004].

Patients with chronic hepatitis B are considered to
be the major reservoirs for the transmission of HBV.
High incidence of infection with HBV is observed
within the household contacts of chronic HBV carriers
and it is not rare to have several members of the
same household who have evidence of infection with
HBYV [Milas et al., 2000; Thakur et al., 2002]. Howev-
er, the precise mechanisms of intra-familial spread
have not been established clearly.

Different prophylactic strategies for controlling the
HBYV infection have been used by different countries
depending on the prevalence of the HBV infection in
each country [Poland and Jacobson, 2004]. The wide-
spread immunization program against hepatitis B,
which was implemented in more than 100 countries,
was capable of dramatic reduction in the occurrence
of chronic HBV infection and HCC [Zuckerman,
1997]. In Egypt, the HBV vaccine was included in
1992 in the Expanded Program of Immunization with
injection at 2, 4, and 6 months of age [El Sherbini
et al., 2006]. This program resulted in a significant
reduction in the rate of acute symptomatic hepatitis B
among the children in the age group eligible to receive
the vaccine [Zakaria et al., 2007].

At least eight HBV genotypes have been identified
based on the divergence of 8% or more of the entire
nucleotide sequence and most of the HBV genotypes
have a distinct geographical distribution [Okamoto
et al., 1988; Norder et al., 1994; Stuyver et al., 2000].
Accumulated evidences indicated the difference in the
virological characteristics among different HBV geno-
types, which is reflected by the difference in the clini-
cal outcome of infection with hepatitis B according to
the infecting genotype [Miyakawa and Mizokami,
2003; Schaefer, 2005; Ozasa et al., 2006; Sugiyama
et al., 2006]. However, data regarding the specificity
of the transmission routes of each genotype is still
scarce globally and need to be clarified.

The prevalence of HBV ranges between 2% and 6%
in Egypt with the predominance of infection with
HBV genotype D [Zekri et al., 2007]. It is widely
known that Egypt is one of the countries with highest
prevalence rate of infection with HCV in the world
[el-Zayadi et al., 1992; Arthur et al., 1993; el Gohary
et al., 1995]. However, the burden of HBV related pro-
gressive liver disease including liver cirrhosis and
HCC in Egypt is observable either single or in a dual
infection with HCV [Abdel-Wahab et al., 2000;
el-Zayadi et al., 2005].

J. Med. Virol. DOI 10.1002/jmv

Ragheb et al.

This study aimed to evaluate the prevalence of
infection with HBV within the families of chronic
HBYV carriers in north Eastern Egypt. In addition, the
intra-familial mode of transmission of HBV genotype
D was also examined in the current cohort by the mo-
lecular evolutionary analyses. The impact of the HBV
immunization programme in protecting this high-risk
group was also investigated.

PATIENTS AND METHODS
Patients
The present study was conducted between

January 2008 and June 2008 at the Communicable
Disease Research and Training Centre, in Suez city.
The study protocol was approved by the ethics commit-
tees of the participating institution and an informed
consent was obtained from the included subjects.

Chronic HBV carriers were defined as individuals
whose serum samples tested positive for HBsAg for at
least 6-months period. Patients who fulfilled the crite-
ria of chronic HBV carriers and were first detected
within their families, were defined as the index cases
(n = 55). The index cases included 40 (72.7%) men
and 15 (27.3%) women. Their mean age (+ SD) was
41 + 10.7 years and all the index cases were negative
for HBeAg.

A total of 230 household contacts of the index cases
were included in the study and defined as family
members group. Data regarding their family relation-
ship to the index cases, age, and the HBV vaccination
history have been obtained.

According to the kinship of the family members to
the index case group, the family members included
139 offspring, 4 parents, 46 spouses, 15 siblings, and
26 defined as other relatives who are living in the
same house with the index cases.

Serological Methods

Serum samples were collected from the index cases
and family members groups.

The Serum samples were examined for HBsAg,
anti-HBc, anti-HBs, and HBeAg by the chemilumines-
cence enzyme immunoassay with the commercial
assay kits (Fujirebio, Inc., Tokyo, Japan). The exami-
nation of the serum samples for anti-HCV and HIV
was conducted using commercial kits (Abbott Labora-
tories, Abbott Park, IL).

Molecular Evolutionary Analysis

The HBV/DNA was extracted from 200 pl of serum
samples positive for HBsAg using the QIAamp DNA
MiniKit (QIGEN, Inc., Hilden, Germany), and re-sus-
pended in 100 pl of a storage buffer (provided by the
kit manufacturer).

The entire preS2 and S regions of the HBV genome
(799 nucleotides; nucleotide positions 34-833) were
amplified using the primers set and the conditions
described previously [Sugauchi et al., 2001].
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The amplified products were sequenced using Prism
Big Dye (Pekrin-Elmer Applied Biosystems, Foster
City, CA) in the ABI 3100 DNA automated sequencer
according to the manufacturer’s protocol. The
sequences were aligned together with the CLUSAL X
software programme [Thompson et al., 1994].

The phylogenetic tree was constructed using the
neighbor joining method with Tamura-Nei’s distance
correction model using the Online Hepatitis Virus da-
tabase (http://s2as02.genes.nig.ac.jp/) [Shin et al,
2008]. The Bootstrap values were determined on 1000
database resampling tests. The sequences of other
HBY isolates used for the construction of the phyloge-
netic tree were retrieved from the DDBJ/EMBL/
GenBank sequence database and were indicated in
their accession numbers. The new nucleotide sequen-
ces data that were reported in this manuscript will
appear in the DDBJ/EMBL/GenBank sequence data-
base with accession numbers AB561825-AB561856.

Statistical Analysis

Statistical analysis was performed with the Fisher’s
exact probability test and the independent ¢-test
for the continuous variables using the SPSS
software package (SPSS, Chicago, IL). P-values
(two-tailed) <0.05 were considered to be significant
statistically.

RESULTS

The family member included 96 (41.7%) males and
134 females (58.3%). Their mean age (£SD) was
20.6 + 14.6. The rate of seropositivity for HBsAg and
anti-HBe was 12.2% (28/230) and 23% (53/230) of
the family members group with no statistical signifi-
cant difference between the males and females
members.

Age Group Distribution of HBV Infection Within
the Family Members Group

Figure 1 illustrates the HBsAg and anti-HBc preva-
lences among different age groups of the family mem-
bers. The highest prevalence of HBsAg seropositive
cases was observed in the age group, 21-30 years old;
(10/43; 23.3%) followed by the age group, 0-10 years
old; (11/68; 16.2%). No statistical significant difference
was found in the HBsAg seropositive rates between
these two age groups. The prevalence of HBsAg was
7.7% (5/65), 3.4% (1/29), and 4% (1/25) in the age
groups; 11-20, 31-40, and >41 years old, respectively.
The prevalence of anti-HBc seropositive cases was sig-
nificantly increasing with the age and the highest
rate was observed in the age group >41 years old. The
prevalence of anti-HBc was 8.8% (6/68), 20% (13/65),
25.6% (11/43), 37.9% (11/29), and 48% (12/25) in the
age groups; 0-10, 11-20, 21-30, 31-40, and >41 years
old, respectively.

The HBsAg and anti-HBc seropositive rates were
analyzed in the family members with respect to their
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Fig. 1. Age distribution and HBV serological status among family
members.

relationship to the index cases (Fig. 2A). As overall,
the HBsAg was positive in 6.5% (3/46) spouse of index
cases, 10.8% (15/139) of the offspring, 25% (1/4) of the
parents, and 40% (6/15) of the siblings (Fig. 2A).

The prevalence of anti-HBc was 34.8% (16/46) in
the spouse of index cases, 17.3% (24/139) in the off-
spring, 50% (2/4) in the parents, and 46.7% (7/15) in
the siblings of the index cases (Fig. 2A).

Interestingly, the prevalence of HBsAg and anti-
HBc was significantly higher in the family members
of the females (19.2%, 15/78) than that of the males
index cases (8.6%, 13/152; P = 0.034) and a trend of
higher incidence of anti-HBc in the family members of
the females than the males index cases (Fig. 2B).
Among the offspring group, HBsAg and anti-HBc
seropositive rates were significantly higher in the
offspring of the females index cases (HBsAg; 23%, 11/
47, anti-HBc; 29.8%, 14/47) cases than in the
offspring of the males index cases (HBsAg; 4.3%, 4/92,
antiHBc; 9.8%, 9/92), (P = 0.001, 0.003 respectively;
Fig. 20).

Further analysis was performed regarding the
HBsAg seropositive rate in the offspring according to
HBYV infection of both one and two parents and the
parent gender who is infected with HBV. Significantly
higher rate of HBsAg positive (26.5%, 13/49) and anti-
HBc positive (31.8%, 14/49) off spring were found in
families where the mother was positive for HBsAg
compared with families where the father was HBsAg
positive (HBsAg; 4.7%, anti-HBc; 10.5%), (P = 0.0006,
0.009 respectively) (data not shown).

The seropositive rate of HBsAg was higher in the
non-sexual contacts (13.6%, 25/184) of the index cases
(parents, offspring, siblings, and cousins) than the
sexual contacts (spouses; 6.5%, 3/46) with no statisti-
cal significant difference. Anti-HBc seropositive cases
were observed more frequently in the sexual contacts
(spouses) than in the non-sexual contacts (parents,
offspring, siblings cousins) of the index cases. (Sexual
vs. non-sexual contacts, 34.8% vs. 20.1%, P = 0.049)
(data not shown).
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Fig. 2. Prevalence of HBsAg and anti-HBc within family members stratified by relationship to the
index cases (A). HBV serological status of family members according to gender of the index case (B),
and HBYV serological status of the offspring according to HBV infected parent (C).

Molecular Evolutionary Analysis and
Transmission Pattern of Hepatitis B in the
Family Members Group

Eighteen index cases out of 55 (32.7%) were found
to have at least one family member positive for
HBsAg. The age range of these index cases was 26-56
years and 50% (9/18) of them were male (Table I).
Twenty-eight family members were found to be posi-
tive for HBsAg. The data regarding the degree of rela-
tivity of each family member infected with HBV to the
index case, the age of the infected family member,
and the vaccination status were indicated in Table 1.
The mean age (+SD) of the family members with
active HBV infection was 17.8 & 13.0 years old
(Table D).

The HBV genomic region of 799-nt length and span-
ning PreS2 and S region was amplified in 44% (8/18)
of the index cases and in 50% (14/28) of the family
members infected with HBV. However, the target
genomic region could be amplified and sequenced
simultaneously in the index cases and their related
family members in six subjects. These six subjects are

J. Med. Virol. DOI 10.1002/jmv

defined in the present report, Table I and Figure 3 as
F 3, F4, F19, F35, F37, and F 43 (Table I, Fig. 3).

To confirm the family clustering, a phylogentic
tree was constructed by (1) the previous mentioned
sequences (2) sequences isolated from the index cases
whose family members were negative for HBsAg (3)
HBYV nucleotide sequences isolated from HBV chronic
carriers residing in different districts in Egypt (North
and South) either retrieved from the data base band
or further included in the present study.

The phylogenetic analysis of the preS2 and S
regions of the HBV genome revealed that the HBV
isolates were of subgenotype D1 (Fig. 3). Using the
phylogenetic analysis, in family 4 (F4), a high homolo-
gy was detected between the HBV strains isolated
from the grandmother together with her daughters
and her grandchildren (Fig. 3). In the Family 35 and
Family 43 (F35, and F43), the father and the child
harbored very closely related HBV isolates and the
phylogenetic analysis suggesting that the father
may have been the source of infection for his child in
Family 35 (F35) and Family 43 (F43). Similarly, very
closely related HBV isolates were also detected in the
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TABLE 1. Descriptive Analysis of the Family Members

Positive for the HbsAg
Relation HBV-
Subject (gender) Age vaccine® PreS2 + S
F3 Index (F) 42 (+)
F3-1° Daughter 13 Yes (+)
F10 Index (F) 30 (=)
F10-1 Daughter 3 Yes (+)
F11 Index (F) 33 +)
F11-1 Daughter 8 Yes =)
F11-2 Cousin 10 Yes (=)
F30 Index (F) 42 (=)
F30-1 Son 8 Yes (=)
734 Index (F) 30 (=)
F34-1 Son 7 Yes (+)
F34-2 Son 9 Yes +)
F48 Index (F) 30 (=)
F48-1 Son 5 Yes (=)
735 Index (M) 29 (+)
F35-1° Daughter 5 Yes +)
F39 Index (M) 33 (=)
F39-1 Daughter 5 Yes (=)
F43 Index (M) 47 (+)
F43-1° Daughter 12 Yes (+)
F55 Index (M) 56 +)
F55-1 Daughter 12 Yes (=)
F37 Index (M) 45 +)
F37-1° Wife 26 Yes (+)
F36 Index (M) 31 (=)
F36-1 Brother 26 No (=)
F36-2 Brother 28 No (=)
F36-3 Brother 22 No (+)
736-4 Mother 63 No (+)
F4 Index (F) 54 +)
F4-1 Daughter 35 No -+
F4-2 Daughter 20 No )
F4-3 Grandchild 6 Yes +)
F4-4° Grandchild 4 Yes (+)
F19 Index (M) 29 +)
F19-1* Wife 27 No (+)
F40 Index (M) 26 (=)
F40-1 Relative 24 No (=)
F40-2 Relative 29 No (=)
F41 Index (F) 53 (=)
F41-1 Daughter 23 No (=)
F41-2 Daughter 17 No (=)
F45 Index (M) 33 (+)
F45-1 Wife 27 No (=)
F50 Index(F) 27 (=)
F50-1 Sister 25 No =)

2HBYV vaccination history is provided for the family member.
PIndex and family members who are positive simultaneously for the
PreS2and S region.

man and his wife in Families 19 and 37 (F19 and F37)
(Fig. 3). The molecular evolutionary analysis of the
sequences isolated from the mother and her daughter
in Family 3 (F3), yielded two separate but distinct
groupings of the HBYV isolates, suggesting that the
presence of two different HBV viral isolates infecting
the mother and her daughter (Fig. 3).

Serological Markers of HBV Infection in the
Vaccinated and Unvaccinated Family Members

The family members group was subdivided into two
subgroups according to the history of full regimen
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schedule of HBV vaccination as shown in Table II; (1)
A group of vaccinated family members which includes
a total of 142 subjects, who received the complete
HBV vaccine regimen. (2) A group of unvaccinated
family members, which included 88 subjects with
no previous history or incomplete regimen of HBV
vaccination.

The family members in the unvaccinated group were
significantly older (mean + SD; 32.5 + 12.5 years old)
than in the vaccinated group (mean + SD; 13.3 £+ 10.4,
P = 0.012). No statistical significant difference was
found in the male gender distribution between the two
groups. The anti-HBs seropositive rate was significant-
ly higher in the vaccinated group than the unvaccinat-
ed group [69.8% (99/142) vs. 33% (29/88), respectively,
P < 0.0001] (Table II). The mean anti-HBs titre was
significantly higher in the vaccinated than unvaccinat-
ed family members (70.1 &+ 129.7 vs. 21.6 £+ 51.7 mIU/
ml, respectively P < 0.0001).

The prevalence of anti-HBc¢ was significantly higher
in the unvaccinated family members compared to vac-
cinated groups (37.5% vs. 14.1% respectively, P <
0.0001). Interestingly, no statistical significant differ-
ence was detected between the vaccinated and the un-
vaccinated groups regarding the prevalence of HBsAg
[vaccinated vs. unvaccinated; 10.6% (15/142) vs.
14.8% (13/88), P = 0.4] (Table II). The HBV DNA was
detected in 50% of family members positive for HBsAg
with no statistical significant difference between the
vaccinated (563%, 8/142) and unvaccinated groups
(46.2%, 6/88) (Table II).

Mutations in the “a” determinant region. The
available nucleotide sequences spanning the S gene of
HBV isolated from the nine vaccinated and five
unvaccinated members were translated into amino
acid and aligned in correspondence to the reference
sequences. The amino acid substitutions in the “a”
determinant region that was reported to be associated
with vaccine escape mutation were not detected.
However, an amino acid substitution at the second
loop of “a” determinant region (T143L) was clustered
in the family subject F37 (F37 and F37-1) and found
in one unvaccinated family member (F4-1). Another
substitution was detected in the second loop of “a”
determinant region (T140I) in an unvaccinated mem-
ber (F36-1). P127A substitution in first loop of the
“a” determinant region was clustered in the family
43(F43 and F43-1; Fig. 4).

DISCUSSION

The investigation of the intra-familial transmission
in a particular region usually reveals valuable infor-
mation about the routes of HBV spread in general
and may help in exploring the HBV spread problem
and local peculiarities. This study is the first one in
Egypt done to explore the intra-familial spread of
HBYV infection and inclusively HBV genotype D trans-
mission routes in Egypt. An evaluation of the impact
of the universal HBV vaccination on the intra-familial
transmission of HBV was also done.
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Fig. 3. Phylogenetic tree constructed by the nucleotide sequences
of the partial PreS2 and S HBV genomic region. The phylogenetic
tree is constructed by the neighbor joining method and significant
bootstrap values (>75%) are indicated in the tree roots. HBV
sequences isolated from index cases and family members are indicat-
ed in italic bold and bold fonts respectively. Reference sequences
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' AB298362 (Sweden)

retrieved from the GenBank/EMBL/DDBJ are indicted in their ac-
cession numbers. Solid black rounds indicate sequences from index
cases with family members negative for HBsAg. (Jk) Strains isolated
from chronic hepatitis B carriers residing in Egypt south. The coun-
try origin of the reference sequences are indicated in brackets. HBV
genotypes A-H are indicated in the cluster roots.

- 309 -



HBYV Familial Transmission in Egypt

593

TABLE II. Comparison of Hepatitis B Serological Markers in Vaccinated Versus Unvaccinated Family Members Group

Total (N = 230) Vaccinated group (N = 142) Unvaccinated group (N = 88) P-value
Age® 20.6 + 14.6 13.3 + 10.4 32.5 + 51.7 <0.0001
Gender (Male)® 96(41.7) 64 (45.1) 32 (36.4) NS
Anti-HBc (+)° 53 (23) 20 (14.1) 33 (37.5) <0.0001
HBsAg (+)° 28 (12.2) 15 (10.6) 13 (14.8) NS
Anti-HBs (+)P 128 (55.7) 99 (69.8) 29(33) <0.0001
HBV-DNA (+)° 14 (50) 8(53.3) 6 (46.2) NS
#Mean + SD.
PN (%).

In the present study, 12.1% of the family members
were infected with HBV. This incidence was much
higher than that detected among the blood donors
(1.4%) resident in the same area in Egypt (data not
shown). Clustering of the HBV infection within the
families has been described in nearby countries locat-
ed within the same zone of the HBV endemicity but
with different incidences; 30% in Turkey, 15.8% in
Greece, and 11.9% in Iran [Alizadeh et al.,, 2005;
Zervou et al., 2005; Ucmak et al., 2007]. An important
risk factor was found to be implicated in acquiring the
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Fig. 4. The alignment of amino acid sequences of the HBV partial
surface gene encompassing the “a” determinant region in the HBsAg
positive family members. The upper eight sequences are consensus
of the corresponding HBV genotypes Aa/Al, B, C, D, E, F, G, and H
reference strain retrieved from DDBJ/GenBank database. Dots in
alignment indicate identity of amino acids to the consensus sequence
of genotype Aa/Al. First and second loop positions are underlined
in the consensus sequence of the genotype Aa/Al and positions
of previously reported vaccine escape mutants are indicated in
numbers and included in boxes.

infection among the family was the presence of female
infected with HBV. Furthermore, the higher incidence
of HBsAg positive rate among the offspring of the
females’ index cases than that of males index cases
illustrates clearly the role of the mother in the trans-
mission of HBV. Similarly, Salkic et al. [2007]
reported the same observation in his study from Bos-
nia [Salkic et al., 2007]. However, in Taiwan no signif-
icant difference was found in the HBsAg positivity
among the offspring of the two groups, suggesting the
importance of the paternal as well as the maternal
transmission for the HBV intra-familial spread in
Taiwan [Lin et al., 2005].

Despite being a tedious and labor-intensive method,
sequencing of the viral genomes isolated from differ-
ent individuals, with the subsequent homology com-
parison and the phylogenetic analysis remains the
golden approach for demonstrating the HBV trans-
mission in a given population [Dumpis et al., 2001;
Zampino et al., 2002; Tajiri et al., 2007].

The full length HBV sequence analysis is the gold
standard for this purpose but remains a cost approach
[Datta et al., 2007]. Highly variable HBV genomic re-
gion is recommended by some investigators to study
the transmission event. Variability of the genomic re-
gion is affected by several factors one of which is the
clinical characteristics of the studied cohort [Wu
et al., 2005]. PreC/C region exhibit high variability in
the cases of acute or fulminant hepatitis and thus
analysis of this region is preferable for investigating
the chain of recent/nosocomial fulminant -cases
[Bracho et al., 2006; Ozasa et al., 2006]. However, a
high S gene variability is documented among the
chronic hepatitis B carriers and their families, thus
investigating the genotype, subgenotype, subtypes,
and mutations by the sequence analysis of the S gene
with further analysis by testing the constructed
phylogenetic tree with the bootstrap resampling
maximum-likelihood test, may provide enough
confidence to prove the transmission event in the case
of chronic HBV carriers [Thakur et al., 2003]. Hence,
in the present study, the phylogenetic analysis of the
HBYV nucleotide sequences spanning the entire preS2
and S HBV genomic regions and isolated from chronic
hepatitis B carriers which include index cases and
their family members revealed the infection with
HBV genotype D which coincides with the previous
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data regarding the predominance of infection with
HBV genotype D in Egypt [Saudy et al.,, 2003]. In
addition, the phylogenetic analysis documented the
presence of three different patterns of HBV genotype
D transmission within the families in Egypt; maternal
transmission (from mother to child as in the family 4),
paternal transmission (from father to child as in
family 35 and family 43) and spousal transmission
(between spouses as in family 19 and family 37). This
was different from the transmission pattern charac-
teristics of genotype D in Uzbekistan where the
horizontal transmission was the predominant route
of infection with HBV genotype D within a family
[Avazova et al., 2008].

The Data regarding the difference of transmission
routes of HBV infection between different genotypes
are controversial and scarce. Based on the findings
that the patients infected with HBV genotype C may
exhibit delayed HBeAg seroconversion decades later
than the patients infected with other genotypes,
Livingston et al. [2007] speculated that genotype C is
the most responsible for the perinatal transmission
and that the other genotypes (A, B, D, and F) are
mainly transmitted horizontally [Livingston et al.,
2007]. A recent study has shown a different data
through exploring that both genotypes B and C can be
transmitted by maternal and horizontal routes [Wen
et al., 2011]. Whether different HBV genotypes have
different transmission routes remains a question,
which needs further global studies to clarify this
interesting and important issue.

In an attempt to evaluate the influence of the
universal vaccination on the intra-familial HBV infec-
tion, it was surprising to find a high prevalence rate
of HBsAg among the vaccinated members with no
significant difference when compared to the unvacci-
nated group. In an agreement with the present data,
El Sherbini et al. [2006] reported the unchangeable
prevalence of HBsAg among the vaccinated school
children across a decade despite the significant de-
crease of the anti-HBc rate [El Sherbini et al., 2006].
The possible explanation for this vaccine failure is the
acquiring of the HBV infection in the lag period
between the birth and the time of receiving the
first HBV vaccine dose at the age of 2 months. Sup-
porting our explanation is the recent data coming
from Taiwan where a different HBV infection prophy-
lactic strategy is applied by administrating the first
dose of the HBV vaccine at birth with the administra-
tion of the hepatitis B immunoglobulin to the infants
born to the HBeAg positive mother within 24 hr after
birth. The recent study has clearly demonstrated that
the current HBV prophylactic strategy in Taiwan was
capable of reducing the intra-familial HBV transmis-
sion and reducing the overall HBsAg positive rate
among the infants [Mu et al., 2011]. In Japan, the ex-
tension of the active and passive immunization to the
babies born to HBeAg negative mother had greatly re-
duced the HBsAg prevalence to 0.2% of blood donors
younger than 19 years old [Noto et al, 2003;

J. Med. Virol. DOI 10.1002/jmv
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Matsuura et al., 2009]. The present study recom-
mends the changing of the current HBV prophylactic
policy in Egypt. It would be needed to provide the first
dose of the HBV vaccine at birth together with screen-
ing for HBV infection markers prenatally and admin-
istration of the HBIG to the infants born from
HBeAg-positive mothers. The documented role of the
HBYV spousal transmission in the present study by the
phylogenetic analysis (Family 19 and Family 37),
coincides with the recent data conducted in Egypt
that the first sexual contact with an infected spouse
was a significant risk factor for infection with HBV
among females and may further emphasize the impor-
tance of the premarital screening for HBV in Egypt
[Paez Jimenez et al., 2009]. Investigating the “ a”
determinant region of viral isolates retrieved from the
vaccinated members infected with HBV provides no
evidence of breakthrough infection by previously
reported vaccine escape mutant virus [Carman et al.,
1990].

In conclusion, the present study has clearly
explored the role of the HBV intra-familial transmis-
sion and spread in north Eastern Egypt. Three
patterns of HBV transmission were determined in the
current cohort infected with HBV genotype D; mater-
nal, paternal, and spousal. The present study recom-
mends the change of the current prophylactic policy
against the HBV infection in Egypt by including the
first dose of HBV vaccine at birth, screening of preg-
nant women for HBsAg and the administration of
HBIG to the infants born from HBeAg positive moth-
ers within 24 hr after birth. Further studies are need-
ed globally to determine the transmission patterns of
different HBV genotypes and locally in different dis-
tricts in Egypt to explore the impact of familial trans-
mission in HBV infection in Egypt.
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Abstract

Background: We have recently identified a number of active regulatory networks involved in diabetes progression
in Goto-Kakizaki (GK) rats by network screening. The networks were quite consistent with the previous knowledge
of the regulatory relationships between transcription factors (TFs) and their regulated genes. To study the
underlying molecular mechanisms directly related to phenotype changes, such as diseases, we also previously
developed a computational procedure for identifying transcriptional master regulators (MRs) in conjunction with
network screening and network inference, by effectively perturbing the phenotype states.

Results: In this work, we further improved our previous method for identifying MR candidates, by listing them in a
more reliable manner, and applied the method to reveal the MR candidates for diabetes progression in GK rats
from the active networks. Specifically, the active TF-gene pairs for different time periods in GK rats were first
extracted from the networks by network screening. Another set of active TF-gene pairs was selected by network
inference, by considering the gene expression signatures for those periods between GK and Wistar-Kyoto (WKY)
rats. The TF-gene pairs extracted by the two methods were then further selected, from the viewpoints of the
emergence specificity of TF in GK rats and the regulated-gene coverage of TF in the expression signature. Finally,
we narrowed all of the genes down to only 5 TFs (Etv4, Fus, Nr2f1, Sp2, and Tcfap2b) as the candidates of MRs,
with 54 regulated genes, by merging the selected TF-gene pairs.

Conclusions: The present method has successfully identified biologically plausible MR candidates, including the
TFs related to diabetes in previous reports. Although the experimental verifications of the candidates and the
present procedure are beyond the scope of this study, we narrowed down the candidates to 5 TFs, which can be
used to perform the verification experiments relatively easily. The numerical results showed that our computational
method is an efficient way to detect the key molecules responsible for biological phenomena.

Background

Recent developments in genome-wide computational

analyses have successfully identified causal interactions
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nant glioma [3]. Indeed, 53 TFs were obtained by the
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ARACNe algorithm and the MGES enrichment test, and
among them, the top 6 TFs with the largest fraction of
MGES genes were experimentally controlled, as the MR
candidates. Finally, 2 of the top 6 TFs, STAT3 and
CEBPB, were experimentally verified as MRs of
mesenchymal transformation. Unfortunately, the compu-
tational method employed in the previous work was
unsophisticated and required further improvement. For
example, it is unclear why the method selected the top
6 TFs from 53 TFs, rather than 5 or 7 TFs. Although
the coverage of the TFs for the MGES genes was care-
fully considered, there was no rational criterion for the
final selection of the MR candidates. Furthermore, ARA-
CNe considers the relationships between three genes for
selecting MR candidates. However, there are some well
known mathematical techniques that consider multiple
relationships and have been applied to infer regulatory
networks [4].

We previously reported 39 candidates of active net-
works for diabetes progression in the Goto-Kakizaki rat
(GK), which were identified by network screening, in
comparison with the Wistar-Kyoto (WKY) rat [5]. Net-
work screening is a procedure to extract the regulatory
networks activated under particular conditions, based on
the known regulatory networks [5-7]. The candidates
were characterized by the known biological pathways
that were consistent with the previous knowledge about
diabetes. Unfortunately, the plausibility of the active net-
works could not be verified experimentally. This was
partly because the results were presented in a metaphy-
sical form, and as the biological pathway, instead of the
list of concrete target genes. Actually, the active net-
works were composed of many genes that were not
amenable to experimental verification.

To overcome these problems, we recently developed a
procedure for identifying MR candidates, by a combina-
tion of network screening and network inference [8].
The network screening strongly depends on the pre-
vious knowledge of the regulatory networks. To com-
pensate for the limitations of network screening, we
introduced a network inference method, which is a ver-
sion of a path consistency algorithm (PC-A) [9] or a
modified PC-A [10,11] that applies PC-A to biological
data with high redundancy. The performance of our
procedure was tested for MRs in human malignant
glioma, using the same data set in ref. [3], and worked
well [8]. In total, 22 TFs and 27 TFs were detected by
the network screening and the network inference,
respectively, and 3 TFs overlapped between them. Inter-
estingly, 2 of the 3 TFs were STAT3 and CEBPB, which
were verified experimentally as the master regulators in
the previous report [3].

In this paper, we sought to identify the candidates of
master regulators for diabetes progression, using the
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spontaneous diabetic GK rat model. Based on the net-
works specific to diabetes progression identified in our
previous report [5] and the networks inferred by the
modified PC-A, we intended to narrow down the candi-
date molecules responsible for diabetes further, by iden-
tifying the master regulators that play a central role in
diabetes progression in GK rats. Furthermore, we
improved our previous method [8] to narrow down the
candidates in a more reliable manner, by considering
the coverage of a TF for its regulated genes in a statisti-
cal manner, in addition to the specificity of the TF to
the target biological phenomena. As expected from the
previous case of the computational identification of MRs
in a human brain tumor [8] and the present improve-
ments, we identified a limited set of reliable MR candi-
dates, and thus provided information for further
experimental design for candidate verification.

Results

Overview of our computational procedure

In our computational procedure, we identified MR can-
didates by two approaches, which are schematically
shown in Figure 1. One is a knowledge-based approach,
which estimates the consistency of the network struc-
tures among the known networks with the measured
data (named “network screening”) [5-7]. The other is a
data-driven inference approach, which estimates the
conditional independency between the genes by calculat-
ing the partial correlation coefficients (named “modified
path consistency algorithm”) [10,11]. In both cases, we
further selected the MR candidates by considering the
enrichment of the gene expression signature in the net-
works. Finally, we refined the candidates by considering
the TF specificity and the regulated-gene coverage. The
details are described in the Methods.

MR candidates detected by network screening

In our previous study [5], we used network screening to
identify 39 networks for GK and WKY rats in three
growth periods: 4w, from 8w to 12w, and from 16w to
20w, among the 1,760 networks in the reference network
set. Based on these results, we further selected the MR
candidates. From the 39 networks, in total, we extracted
568 binary relationships of TFs and their regulated genes,
which were specifically found in the three periods for GK
and WKY rats, under the condition that the gene expres-
sion shows a difference with a false discovery rate (FDR)
of less than 0.05, between the two strains of rats for each
period (see the details in the Methods). The numbers of
genes specifically found in each period in GK and WKY
rats are as follows: 54 genes at the period of 4w in GK;
199 at 8w and 12w in GK; 56 at 16w and 20w in GK; 95
at the period of 4w in WKY; 125 at 8w and 12w in WKY;
and 39 at 16w and 20w in WKY. Note that some TF-
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