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KEYWORDSABSTRACT
Members of cellular inhibitor of apoptotic protein family (cIAP) plays cru-
cial role in regulating cellular apoptosis. Overexpression of cIAP2gene has
been implicated in promoting hepatitis B virus (HBV) mediated hepatocel-
lular carcinoma (HCC). cIAP2 has also been shown to inhibit HBV replica-
tion by in vitro studies.
Since the expression status of cIAP2 has not been studied in HBV infected
cells from patients, we tried to evaluate the same in peripheral blood mono-
nuclear cells of HBV infected subjects.
A total of 42 HBV infected subjects were clarified for their status of infec-
tion by biochemical,serological and real time polymerase chain reaction
(PCR) assay. Total RNA obtained from isolated PBMCs were subjected to
reverse transcription PCR for amplification of cIAP2 mRNA. HBV
pregenomic RNA (pgRNA)was also evaluated as a marker of intracellular
viral replication. PBMCs from 24 healthy voluntary blood donors were
used as control cells.
In comparison to controls,expression of cIAP2 was significantly
(p=0.001)downregulated in infected PBMCs obtained from patients. Con-
sidering the role of cIAP2 expression in controlling viral infection,the present
finding is indicative of HBV mediated inhibition of antiviral defense mecha-
nism of infected host cell that favor viral persistence in the host cell.
! 2013 Trade Science Inc. - INDIA

INTRODUCTION

The biological process of apoptosis plays a pivotal
role in regulating homeostasis and immune defense of
organismsbyclearingsuperfluous, abnormalor infected
cells. Execution of the apoptotic program upon activa-
tionbyacell deathsignal is beingdeterminedbyasubtle
balance between pro-apoptotic and anti-apoptotic

mechanisms where, pro-apoptotic proteins prop up
apoptosis and anti-apoptotic proteins hinder apoptosis.
Inhibitors of apoptosis proteins (IAPs) can stall the
downstream caspase activation pathways, and, thus,
control the progress of apoptosis[1]. The studies have
shown that the apoptotic cell death plays an important
physiological role for normal cell development and tis-
sue homeostasis whereas, dysregulation of apoptosis
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has been implicated in carcinogenesis and tumor pro-
gression[2].

The primarily hepatotropic and secondarily
lymphotropic hepatitis B virus (HBV) is a major human
pathogen responsible for acute and chronic liver dis-
ease where more than 350 million people are chroni-
cally infected world-wide with HBV and more than one
third of these individuals develop grave liver diseases
such as hepatocellular carcinoma (HCC),resulting an
estimated 1 million mortality per anum[3].

Recently, cellular inhibitor of apoptosis protein 2
(cIAP2) has been reported as a potent suppressor of
apoptotic cell death as well as is involved in the tumor
necrosis factor alpha (TNF-á)-induced anti-hepatitis B

virus (HBV) response[4]. Since HBV is known to pro-
duce chronic infection with the potential to remain as
inactive carriers without generating overt clinical symtoms
in majority of the infected subjects plus also able to trig-
ger tumorigenesis in the liver, we are interested in whether
HBV could modulate the expression of cIAP2 in virus
infected cells. Henceforth, we evaluated the expression
status of cIAP2 mRNA in HBV infected peripheral blood
mononuclear cells (PBMCs) of HBV infected subjects
who are clinically considered as inactive carriers of the
disease. We relied on the detection of HBV pregenomic
RNA (pgRNA) in PBMCs as marker of the presence
of replicating HBV in the cells since pgRNA is the ma-
jor replicating intermediate of the virus.

MATERIALS AND METHODS

Patients

Forty two HBsAg positive subjects sorted out on
the basis of past history, clinical presentations, anti-HBc
IgM/IgG status and imaging data were enrolled in the
study. Patients coinfected with HIV, HAV, HCV, HDV,
or HEV were excluded from this study. A group of 24
healthy voluntary blood donors served as controls. Prior
informed consents were taken from all the study sub-
jects and the study protocol was approved by the insti-
tutional ethics committee

Serologic and biochemical parameters

Serum aspartate transferase (AST) and alanine
transferase (ALT) levels were estimated by an auto-
mated clinical biochemistry analysis system
(Randox,Oceanside, CA). The serum HBeAg and anti-

HBe status of the subjects were ascertained by com-
mercial enzyme-linked immunosorbent assay (ELISA)
kits (Amar-EASE, Taiwan) as per the manufacturer�s
instructions.

HBV DNA quantitation

HBVDNA was extracted from sera by the High
Pure System Viral Nucleic Acid Kit (Roche Molecular
Systems Inc, USA) as per manufacturer�s protocol.

Amplification and quantitation of extracted HBV DNA
as viral load was performed by Cobas® TaqMan® 48

Analyzer (Roche Diagnostics, USA) using real time
Cobas® TaqMan® HBV test kit (Roche Molecular

System, USA) as per manufacturer�s instructions.

Isolation of total RNA from PBMCs

PBMCs were immediately isolated from EDTA
containing whole blood using histopaque-1077 (Sigma
chemicals, USA) by recommended procedure. Total
RNA was extracted from the isolated cells by Trizol
(LifeTechnologies,USA) method and the extracted
RNA was dissolved in diethyl pyrocarbonate (DEPC)-
treated water.

Preparation of cDNA

Extracted RNA was subjected to reverse transcrip-
tion reaction using random hexamers and MuLV-H re-
verse transcriptase (Fermantas Life Sciences, Germany)
to generate a common cDNA pool. Prior to reverse
transcription, 1 ìg of total RNA was treated with 1 U

of deoxyribonuclease (DNase I amplification grade,
Gibco- BRL, USA) to remove all the contaminating
DNA. The possibility of presence of traces of DNA
was further ruled out by emploing control reactions
devoid of reverse transcriptase enzyme. RNA was re-
verse transcribed (60 min at 37°C) with 200 U of

MMuLV reverse transcriptase (Fermantas Life Sci-
ences, Germany) in 20 µL volume of 5 × RT buffer

(250 mM Tris-HCl pH 8.3, 375 mM KCl,15 mM
MgCl2) supplemented with 5 mM dithiothreitol

(DDT),0.5 mM deoxynucleoside triphosphates
(dNTPs, Fermantas Life Sciences, Germany), 25 U
ribonuclease inhibitor (Promega Corporation, Madison,
WI, USA) and 200 ng random hexamers (Fermantas
Life Sciences, Germany).

Polymerase chain reaction (PCR) amplification of
cIAP2 gene

Upon heating (95°C, 1 min) and quick-chilling on
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ice, an aliquot of 5 µL (0.3 µg) of the cDNA pool was

used for PCR amplification in 50 µL of 10 × buffer

solution (100 mM Tris- HCl pH 9.3, 500 mM KCl,
1% Triton X-100) containing 0.08 mM dNTPs, for-
ward and reverse primers (100 pM each), 1.5 mM
MgCl2 and 2 U of Taq DNA polymerase (Fermantas
Life Sciences, Germany). After initial denaturation at
94ºC for 5min, cIAP2 cDNA fragments were ampli-

fied by 35 cycles (94°C � 15sec, 55°C � 30sec &

72°C � 45sec per step) followed by a final extension

step at 72ºC for 5min. The forward and reverse prim-

ers used were (5´-3´) d (GAGGAGACAGTCCTA

CTGAAA) and (CATAGCATTATCCTTCGGTTC)
respectively[5] which yielded a product of 433bp. Beta-
actin as house keeping gene was amplified by 30 cycles
(94°C, 55°C & 72°C; 1 min per step) using forward

and reverse primers (5´-3´) d(TCT ACA ATG AGC

TGC GTG TG) and d(GGT GAG GAT CTT CAT
GAG GT) generating amplicon of 314bp[6]. Blank re-
actions without cDNA template were performed in all
experiments as negative reaction control. Each ampli-
fied product (10 µl) was subjected to 2% agarose gel

electrophoresis (100 V,45 min) along with a 100 bp
DNA ladder and visualized by UV fluorescence after
staining with ethidium bromide. Upon capturing the gel
image by Bio-Capt imazer (Vilber Lourmat, France),
the integrated density of DNA band was evaluated by
using the software Image J 1.42 (Broken Symmetry
Software, USA) in respect to the known standard
marker as a control with units nanogram permilliliters
(ng/ml) and further normalized against the housekeep-
ing gene beta actin used as internal control to define
the expression of respective genes by the density of
the band[6,7].

Polymerase chain reaction amplification of HBV
pregenomic RNA (pg RNA)

In line to make certain the presence of replicating
HBV through presence of pgRNA in PBMCs, cDNA
fragments obtained from Trizol extracted PBMC de-
rived total RNA were further amplified using an ampli-
fication protocol of 40 cycles (94 0C�30 s, 58 0C�30 s

& 72 0C�30 s per step), after an initial denaturation at

950C for 5 min and later a final extension at 72 0C for
10 min using up and downstream primers (5´-3´)

d(GCC TTA GAG TCT CCT GAG CA), and d(GAG
GGA GTT CTT CTT CTA GG) as mentioned ear-

lier[7]. The PCR product thus obtained was finally elu-
cidated upon 2% agarose gel electrophoresis resolving
an amplicon of 364 bp after staining with ethidium bro-
mide followed by densitometric evaluation. Correspond-
ing plasma of respective PBMC samples were sub-
jected to identical extraction and amplification proce-
dures as controls to rule out the possibility of contami-
nation from plasma.

Statistical analyses

Descriptive statistics (mean, median, standard de-
viations, Inter Quartile Range [IQR]) and Student�s t-
test were performed using the GraphPad Prism 3.0 soft-
ware (GraphPad, San Diego, CA, USA). A value of
p<0.05 was considered statistically significant.

RESULTS AND DISCUSSION

All the patients were adults (Mean age
±SD=36.4±9.1 years),and consisted of 31 males and

11 females respectively. The detailed demographic, bio-
chemical and virological characteristics of 42 patients
are shown in TABLE 1. Control subjects had a mean
±SD age of 32.7±10.2years and consisted of 15 males

and 9 females.

TABLE 1 : Demographic and clinical features of the study
subjects

Parameters Value-Mean±SD 

Age 36.4±9.1 

M:F 31:11 

AST (IU/L) 41.7±19.5 

ALT (U/L) 31.2±11.7 

HBV DNA (Log Copies/mL) 3.28±0.71 

HBv pg RNA (ng/ml) 0.58±0.18 

In comparison to control, the expression of cIAP2
gene was noted to be reduced in HBV infected PBMCs
of patients (Figure 1,a,b). Semiquantification of the PCR
product by densitometry upon normalization against the
house keeping gene beta actin further revealed the
downregulation of clAP2 in HBV infected PBMCs.
cIAP22 gene expression was significantly downgraded
(p=0.001) in HBV infected cells having median value
of 166.7 ng/ml (mean ±SD=158.5±57.8,IQR=108.8)

against the median value of 256.2 ng/ml (mean
±SD=219±93.2,IQR=164.5) in non infected cells ob-

tained from healthy controls (Figure 2).
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Members of the anti-apoptotic family of proteins,
inhibitors of apoptosis proteins (IAPs) acts as endog-
enous inhibitor of caspases, the main executioners of
apoptosis[8]. Many studies have established a circum-
stantial association between IAPs and cancer where
overexpression of several IAP family members has been
detected in several classes of human cancers[9,10].
Overexpression of cIAP2 has been observed in pan-
creatic ductal adenocarcinomas[11] apart from its role in
cellular apoptotic mechanism, cIAP2 inducible by TNFá
was found to inhibit HBV protein synthesis, viral repli-
cation, and transcription through activation of the NF-
êB signaling pathway[12].

Noncytopathic inhibition of HBV replication has
been reported which has been shown to be mediated
through TNF- á secreted by HBV specific cytotoxic T

lymphocytes (CTLs)[13]. Furthermore, involvement of
cIAP2 in the tumor necrosis factor alpha (TNF-á)-in-

duced anti-hepatitis B virus (HBV) response has been
attributed to the cIAP2 interceded acceleration of the
ubiquitin-proteasome-mediated decay of viral poly-
merase and reduction of the encapsidation of HBV pg
RNA[4].

Since, the studies regarding expression of cIAP2 in
HBV infection are scanty and mostly performed in cell
lines, we wanted to assess cIAP2 expression in human
cells infected with HBV. We clarified the presence of
replicating HBV in PBMCs by detection of HBV
pgRNA in those cells for measuring the expression sta-
tus of cIAP2 in the same cell types. To our knowledge,
this is the first study of its kind demonstrating expres-
sion of cIAP2 mRNA in HBV infected cells obtained
from chronically infected patients without overt symp-
toms. Our data showed significant downregulation of
cIAP2 gene in HBV infected PBMCs than the expres-
sion pattern observed in non infected cells obtained from
healthy control subjects. This findings might have impli-
cation related to the survival strategy of the virus for
long term persistence in chronic infection.

Lu et al[5] demonstrated marked increase of cIAP1
and cIAP2 in HBV expressing hepatoma cells. Con-
sidering HBV as a tumor trigger,they suggested that the
long time stimulation of HBV viral proteins changes the
expression of apoptosis profile of host cells through
modulation of cIAP1 and cIAP2, which probably re-
sults in the carcinogenesis of liver cells. On the
otherhand, Wang et al[4] observed that cIAP2 promoted
the degradation of the viral polymerase through a
proteasome-dependent pathway which established a

Figure 1 : (A) Representative pattern of clAP2 PCR products (433bp) obtained from PBMCs separated by 2% agarose gel. (A)
cells from controls and (B) cells from patients; L=100bp DNA Ladder.

(A) (B)

Figure 2 : Expression of cIAP2 gene is significantly reduced
in infected PBMCs of patient (P; n=42) than control (C; n=24)
groups. The boxes represent the interquartile ranges, the
whiskers indicate the ranges and the center line in the box
indicate the medians.
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strong role of cIAP2 as antiviral mediator to prevent
viral replication. Considering the antiviral property of
cIAP2 as suggested by Wang et al[4], our observations
that replicating HBV significantly suppressed expres-
sion of cIAP2 in virus infected cells indicate the virus
induced modulation of host intracellular protein to thwart
anti viral defense mechanism. Creation of the intracel-
lular state through downregulation of cIAP2 might ap-
pear advantageous for HBV to persist within the cell
which further help to establish a chronic infection,and,
thus, the mechanism of cIAP2 mediated viral inhibition
can be considered as a novel strategy for HBV therapy.
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