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Abstract. Activation of antiapoptotic genes has been indi-
cated as one of the factors that contributes to hepatitis B virus 
(HBV) infection‑induced liver cancer. The cellular inhibitor 
of apoptosis protein 2 (cIAP2), a member of the IAP family, is 
upregulated in various types of cancer and serves as a poten-
tial treatment target. However, to the best of our knowledge, 
the importance of cIAP2 in HBV‑induced liver cancer has not 
been investigated. In the present study, cIAP2 expression in 
liver cells in response to HBV infection and the underlying 
mechanism involved was investigated. Western blot analysis 
of clinical liver samples showed that higher cIAP2 expression 
was detected in HBV‑positive non‑cancerous tissue compared 
with that in HBV‑negative non‑cancerous tissue, and the 
expression was further increased in HBV‑positive liver cancer 
tissue. Reverse transcription‑quantitative PCR and western 
blot experiments performed on two liver cell lines also 
confirmed that cIAP2 expression was increased upon HBV 
infection at both the mRNA and protein levels. Promoter anal-
ysis revealed that HBV could activate cIAP2 promoter in an 
infection dose‑dependent manner, and this activation involved 
a NF‑κB‑binding site in the cIAP2 promoter. Further analysis 
demonstrated that HBV enhanced NF‑κB phosphorylation and 
nuclear translocation via the PI3K/AKT signaling pathway, 
leading to the binding and activation of cIAP2 promoter. The 
present data demonstrates that HBV‑infection induces cIAP2 
expression in the liver by activation of the PI3K/AKT/NF‑κB 

signaling pathway through promoting the binding of NF‑κB 
to cIAP2 promoter, which may lead to carcinogenesis. The 
findings from the present study provide more information 
for understanding HBV‑induced liver cancer and also offer a 
potential target for treatment or diagnosis of this disease.

Introduction

Liver cancer is the second leading cause of cancer worldwide, 
with liver cancer representing ~90% of all primary liver 
cancer cases in 2016 (1‑3). A number of risk factors have been 
identified for liver cancer, and among these factors, chronic 
hepatitis B virus (HBV) infection accounts for >50% cases 
of liver cancer worldwide in 2016 (4‑6). Given that HBV is 
one of the most common infections in the world, with ~257 
million people living with chronic HBV, and that an estimated 
20‑30% of chronically HBV infections in adults would lead 
to liver cancer in 2016, the number of HBV‑associated liver 
cancer cases is vast (7,8). Consequently, understanding the 
pathogenesis of HBV infection‑induced liver cancer is of great 
importance for the development of strategies for liver cancer 
diagnosis and treatment.

Numerous possible mechanisms have been proposed 
underlying HBV infection‑induced liver cancer so far, which 
can be categorized into direct and indirect mechanisms. 
Directly, HBV high level replication and genomic integration 
may cause chromosomal alterations, including chromosomal 
instability due to viral genomic integration occurring in 
random locations of any chromosome, and increase the risk of 
cancer gene activation (9‑12). In addition, HBV encodes a few 
oncogenesis genes, such as HBx and preS2/S, which directly 
induces carcinogenesis  (13‑16). Indirectly, HBV infection 
causes long‑term inflammation in the liver, leading to increased 
hepatocyte proliferation, hepatic fibrosis and cirrhosis (14,17). 
Furthermore, HBV can also activate a range of antiapoptotic 
host proteins, such as Bcl‑2 and survivin, which promote 
carcinogenesis (18,19). However, it seems that none of these 
mechanisms can explain all the clinical features observed in 
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HBV‑induced liver cancer, for example liver cancer can occur 
in the absence of inflammation (10,20,21), and HBV integration 
is random and rarely leads to direct oncogene activation (14). 
Therefore, the mechanism underlying HBV infection‑induced 
liver cancer is multifaceted and more possible mechanisms are 
still to be identified.

The cellular inhibitor of apoptosis protein  2 (cIAP2), 
a member of the IAP family, can inhibit cell apoptosis via 
inhibition of caspase activity (22). cIAP2 expression is signifi-
cantly increased in a variety of human cancer types, including 
colorectal cancer, lung cancer and prostate cancer, and high 
expression of this protein is associated with poor outcome of 
these cancers (22‑24). In colorectal cancer, cIAP2 has previ-
ously been reported to be a valuable therapeutic target, as 
downregulation of this protein efficiently enhances cancer cell 
apoptosis (25). In liver cancer, however, little is known about 
the expression and impact of cIAP2 on HBV‑induced liver 
cancer pathogenesis. In the present study, the expression of 
cIAP2 was initially investigated in liver cancer tissue samples 
and adjacent non‑cancerous tissue samples with or without 
HBV infection, and then the impact of HBV infection on cIAP2 
expression and underlying mechanism was explored. The find-
ings of the current study provide further understanding on 
the pathogenesis of HBV‑induced liver cancer and could also 
be valuable for the development of strategies for liver cancer 
diagnosis and treatment.

Materials and methods

Patient samples, cell lines and virus. Liver and blood 
samples were obtained from 8 patients, including 4  male 
and 4 female patients (range, 46‑52 years; mean, 49 years) 
with liver cancer who underwent resection at the Affiliated 
Hospital of Jinggangshan University (Jiangxi, China) 
between November 2017 and May 2018. Cancerous (CT) and 
non‑cancerous tissues (NCT) were then separated and frozen 
in ‑80˚C until required. The NCT samples were collected 
from at least 0.5 cm away from CT samples. Blood samples 
were used for HSV‑2 infection determination using ELISA 
(HerpeSelect® 1 and 2 Immunoblot IgG; Focus Diagnostics, 
Inc.) and PCR (artus HSV‑1/2 PCR Kits; Qiagen China Co., 
Ltd.), as previously described (26). All protocols involving 
human samples were reviewed and approved by the Ethical 
Review Board at the Affiliated Hospital of Jinggangshan 
University (Jiangxi, China; ref. JGSU‑20170071), and written 
informed consent was provided from all the participating 
patients.

The normal liver cell line, THLE‑3, the non‑HBV 
expressing human liver cancer cell line HepG2 and persistent 
HBV‑expressing liver cancer cell line, HepG2.2.15 were all 
purchased from the American Type Culture Collection and 
cultured in DMEM (Sigma‑Aldrich; Merck KGaA) supple-
mented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) 
and penicillin and streptomycin (both at 100 U/ml; Gibco; 
Thermo Fisher Scientific, Inc.) at 37˚C with 5% CO2.

HBV used in the present study was harvested from 
HepG2.2.15 cells as previously described (27). In brief, cell 
culture media were first filtered through a 0.45‑µm filter, and 
then precipitated using a PEG‑it Virus Precipitation Solution 
(System Biosciences, LLC) according to the manufacturer's 

instructions. In brief, virus‑containing medium was first 
mixed with cold PEG‑it Virus Precipitation Solution at the 
ratio of 4:1 and incubated into the mixture overnight at 4˚C. 
Following incubation, the virus and PEG‑it Virus Precipitation 
Solution mixture was centrifuged at 1,500 x g for 30 min at 
4˚C. Following centrifugation, all traces of fluid were removed 
by aspiration and pelleted viruses were washed with PBS 
twice and concentrated using Amicon 100 kD ultracentrifugal 
tubes (EMD Millipore; Merck KGaA). Finally, viruses were 
resuspended in PBS containing 25% FBS (Gibco; Thermo 
Fisher Scientific, Inc.), aliquoted and stored at ‑80˚C until 
required. HBV titer was assessed using quantitative PCR and 
quantified as genome equivalent/ml (GEq/ml), as previously 
described (28).

Plasmids. pGL3‑Basic (Promega Corporation), a vector with 
a firefly luciferase gene under the control of a promoter of 
interest to be cloned in by the user, was used to construct all 
plasmids containing full length, truncated or mutated cIAP2 
promoters and NF‑κB promoter. Full length cIAP2 promoter, 
(‑2,000/+55) cIAP2‑Luc, and its truncations, (‑1,000/+55) 
cIAP2‑Luc, (‑500/+55) cIAP2‑Luc, (‑250/+55) cIAP2‑Luc and 
(‑100/+55) cIAP2‑Luc, as well as full length NF‑κB promoter, 
NF‑κB‑Luc, sequences were synthesized by GenScript 
Biotech Corporation and subcloned into pGL3‑Basic using 
the NEBuilder HiFi DNA Assembly master mix (New 
England Biolabs), according to the manufacturer's instruc-
tions. Site‑directed mutations to the (‑2,000/+55) cIAP2‑Luc 
plasmid was introduced using the QuikChange II Site‑Directed 
Mutagenesis kit (Agilent Technologies) according to the 
manufacturer's instructions. For activator protein 1 (AP1) 
mutant (MUT), the AP1 sequence was mutated from 5'‑TTT​
TGG​GTC​ATG​G‑3' to 5'‑TTT​TGG​GTC​GCG​G‑3'. There are 
3 NF‑κB binding sites selected for this study in the cIAP2 
promoter: NF‑κB*, NF‑κB** and NF‑κB***. For NF‑κB* MUT, 
NF‑κB** MUT and NF‑κB*** MUT, NF‑κB sequences were 
mutated from 5'‑GGA​AAT​CCC​C‑3' to 5'‑GGA​AAT​AGC​
C‑3', from 5'‑TGG​GTT​TGC​C‑3' to 5‑'CTC​GTT​TGC​C‑3' and 
from 5'‑TGG​AGT​TCC​C‑3' to 5'‑TGGAGTTAAC‑3', respec-
tively. For interferon regulatory factor‑1 (IRF‑1) MUT, the 
IFR‑1 sequence was mutated from 5'‑TAA​AAG​GAA​AG‑3' to 
5'‑TAA​CAG​GAG​AG‑5'.

Transfection and luciferase reporter gene activity assay. 
Transfection and luciferase reporter gene activity assay was 
performed as previously described with modifications (26). In 
brief, THLE‑3 cells were transfected with promoter constructs 
together with control plasmid pRL‑RK (Promega Corporation) 
using Lipofectamine 2000® (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. The medium 
was changed, and the cells were subsequently infected with or 
without HBV at 100 GEq/cell or ascendant doses of HBV (0, 
50, 100, 200 and 500 GEq/cell) for 1 h at 37˚C, 4‑6 h after 
transfection. Fresh complete medium was added and the cells 
were cultured at 37˚C with 5% CO2 for another 24 h. After 
which time, cells were lysed with Luciferase Cell Culture 
Lysis buffer (Promega Corporation) and firefly luciferase 
activity and Renilla luciferase activity were measured using 
the Dual‑Luciferase® Reporter Assay System (Promega 
Corporation), according to the manufacturer's protocol. The 
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transfection efficiency was normalized to the Renilla luciferase 
activity. For small interfering RNA (siRNA)‑mediated knock-
down of p65 or AKT, siRNA targeting p65 (cat. no. sc‑29410), 
AKT (cat. no. sc‑43609) or control siRNA (cat. no. sc‑37007) 
at a final concentration of 100 nM was introduced into cells 
using siRNA Transfection Reagent (all from Santa Cruz 
Biotechnology, Inc.) 24 h before plasmid transfection. For 
signaling pathway inhibition, specific inhibitors against NF‑κB 
(Celastrol; 300  nM), MAPKK (PD98059; 10  µM), PI3K 
(LY294002; 50 µM) or p38 (SB203580; 10 µM) was added 
into the medium after virus infection and remained throughout 
the culture. All inhibitors were purchased from InvivoGen and 
used according to the manufacturer's instructions.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from THLE‑3, HepG2 
and HepG2.215 cells using the RNeasy Mini kit (Qiagen, Inc.) 
and reverse‑transcribed into cDNA using the ProtoScript® II 
First Strand cDNA Synthesis kit (New England Biolabs, Inc.), 
according to the manufacturer's instructions. The cDNA 
synthesis reaction mix was first incubated at 42˚C for 1 h 
for cDNA synthesis and then the enzyme was inactivated at 
80˚C for 5 min. Target gene mRNA level was subsequently 
determined using SYBRGreen qPCR using the SsoAdvanced 
Universal SYBR-Green Supermix on a Bio‑Rad CFX Connect 
platform (both Bio‑Rad Laboratories, Inc.). The thermocy-
cling conditions were as follows: Polymerase activation and 
DNA denaturation (95˚C, 1 min); 40 cycles of denaturation 
(95˚C, 10 sec) and annealing/extension (60˚C, 30 sec), and 
then followed by melt‑curve analysis (65‑95˚C with 0.5˚C 
increment 2‑5 sec/step). The following primers were used: 
cIAP2 forward, 5'‑GAT​GTT​TCA​GAT​CTA​CCA​GTG‑3' and 
reverse, 5'‑GAA​ATG​TAC​GAA​CTG​TAC​CCT‑3'; NF‑κB (p65) 
forward, 5'‑ATG​GCT​TCT​ATG​AGG​CTG​AG‑3' and reverse, 
5'‑GTT​GTT​GTT​GGT​CTG​GAT​GC‑3'; internal control 
β‑actin forward, 5'‑AAG​CAG​GAG​TAT​GAC​GAG​TCC​G‑3', 
and reverse, 5'‑GCC​TTC​ATA​CAT​CTC​AAG​TTG​G‑3'. Target 
gene mRNA level was quantified using the 2‑ΔΔCq method (29).

Isolation of cell cytoplasmic and nuclear fractions. The cyto-
plasmic and nuclear fractions were isolated from THLE‑3 
cells using a Cell Fractionation kit (cat. no.  ab109718; 
Abcam) according to the manufacturer's instructions. In 
brief, cells were first harvested by trypsinization and resus-
pended in buffer A, and then an equal volume of buffer B 
was added and mixed for 7 min at room temperature. After 
centrifugation at 5,000 x g for 1 min at 4˚C, the supernatant 
(cytoplasmic fraction) was removed to a new tube, while the 
pellet was further incubated with buffer C for 10 min at room 
temperature with constant mixing. Following centrifugation 
at 5,000 x g for 1 min at 4˚C, the supernatant (nuclear frac-
tion) was transferred to a new tube. All fractionized samples 
were either stored at ‑80˚C or used directly for downstream 
experiments.

Western blot analysis. Western blot was performed as previ-
ously described with modifications (30,31). Depending on the 
experiment, CT and NCT tissue samples, THLE‑3, HepG2 and 
HepG2.215 cells with or without transfection, and cytoplasmic 
and nuclear fractions were used for western blot analysis. CT 

and NCT tissue samples were first homogenized in PBS supple-
mented with protease inhibitor cocktail (Roche Diagnostics), 
and then centrifuged at 14,000 x g for 10 min at 4˚C, and then 
supernatants were transferred into new tubes, mixed with 4x 
SDS‑PAGE loading buffer. THLE‑3, HepG2 and HepG2.215 
cells with or without transfection were first harvested using 
non‑enzymatic cell dissociation buffer (Sigma‑Aldrich; Merck 
KGaA), washed with PBS and then lysed using Pierce immu-
noprecipitation (IP)/lysis buffer (Thermo Fisher Scientific, 
Inc.) supplemented with protease inhibitor cocktail (Roche 
Diagnostics). Centrifugation (14,000  x  g, 10  min at 4˚C) 
cleared protein samples were then mixed with SDS‑PAGE 
loading buffer. Cell cytoplasmic and nuclear fractions were 
directly mixed with 4X SDS‑PAGE loading buffer and used 
for SDS‑PAGE. All prepared samples were separated by 12% 
SDS‑PAGE and transferred onto PVDF membranes. After 
blocking with 5% skimmed milk for 1 h at room tempera-
ture, the membrane was sequentially incubated with primary 
antibodies and horseradish peroxidase (HRP)‑conjugated 
secondary antibodies, overnight at 4˚C and for 1 h at room 
temperature, respectively. After extensive washes with 
PBS‑0.1% Tween‑20, the membrane was visualized with an 
enhanced chemiluminescence substrate (EMD Millipore) 
under a charge‑coupled device camera (Bio‑Rad Laboratories, 
Inc.). The following primary antibodies were used: Rabbit 
anti‑cIAP2 (1:1,000 dilution; cat. no. ab23423; Abcam), mouse 
anti‑β‑actin (1:1,000 dilution; cat. no. sc‑47778; Santa Cruz 
Biotechnology, Inc.), rabbit anti‑NF‑κB p65 (1:1,000 dilu-
tion; cat. no. 8242; Cell Signaling Technology, Inc.), rabbit 
anti‑phosphorylated (p)‑NF‑κB p65 (1:1,000 dilution; cat. 
no. 3033; Cell Signaling Technology, Inc.), mouse anti‑PI3K 
(1:1,000 dilution; cat. no. 60225‑1‑Ig; ProteinTech Group, 
Inc.), rabbit anti‑AKT (1:1,000 dilution; cat. no. 9272; Cell 
Signaling Technology, Inc.), rabbit anti‑p‑AKT (1:1,000 dilu-
tion; cat. no. 9271; Cell Signaling Technology, Inc.) and mouse 
anti‑proliferating cell nuclear antigen (1:1,000 dilution; cat. 
no.  sc‑56; Santa Cruz Biotechnology, Inc.). The following 
secondary antibodies were used: HRP‑conjugated goat 
anti‑mouse IgG (H+L) (1:30,000 dilution; cat. no. SA00001‑1) 
and HRP‑conjugated goat anti‑rabbit IgG (H+L) (1:30,000 
dilution; cat. no. SA00001‑2; both ProteinTech Group, Inc.). 
To quantify band intensity, ImageJ (version 1.51j8; National 
Institutes of Health) was used.

Chromatin (Ch)IP assay. The ChIP assay was performed 
using a Pierce Magnetic ChIP kit (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. In brief, 
THLE‑3 cells mock‑infected with medium or infected with 
HBV were first washed with PBS and then crosslinked with 
ChIP grade 1% formaldehyde (Thermo Fisher Scientific, 
Inc.). Following crosslinking, cells were lysed and digested 
with membrane extraction buffer and micrococcal nuclease, 
respectively. The chromatin smear was then obtained using 
sonication (3x20 sec pulses at 3W power on ice with 20 sec 
incubation on ice between pulses), and subsequently incu-
bated with 5 µg of either control Ig or ChIP grade anti‑p65 
antibody (both control Ig and anti‑p65 were from the same 
ChIP kit; cat. no. 17‑10060; Sigma‑Aldrich; Merck KGaA) 
overnight at 4˚C. Following incubation, magnetic beads were 
added into the mixture and incubated for a further 2 h at 4˚C. 
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After extensive washes with PBS‑0.05% Tween-20, DNA was 
eluted from magnetic beads with elution buffer. Finally, a PCR 
amplifying the cIAP2 promoter was performed using Q5® 
High‑Fidelity DNA Polymerase (New England BioLabs. Inc) 
with the following primers: Forward, 5'‑ccc​gag​tgg​gtt​
tgc​cag‑3' and reverse, 5'‑ttt​taa​atg​cgt​cac​cca​
aat​ccc​c‑3'. The thermocycling conditions were as follows: 
Initial denaturation, 98˚C, 30 sec; 35 of cycles of denaturation 
(98˚C, 10 sec), annealing (55˚C, 10 sec) and elongation (72˚C, 
30 sec); and final extension (72˚C, 2 min).

Statistical analysis. All experiments were repeated three 
times, independently. Data are expressed as mean ±  stan-
dard deviation, and all statistical analyses were performed 
using GraphPad Prism  v8.1.2 (GraphPad Software, 
Inc.). Unpaired Student's  t‑test and one‑way ANOVA 
with Student‑Newman‑Keuls post hoc test were used for 
comparisons between two groups or more than three groups, 

respectively. P<0.05 was considered to indicate a statistically 
significant difference.

Results

cIAP2 expression is increased in HBV‑infected liver tissue and 
liver cell lines. To determine cIAP2 expression in liver tissues 
in relation to HBV infection and liver cancer, liver samples 
from CT and adjacent NCT were obtained from patients with 
liver cancer and who were either HBV‑positive (HBV+, 2 male 
and 2 female) or ‑negative (HBV‑, 2 male and 2 female), and 
had undergone surgery, and cIAP2 expression was deter-
mined using western blot analysis. As presented in Fig. 1A, 
cIAP2 expression in HBV+ NCT was significantly increased 
compared with HBV‑ NCT samples, while the expression of 
cIAP2 in HBV+ CT was further increased compared with 
HBV‑ CT samples (P<0.05). These data indicate that HBV 
infection could increase cIAP2 expression in liver tissue and 

Figure 1. cIAP2 expression is upregulated in HBV‑infected liver CT and NCT and cell lines. (A) cIAP2 protein levels in liver samples from CT and adjacent 
NCT were obtained from patients with liver cancer and who were either HBV+ or HBV‑ were determined using western blot analysis. (B) mRNA and (C) protein 
expression levels of cIAP2 in the normal liver cell line THLE‑3 with or without HBV infection, the non‑HBV expressing human liver cancer cell line HepG2 
and the persistent HBV‑expressing liver cancer cell line HepG2.215 using reverse transcription‑quantitative PCR and western blot analysis. Data are presented 
as the mean ± standard deviation of three independent experiments. For western blot analysis, one representative result out of three is shown. *P<0.05; **P<0.01. 
cIAP2, cellular inhibitor of apoptosis protein 2; HBV, hepatitis B virus; CT, cancerous tissue; NCT, non‑cancerous tissue.
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the persistent high expression of cIAP2 induced by HBV 
infection may have promoted liver cancer carcinogenesis.

To determine if this HBV infection‑induced cIAP2 expres-
sion could also be observed in liver cell lines, the normal 
liver cell line, THLE‑3 with or without HBV infection, the 
non‑HBV expressing human liver cancer cell line, HepG2 
and the persistent HBV‑expressing liver cancer cell line, 
HepG2.2.15 were analyzed to determine the cIAP2 expression 
at both the mRNA and protein level. The data demonstrated 
that cIAP2 expression was increased in HBV+ THLE‑3 cells 
and HepG2.215 at both the mRNA (Fig. 1B) and protein levels 
(Fig. 1C), compared with that in HBV‑ THLE‑3 and HepG2 
cells, respectively.

HBV induces cIAP2 expression through transactivation 
of the cIAP2 promoter. The THLE‑3 cell line was used for 
subsequent experiments to determine whether HBV‑induced 
cIAP2 expression was due to the transactivation of the cIAP2 
promoter. Therefore, a firefly luciferase reporter gene plasmid 
under the control of the cIAP2 promoter, designated as 
(‑2,000/+55) cIAP2‑Luc was constructed, and the luciferase 
expression in response to HBV infection was determined. As 
shown in Fig. 2A, luciferase activity was markedly increased 
in a HBV infection dose‑dependent manner. Serial 5' flanking 
region deletions were then created on the (‑2,000/+55)
cIAP2‑Luc and their responses to HBV infection were also 
investigated. The results showed that (‑100/+55) cIAP2‑Luc 

Figure 2. A NF‑κB binding site in cIAP2 promoter is essential for HBV‑induced cIAP2 promoter transactivation. (A) THLE‑3 cells transfected with (‑2,000/+55) 
cIAP2‑Luc or pGL3‑Basic and then infected with increasing doses of HBV. (B) THLE‑3 cells transfected with serially truncated cIAP promoter constructs 
and then infected with 100 GEq/cell of HBV. Cells were lysed, and luciferase activity was measured 24 h later. (C) Predicted transcription factor binding sites 
within cIAP2 promoter sequence. The following transcription factor binding sites were detected in this region: 2 NFAT, 2 AP1, 3 NF‑κB, 1 IRF‑1 and 1 TATA 
box. Transcription start site is also indicated. (D) THLE‑3 cells transfected with wild type or mutated (‑2,000/+55)cIAP2‑Luc (namely, AP1 MUT, NF‑κB* 
MUT, NF‑κB** MUT, NF‑κB*** MUT and IRF‑1 MUT or pGL3‑Basic were infected with 100 GEq/cell of HBV. Cells were lysed, and luciferase activity was 
measured 24 h later. Data are presented as the mean ± standard deviation of three independent experiments. *P<0.05. **P<0.01. ***P<0.001. ns, not statisti-
cally significant; cIAP2, cellular inhibitor of apoptosis protein 2; HBV, hepatitis B virus; NFAT, nuclear factor of activated T‑cells; AP1, activator protein 1; 
IRF‑1, interferon regulatory factor‑1; MUT, mutant; GEq, genome equivalent.
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variant had significantly lower luciferase activity, indicating 
that the deletion of the ‑250 to ‑100 nucleotide sequence abol-
ished luciferase expression, and that this region is essential for 
cIAP2 promoter activation by HBV infection (Fig. 2B).

Previous bioinformatics analysis showed several transcription 
factor binding sites, including one AP1, three NF‑κB sites and 
one IRF‑1 site, in the region of ‑250 nt to ‑100 nt in the cIAP2 
promoter sequence (32) (Fig. 2C). To further determine if one 
or more transcription factor binding sites may be involved in 
HBV‑induced cIAP2 promoter transactivation, mutations to these 
transcription binding sites were created and their activation by 
HBV infection was investigated. The data showed that only the 
mutation to the NF‑κB binding site closest to the transcription 
start site (designated as NF‑κB***) completely abolished luciferase 
expression, while the other mutations did not show any reduction 
in signal (Fig. 2D). These data herein indicate that NF‑κB*** is 
involved in the cIAP2 transactivation by HBV infection.

HBV infection induces NF‑κB binding onto cIAP2 promoter. Since 
NF‑κB*** is essential for HBV to transactivate cIAP2 promoter, it 
was investigated whether NF‑κB could bind to cIAP2 promoter 
and activate cIAP2 transcription. At the luciferase reporter gene 
level, p65 siRNA knockdown significantly decreased luciferase 

expression, which was induced by HBV infection, comparing 
to control siRNA transfected group (Fig. 3A). Similar results 
were observed when cIAP2 protein level was determined in 
cells infected with HBV in the presence or absence of p65 
siRNA (Fig. 3B). These data indicate that NF‑κB is involved in 
HBV‑induced cIAP2 transcription and expression.

To further confirm that NF‑κB binds to cIAP2 promoter, 
ChIP assay was performed with cells mock infected with 
medium or infected with HBV. As presented in Fig. 3C, p65 
antibody pulled down cIAP2 promoter sequence only when 
cells were infected with HBV, indicating that upon HBV infec-
tion, NF‑κB could bind to cIAP2 promoter and may assist the 
transcription of this gene.

HBV infection increases NF‑κB phosphorylation and nuclear 
translocation. The aforementioned data revealed that NF‑κB 
responded to HBV infection and played an important role in 
HBV‑induced cIAP2 elevation. Subsequently, it was further 
investigated whether HBV infection would change NF‑κB 
expression and/or function. A plasmid with a firefly luciferase 
reporter gene under the control of NF‑κB p65 promoter was 
constructed and its response to HBV infection was measured. 
As shown in Fig. 4A, HBV infection showed no apparent 

Figure 3. HBV‑infection induces NF‑κB binding onto cIAP2 promoter. (A) THLE‑3 cells co‑transfected with (‑2,000/+55)cIAP2‑Luc and p65 siRNA or 
control siRNA, were infected with HBV. Cells were lysed, and luciferase activity was measured 24 h after transfection. Data are presented as the mean ± stan-
dard deviation of three independent experiments. *P<0.05. (B) THLE‑3 cells transfected with p65 siRNA or control siRNA were infected with HBV and cIAP2 
protein expression was determined using western blot analysis. ns, statistically not significant; *P<0.05; **P<0.01. (C) Chromatin immunoprecipitation was 
performed following THLE‑3 cells mock infected or infected with HBV, with either p65 or a control Ab, to pull down DNA segment containing the NF‑κB 
binding site in the cIAP2 promoter. For western blot analysis, one representative result out of three is shown. cIAP2, cellular inhibitor of apoptosis protein 2; 
si, small interfering; HBV; hepatitis B virus; Ab, antibody; ns; not statistically significant.
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activation of the p65 promoter, as luciferase activity was not 
altered in THLE‑3 cells transfected with NF‑κB‑Luc prior 
to and following HBV infection. As a control, HBV infection 
significantly enhanced luciferase activity in cells transfected 
with (‑2000/+55) cIAP2‑Luc, an indication of the activation 
of cIAP2 promoter. Similar results were observed when p65 
mRNA level was determined. HBV infection did not enhance 
NF‑κB mRNA level, however did significantly enhance that of 
cIAP2 (P<0.01; Fig. 4B). Western blot analysis of p65 expres-
sion further confirmed that HBV infection did not affect p65 
expression, however, considerably increased phosphorylation 
of this protein was detected when cells were infected with 
HBV, indicating an enhanced NF‑κB activation (Fig. 4C). Since 
activated NF‑κB needs to translocate from the cytoplasm into 
the nucleus in order to exert its function, it was subsequently 

determined whether a translocation of NF‑κB was induced by 
HBV infection. As expected, upon HBV infection, there was 
a marked decrease of p65 in the cytoplasm while a signifi-
cant increase in the nucleus was detected (P<0.05; Fig. 4D). 
Together, these data here indicate that HBV infection does 
not affect NF‑κB expression but promotes its activation and 
translocation from the cytoplasm into the nucleus.

HBV infection‑induced cIAP2 is mediated by the PI3K/AKT/NF‑κB 
signaling pathway. To further explore the signaling pathways 
HBV employs to increase cIAP2 expression, signaling pathway 
inhibitors specifically targeting NF‑κB, MAPKK, PI3K and p38 
were analyzed for their ability to block HBV‑infection induced 
cIAP2 transactivation. Of the inhibitors investigated, only NF‑κB 
and PI3K pathway inhibitors significantly suppressed cIAP2 

Figure 4. HBV infection induces NF‑κB phosphorylation and nuclear translocation. THLE‑3 cells transfected with (‑2,000/+55)cIAP2‑Luc or NF‑κB‑Luc were 
mock‑infected or infected with HBV, and (A) luciferase activity (B) NF‑κB and cIAP2 mRNA levels, (C) cIAP2, p65 and p‑p65 protein levels and (D) p65 
protein expression in cytoplasmic and nuclear fractions were analyzed 24 h later. Data are presented as the mean ± standard deviation of three independent 
experiments. For western blot analysis, one representative result out of three is shown. *P<0.05, **P<0.01. cIAP2 cellular inhibitor of apoptosis protein 2; 
ns, not statistically significant; HBV; hepatits B virus; p, phosphorylated.
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transactivation included by HBV infection (Fig. 5A). Further 
western blot analysis revealed that HBV infection did not affect 
PI3K and AKT expression, but markedly increased the p‑AKT 
level (Fig. 5B). To further confirm the importance of AKT in 
HBV‑induced cIAP2 expression, HBV activation of cIAP2 
promoter in the presence or absence of AKT siRNA was analyzed. 
The data showed that AKT‑knockdown by siRNA significantly 
reduced the level of cIAP2 promoter activation induced by HBV 
infection (Fig. 5C). Western blot results further confirmed the 
involvement of AKT in HBV‑induced cIAP2 expression, as 
AKT‑knockdown reduced the level of cIAP2 and p‑p65, which 
was enhanced by HBV infection (Fig. 5D).

Discussion

It has been well documented that chronic HBV infection has a 
role in liver cancer pathogenesis, however, mechanisms under-
lying HBV‑induced liver cancer seem to be multifaceted and 

cannot be exhaustive (10,20,21). Therefore, identifying new 
mechanisms is not only important for understanding the patho-
genesis of this disease, but also beneficial for the development 
of new diagnostic and treatment targets. In the present study, it 
was identified that HBV‑infection can enhance anti‑apoptotic 
protein cIAP2 expression by activating its promoter via the 
PI3K/AKT/NF‑κB signaling pathway. These findings have 
proposed a novel mechanism underlying HBV‑induced liver 
cancer and may offer valuable information for the development 
against liver cancer.

cIAP2 belongs to the IAP protein family, which is a highly 
conserved protein family that regulate cell survival, immunity, 
inflammation and cell division (22). cIAP2 and other members 
of this family are frequently dysregulated in numerous types 
of cancer, including colorectal cancer, lung cancer and prostate 
cancer, and high expression of this protein is also associated with 
poor outcome in these cancers (22‑24). In liver cancer, to the best 
of our knowledge, the importance of cIAP2 has not been well 

Figure 5. HBV induces cIAP2 expression by activating PI3K/AKT signaling pathway. (A) THLE‑3 cells transfected with (‑2,000/+55)cIAP2‑Luc were 
mock‑infected or infected with HBV, in the presence or absence of signaling pathway inhibitors. Cells were lysed, and luciferase activity was measured 24 h 
later. (B) THLE‑3 cells were mock‑infected or infected with HBV, then cIAP2, PI3K, AKT and p‑AKT expression was determined using western blot analysis. 
(C) THLE‑3 cells co‑transfected with (‑2,000/+55)cIAP2‑Luc and AKT siRNA or control siRNA, were infected with HBV. Cells were lysed, and luciferase 
activity was measured 24 h later. (D) THLE‑3 cells transfected with AKT siRNA or control siRNA were infected with HBV and cIAP2, AKT, p‑AKT, NF‑κB 
and p‑NF‑κB expression was determined using western blot analysis. For western blot analysis, one representative result out of three is shown. Data are 
presented as the mean ± standard deviation of three independent experiments. *P<0.05; **P<0.01. HBV; hepatits B virus; cIAP2 cellular inhibitor of apoptosis 
protein 2; si, small interfering; p, phosphorylated.
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studied. In the present study, it was revealed that cIAP2 is upreg-
ulated by HBV infection in both clinical tissues and cell lines. 
However, due to the limited number of clinical samples obtained, 
a more in‑depth investigation on the relationship between cIAP2 
expression and HBV‑induced liver cancer severity and prognosis 
could not be performed. Further investigation with a higher 
number of clinical samples to further access this relationship 
would give a better understanding of cIAP2 in liver cancer and 
may also be beneficial for the evaluation of cIAP2 as a diagnostic 
and/or treatment target.

Drug development targeting cIAP2 and other IAP family 
members, albeit in very limited number, has been studied at 
both the pre‑clinical and clinical levels. Up to now, several 
strategies have been evaluated, including small chemical 
compounds, Smac mimetics and antisense oligonucleotides. 
For example, YM155, a novel molecule targeting and inhib-
iting IAP member survivin, has shown good anticancer 
activity against a variety of tumors including esophageal 
cancer and colorectal cancer in a Phase I clinical trial (30). 
Now this small molecule is being studied in combination 
with other anticancer treatment drugs in various cancer 
clinical studies (31,32). Birinapant, a bivalent Smac mimetic 
targeting TNF receptor associated factor‑2‑associated cIAPs, 
is another anticancer drug targeting cIAPs that has shown 
good efficacy in suppressing tumor growth in a range of solid 
tumors, including esophageal, thymic and colorectal tumors, 
and lymphoma when used alone or in combination with other 
drugs, such as elrotnib and rituximab, in Phase I and II clinical 
studies (33‑35). Since this study reveals cIAP2 is associated 
with HBV‑infection induced liver cancer, further investigation 
is required to explore the efficacy of IAP‑targeting anticancer 
drugs on liver cancer treatment.

HBV, a DNA virus with a 3.2 kb genome, contains four 
overlapping open reading frames coding for the surface (HBs), 
Core (HBc), X and the polymerase genes. Several viral genes 
have been identified as cancer related. Among them, HBx is 
the mostly studied one (13‑16). HBx is associated with a wide 
range of cancer‑related biological pathways, including the cell 
cycle, cell growth, apoptosis, inflammation, genome stability 
and metastasis (36,37). HBs can also modulate inflammation 
and the cell cycle by various pathways, including downregula-
tion of TLR9 and inhibition of interferon production, which 
can be contributors to liver cancer pathogenesis (38). Although 
still controversial, HBc can reportedly suppress cell apoptosis 
by downregulation of Fas, Fas ligand and TP53 (39). In the 
present study, the identification of one of more viral genes 
which may trigger cIAP2 upregulation was not determined. 
However, it would be of interest to investigate the viral 
components in cIAP2 expression, in a further study.

There are three subtypes of AKT proteins in humans 
(namely AKT1, 2 and 3) and the AKT antibody used in the 
present study could detect all three subtypes of AKT, there-
fore it was not possible to directly identify which subtype may 
play a major role. However, previous publications indicate 
that AKT1 is involved in cell survival pathways by inhibiting 
apoptotic processes (40,41), AKT2 is an important molecule 
in insulin signaling pathway (42), and AKT3 with a less clear 
role is predominantly expressed in the brain (43). Therefore, it 
is likely that AKT1 was the subtype identified in the present 
study and might play a role in HBV‑induced cIAP2 expression.

Taken together, the current study has identified that 
HBV‑infection can enhance anti‑apoptotic protein cIAP2 
expression by activating its promoter via the PI3K/AKT/NF‑κB 
signaling pathway. These findings have proposed a novel 
mechanism underlying HBV‑induced liver cancer and may 
offer valuable information for the development against liver 
cancer.
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