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Abstract
AIM: To investigate whether hepatitis B virus (HBV) 
exacerbates hepatic cholesterol accumulation, and ex-
plore the underlying mechanisms.

METHODS: HepG2 cells were infected with adenovirus 
(Ad) containing 1.3-fold overlength HBV genome. Real-
time polymerase chain reaction and Western blotting 
were used to measure mRNA and protein expression of 
target genes. Cholesterol accumulation was measured 
by fluorescence microscopy. Cell toxicity due to Ad-HBV 
treatment was determined by the mitochondrial tetra-
zolium assay. The protein levels of toll-like receptors 
(TLRs) were determined by Western blotting. 

RESULTS: Ad-HBV increased hepatic cholesterol accu-
mulation and enhanced the mRNA and protein levels of 

low-density lipoprotein receptor (LDLR) and 3-hydroxy-
3-methylglutharyl-coenzyme A reductase (HMGCoAr) 
mRNA and protein expression in HepG2 cells. In addi-
tion, these inductive effects were partly offset by sup-
pressing TLR2 expression levels by small interfering 
RNA in HepG2 cells.

CONCLUSION: Ad-HBV increases LDLR and HMGCoAr 
expression, resulting in exacerbated cholesterol accu-
mulation in HepG2 cells, which was mediated via  the 
TLR2 pathway. 

© 2013 Baishideng. All rights reserved.
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Core tip: This study investigated whether hepatitis B vi-
rus (HBV) exacerbates hepatic cholesterol accumulation 
and explored the underlying mechanisms. The authors 
found that adenovirus HBV increased low-density lipo-
protein receptor and 3-hydroxy-3-methylglutharyl-coen-
zyme A reductase expression, resulting in exacerbated 
cholesterol accumulation in HepG2 cells, which was 
mediated via  the toll-like receptor 2 pathway. These 
results may also have implications in the treatment of 
atherosclerosis.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a major public 
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health problem worldwide[1]. A possible role for infec-
tions in atherosclerosis has been deeply scrutinized since 
the demonstration that herpes virus induced atheroscle-
rosis in chickens in 1978[2]. It has been shown that the 
incidence of  hepatic steatosis in HBeAg-negative chron-
ic hepatitis B patients is about 32%[3]. A published study 
from a health-screening test cohort showed that there 
was a strong association between hepatitis virus carriers 
and carotid atherosclerosis[4,5].

It is still controversial as to whether HBV-induced 
inflammation correlates with disease in organs other 
than the liver. To date, there are few data available to 
prove the association between HBV infection and ath-
erosclerosis. Kiechl et al[6] found no significant associa-
tion between chronic hepatitis and the development of  
new carotid atheromatous plaques, although they did 
not specify the type of  hepatitis virus. However, another 
study in Japan demonstrated an increased prevalence of  
carotid atherosclerosis in HBV carriers[7]. 

Research has revealed that HBV-induced inflam-
mation correlates with disease in organs other than the 
liver[8]. A previous report indicated that inflammation 
plays an important role in atherosclerosis[9]. In addition, 
this adverse impact of  virus infection is partly, if  not all, 
mediated by toll-like receptors (TLRs)[10-13]. For instance, 
Zhang et al[14] found that TLR2/4 signaling involved in 
the adaptive immune response plays a role in chronic 
HBV infection.

However, the role of  HBV infection in hepatic cho-
lesterol accumulation is still unclear. Therefore, the aims 
of  the present investigation were to test: (1) whether 
HBV affects the expression of  genes related to choles-
terol metabolism such as low-density lipoprotein recep-
tor (LDLR) and 3-hydroxy-3-methylglutharyl-coenzyme 
A reductase (HMGCoAr) in hepatocytes; and (2) 
whether TLRs are involved in lipid metabolism disorders 
caused by HBV.

MATERIALS AND METHODS
Cell culture
HepG2 and AD293 cells were cultured in Dulbecco’s 
modified Eagle’s medium supplemented with 10% fetal 
bovine serum and 1% (v/v) penicillin-streptomycin at 
37  ℃ in a humid atmosphere of  5% CO2. HepG2 cells 
were switched to serum-free medium 24 h before treat-
ment.

Amplification and quantification of adenoviral vector-
hepatitis B virus
In this study, adenoviral vectors were designed, which 
initiated HBV replication from a 1.3-fold overlength 
HBV genome. A control adenoviral vector (Ad) was also 
included. AD293 cells were infected with 1 × 105 to 1 
× 107 copies of  Ad-HBV for 72 h. Cells were harvested 
and counted under the microscope. An equal number 
of  cells were maintained in phosphate buffered saline 

(PBS) and underwent three freeze-thaw cycles. Lysates 
were cleared by centrifugation at 14  000 × g, divided into 
equal volumes and used for real-time polymerase chain 
reaction (PCR) and infecting HepG2 cells. The HBV 
DNA was quantified using the BIO-RAD iCycler real-
time PCR system and the qPCR Master Mix (Da An 
Gene Co., Ltd, Guangzhou, China). The copy of  viral 
genome equivalents was determined using a calibra-
tion curve containing known amounts of  HBV DNA. 
Ad was amplified in AD293 cells. To quantify Ad, the 
infected efficiency of  Ad in AD293 cells was measured 
and normalized to the infected efficiency of  Ad-HBV.

Cytotoxicity assay
Cell toxicity due to Ad-HBV treatment was determined by 
the mitochondrial tetrazolium assay (MTT). HepG2 cells 
were grown in media with Ad-HBV at various concentra-
tions for 4 d before addition of  the MTT agent. Optical 
density was read at 570 nm using the BiotekElx-800 plate 
reader. Cells treated with vehicle served as controls, and 
the cell viability of  the Ad-HBV treated group was nor-
malized to that of  the control group. 
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Table 1  Primers for real-time polymerase chain reaction

Gene Primers for real-time polymerase chain reaction

LDLR Sense: 5’-TCAACACACAACAGCAGATGGCAC-3’
Antisense: 5’-AAGGCTAACCTGGCTGTCTAGCAA-3’

HMGCoAr Sense: 5’-TATGTGCTGCTTTGGCTGCATGTC-3’
Antisense: 5’-ATACCAAGGACACACAAGCTGGGA-3’

TLR2 Sense: 5’-ACCTGTCCAACAACAGGATCACCT-3’
Antisense: 5’-TGTTCAAGACTGCCCAGGGAAGAA-3’

TLR4 Sense: 5’-GCCGAAAGGTGATTGTTGTGGTGT-3’
Antisense: 5’-ACTGCCAGGTCTGAGCAATCTCAT-3’

GAPDH Sense: 5’-AGGAGTAAGAAACCCTGGAC-3’
Antisense: 5’-CTGGGATGGAATTGTGAG-3’

LDLR: Low-density lipoprotein receptor; TLR2: Toll-like receptor 2; TLR4: 
Toll-like receptor 4. HMGCoAr: 3-hydroxy-3-methylglutharyl-coenzyme A 
reductase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. 
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Figure 1  Cell toxicity by adenovirus hepatitis B virus. The data are pre-
sented as means ± SE. aP < 0.05 vs control group, n = 6. Ad: Adenovirus; HBV: 
Hepatitis B virus. 
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Quantitative RT-PCR 
Total RNA was isolated from cultured HepG2 cells 
treated with different concentration of  Ad-HBV (1 × 
105, 1 × 106, 1 × 107 copies) for 24 h as well as HepG2 
cells incubated for 0-24 h with 1 × 106 copies Ad-HBV 
using the guanidinium-phenol-choloroform method[15]. 
Total RNA (500 ng) was used as a template for RT-PCR. 
The RT reaction was set up using a kit from TaKaRa 
(PrimeScriptTM RT reagent Kit, Dalian, China). Follow-
ing synthesis, cDNA was split for the separate amplifica-
tion of  target genes using specific primers as shown in 
Table 1. All primers were designed using the following 
website (www.idtdna.com/Primerquest/). Real-time 
PCR was performed in a BIROD using SYBR Premix 
Ex TaqTM (TaKaRa, Dalian, China) according to the 
manufacturer’s protocol. After PCR, a dissociation curve 
(melting curve) was constructed at the temperature rang-
ing from 60  ℃ to 95  ℃. Ct values were averaged and 
normalized to GAPDH. Relative expression was deter-
mined by the ∆∆Ct comparative threshold method.

TLRs-siRNA
Sequences of  TLR2/TLR4 siRNA were purchased from 
Santa Cruz (United States. The transfection of  siRNA 

was performed using a Lipofectamine kit (Invitrogen, 
United States) according to the manufacturer’s instruc-
tions. The medium was changed 6 h after transfection, 
and the cells were incubated with Ad-HBV or Ad for a 
further 24 h. The cells were then harvested and the pro-
tein levels of  TLRs were determined by Western blot-
ting. Cholesterol uptake measurements were then carried 
out.

Western blotting
Cells were washed with PBS, scraped into lysis buffer 
(Tris-EDTA + Complete protease inhibitor; Roche, 
United States) and mechanically homogenized. Total 
protein samples (40 µg per well) were electrophoresed 
on 8% SDS-polyacrylamide gel and transferred to poly-
vinylidene difluoride (PVDF) membranes at 100V for 
100 min. Membranes were incubated overnight with 
anti-LDLR (1:2000, Millipore), anti-HMGCoAr (1:1000, 
Millipore), anti-TLR2 (1:1000, Millipore), anti-TLR4 
(1:1000, Santa Cruz), or anti-GAPDH (1:10 000, Sigma). 
Anti-mouse secondary antibody conjugated with horse-
radish peroxidase (Promega, United States) and Super-
Signal West Pico Chemiluminescent Substrate (Pierce, 
United States) were used for detection. 

2264 April 14, 2013|Volume 19|Issue 14|WJG|www.wjgnet.com

4

3

2

1

0

Re
la

tiv
e 

LD
LR

 m
R
N

A 
le

ve
l

0                  1 × 105             1 × 106            1 × 107 
                             copies/mL

aa

b

4

3

2

1

0

Re
la

tiv
e 

H
M

G
Co

Ar
 m

R
N

A 
le

ve
l

0                  1 × 105             1 × 106            1 × 107 
                             copies/mL

a

a

b

4

3

2

1

0

Re
la

tiv
e 

LD
LR

 m
R
N

A 
le

ve
l

0                      6                    12                    24
                                  t /h

a

b

4

3

2

1

0

Re
la

tiv
e 

H
M

G
Co

Ar
 m

R
N

A 
le

ve
l

0                      6                    12                    24
                                  t /h

a

b

B

A

Figure 2  Effects of adenovirus hepatitis B virus treatment on the mRNA levels of genes related to cholesterol metabolism in HepG2 cells. A: HepG2 cells 
were treated with different concentration of adenovirus-hepatitis B virus (Ad-HBV) (1 × 105, 1 × 106, 1 × 107 copies) for 24 h; B: HepG2 cells were incubated for 0-24 h 
with 1 × 106 copies Ad-HBV. aP < 0.05, bP < 0.01 vs control group. LDLR: Low-density lipoprotein receptor. 
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1 × 108 copies/mL of  the virus reduced HepG2 cell 
survival rates (Figure 1).

Ad-HBV changes the mRNA levels of genes related to 
cholesterol metabolism in HepG2 cells
Whether HBV leads to cholesterol metabolism disorders 
in the liver is still controversial. Therefore, we deter-
mined the effects of  Ad-HBV on the mRNA levels of  
genes related to cholesterol metabolism in HepG2 cells. 
As shown in Figure 2A, Ad-HBV at 1 × 105 and 1 × 106 
copies/mL significantly augmented the mRNA levels of  
LDLR and HMGCoAr. When the concentration of  Ad-
HBV reached 107 copies/mL, the mRNA expression was 
suppressed. Ad-HBV at 1 × 106 copies/mL significantly 
induced mRNA expression of  LDLR (2.56 ± 0.33 vs 1.03 
± 0.25, P < 0.01, n = 3) and HMGCoAr (2.98 ± 0.25 
vs 1.01 ± 0.18, P < 0.01, n = 3). Ad-HBV upregulated 
the mRNA levels of  LDLR and HMGCoAr in a time-
dependent manner. HepG2 cells were maintained with 1 
× 106 copies/mL of  Ad-HBV for different time periods 
and values were expressed as fold changes relative to the 
controls. After 24 h of  incubation the mRNA expres-
sion of  LDLR (2.56 ± 0.33 vs 1.03 ± 0.34, P < 0.01, n = 

Modified LDL uptake measurements
HepG2 cells were incubated with human 1’-dioctadecyl-
1-3,3,3’,3’-tetramethyling-docarbocyanine perchlorate 
(Dil)-labeled acetylated low density lipoprotein (Dil-acl-
LDL) (10 µg/mL) for 4 h, DAPI staining was used to 
detect the nucleus. The two color images were visualized 
under a fluorescence microscope. ZEN 2008 and Image 
software were used to analyze the quantity of  Dil-acl-
LDL.

Statistical analysis
Results were shown as mean ± SE, and all experiments 
were run in triplicate. The statistical significance of  dif-
ferences between groups was determined using the Stu-
dent t test. aP < 0.05, bP < 0.01, vs the control group.

RESULTS
Cell toxicity of Ad-HBV
The toxicity of  Ad-HBV against HepG2 cells used for 
propagation of  viral infections was measured. Both Ad 
and Ad-HBV below 107 copies/mL did not exhibit ei-
ther toxic or proliferative effects on HepG2 cells, while 
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Figure 3  Effects of adenovirus hepatitis B virus treatment on toll-like receptors mRNA levels in HepG2 cells. A: Adenovirus-hepatitis B virus (Ad-HBV) at 105 
and 106 copies profoundly augmented the mRNA levels of toll-like receptor 2 (TLR2). While the concentration of Ad-HBV up to 107 copies, the mRNA expression were 
suppressed instead. B: The mRNA of TLR4 were increased in HepG2 cells treated with Ad-HBV, which was in a dose-dependent manner. Results were representative 
of three similar experiments. aP < 0.05, bP < 0.01 vs control group. 
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Figure 4  Effects of toll-like receptor 2-SiRNA on the expression of proteins related to cholesterol metabolism and intake of cholesterol by HepG2 cells 
treated with adenovirus hepatitis B virus. A: The protein expression of low-density lipoprotein receptor (LDLR) and 3-hydroxy-3-methylglutharyl-coenzyme A 
reductase (HMGCoAr) were assayed; B: HepG2 Cells were exposed for 4 h to Dil-acl-LDL (10 µg/mL), after thorough washing with phosphate buffered solution, 
fluorescence of Dil-acl-LDL was detected in cytoplasm of cells by fluorescence microscopy; C: Relative quantity of Dil-acl-LDL in HepG2 cells were analyzed by soft-
ware. Results were representative of three similar experiments. aP < 0.05, bP < 0.01 vs control group. TLR2: Toll-like receptor 2; LDLR: Low-density lipoprotein recep-
tor; LDL: Low density lipoprotein; Ad-HBV: Adenovirus hepatitis B virus. 
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3) and HMGCoAr (2.99 ± 0.25 vs 1.01 ± 0.18, P < 0.01, 
n = 3) reached a peak (Figure 2B).

Ad-HBV changes the mRNA levels of TLRs in HepG2 
cells
Researchers recently showed that TLRs were involved 
in viral infection and its downstream effects. To investi-
gate whether Ad-HBV upregulated the mRNA levels of  
genes related to cholesterol metabolism in HepG2 cells, 
TLRs mRNA expression was determined. Ad-HBV at 
1 × 105 copies/mL and 1 × 106 copies/mL significantly 
induced the mRNA levels of  TLR2. Values were ex-
pressed as fold changes relative to the controls. When 
the concentration of  Ad-HBV was increased to 1 × 107 
copies/mL, mRNA expression was suppressed (Figure 
3A). These changes were consistent with the changes in 
cholesterol metabolism-related genes. The mRNA levels 
of  TLR4 were increased in HepG2 cells treated with 
Ad-HBV in a dose-dependent manner (Figure 3B). 

TLR2 mediated the effects of Ad-HBV on the expression 
of proteins related to cholesterol metabolism and intake 
of cholesterol in HepG2 cells
To clarify the mechanism of  Ad-HBV-upregulated 
mRNA levels of  proteins related to cholesterol metabo-
lism in HepG2 cells, we used siRNA-mediated down-
regulation of  TLR2/TLR4 to confirm our hypothesis 
that TLR2/TLR4 may participate in this process. To 
evaluate the involvement of  TLR2/TLR4 in the effects 
of  Ad-HBV, we attenuated the expression of  TLR2 
using human TLR2-SiRNA, which suppressed TLR2 
protein level by up to 80% (Figure 4). Transient trans-
fection of  HepG2 cells with TLR2-siRNA substantially 
abolished Ad-HBV-mediated upregulation of  LDLR and 
HMGCoAr and the uptake of  Dil-acl-LDL (Figure 4). 
TLR4-SiRNA did not change the expression of  proteins 
related to cholesterol metabolism during Ad-HBV infec-
tion (data not shown).

DISCUSSION
There is increasing evidence to indicate that hepatic 
lipid accumulation is related to hepatic fibrosis and in-
flammation, resulting in cell apoptosis and cancer[16,17]. 
In particular, it is assumed that lipid accumulation is a 
prerequisite for subsequent events leading to liver injury 
in nonalcoholic fatty liver disease[18]. In addition, it was 
recently shown that hepatic steatosis may be a factor 
in HCV-induced liver pathogenesis and may impair the 
response to interferon-based therapy[19,20]. Due to the im-
portance of  lipid accumulation, the mechanism by which 
nonalcoholic fatty liver disease and HCV infection cause 
hepatic steatosis has been studied intensively[4]. However, 
the molecular mechanisms by which HBV infection 
causes hepatic steatosis have been poorly investigated. 

According to current knowledge, liver LDLR is the 
most important receptor of  binding and internalization 
of  plasma-derived LDL-cholesterol and regulates plasma 

LDL concentration. Changes in receptor activity alter 
the rates of  LDL uptake by the liver with a correspond-
ing increase or decrease in plasma LDL levels[21,22]. Our 
results showed that the mRNA and protein levels of  
LDLR were increased following infection of  HepG2 
cells with Ad-HBV. 

3-hydroxy-3-methylglutaryl coenzyme A reductase 
(HMGCoAr) is an enzyme which catalyzes the conver-
sion of  HMGCoA to mevalonate, the rate limiting step 
in cholesterol biosynthesis. Normally, in mammalian cells 
this enzyme is suppressed by cholesterol and its deriva-
tives from the LDLR mediated-internalization of  LDL 
as well as oxidized species of  cholesterol. Competitive 
inhibition of  the reductase upregulates the expression of  
LDLR in the liver, which in turn increases the catabolism 
of  plasma LDL and lowers the plasma concentration of  
cholesterol, an important determinant of  atherosclero-
sis[23-25]. 

HBV, like many other microorganisms that contrib-
ute to the pathogenesis of  atherosclerosis, can colonize 
the vascular tissues[26], induce vasculitis[27], and stimulate 
inflammatory and immune responses that may lead to 
vascular damage and precipitate atherosclerosis. It was 
reported in one Japanese study that HBV infection can 
be atherogenic in otherwise healthy subjects with pre-
served liver function[7]. We reasoned that HBV would 
be a rational candidate pathogen among the stimuli that 
contribute to atherosclerosis. The mechanism behind 
this association is still unclear, and additional studies are 
required.

TLRs have been reported to play an important role in 
liver damage after infection with HBV, and the mechanisms 
may involve virus-induced immune modulation[14,28,29]. TLRs 
are also involved in other immune diseases mediated by 
HBV. TLR4 had been reported to not only inhibit HBV 
replication, but also to induce immune injury in cells[30]. 
Consistent with previous studies, we found that Ad-HBV 
increased the expression of  TLR2/4. Most importantly, 
we observed that the upregulation of  LDLR and HMG-
CoAr via Ad-HBV can be partially blocked by silencing 
TLR2, but not TLR4. Taken together, these results sug-
gest that Ad-HBV infection-induced cholesterol accumu-
lation in hepatocytes is mediated by TLR2.

In conclusion, our data indicate that HBV is able to 
induce the gene expression of  TLR2, thereby causing 
hepatic lipid accumulation by increasing genes related 
to cholesterol absorption and metabolism. Because in-
creased lipid deposition is involved in the progression 
of  severe liver injury such as hepatitis and hepatocellular 
carcinoma, our results provide important information 
in understanding the development and progression of  
HBV-induced pathogenesis.
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Background
Cholesterol accumulation plays an important role in the progression of ath-
erosclerosis. This study was undertaken to investigate whether hepatitis B 
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virus (HBV) exacerbates hepatic cholesterol accumulation and the underlying 
mechanisms were examined.
Research frontiers
Previous studies have mainly focused on the potential effect of HBV in the 
progression of atherosclerosis. The authors hypothesized that HBV increases 
low-density lipoprotein receptor and 3-hydroxy-3-methylglutharyl-coenzyme 
A reductase expression resulting in exacerbated cholesterol accumulation in 
HepG2 cells, which was mediated via the toll-like receptor 2 (TLR2) pathway.
Innovations and breakthroughs
To further clarify the potential effect of HBV in the progression of atherosclero-
sis, the authors examined the effects of adenovirus hepatitis B virus (Ad-HBV) 
in the progression of atherosclerosis which is partly mediated via the TLR2 
pathway.
Applications
The results show that Ad-HBV up-regulates the expression of genes related to 
cholesterol metabolism via the TLR2 pathway. Further studies are required to 
evaluate the mechanism by which HBV regulates the TLR2 pathway.
Terminology
There are some associations between hepatitis virus and carotid atherosclero-
sis. Hepatitis virus causes liver and even systemic inflammatory reactions, and 
inflammation is one the pathophysiological changes in atherosclerosis.
Peer review
This manuscript presented that Ad-HBV up-regulated the expression of genes 
related to cholesterol metabolism in HepG2 cells. Furthermore, the atheroscle-
rosis effect of Ad-HBV is via TLR2 pathway. The experiment seems to be cor-
rect. The study appears well conducted and the results discussed with honesty, 
and caution.
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