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Numerous evidences suggested that the hepatitis B vi-
rus (HBV) was recognized as an important factor in the 
development of hepatocellular carcinoma (HCC). Dick-
kopf-1 (DKK1) recently was reported to be involved in 
the progress of HCC. HBV may regulate DKK1 expression 
in hematoma carcinogenesis. Here, we demonstrated 
that HBV could regulate DKK1 promoter activity which 
resulted in upregulation of its mRNA and protein expres-
sion in several HBV existing cell lines, and HBx played a 
prominent role in this process. Transcription factor bind-
ing site search result showed that there is a SP1 site in 
DKK1 promoter region. Luciferase assay showed that 
overexpression of SP1 could increase DKK1 promoter ac-
tivity in a dose dependent manner. Accordingly, siRNA 
inhibition of SP1 expression reduced DKK1 promoter ac-
tivity and decreased the expression of DKK1 protein.
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INTRODUCTION

The mortality rate of HCC is the fourth highest 
worldwide (Schutte et al., 2009; El-Serag & Rudolph, 
2007). It has been reported that HBV played an im-
portant role in occurrence and development of HCC 
(Cougot et al., 2005). Previous reports showed that HBV 
could affect the progression of HCC by regulating the 
activity of gene promoters (Ling et al., 2013; Xu et al., 
2014). The HBV genome consists of four overlapping 
open reading frames: HBp, HBs, HBc and HBx (Zhou 
et al., 2010). Now, more and more evidences available 
support the assumption that HBx and HBs protein have 
pathogenetic role in HCC. Especially, HBx was regarded 
as a promiscuous trans-activator of viral and cellular pro-
moters and enhancers (Ng & Lee, 2011). HBx protein is 
a multifunctional regulator that modulates cellular signal 
transduction pathways, transcriptional regulations, cell 
cycle progression and DNA repair and apoptosis, which 
suggests that HBx plays a significant role in HCC (Ng & 
Lee, 2011; Keng et al., 2011).

Dickkopf-1, the prototype of a family of secreted pro-
teins, plays a crucial role in head formation in vertebrate 
development and suppresses the progression of Wnt 
signaling (Glinka et al., 1998; Krupnik et al., 1999; Fedi 
et al., 1999; MacDonald et al., 2009). It acts as a tumor 

suppressor in colon tumors. However, overexpression of 
DKK1 was found in HCC and Wilms’ tumor (González-
Sancho et al., 2005; Wirths et al., 2003; Forget et al., 
2007). In addition, it was reported that DKK1 could 
promote invasion and metastasis of hepatocelluar car-
cinoma (Tao et al., 2013). Whether HBV induced HCC 
through DKK1 pathway remains unknown, though. 
Here we reported that HBV elevated DKK1 expression 
in hepatoma carcinoma cells. Moreover, transcription 
factor SP1 intensified DKK1 expression upregulation by 
HBV by enhancing its promoter activity.

MATERIALS AND METHODS

Cell lines. Human hepatocarcinoma cell lines HepG2 
and SMMC7721 were purchased from American Type 
Culture Collection, HepG2.2.15 (HBV expressing cells) 
AD38 cell line was kept by our laboratory. All HCC cell 
lines were cultured in DMEM (Hyclone, China) with 
10% FBS (Gibco, USA), 100U/ml penicillin and strep-
tomycin, 5 mmol/L glutamine. Cells were grown in a 
37°C, 5% CO2 incubator. Transfections were performed 
with Lipofectamine 2000 (Invitrogen, USA) according to 
the manufacturer’s instructions.

Total RNA isolation and quantitative real-time 
PCR. 48 hours after transfection, total RNA was ex-
tracted using TRIzol Reagent (Invitrogen, USA), and 2 
μg of total RNA was used to synthesize cDNA with a 
PrimeScript RT Reagent Kit (Takara, Japan) accord-
ing to the manufacturer’s protocol. UltraSYBR mixture 
(Cwbio, China) was used in QRT-PCR to detect the ex-
pressions of gene on mRNA levels. The gene expression 
changes were calculated with the 2 –ΔΔCT method (Livak 
et al., 2001). The primers used were as follows, β-actin-F: 
5’-CCTTCTACAATGAGCTGCGT-3’; β-actin-R: 
5’-CCTGGATAGCAACGTACATG -3’, DKK1-F: 
5’-ACAGAGGCAGGGAAATGATAC-3’; DKK1-R: 
5’-CAGCTTTCTCCTCCTCACATTC-3’; SP1-F: 5’-CT-
GAAGCTGGGTAGCCTATTG-3’; SP1-R: 5’-CTACT-
GCTGCGACCTTTCTT-3’.

Construction of vectors. The pCMV-Sport6-HBx, 
pCMV-Sport6-HBs, pCMV-Sport6-HBc and pCMV-
Sport6-HBp plasmids were constructed and their expres-
sion was confirmed as reported previously (Tian et al., 
2011). During generation of the DKK1 promoter re-
porter plasmid pGL3-Basic-DKK1-P-wt, the HepG2 cell 
genomic DNA was used as template to amplify in PCR 
reaction, the sequence of DKK1 promoter was obtained 
from the Eukaryotic Promoter Database (http://epd.
vital-it.ch/) and Regulatory Element Database (http://
rulai.cshl.edu/cgi-bin/TRED/tred.cgiprocess=home). 
The primers were used as follows, pGL3-Basic-DKK1-
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P-F: 5’-ACGCGTCTGCCTAATCAAGT-3’; pGL3-Ba-
sic-DKK1-P-R: 5’-AATGACCGTCACTTTGCAAG-3’. 
The mutant DKK1 promoter report plasmid, pGL3-
Basic-DKK1-P-mut-F, with removed the sequence 
containing SP1 binding sites, was generated based on 
pGL3-Basic-DKK1-P-wt plasmid by mutagenesis. The 
following primers were used, pGL3-Basic-DKK1-P-
mut-F: 5’-CGAGCGACTAAGCAAGGGAGCCCATC-
CCGGCTTTGTTGTC-3’, pGL3-Basic-DKK1-P-mut-F: 
5’-GACAACAAAGCCGGGATGGGCTCCCTTGCT-
TAGTCGCTCG-3’.

Analysis of RNA interference (RNAi). The tar-
get sequence against mRNA of SP1 was SP1-siRNA: 
AGCGCTTCATGAGGAGTGA (Liu et al., 2006), the 
scrambled sequence GCTTCATAAGGCGCATAGC 
was used as the control. These sequences were synthe-
sized by Invitrogen.

Western blot analysis. Proteins were collected with 
RIPA buffer supplemented with 1 mmol/L PMSF. Pro-
tein concentration was determined with the BCA Assay 
Kit (Beyotime, China). Equal amounts of total protein 
was separated by 12% SDS-PAGE and then transferred 
to PVDF membranes. Those membranes were blocked 
in 5% TBST with 0.5% Tween20 for 2 hours at room 
temperature and incubated in primary antibody overnight 
at 4°C. Membranes were then incubated with second-
ary antibody conjugated with HRP (diluted 1:4000) for 2 
hours and washed in TBST three times. Then the signal 
was detected with a chemiluminescence ECL™ detec-
tion system (Pierce, USA).

Luciferase reporter assay. 48 hours after transfec-
tion, cells were collected, treated with 1×passive ly-
sis buffer (PLB), and then gently shaken for 15 min at 
room temperature. Luciferase activity analysis was per-
formed and normalized to the renilla luciferase using the 
luciferase assay kit (Dual-Luciferase Reporter Assay Sys-
tem, Promega, USA). All experiments were repeated at 
least 3 times.

Statistical analysis. Data were presented as mean 
value with standard deviation (S.D.). The independent t-
test was used in statistical analysis. P value less than 0.05 
was considered statistically significant.

RESULTS

HBV upregulated DKK1 expression

To ascertain whether HBV could influence ex-
pression of DKK1, DKK1 expressions in HepG2 
and HepG2.2.15 cells (expressing HBV) were meas-
ured with QRT-PCR and Western blot analysis. Our 
data showed that DKK1 had a higher expression in 
HepG2.2.15 cells than that in HepG2 cells (Fig. 1A, 
B). To further confirm the effect of HBV on DKK1 
expression, we detected DKK1 expression in an-
other HBV expressing AD38 cells with QRT-PCR 
and Western blot, AD38 cells with tetracycline used 
as a control (no HBV expression ), and as expected, 
DKK1 expression was upregulated by HBV in AD38 
cells in comparison to that in AD38 cells induced by 
tetracycline (Fig. 1C, D). In addition, HepG2 cells in-
fected with recombinant adenovirus expressing HBV 
(Ad-HBV) or its control GFP (Ad-GFP) were ana-
lyzed; results showed that the expression of DKK1 
were obviously higher in Ad-HBV-HepG2 cells com-
pared to the control Ad-GFP-HepG2 cells (Fig. 1E, 
F). All these results suggested that HBV could upreg-
ulate the expression of DKK1.

HBx up-regulated DKK1 expression by improving its 
promoter activity

To reveal how HBV modulates DKK1 expression, 
DKK1 promoter activity was measured with dual-lu-
ciferase reporter assays. First, we constructed pGL3-
Basic-DKK1-P-wt plasmid, which contained a luciferase 
gene under the control of a 899 bp DNA fragment in 
the proximal promoter region of DKK1. Next, pGL3-
Basic-DKK1-P-wt was transfected into HepG2 cells 
and HepG2.2.15 cells. Luciferase activity detemination 
showed that DKK1 promoter activity was significantly 
higher in HepG2.2.15 cells than that in HepG2 cells 
(Fig. 2A). The DKK1 promoter activity was enhanced 
in AD38 cells compared to that in AD38 cells with tet-
racycline when pGL3-Basic-DKK1-P-wt was used for 
transfection (Fig. 2B). Similarly, we found that DKK1 
promoter had higher activity in Ad-HBV-HepG2 cells 
infected with Ad-HBV than in Ad-GFP-HepG2 cells 
transduced with Ad-GFP (Fig. 2C). Taken together, 
these results showed that HBV could upregulate DKK1 
expression by increasing its promoter activity.

HBV encode four major proteins, HBx, HBc, HBp 
and HBs. To discover which one played a major role, 
the expression plasmids of these four major HBV pro-
teins (pCMV-Sport6-HBx, pCMV-Sport6-HBc, pC-
MV-Sport6-HBp and pCMV -Sport6-HBs) were used 
for co-transfection with pGL3-Basic-DKK1-P-wt of 
SMMC7721 cells. We found that HBx could upregulate 
DKK1 promoter activity, while HBc, HBp and HBs 
had no obvious influence on it (Fig. 2D). Furthermore, 
pCMV-Sport6-HBx, pCMV-Sport6-HBc, pCMV-Sport6-
HBp and pCMV-Sport6- HBs were respectively used for 

Figure. 1 Effects of HBV on the expression of DKK1. 
(A) DKK1 mRNA expression in HepG2 and HepG2.2.15 cells was as-
sessed with qRT-PCR, β-actin was used as control. (B) DKK1 pro-
tein expression in HepG2 and HepG2.2.15 cells was assessed with 
Western blot analysis. (C, D) DKK1 expression was determined in 
AD38 cells with Tet or AD38 cells. (E, F) DKK1 expression was ana-
lyzed in HepG2 cells which were transfected with Ad-GFP-HBV or 
Ad-GFP. **P＜0.01.
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transfection of SMMC7721 cells, and the DKK1 expres-
sion was determined with qRT-PCR and Western blot 
analysis; we found that HBx played a significant role in 
upregulation of DKK1 expression by HBV  (Fig. 2E, F).

The transcription factor SP1 upregulated the expression 
of DKK1

In order to search transcription factor binding sites in 
DKK1 promoter sequences, the following software was 
used, TFSEARCH  (http://www.cbrc.jp/research/db/
TFSEARCH.html), Gene-Regulation      (http://www.
gene-regulation.com/pub/programs.html#alibaba2). As 
a result, putative binding sites for transcription factors 
were found. To find out the decisive transcription fac-
tors which could regulate DKK1 promoter, pGL3-Basic-
DKK1-P-wt was used for co-transfection with different 
kinds of plasmids encoding the transcription factors, 
including pCMV-Sport6-NF-κA, pCMV-Sport6-NF-
κB, pCMV-Sport6-NF-κC, pCMV-Sport6-YY1, pCMV-
Sport6-AP2α, and pCMV-Sport6-SP1, of the SMMC7721 
cells. The results showed that only transcription factor 
SP1 could upregulate DKK1 promoter activity, while 
the rest of the transcription factors had no effects on it 
(Fig. 3A, and not shown), therefore we focused on SP1. 
We detected DKK1 promoter activity in SMMC7721 

cells which were co-transfected with pGL3-Basic-DKK1-
P-wt and different amounts of SP1 (0 μg, 0.2 μg, 0.4 μg, 
0.6 μg, respectively) and measured it with dual-luciferase 
reporter assay (Fig. 3B). SP1 increased DKK1 promoter 
activity in a dose dependent manner. Then, the expres-
sion of DKK1 at protein level in SP1-overexpressing 
SMMC7721 cells was measured. In comparison to the 
control, overexpressed SP1 elevated DKK1 expres-
sion (Fig. 3D). To further confirm this result, PGL3-
Basic-DKK1-P-wt was used for co-tranfection of the 
SMMC7721 cells together with SP1-siRNA, which dis-
turbed SP1 expression,  and with scramble. As a result, 
DDK1 expression decreased both in DKK1 promoter 
activity and on protein level (Fig. 3E, 3F, 3G). Taken 
together, these results suggested that transcription factor 
SP1 could raise DKK1 expression by enhancing its pro-
moter activity.

Transcription factor SP1 and HBV both regulate the 
expression of DKK1

The results above showed that HBV and SP1 could 
both upregulate DKK1 expressions by enhancing its 
promoter activity. We also explored the correlation be-
tween HBV and SP1 in regulating DKK1 expression. 
First, DKK1 promoter activities were checked in HepG2 

Figure. 2 The activity of DKK1 promoter was elevated by HBx. 
(A) pGL3-Basic-DKK1-P was used to transfect HepG2 cells and 
HepG2.2.15 cells. Then the activity of DKK1 promoter was meas-
ured with dual luciferase reporter assay. (B) The activity of DKK1 
promoter was elevated in AD38 cells compared to AD38 cells with 
Tet. (C) The activity of DKK1 promoter was higher in HepG2 cells 
with Ad-HBV infection compared to Ad-GFP infection. (D) 0.3 μg 
pGL3-Basic-DKK1-P, 0.1μg pRL-TK and pCMV-Sport6-HBx, pCMV-
Sport6-HBc, pCMV-Sport6-HBp and pCMV-Sport6-HBs were used 
to transfect SMMC7721 cells. Dual-luciferase reporter assays were 
performed to detect DKK1 promoter activity. (E) SMMC7721 cells 
were co-transfected with 0.8 μg pCMV-Sport6-HBx, pCMV-Sport6-
HBc, pCMV-Sport6-HBp and pCMV-Sport6-HBs, qRT-PCR was per-
formed to detect DKK1 mRNA expressions. (F) After the same op-
eration as in E, DKK1 protein expression was determined analyzed 
with Western blot. *P＜0.05.

Figure. 3 Tanscription factor SP1 increased DKK1 expression. 
(A) DKK1 promoter activity was determined after pGL3-Ba-
sic-DKK1-P, pRL-TK and pCMV-Sport6-SP1 co-transfection of 
SMMC7721 cells. pCMV-Sport6 was used as a control. (B) DKK1 
promoter activity was analyzed after SMMC7721 cells were tran-
siently transfected with different amounts of pCMV-Sport6-SP1 
(0 μg, 0.2 μg, 0.4 μg, 0.6 μg). (C) SP1 expression in SMMC7721 
cells after transfection with pCMV-Sport6-SP1. (D) DKK1 expression 
in SMMC7721 cells was checked after transfection with pCMV-
Sport6 or pCMV-Sport6-SP1. (E) DKK1 promoter activities were 
analyzed after SMMC7721 cells were transfected with SP1-siRNA, 
scramble RNA were used as negative control. (F) The interference 
efficiency of SP1 was measured by Western blot. (G) DKK1 expres-
sion in SMMC7721 cells was checked after transfection with SP1-
siRNA.
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cells and HepG2.2.15 cells (HBV expressing cells) which 
were cotransfected with PGL3-Basic-DKK1-P-wt and 
pCMV-Sport6-SP1, respectively. It was found that SP1 
could strikingly increase DKK1 promoter activity (Fig. 
4A) and DKK1 protein expression (Fig. 4B) in pres-
ence of HBV, whereas, with SP1 expression inhibited 
in HepG2.2.15 cells promoter activity of DKK1 was re-
duced (Fig. 4C), and protein expression of DKK1 also 
was downregulated (Fig. 4D). Secondly, for analysis of 
the SP1 function, pGL3-Basic-DKK1-P-mut was gener-
ated, in which SP1 binding sites was mutated, and then 
the plasmid was used for transfection of HepG2.2.15 
cells, and pGL3-Basic-DKK1-P-wt was used as a con-
trol. DKK1 promoter activity was restrained as a result 
of loss of SP1 binding sites (Fig. 4E). This results re-
vealed that SP1 cooperated with HBV to regulate DKK1 
expression.

DISCUSSION

It was considered that there are many factors partici-
pating in the process of HCC occurrence and develop-
ment, and HBV regulate gene expression to promote 
tumorigenesis by enhancing promoter activity (Ling et al., 
2013; Xu et al., 2014; Yao et al., 2011). In this study, we 
found that DKK1 expression was associated with HBV 
in HCC cells, suggesting that DKK1 expression was reg-
ulated by another pathway in some HCC cases. DKK1 
was reported as an inhibitor of Wnt signaling pathway 
and overexpression of DKK1 was reported in hepato-

blastoma (Patil et al., 2005; Yamashita et al., 2008), imply-
ing that DKK1 functions as a potential oncogenic factor 
in these tumors, and not as a tumor suppressor through 
Wnt signaling inhibition. However, the relationship be-
tween DKK1 expression and HBV and whether HBV 
could regulate DKK1 expression have not been studied.

In this paper, we pointed out that HBV could up-
regulate DKK1 expression at mRNA and protein levels. 
Furthermore, we found that DKK1 expression increased 
in cells which are transfected with pCMV-Sport6-HBx, 
while the rest of the plasmids encoding viral proteins 
(HBs, HBc, HBp) had no remarkable effects on DKK1 
expression. To elucidate the mechanism of upregulation 
of the DKK1 expression in HCC by HBV, a series of 
tests on DKK1 promoter was performed. According to 
the results, we found HBV could upregulate DKK1 ex-
pression through activating its promoter. Moreover, tran-
scription factors which could potentially bind to DKK1 
promoter were screened and results indicated that SP1 
induced DKK1 expression in a dose dependent manner. 
The expression increase was caused by binding to SP1 
site in DKK1 promoter. SP1 functions as a transcription 
factor binding to the promoters of its target genes and is 
assumed to play pivotal role in regulating the expression 
of genes involved in cell proliferation, cell cycle regula-
tion, apoptosis, migration and invasion (Hirose & Hor-
vitz, 2013; Karlseder et al., 1996; Black et al., 1999). More 
and more evidences were found that SP1 expression was 
abnormal in varieties of tissues, including breast, thyroid, 
stomach and lung (Abdelrahim et al., 2002; Chiefari et 
al., 2002; Wang et al., 2003; Li & Davie, 2010). The data 
obtained from dual-luciferase reporter assays and West-
ern blot indicated that the DKK1 expression declined 
when SP1 expression was disturbed. To further inden-
tify the role of SP1, we removed the region containing 
three SP1 binding sites (nt –239 to nt –39) in DKK1 
promoter. We found that the DKK1 promoter activity 
and protein expression decreased when SP1 binding sites 
were mutated, which suggested SP1 binding site at posi-
tions nt -239 to nt -39 was essential for transcriptional 
activation of DKK1 promoter. In conclusion, we dem-
onstrated that transcription factor SP1 and HBV cooper-
ated in increasing DKK1 expression in HCC. Our pre-
sent data showed that HBV and SP1 both participated in 
regulating DKK1 expression, at the same time, we used 
qRT-PCR and Western blot to detect SP1 expression in 
order to understand whether HBV could regulate DKK1 
expression in HCC. However, we failed to determine, if 
HBV has much influence on regulating SP1 expression.

In summary, we confirmed that HBV could upregulate 
DKK1 expression via enhancing promoter activity, and 
that transcription factor SP1 further increased DKK1 
expression when HBV was present. DKK1 was regarded 
as an important factor in HCC in previous studies (Tung 
et al., 2011; Yu et al., 2009), and we found that HBV up-
regulate DKK1 expression, which further promotes the 
occurrence and development of HCC.
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Figure. 4 SP1 assisted HBV regulating DKK1 expression. 
(A) Relative DKK1 promoter activity in HepG2 and HepG2.2.15 cells 
which were transfected with pCMV-Sport6 or pCMV-Sport6-SP1, 
respectively. (B) Relative DKK1 protein expression was detected 
in cells as in A. (C) Relative DKK1 promoter activity in HepG2.2.15 
cells transfected with scramble or 0 SP1-siRNA. (D) Relative DKK1 
protein expression  detected in HepG2.2.15 cells treated as in C. 
(E) Relative DKK1 promoter activity in HepG2.2.15 cells transfected 
with pGL3-Basic-DKK1-P-WT or pGL3-Basic-DKK1-P-Mut.
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