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We have reported that the oncoprotein hepatitis B virus X-interacting protein (HBXIP) acts as a novel 
transcriptional coactivator to promote proliferation and migration of breast cancer cells. Previously, we
showed that HBXIP was able to activate nuclear factor- jB (NF-jB) in breast cancer cells. As an oncogene,
the platelet-derived growth factor beta polypeptide (PDGFB) plays crucial roles in carc inogenesis. In the 
present study, we found that both HBXIP and PDGFB were highly expressed in breast cancer cell lines.
Interestingly, HBXIP was able to increase transcr iptional activity of NF- jB through PDGFB, suggesting 
that HBXIP is associated with PDGFB in the cells. Moreover, HBXIP was able to upregulate PDGFB at
the levels of mRNA, protein and promoter in the cells. Then, we identified that HBXIP stimulated the pro- 
moter of PDGFB through activa ting transcription factor Sp1. In function, HBXIP enhanced the prolifera- 
tion of breast cancer cells through PDGFB in vitro . Thus, we conclude that HBXIP upregulates PDGFB 
via activating transcription factor Sp1 to promote proliferation of breast cancer cells.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction 

Hepatitis B X-interactin g protein (HBXIP) is a cellular 18 KD
protein among mammalian species. It was originally identified by
its interaction with the C-terminus of the hepatitis B virus X pro- 
tein (HBx) [1]. Accumulating evidence shows that HBXIP has 
aboard roles in cancers. HBXIP can regulate centrosome duplica- 
tion, causing excessive centrosome production and multipolar mi- 
totic spindles in HeLa cells [2,3] and suppress apoptosis in
hepatoma cells [4]. It has been demonstrated that HBXIP is a com- 
ponent of Ragulator, which is a guanine nucleotide exchange factor 
for the Rag GTPases that signal amino acid levels to mTORC1 [5].
Our previous studies reported that HBXIP was over-expressed in
clinical breast cancer tissues and could promote proliferation and 
migration through inducing NF- jB, MAPK/ERK or PI3K/AKT signal- 
ing pathway in breast cancer cells [6–8]. Recently, we have discov- 
ered that HBXIP functions as a novel oncogenic coactivator of some 
transcriptio n factors, such as STAT4, Sp1 and E2F1, to transacti vate 
S100A4, LMO4 and Skp2 in promotion of cell proliferation and 
migration of breast cancer cells [8–10]. Therefore, HBXIP should 
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transacti vate more important genes to promote proliferation of
cancer cells as a transcriptio nal coactivator.

Growth factors have important roles in the regulatio n of many 
biologica l processes including embryonic developmen t, angiogene- 
sis, cell proliferation and differentiation , and contribute to the 
pathophy siology of some diseases, including the cancer [11]. Plate- 
let-deriv ed growth factor (PDGF) is a ubiquitous, potent mitogen 
and chemota ctic factor for many connective tissue cells [12] and
stimulates tumor growth and progression by affecting tumor and 
stromal cells [13]. Although there are several PDGF family mem- 
bers (A, B, C, and D), PDGFB which is also called c-sis proto-onco- 
gene, is a prime candidate to study, because a functiona l,
contributory role for PDGFB in the development and maintenanc e
of cancer cells is supported by several observations [14]. PDGF 
family members could form homo or hetero dimers such as
PDGF-AA , PDGF-BB or PDGF-AB [15]. Among them, PDGF-BB exhib- 
its the strongest activity [15]. High levels of PDGF-BB expression 
have been found in breast cancer tissues [16] and the PDGF-BB 
molecule has been described to activate the NF- jB pathway, which 
is well recognized for its role in regulatin g cytokine production 
[17]. PDGF-BB can promote fibroblast proliferation and enhance 
extracellular matrix [18], synthesis regulates pericyte and fibro-
blast functions in the supporting matrix of tumors [19]. The fact 
that high level expression of the cellular form of the PDGFB onco- 
gene is sufficient for oncogenesis, implying that loss of its tran- 
scription al regulation provides a contributory step in neoplastic 
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Fig. 1. HBXIP is associated with PDGFB in breast cancer cells. (A) The transcriptional 
activity of NF- jB was examined by luciferase reporter gene assays in MCF-7 cells 
transfected with pCMV-HBXIP plasmids. Luciferase activities were measured 24 h
after transfection. Bars: means ± SEM (n = 3). Student’s t test, ⁄⁄p < 0.01. (B) The 
transcriptional activity of NF- jB was examined by luciferase reporter gene assays in
SK-BR3 cells when the cells transfected with HBXIP siRNAs. Luciferase activities 
were measured 24 h after transfection. The cells were treated with 10 nM PDGF-BB 
for 8 h. Bars: means ± SEM (n = 3). Student’s t test, ⁄⁄p < 0.01.
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transformat ion [20]. Therefore, accumulate d evidence suggests 
that PDGFB displays a proto-oncogen ic role in cancer.

In the present study, we try to gain insight into the effect of
HBXIP on the regulation of PDGFB in promotion of proliferation 
of breast cancer cells. Interestin gly, our data support the notion 
that HBXIP is able to upregulate oncoprotein PDGFB through serv- 
ing as a coactivator of Sp1 in the cells. Our finding provides new in- 
sights into the mechanism by which HBXIP promotes the 
proliferation of breast cancer cells.

2. Materials and methods 

2.1. Cell lines 

The breast cancer cell lines, such as MDA-MB -231, MCF-7, SK- 
BR3 and LM-MCF-7 (a metastatic subclone of MCF-7 breast cancer 
cell line) were maintain ed in RPMI 1640 (Gibco, CA, USA) medium 
containing 10% fetal bovine serum (FBS) (Gibco) [8].

2.2. Reagents and siRNA 

Human PDGF-BB was purchased from sigma (USA). The cells 
were treated with 10 nM PDGFB for 8–72 h. The siRNAs directed 
against HBXIP, PDGFB, Sp1 and control siRNAs were purchased 
from Riobio Company (Guangzhou, China). The cells were transfec- 
ted with HBXIP siRNA or PDGFB siRNAs in different doses (0.04–
0.08 nmol).

2.3. Total RNA isolation, reverse-tran scription PCR (RT-PCR)

Total RNA was isolated from cells using TRIzol reagent (Invitro-
gen, USA) according to the instructions. First-strand cDNA was syn- 
thesized with the PrimeScript reverse transcriptas e Kit (TaKaRa
Bio, China). To examine the mRNA level, the PDGFB primers used 
were as follows: forward, 50-GGCCTTCTTA AAGATTGGCTT CT-3 0;
and reverse, 50-GCCTCATAGA CCGCACCAAC-3 0. The primers for 
HBXIP and GAPDH were described previously [7]. PCR conditions 
were 35 cycles at 94 �C for 30 s, 58 �C for 30 s, and 72 �C for 1 min.

2.4. Transfection and luciferase reporter gene assay 

The promoter region (from �250 to +80 nt) of PDGFB gene was 
amplified by PCR from genomic DNA of MCF-7 cells and was inserted 
into the KpnI/XhoI site in the pGL3-basic vector [21]. For luciferase 
reporter gene assays, MCF-7 or SK-BR3 cells (2 � 104 cells per well 
in 24-well plates) were transfected with NF- jB or PDGFB luciferase 
reporter plasmids (0.3 lg) and the pRL-TK normalizati on construct 
(0.1 lg) by using Lipofectami ne 2000 (Invitrogen, USA). In addition,
the plasmid pCMV-HBXI P [6] (100–300 ng) was co-transfected with 
reporter plasmids. Otherwise, siRNA targeting HBXIP mRNA or Sp1 
mRNA (0.04–0.08 nmol) was co-transfected with reporter plasmids.
Luciferase activities were measure d with the Dual-Luc iferase Repor- 
ter Assay System (Promega, USA) 24 h after transfection. Data were 
presented as firefly luciferase activity normalized to Renilla lucifer- 
ase activity for each set of triplicate samples. All experiments were 
performed at least three times.

2.5. Chromatin immunoprec ipitation (ChIP)

The ChIP assay was performed according to the manufactur er’s 
instructions from Epigentek Company (USA) [8]. The DNA that was 
pulled down by antibodies was amplified by PCR. The primers for 
the PDGFB promoters were forward 50-CGGTGGGTCA CCCC- 
TAGTTC-30, reverse 50-TGAAAAAT GGGCGCTGGCGG -30 and primers 
for the negative controls were described previousl y [8].
2.6. Western blot analysis 

The protocol was described previously [6]. Primary antibodie s
used were rabbit anti-HBXIP (Santa Cruz, USA), rabbit anti-PDG FB
(Santa Cruz, USA), rabbit anti-Sp1 (Epitomics, USA) and mouse 
anti-b-actin antibodies (Sigma, USA).

2.7. The MTT assay 

The 3-(4,5-Dimethylthiazol-2- yl)-2,5-diphenyltetrazolium bro- 
mide (MTT) assay was performed as previousl y described [8]. In
brief, cells were harvested from exponenti al-phase cultures,
counted, and plated in 96-well plates at 3 � 103 cells per well. 24 h
later, the cells were incubated with the MTT substrate (20 mg/ml)
for 4 h. After incubation, the culture medium was removed , and 
DMSO was added. Optical density was measured at 490 nm. Cell 
prolifera tion was measure d by MTT assays each day for 3 days.

2.8. EdU assay 

Five-ethyny l-2 0-deoxyur idine (EdU) can be used to label cells 
undergoi ng DNA replication [22]. The EdU assay was performed 
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using the Cell-Light TM EdU imaging detection kit (RiboBio, China)
according to the manufacturer’s instructions.

2.9. Statistical analysis 

The data were analyzed by the Student’s t test. Statistica lly sig- 
nificant p values were indicated in figures as follows: ⁄p < 0.05,
⁄⁄p < 0.01 and ⁄⁄⁄p < 0.001 using the SPSS software program (SPSS,
Chicago, USA). Each experiment was repeated at least three times.

3. Results 

3.1. HBXIP is associated with PDGFB in breast cancer cells 

Our previous data showed that the oncoprotein HBXIP was 
highly expressed in breast cancer tissues and promote d the prolif- 
eration of breast cancer cells [7–10]. It has been reported that 
PDGFB is highly expressed in breast cancer tissues and contributes 
to the proliferation of breast cancer cells [16]. Accordingly , we
examined the relationships between HBXIP and PDGFB in breast 
cancer cell lines including MDA-MB-23 1, LM-MCF-7, SK-BR3 and 
Fig. 2. HBXIP is able to upregulate the expression of PDGFB in breast cancer cells. (A) MC
PDGFB at the levels of mRNA and protein was detected by RT-PCR and Western blot 
expression of HBXIP and PDGFB at the levels of mRNA and protein was detected by RT-P
examined by luciferase reporter gene assays in MCF-7 cells transfected with pCMV-HBX
were measured 24 h after transfection. Bars: means ± SEM (n = 3). Student’s t test, ⁄⁄p <
MCF-7 by RT-PCR and Western blot assay, respectively (Fig. S1).
Our data revealed that the expression of PDGFB was relevant to
that of HBXIP in these cell lines. It has been reported that NF- jB
is activated by PDGFB [17]. Thereby, we hypothesize d that HBXIP 
was able to activate NF- jB through PDGFB in breast cancer cells.
Interestin gly, we found that the knockdown of PDGFB was able 
to block the HBXIP-increas ed transcrip tional activities of NF- jB
in MCF-7 cells by luciferase reporter gene assays (Fig. 1A). More- 
over, the treatment of PDGF-BB was able to rescue the HBXIP siR- 
NA-decre ased transcriptio nal activities of NF- jB in SK-BR3 cells by
luciferase reporter gene assays (Fig. 1B), implying that PDGFB is in- 
volved in the transcriptional activities of NF- jB mediated by
HBXIP. Therefore, our data suggest that HBXIP is associated with 
PDGFB in breast cancer cells.

3.2. HBXIP is able to upregulate the expression of PDGFB in breast 
cancer cells 

Accordingly , we examined the effect of HBXIP on PDGFB in
breast cancer cells. Our data showed that the over-expres sion of
HBXIP was able to upregulate the expression of PDGFB at the 
F-7 cells were transfected with pCMV-HBXIP plasmids. The expression of HBXIP and 
analysis, respectively. (B) SK-BR3 cells were transfected with HBXIP siRNAs. The 
CR and Western blot analysis, respectively. (C) The promoter activity of PDGFB was 
IP plasmids. SK-BR3 cells were transfected with HBXIP siRNAs. Luciferase activities 
0.01.
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mRNA and protein levels in MCF-7 cells in a dose-dep endent 
manner (Fig. 2A). While, the knockdown of HBXIP showed the 
opposite results in SK-BR3 cells (Fig. 2B). To assess the effect of
HBXIP on PDGFB promoter activity, we cloned the promoter re- 
gion of PDGFB (from �250 to +80 nt) into the pGL3-basic plasmid 
according to the report [21]. Luciferase reporter gene assays re- 
vealed that the over-expression of HBXIP was able to increase 
the promoter activity of PDGFB in MCF-7 cells in a dose-dep en- 
dent manner. While, the knockdown of HBXIP showed the oppo- 
site results in SK-BR3 cells (Fig. 2C). Overall, we conclude that 
HBXIP is able to upregulate the expression of PDGFB in breast 
cancer cells.
3.3. HBXIP activates the PDGFB promoter via transcripti on factor Sp1 

Next, we try to unravel the mechanis m by which HBXIP upreg- 
ulates PDGFB. It has been reported that there is a transcriptio n
Fig. 3. HBXIP activates the PDGFB promoter via transcription factor Sp1. (A) A
model of PDGFB promoter. The black line represents the PDGFB promoter. The gray 
boxes represent the binding sites of transcription factors. The gray circle means 
TATA boxes. (B) The 5 lg HBXIP antibodies were used for each ChIP samples. The 
0.5% cells nuclear lysis was as input. The ChIP assay was performed in MCF-7 cells.
(C) MCF-7 cells were transfected with Sp1 siRNA. ChIP assays were measured 24 h
after transfection. (D) MCF-7 cells were transfected with Sp1 siRNA. Luciferase 
reporter gene assays were measured 24 h after transfection. Bars: means ± SEM 
(n = 3). Student’s t test, ⁄p < 0.05, ⁄⁄p < 0.01.
factor Sp1 binding site, named the SIS proximal element (SPE), at
the promoter of PDGFB [21] (Fig. 3A). Our recent report posits that 
HBXIP acts as a novel coactivat or to transactivate LMO4 through 
interactin g with transcription factor Sp1 in promotion of cell pro- 
liferation of breast cancer cells [9]. Thus, we speculate d that HBXIP 
might stimulate the promoter of PDGFB through Sp1 in the same 
way. Chromati n-immunopreci pitation (ChIP) showed that HBXIP 
was able to bind to the promoter of PDGFB in MCF-7 cells 
(Fig. 3B). Moreover, the knockdown of Sp1 by siRNA abolished 
the interactio n of HBXIP with the promoter of PDGFB (Fig. 3C).
Our previous report revealed that HBXIP could bind to Sp1 in the 
cells [9]. It suggests that HBXIP may form a complex with Sp1 to
bind to the PDGFB promoter. Interestingl y, luciferase reporter gene 
assays showed that HBXIP failed to increase the activity of PDGFB 
promote r when Sp1 was knockdow n by siRNA in MCF-7 cells 
(Fig. 3D). Meanwhi le, we validated that HBXIP failed to upregulate 
the expression of PDGFB at the levels of mRNA and protein when 
Sp1 was knockdown by siRNA in the cells (Fig. S2A and S2B ). Thus,
Fig. 4. HBXIP promotes the proliferation of breast cancer cells via upregulating 
PDGFB. (A) MCF-7 cells were transfected with pCMV-HBXIP plasmids or
PDGFB siRNAs. The effect of HBXIP and PDGFB on the proliferation of MCF-7 cells 
was measured by MTT assays. Bars: means ± SEM (n = 3). Student’s t test,
⁄p < 0.05,⁄⁄p < 0.01, ⁄⁄⁄p < 0.001. (B) SK-BR3 cells were transfected with HBXIP 
siRNAs or treated with 10 nM PDGF-BB. The effect of HBXIP and PDGFB on
proliferation of SK-BR3 cells was measured by MTT assays. Bars: means ± SEM 
(n = 3). Student’s t test, ⁄⁄p < 0.01, ⁄⁄⁄p < 0.001.
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we conclude that HBXIP is able to stimulate the promote r of PDGFB 
through activating transcrip tion factor Sp1.
3.4. HBXIP promotes the proliferation of breast cancer cells via 
upregulating PDGFB 

Our recent studies have showed that HBXIP is able to enhance 
the proliferation of breast cancer cells [7–10]. Notably, PDGFB 
functions in promotion of proliferation of breast cancer cells [15].
Thus, we are interested in whether HBXIP promotes the prolifera- 
tion of breast cancer cells via upregulatin g PDGFB. Interestingl y,
MTT assay showed that PDGFB siRNA was able to block the 
HBXIP-enhanc ed proliferation of MCF-7 in a time-cou rse manner 
(Fig. 4A). While, the treatment of PDGF-BB was able to rescue the 
HBXIP siRNA-de creased proliferation of SK-BR3 cells (Fig. 4B).
EdU assay could repeat the data in the same cell lines (Fig. S3A 
and S3B ). Overall, our data suggest that HBXIP promotes the prolif- 
eration of breast cancer cells via upregulatin g PDGFB in vitro .
4. Discussion 

Our recent reports posit that HBXIP is an important oncoprotei n
and dramatical ly enhances the proliferation and migration of
breast cancer cells [7–10]. However, the mechanism s by which 
HBXIP contributes to the proliferation of breast cancer cells have 
not been fully elucidate d. PDGFB has been implicate d in the path- 
ogenesis of breast cancer by regulatin g the cellular proliferation 
and invasion [20,23]. Accordingly , we are certainly concern 
whether PDGFB is involved in the aggressive accumulation of
breast cancer cells mediated by HBXIP.

Clearly, growth factors not only play crucial roles in the regula- 
tion of many biological processes including embryonic develop- 
ment, angiogenesis , cell proliferation and different iation, but also 
contribute to the pathophysiol ogy of some diseases, including 
the cancer [11]. PDGF is a potent mitogen and chemoattra ctant 
that functions as an important mediator in the pathogenes is of vas- 
cular disease [24]. It has been reported that the oncoprotei n PDGFB 
is required for the proliferation and migration of cancer [19]. In this 
study, we are interested in the role of PDGFB in promotion of pro- 
liferation of breast cancer cells mediated by HBXIP. Strikingly, we
discovered that HBXIP was associated with PDGFB in breast cancer 
cells. Then, we found that HBXIP was able to dramatically upregu- 
late the expression of PDGFB at the levels of mRNA, protein and 
promoter in the cells. Next, we try to identify the mechanism by
which HBXIP upregula tes PDGFB. We have reported that HBXIP 
acts as a transcrip tional coactivat or [8–10]. Thereby, we speculated 
that HBXIP served as a coactivator to transacti vate PDGFB through 
interacting with transcription factors. It has been reported that 
there is a transcription factor Sp1 binding site, named the SIS prox- 
imal element (SPE), at the position �58 to �39 relative to the 
PDGF-B mRNA initiation site that is essential for the TPA-induced 
activation [25]. Sp1 is a ubiquitous transcription factor that acti- 
vates a broad and diverse spectrum of mammali an genes. Recently ,
we have reported that HBXIP activates transcriptio nal coregulatory 
protein LMO4 via Sp1 to promote proliferation of breast cancer 
cells [9]. Moreover, Sp1 plays a critical role in the growth and 
metastasis of many tumor types including breast cancer by regu- 
lating several genes associated with cell growth. Interestingl y, in
this study we found that the transcription factor Sp1 was required 
for the binding of HBXIP to BPGFB promoter, resulting in the tran- 
scriptional activation of PDGFB gene. This finding provides more 
evidence that HBXIP serves as a coactivator of transcriptio n factors.
In function, we demonstrat ed that HBXIP promoted the prolifera- 
tion of breast cancer cells through upregulatin g PDGFB in breast 
cancer cells. Therefore, our observation suggests that the 
abnormal ity of HBXIP expression is oncogenic and may facilitate 
carcinogene sis and tumor progression for abnormally activating 
growth factors in breast cancer.

Collectiv ely, our data presente d here point towards a novel 
mechanis m by which the oncoprotein HBXIP promotes the breast 
tumor progression through upregula ting PDGFB involving tran- 
scription factor Sp1. This finding provides new insights into the 
mechanis m of HBXIP in promotion of proliferation of breast cancer 
cells. Therapeutical ly, HBXIP may serve as a new target of breast 
cancer.
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