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Abstract. Hepatitis B X-interacting protein (HBXIP) is a 
novel oncoprotein. We have previously reported that HBXIP 
promotes the proliferation and migration of breast cancer 
cells. S-phase kinase-associated protein 2 (Skp2) is another 
oncoprotein which is important for migration. In this study, 
we investigated whether Skp2 is involved in the migration 
enhanced by HBXIP in ovarian cancer. The expression of 
HBXIP and Skp2 in ovarian cancer tissues was examined by 
immunohistochemistry using tissue microarrays. The role of 
HBXIP and Skp2 in the migration of ovarian cancer cells was 
investigated by wound-healing assay and Transwell migration 
assay. The effect of HBXIP on Skp2 was assessed by reverse 
transcription polymerase chain reaction (RT-PCR), western 
blot analysis, luciferase reporter gene assays and chromatin 
immunoprecipitation in ovarian cancer cells (SKOV3 and 
CAOV3). We found that both HBXIP and Skp2 were highly 
expressed in ovarian cancer tissues. We observed that the 

overexpression of HBXIP enhanced the migration of ovarian 
cancer cells, while Skp2 siRNAs decreased the cell migration 
enhanced by HBXIP. The HBXIP siRNAs inhibited ovarian 
cancer cell migration and Skp2 rescued the migration inhibi-
tion induced by HBXIP siRNA. HBXIP could upregulate Skp2 
at the levels of mRNA and protein in ovarian cancer cells. 
Moreover, HBXIP increased the activity of Skp2 promoter 
via binding to the transcription factor Sp1. HBXIP is highly 
expressed in ovarian cancer tissues. HBXIP enhances the 
migration of ovarian cancer cells. HBXIP was able to stimu-
late the activity of Skp2 promoter via transcription factor Sp1 
thus promoting the migration of ovarian cancer cells.

Introduction

Mammalian hepatitis B X-interacting protein (HBXIP) is 
a conserved 18 kDa protein, which was originally identified 
because of its interaction with the C-terminus of hepatitis B 
virus  X protein (HBx) (1,2). HBXIP sequences are well 
conserved among mammalian species, with close orthologues 
found in all vertebrate species where sequence data exist. 
HBXIP formed a complex with survivin, an anti-apoptotic 
protein that is overexpressed in most human cancers, resulting 
in the suppression of cell apoptosis through the mitochondrial/
cytochrome pathway. HBXIP also regulates centrosome 
duplication, causing excessive centrosome production and 
multipolar mitotic spindles in HeLa cells (3,4). HBXIP is 
involved in mTORC1 pathway regulating cell growth (5). Our 
previous studies reported that HBXIP was able to promote 
cell proliferation and migration through S100A4 and IL-8 in 
breast cancer cells (6,7). However, the mechanism by which 
HBXIP enhances migration of ovarian cancer cells is poorly 
understood.

S-phase kinase-associated protein 2 (Skp2) belongs to 
the family of the F-box proteins. Skp2, which was originally 
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discovered by Zhang et al in 1995, because of its ability to 
interact with the cell cycle protein cyclin A, is necessary for 
DNA replication (8). The Skp2 protein levels changes during 
the cell cycle, which is low in early G1 phase, while it is high 
during G1/S transition (9). This alteration in the Skp2 protein 
level during cell cycle progression is partly due to a change 
in its gene expression and protein stability (10). A previous 
report showed that Skp2 overexpression in prostate cancer 
cells markedly promoted cancer cell growth and tumori-
genesis in a xenograft tumor model (11). And other groups 
showed that Skp2 deficiency displayed a defect in cell migra-
tion and metastasis, while Skp2 overexpression promoted 
cell migration and invasion (11,12). Inuzuka et al have shown 
that acetylation of Skp2 enhanced cellular migration through 
ubiquitination and destruction of E-cadherin (13). Subsequent 
experiments revealed that Skp2 was involved in cell cycle 
progression. Cardozo and Pagano have shown that Skp2 plays 
an important role in governing cell cycle progression and cell 
survival by promoting the destruction of numerous tumor 
suppressor proteins, including p27, p21, p57, p130 and FOXO1 
(14). Aberrant Skp2 signaling has been implicated as a driving 
event in tumorigenesis. Overexpression of Skp2 was frequently 
observed in numerous human cancers, such as ovarian, 
colorectal, gastric, prostate, lung, sarcoma, breast and other 
cancers (15-26). These observations suggest that Skp2 may 
contribute to the development of human cancers. Accumulated 
evidence suggests that Skp2 displays a proto-oncogenic role 
in vitro and in vivo. Previous report showed that repamycin, an 
mTOR inhibitor, could downregulate the expression of Skp2 
in breast cancer (27). Thus, we speculate Skp2 may play an 
important role in the function mediated by HBXIP.

In the present study, we investigated the role of HBXIP 
and Skp2 in migration of ovarian cancer cells, with the hope 
that such associations might provide insight into the causal 
mechanisms by which HBXIP enhances the migration of 
ovarian cancer cells.

Materials and methods

Immunohistochemistry. The ovarian carcinoma tissue micro-
arrays were obtained from the Xi'an Aomei Biotechnology Co., 
Ltd. (Xi'an, China). These microarrays (catalog no. C1026) 
were composed of 80 ovarian carcinoma tissue samples 
(average age  39), which included duplicate core biopsies 
(1 mm in diameter) from fixed, paraffin-embedded tumors. 
Immunohistochemical staining of samples were performed as 
previously reported (28) and the primary antibody of rabbit 
anti-HBXIP (1:100, Proteintech Group, Chicago, IL, USA) or 
the primary antibody of rabbit anti-Skp2 (1:30, Boster Group, 
Wuhan, China) was used. Immunostained slides were evalu-
ated under a microscope. Categorization of immunostaining 
intensity was performed by three independent observers. 
The staining levels of HBXIP and Skp2 were classified into 
three groups using a modified scoring method based on the 
intensity of staining (0, negative; 1, low; and 2, high) and the 
percentage of stained cells (0, 0% stained; 1, 1-49% stained; 
and 2, 50-100% stained). A multiplied score (intensity score x 
percentage score) lower than 1 was considered to be a negative 
staining (-), 1 and 2 were considered to be moderate staining 
(+), and 4 was considered to be intense staining (++).

Cell lines and cell culture. Ovarian cancer cell lines, SKOV3 
cells (29) were cultured in RPMI‑1640 medium (Gibco-BRL, 
Grand Island, NY, USA), 10%  fetal bovine serum (FBS); 
CAOV3 cells (29) were cultured in DMEM medium 
(Gibco‑BRL), 10% FBS. 100 U/ml penicillin and 100 µg/ml 
streptomycin in humidified 5% CO2 at 37˚C.

Plasmid construction and small interference RNA (siRNA). 
pCMV-tag2B, pGL3-Basic vectors (Promega, Madison, WI, 
USA), pCMV-HBXIP was maintained in our laboratory (6). 
The 5'-flanking region (from -1309 to +235 nt) of Skp2 gene 
was inserted into the KpnI/XhoI site upstream of the luciferase 
gene in the pGL3-basic vector, termed pGL3-Skp2 promoter. 
Mutant construction of Skp2 promoter, termed as pGL3-Skp2 
promoter mut, carried a series substitution of nucleotides within 
Sp1 binding site. The complete human Skp2 (GenBank acces-
sion no. NC 000005.9) gene was subcloned into pCMV‑tag2B 
vector to generate the pCMV‑Skp2 construct. siRNA duplexes 
targeting human HBXIP (or Skp2) gene and siRNA duplexes 
with non-specific sequences using as negative control (NC) 
were synthesized by RiboBio (Guangzhou, China) (3,30). All 
primers and siRNA sequences are listed in Table I.

Transfection. One day before transfection, cells were harvested 
and seeded into 6- or 24-well plates. Cells were transfected 
with plasmid or siRNAs using Lipofectamine 2000 reagent 
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's protocol.

Wound‑healing assay and Transwell migration assay. Cells 
transfected with plasmid of HBXIP, plasmid of HBXIP and 
siRNAs of Skp2, siRNAs of HBXIP, siRNAs of HBXIP and 
pCMV-Skp2 were seeded in a 6-well plate and cultured for 
24 h to form confluent monolayers. A wound was created by 
dragging a pipette tip through the monolayer, and plates were 
washed using pre-warmed PBS to remove cellular debris. 
Wound images were photographed at 0, 24, 48 and 72 h after 
wounding. The wound gaps were measured at each time point. 
For Transwell migration assay using SKOV3 and CAOV3 
cells with indicated treatment, 5x105 cells were plated on 
8 µm Transwell filters (Corning Incorporated, Corning, NY, 
USA). The cells were induced to migrate towards medium 
containing 10%  FBS for 20  h. Non-migrating cells were 
removed with a cotton swab. The remaining cells were fixed, 
stained with hematoxylin and eosin, and analysed by a bright-
field microscope.

RNA extraction and reverse-transcription polymerase chain 
reaction (RT-PCR). Total RNA of cells was extracted using 
TRIzol reagent (Invitrogen). First-strand cDNA was synthe-
sized by PrimeScript reverse transcriptase (Takara Bio, 
Dalian, China) and oligo (dT) following the manufacturer's 
instructions. The primers are listed in Table I.

Western blot analysis. Western blot analysis was carried 
out with standard protocols. Primary antibodies used were 
rabbit anti-Skp2 (1:300, Boster Group), rabbit anti‑HBXIP 
(1:1,000, Proteintech Group), and mouse anti‑β‑actin (1:800, 
Sigma‑Aldrich, St. Louis, MO, USA). All experiments were 
repeated 3 times.
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Luciferase reporter gene assays. For luciferase reporter gene 
assays, the ovarian cancer cells were transfected with plasmids 
encoding HBXIP by Lipofectamine 2000. The luciferase 
activities were determined 48 h after transfection, and the 
results are the average of 3 independent repeats. The luciferase 
activities in the cell lysates were measured by a dual luciferase 
reporter assay kit (Promega), and the luciferase activity was 
normalized with renilla luciferase activity.

Chromatin immunoprecipitation (ChIP) and ReChIP assay. 
The ChIP assay was performed using the EpiQuik™ chro-
matin immunoprecipitation kit from Epigentek Group Inc 
(Farmingdale, NY, USA) according to the published methods 
(6,31). Protein-DNA complexes were immunoprecipitated with 
HBXIP antibodies, whereas rabbit preimmune serum served 
as a control. DNA from input or immunoprecipitated samples 
was assayed using SYBR‑Green-based quantitative PCR with 
specific primers designed to amplify the Skp2 promoter around 
the SREs. ChIP/ReChIP: ChIP was performed as above, binding 
complexes from the first immunoprecipitation were eluted 
from the sepharose beads using Re-ChIP buffer. The eluted 
protein‑DNA complexes were diluted in radioimmunoprecipita-
tion buffer and resubjected to ChIP using a different antibody.

Statistical analysis. Each experiment was repeated at least 
three times. Statistical significance was assessed by comparing 
mean values (± SD) using a Student's t‑test for independent 
groups or pairing χ2 for dependent groups and was assumed for 
*P<0.05, **P<0.01 and ***P<0.001.

Results

The expression of HBXIP is positively associated with that of 
Skp2 in clinical ovarian cancer tissues. Our previous reports 
showed that HBXIP was overexpressed in breast cancer and 
other cancer cells. However, there is no report concerning 
the expression of HBXIP in ovarian cancer. In this study, we 
examined the expression of HBXIP in ovarian cancer. The 
data revealed that HBXIP was overexpressed in ovarian cancer 
tissue (Fig. 1). It has been reported that Skp2 is also over
expressed in ovarian cancer tissues (23). Thus, we supposed 
that overexpression of Skp2 might be correlated with enhanced 
HBXIP in ovarian cancer. Then, we investigated the expres-
sion correlation between HBXIP and Skp2 by IHC using tissue 
microarrays from the same tissue paraffin block. Our data 
showed that the positive rate of HBXIP was 75% (60/80) in 
clinical ovarian cancer tissue samples, and the positive rate of 
Skp2 was 81.67% (49/60) in the HBXIP-positive specimens 
(Fig. 1). Pairing χ2 analysis showed that there was no significant 
difference between the positive rate of HBXIP and that of Skp2 
in the tissues (P>0.05, Table II), suggesting that the expression 
of Skp2 is relevant to that of HBXIP in ovarian cancer tissues. 
Additionally, in this study, IHC staining showed that the 
expression of HBXIP could be observed in both cytoplasm and 
nucleus in ovarian cancer tissues (Fig. 1B). We also observed 
that Skp2 was expressed in both cytoplasm and nucleus in 
ovarian cancer tissues (Fig. 1C), which is consistent with a 
previous study (32). Thus, we speculated that HBXIP might be 
involved in the transcriptional regulation of Skp2.

Table I. The primers and sequences used in this study.

Gene	 Primer	 Sequence (5'→3')

Primers for Skp2 promoter
-1309	 Forward	 CGGGGTACCCCGTCCCTTCTTTACACCAATCTC
+235	 Reverse	 CCGCTCGAGCGGCGTTTACCTGTGCATAGCG
Sp-1-MUT	 Forward	 CACGCTCGGAGCAGCTGTGCGCCAAAGCGG
	 Reverse	 CCGCTTTGGCGCACAGCTGCTCCGAGCGTG
Primers for qRT-PCR
Skp2	 Forward	 CTTTCTGGGTGTTCTGGATTCTC
	 Reverse	 TGGAAGTTCTGTATGTTTGAGGG
HBXIP	 Forward	 ATGGAGCCAGGTGCAGGTC
	 Reverse	 TGGAGGGATTCTTCATTGTG
GAPDH	 Forward	 CATCACCATCTTCCAGGAGCG
	 Reverse	 TGACCTTGCCCACAGCCTTG
Primers for ChIP
-640	 Forward	 GCGGGACGGAAACTACAA
-443	 Reverse	 TGCATTAACTGCAGAGCTGC
siRNA duplexes
HBXIP siRNA	 Sense	 CGGAAGCGCAGUGAUGUUUdTdT
	 Antisense	 AAACAUCACUGCGCUUCCG dTdT
Skp2 siRNA	 Sense	 GCAAAGGGAGTGACAAAdTdT
	 Antisense	 TTTGTCACTCCCTTTGCdTdT
Control siRNA	 Sense	 UUCUCCGAACGUGUCACGUdTdT
	 Antisense	 ACGUGACACGUUCGGAGAAdTdT
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Figure 1. The expression levels of HBXIP are positively associated with those of Skp2 in clinical ovarian cancer tissues. The expression of HBXIP and Skp2 was 
examined by immunohistochemical staining in ovarian cancer tissues using tissue microarrays. (A) negative control; (B) ovarian cancer tissues with HBXIP-positive 
staining; (C) ovarian cancer tissues with Skp2-positive staining.

Figure 2. Skp2 is responsible for HBXIP-enhanced migration of ovarian cancer cells in vitro. (A-D) SKOV3 (or CAOV3) cells were transfected with either pCMV, 
pCMV-HBXIP, or pCMV-HBXIP and si-Skp2. The cell migration was determined by wound healing and transwell assays. The images are representative of at 
least three independent experiments. Statistically significant differences are indicated: *P<0.05, **P<0.01, ***P<0.001, Student's t-test.
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Skp2 is responsible for HBXIP-enhanced migration of ovarian 
cancer cells in vitro. Cell migration is an essential process in 
cancer metastasis and HBXIP can promote cell migration 
in breast cancer cells (6,7). Other reports showed that Skp2 
can modulate cell migration of breast cancer, prostate cancer 
and myxofibrosarcoma (18,21,22,24). Thus, we supposed 
that Skp2 might be involved in the migration enhanced 
by HBXIP. Wound‑healing and Transwell assays showed 
that treatment with plasmid encoding HBXIP enhanced 
the migration of SKOV3 cells, while additionally treated 
with Skp2 siRNAs abolished the effect (Fig.  2A and B). 

Furthermore, we performed the same assay using another 
ovarian cancer cell line CAOV3, and obtained similar results 
(Fig. 2C and D). We found that the inhibited migration of 
SKOV3 ovarian cancer cells induced by HBXIP siRNAs, 
was rescued by the overexpression of Skp2 (Fig. 3A and B). 
Similar results occurred in CAOV3 ovarian cancer cell line 
(Fig. 3C and D). Furthermore, as shown in Fig. 4, the RNA 
interference of HBXIP (or Skp2) decreased the expression 
of protein levels in SKOV3 and CAOV3 cells. Thus, our 
data suggest that HBXIP promotes the migration of ovarian 
cancer cells through Skp2 in vitro.

Figure 3. Skp2 is responsible for HBXIP-enhanced migration of ovarian cancer cells in vitro. (A-D) SKOV3 (or CAOV3) cells were transfected with NC, 
si-HBXIP, or si-HBXIP and pCMV-Skp2. The cell migration was determined by wound healing and transwell assays. The images are representative of at 
least three independent experiments. Statistically significant differences are indicated: *P<0.05, **P<0.01, Student's t-test.
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HBXIP upregulates the expression of Skp2 in ovarian cancer 
cells. Next, we evaluated whether HBXIP was able to upregu-
late Skp2 in ovarian cancer cell lines. After transfection with 
plasmid encoding HBXIP, we observed that the levels of mRNA 
and protein of Skp2 were upregulated by HBXIP in SKOV3 and 
CAOV3 cell lines in a dose-dependent manner (Fig. 5). Thus, 
we verified that HBXIP was able to upregulate Skp2 in ovarian 
cancer cells.

HBXIP activates Skp2 promoter via transcription factor Sp1. 
Furthermore, to explore the mechanism by which HBXIP 
upregulated Skp2, we cloned the promoter region of Skp2 
(-1309/+235) into pGL3-Basic plasmid. Luciferase reporter 
gene assays showed that HBXIP could increase the promoter 
activities of Skp2 in SKOV3 or CAOV3 ovarian cancer cells 
in a dose-dependent manner (Fig. 6A and B), suggesting that 
HBXIP is capable of activating the Skp2 promoter in the 
ovarian cancer cells. Next, we investigated the underlying 
mechanism by which HBXIP activates Skp2 promoter. To 
map the HBXIP binding site in Skp2 promoter, we designed 
a series of primers of Skp2 promoter fragments in 5'-flanking 
region, including the fragments -776/-567, -640/‑443 and 
-464/‑250. Interestingly, ChIP assays showed that HBXIP 
was able to occupy the Skp2 promoter fragment -640/-443 
(Fig.  6C), suggesting that the -640/-443 region of Skp2 
promoter is the regulatory target sequence of HBXIP. Then, 
we used online promoter analysis tool Search Promoter Site 
(http://alggen.lsi.upc.es/cgibin/promo_v3/promo/promoinit.
cgi?dir-DB=TF8.3) to predict the putative transcription factor 
binding sites in the -640/-443 promoter region of Skp2. 
Strikingly, we observed a putative Sp1 binding site in the 
region (Fig. 6D). ChIP/ReChIP assay showed that HBXIP and 
Sp1 were able to form a transcriptional complex on the Skp2 
promoter (Fig. 6E). Luciferase reporter gene assays showed 
that HBXIP failed to work when the Sp1 binding site in Skp2 
promoter was mutated (Fig. 6F and G). Thus, we conclude that 
HBXIP activates Skp2 promoter activity through the tran-
scription factor Sp1.

Discussion

Our studies have showed that HBXIP is a novel oncoprotein. 
HBXIP was highly expressed in breast cancer tissues and 
metastatic lymph node tissues and significantly associated 
with the growth and metastasis of breast cancer cells (6,7,33). 
However, the expression and role of HBXIP in ovarian cancer 
cells is poorly understood. Many studies have shown that over-
expression of Skp2 is observed in a variety of human cancers, 
including ovarian cancer, gastric cancer, colorectal cancer, 
prostate cancer, sarcoma, breast cancer, lung cancer, pancreatic 
cancer and other cancers (15,26). In addition, Skp2 has an estab-

Figure 4. The RNA interference decreases the protein expression levels of 
HBXIP and Skp2 in SKOV3 and CAOV3 cells. (A-D) SKOV3 (or CAOV3) cells 
were transfected with either NC or si-HBXIP (either NC or si-Skp2), respec-
tively. The protein expression levels of HBXIP (or Skp2) were determined by 
western blot analysis. The experiments are repeated at least three times.

Figure 5. HBXIP regulates the expression of Skp2 in different ovarian cancer 
cell lines. (A and B) SKOV3 (or CAOV3) cells were transfected with plasmid 
of either pCMV or pCMV-HBXIP. The mRNA and protein expression levels 
of HBXIP and Skp2 were determined by RT-PCR and western blot analysis, 
respectively.

Table II. Cross tabulation analysis of HBXIP and Skp2 in 
ovarian cancer tissues.

	 HBXIP
	 -----------------------------------------------------------------------------------------------
	 Total	 Negative	 Positive

Skp2
Negative	 20	   5	 (25.00%)	 15	(75.00%)
Positive	 60	 11	 (18.33%)	 49	(81.67%)
Total	 80	 16	 (20.00%)	 64	(80.00%)

The expression of HBXIP and Skp2 was immunohistochemically 
examined by tissue array with 80 clinical cancer tissues. Pairing χ2 was 
used in this statistical analysis by SPSS, P>0.05.
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lished role in the migration of cancer cells. Therefore, we are 
interested in the effect of HBXIP on cell migration in ovarian 
cancer and the role Skp2 plays in the signaling pathway.

Latest study showed that HBXIP was a regulator compo-
nents that is required for mTORC1 activation by amino acids 
(5). Cross-talk between mTOR pathway and Skp2 pathway has 
been reported recently. Shapira et al showed that repamycin, an 
mTOR inhibitor, could downregulate the expression of Skp2 

in breast cancer (27). Shigemasa et al proved that Skp2 was 
expressed in nearly half of the 91 ovarian adenocarcinomas (23). 
In this study, we first observed that HBXIP is overexpressed in 
ovarian cancer tissues. We noted that the expression of HBXIP 
was significantly correlated with Skp2 in ovarian cancer tissues.

Skp2 overexpression has been correlated with tumor progres-
sion such as stage and survival in ovarian cancer and other 
human cancers (16), indicating that Skp2 may be important in 

Figure 6. HBXIP activates Skp2 promoter via transcription factor Sp1. (A and B) SKOV3 (or CAOV3) cells were co-transfected with renilla luciferase plasmid 
containing Skp2 promoter and either pCMV or pCMV-HBXIP. Luciferase activity was determined 48 h after transfection. Statistically significant differences 
are indicated: *P<0.05, **P<0.01, ***P<0.001, Student's t-test. (C) The interaction between HBXIP and promoter region of Skp2 was examined by ChIP assay. 
(D) The binding site region in Skp2 promoter. (E) ChIP/ReChIP analysis of HBXIP and Sp1 binding to the Skp2 promoter. (F and G) The promoter activities 
of Skp2 mediated by HBXIP were measured by luciferase reporter gene assay when the Sp1 binding site was mutated in SKOV3 (or CAOV3) cells. Statistically 
significant differences are indicated: *P<0.05, Student's t-test.
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cancer cell migration, invasion and metastasis. Previous reports 
showed that Skp2 deficiency displayed a defect in cell migration 
and metastasis, while Skp2 overexpression promoted cell migra-
tion and invasion (11,12). It has also been shown that acetylation 
of Skp2 enhanced cellular migration (13). Consistent with this 
notion, we found that Skp2 is responsible for the enhanced 
migration of ovarian cancer cells mediated by HBXIP.

We observed that HBXIP was able to upregulate the 
mRNA and protein levels of Skp2 in ovarian cancer cells. Next, 
we sought to elucidate the underlying mechanism by which 
HBXIP upregulates Skp2. We previously observed the nuclear 
localization of HBXIP in MCF-7 cells (6), we found a similar 
phenomenon in ovarian cancer tissues, implying that HBXIP 
may be involved in the transcriptional regulation of Skp2. Then, 
we predicted the putative transcription factor binding sites in 
the -640/-443 promoter region of Skp2. Strikingly, we found 
a Sp1 binding site in the region. Sp1 is a transcription factor 
that either enhance or repress the activity of promoters of genes 
involved in differentiation, cell cycle progression and onco
genesis (34). In comparison to normal tissues or cells, Sp1 level 
is greater in breast carcinomas, thyroid cancer, hepatocellular 
carcinomas, pancreatic cancer, colorectal cancer, gastric cancer 
and lung cancer (34-37). Sp1 is also overexpressed in ovarian 
cancer (38) and plays an important role in the process of cancer. 
We found that HBXIP was able to bind to the Skp2 promoter 
region through interacting with Sp1 by ChIP/ReChIP assays. 
We further demonstrated that HBXIP activated Skp2 promoter 
through the transcription factor Sp1. Thus, we report that the 
transcription factor Sp1 plays a role in regulating Skp2 mediated 
by HBXIP in ovarian cancer cells.

In summary, our finding indicates that HBXIP promotes the 
migration of ovarian cancer cells through upregulating Skp2, 
in which HBXIP activates the transcription of Skp2 through 
interaction with transcription factor Sp1. HBXIP may act as a 
co-activator of transcription factors to upregulate many genes 
in the development of cancer. Therefore, our finding provides 
new insight into the mechanism of HBXIP in promotion of 
migration of ovarian cancer cells.
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