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Background: Due to the high recurrence and metastasis rate, the clinical outcomes of

patients with hepatocellular carcinoma (HCC) are still unsatisfactory. Hepatitis B virus X-

interacting protein (HBXIP) has been reported to play crucial roles in carcinogenesis.

Purpose: We aimed to reveal the functional significance and underlying mechanism of

HBXIP in HCC metastasis.Methods: Cell transwell assay, in vivo metastasis model, real-time

PCR, western blot analysis, luciferase reporter and chromatin immunoprecipitation assays

were applied.

Results: Here, we detected the HBXIP expression level and determined its clinical sig-

nificance in HCC. We found that HBXIP was significantly upregulated in HCC tissues, and

correlated with vascular invasion, tumor metastasis and worse prognosis of HCC patients.

HBXIP enhanced cell migration and invasion in vitro, and promoted the metastasis of HCC

in vivo. Furthermore, we confirmed that HBXIP increased MMP15 expression through

association with proto-oncogene c-myc. Depletion of c-myc abolished HBXIP-mediated

MMP-15 upregulation. We also observed a positive correlation between HBXIP and

MMP15 expression in HCC tissues.

Conclusion: Our results establish a novel function for HBXIP-MMP15 regulation in HCC

metastasis and suggest its candidacy as a new prognostic biomarker and therapeutic target for

HCC metastasis.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most prevalent malignancies

worldwide.1 The major risk factors for HCC include chronic infection with hepatitis

B or C, alcoholic liver injury, exposure to dietary aflatoxin B and steatohepatitis.2

Despite the advancement of HCC therapy, such as surgical resection, chemotherapy,

radiotherapy and liver transplantation, the clinical outcomes of patients with HCC

remain unsatisfactory due to the high recurrence and metastasis rate.3 As a result,

clarifying the underlying mechanism of HCC development and progression is

urgently needed.

The hepatitis B virus X-interacting protein (HBXIP), encoding an 18 kDa

protein, was originally identified by its interaction with the C-terminus of the

hepatitis B virus X protein (HBx).4 Previous studies demonstrated that HBXIP

expression was significantly increased in several cancers, such as pancreatic ductal

adenocarcinomas, breast cancer, esophageal squamous cell carcinoma, lung cancer
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and ovarian cancer, and upregulation of HBXIP predicted

poor prognosis of these patients.5–9 HBXIP mainly acts as

an oncogenic transcriptional coactivator of multiple tran-

scription factors to regulate different target genes. For

instance, in breast cancer, HBXIP enhances cell prolifera-

tion and migration. HBXIP interacts with SP1 to activate

the transcription of some oncogenes, including ZEB1,

ACSL1, FGF4, LMO4 and PDGFB.10–14 HBXIP associ-

ates with transcription factor E2F1 to activate PKM2 and

SKP2 expression.15,16 HBXIP upregulates FGF8 and

VEGF to facilitate angiogenesis through inhibiting

miRNA-503, which directly targeted 3 untranslated region

(3ʹUTR) of FGF8 or VEGF mRNA.17 HBXIP also forms

transcriptional complex with c-myc through the leucine

zippers and recruits the long noncoding RNA (lncRNA)

HOTAIR along with the histone demethylase LSD1 to

upregulate cyclin A, eIF4E and LDHA expression.18 In

HCC, HBXIP-induced activation of transcription factor

E2F1 modulates SCG3 expression and facilitates

proliferation.15,19 HBXIP upregulates onco-protein YAP

expression through co-activating the transcription factor

c-Myb, and promotes HCC growth.20 Additionally,

HBXIP is able to depress the gluconeogenesis in HCC.

HBXIP inhibits PCK1 expression, a key enzyme of glu-

coneogenesis, through downregulating transcription factor

FOXO1 in HCC cells, and upregulates miR-135a targeting

the 3UTR of FOXO1 mRNA. HBXIP activats PI3K/Akt

pathway to induce the export of FOXO1 from nucleus to

cytoplasm.21 Moreover, recently, HBXIP was found to be

able to interact with HCC-associated lncRNA, lncRNA-

HEIH and lncRNA-HULC.22 However, whether HBXIP

have an effect on HCC metastasis and the underlying

molecular mechanism is ill-documented.

Matrix metalloproteinases (MMPs) belong to a family of

zinc-dependent proteolytic enzymes that are known to play

a critical role in the catabolic turnover of extracellular matrix

(ECM) components. MMPs are significant in the physiolo-

gical processes of embryo development, wound healing and

differentiation related to tissue remodeling.23,24 The elevated

expression of several MMPs is involved in caner

progression.25 For example, upregulation of MMP2 and

MMP9 is often detected in solider tumor tissues and is

associated with tumor metastasis in many cancers including

HCC.26,27 MMP-9 also facilitates HBV replication through

repressing IFN/JAK/STAT signaling, IFNAR1 function and

IFN-α action.28 Interestingly, expression of MMPs, such as

MMP2, MMP3, MMP9 and MMP13, is also observed in

experimental acute and chronic liver damage.29 However, to

date, the relationship between HBXIP and MMPs family

remains unclear.

In this study, we aim to identify the role of HBXIP in

HCC metastasis and reveal the underlying mechanism.

Notably, we found that the HBXIP facilitates migration

and invasion in vitro and pulmonary metastasis in vivo

through upregulation of MMP15 expression in HCC.

Thus, our finding provides new insights into the mechan-

ism of HCC metastasis.

Materials and methods
Cell culture
SMMC-7721 and Bel-7402 HCC cell lines were obtained

from the Cell Bank of Type Culture Collection (Chinese

Academy of Sciences). The cells were cultured in

Dulbecco’s modified Eagle’s medium (DMEM; Hyclone)

supplemented with 10% fetal bovine serum (PAN) at 37°C

in 5% CO2 and 1% penicillin-streptomycin (Hyclone).

Tissue samples
Sixty-one pairs of HCC tissues and adjacent noncancerous

tissues were collected from patients who initially under-

went hepatectomy and were diagnosed with HCC between

November 2014 and March 2016 at Zhongshan Hospital,

Xiamen University. The follow-up period was up to

June 2018. All subjects provided written informed con-

sent. No patients were treated with chemotherapy and

radiotherapy before hepatectomy. This study was approved

by the ethics committee of the Zhongshan Hospital of

Xiamen University. The research has been carried out in

accordance with the World Medical Association

Declaration of Helsinki.

Lentivirus-mediated gene transfer or

RNA interference
The lentiviral pBobi vector was used to overexpress HBXIP.

The cDNA encoding HBXIP was PCR-amplified by the Pfu

Ultra II Fusion HS DNA Polymerase (Stratagene, Agilent

Technologies) and subcloned into pBobi vector. Lentiviral

pLKO.1 vector was used to express short hairpin RNA

(shRNA) directed against HBXIP, MMP15 or c-myc. The

shRNA sequences were designed by online tool (http://

bioinfo.clontech.com/rnaidesigner/sirnaSequenceDesignInit.

do). The target sequences of shRNAs are shown as follows:

shHBXIP: GTTGGACACCACACAGATCTT; shMMP15:

CAACCACCATCTGACCTTT; shc-myc: GCTTCACCAAC

AGGAACTA. The scramble shRNA was taken as control.
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Lentiviral expressing and packaging vectors (pMD2.G and

psPAX2) were transfected into 293T cells (ATCC) by using

TurboFect Transfection Reagent (Thermo Scientific). Culture

medium of the cells was changed at 24 hrs after transfection,

and medium containing the lentivirus was collected after 48

hrs. The HCC cells were transfected with the lentivirus in the

presence of 10 μg/mL polybrene (Sigma). Culture supernatant

was replaced with a complete culture medium after 24 hrs.

Luciferase reporter assay
MMP15 promoter region (−1000~-1 region ofMMP15 gene)

was cloned into pGL3-basic reporter vector (pGL3-MMP

15). Cells were cotransfected with pGL3-basic or pGL3-

MMP15 and pRL-TK. After 24 hrs, luciferase activity was

determined using Dual-Luciferase® Reporter Assay System

(Promega), according to the manufacturer’s instructions. In

brief, cells were lysed using Passive Lysis Buffer. After 15

mins, carefully transfer up to 20 µL of cell lysate into the

luminometer tube containing LAR II; mix by pipetting 2 or 3

times. Place the tube in the luminometer and initiate reading.

Then, add 100 µL of Stop&Glo®Reagent and vortex briefly

to mix. Replace the sample in the luminometer, and initiate

reading. Relative luciferase activity was detected using

Varioskan Lux detection System (Thermo Scientific) and

was normalized to Renilla luciferase activity at 48 hrs after

transfection.

Chromatin immunoprecipitation (ChIP)

assays
ChIP assay was performed using an EZ-Magna ChIP kit

according to its manufacturer’s instruction. ChIP-enriched

promoter of MMP15 genes was quantified by qRT-PCR

using the following primers (cover −349~-282): 5ʹ-
TGAACCGTGTCCCTCCTAAA −3ʹ, 5ʹ- GGTGTCTCTG
GCCATTGAATAA −3ʹ. In brief, cells were cross-linked in

1% formaldehyde at room temperature for 10 mins.

Crosslinking was terminated by the addition of 125 mM

glycine. Cell pellets were lysed using cell lysis buffer and

then centrifuged at 5000 rpm for 5 mins at 4°C to pellet

the nuclei. Pellets were lysed using nuclear lysis buffer

and then diluted with IP dilution buffer. Nuclear lysates

were sonicated and the debris was removed by centrifuga-

tion. HBXIP antibodies (Abcam) antibodies or IgG anti-

bodies (Millipore) were mixed with clear nuclear lysates

for immunoprecipitation. Coprecipitated DNA was puri-

fied and the level of target genes was quantified using real-

time PCR.

Western blot
Cells and tissues were lysed in RIPA lysis buffer (Beyotime,

Beijing, China) containing the protease inhibitor phenyl-

methanesulfonyl fluoride (PMSF). Protein lysates were sub-

jected to SDS-PAGE and transferred to PVDF membranes

(Millipore). Membranes were incubated with anti-HBXIP

(Santa Cruz, 1:300), anti-MMP15 (Thermo,1:1,000) or

anti-β-actin (Cell Signaling Technology, 1:2,000) antibodies

at 4°C overnight, and followed by incubation with secondary

antibodies conjugated with horseradish peroxidase (HRP,

Jackson). Immunoreactive proteins were visualized using

the ECL detection system (Millipore).

RNA isolation and quantitative real-time

PCR (qrt-PCR) analyses
Total RNA was isolated by TRIzol reagent (Invitrogen)

according to standard protocol. cDNA was synthesized

using One-Step gDNA Removal and cDNA Synthesis

Kit (Transgen, Beijing, China). Real-time PCR was per-

formed in the Lightcycle™ Real-Time PCR System

(Roche) using FastStart Universal SYBR Green Master

(Rox) (Roche). Relative expression levels were calculated

as ratios normalized against those of ACTB. Comparative

quantification was determined using the 2–ΔΔCt.

Migration and invasion assays
24-well Transwell chambers with 8 µm pore size polycar-

bonate membrane were used (Corning Inc., Corning, NY,

USA) for cell migration and invasion assays. For migra-

tion assay, 1.0×105 cells were planted on the top side of

the membrane. For invasion assay, 1.0×105 cells were

planted on the top side of the membrane precoated with

Matrigel (BD Bioscience). After 24 hrs, the cells that had

passed through the membrane to the lower surface were

fixed with methanol, stained with crystal violet, and then

counted.

Animal studies
A xenograft mouse model was developed using 6-week-old

male BALB/c athymic nude mice. Stable HCC cells with

HBXIP alteration were trypsinized and harvested in serum-

free DMEM, and 0.1 mL serum-free DMEM containing

5×106 cells was injected subcutaneously into the right flank

of the nude mice. After 40 days, mice were sacrificed by

breaking the neck to death, and the tumors and lung tissues

were removed for further analysis. All animal experiments

were approved by the Animal Care and Use Committee of
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the Xiamen University according to the Guidelines Followed

for the Welfare of the Animals of the Xiamen University. To

detect pulmonarymetastasis, all the lung tissues were fixed in

10% neutral formalin, embedded in paraffin, and cut into

3-μm-thick sections. Hematoxylin and eosin (HE) staining

was performed in all lung tissues using a standard protocol.

Then, the total number of pulmonary metastasis in every

mouse was counted under a microscope (Leica, Germany).

One metastasis nodule contains more than fifty HCC cells.

We counted all the metastasis nodules in all lung tissues of

each mice and compared the difference between different

groups.

Statistical analyses
All statistical analyses in our experiment were performed

using the SPSS version 20.0 software (IBM, Armonk, NY,

USA). All experiments were performed in triplicate. Data are

shown as mean ± standard error of mean (SEM). The differ-

ences between two groups were analyzed by the Student’s

t-test or Chi-square test. Paired student’s t-test was used to

analyse the differential expression of HBXIP between HCC

and corresponding nontumor tissue samples. The Chi-square

test was performed for analyzing the correlation between

HBXIP expression and clinicopathological features of HCC

patients. ANOVA and LSD test was used to make compar-

isons of multiple groups. The Kaplan–Meier method and log-

rank test was performed for analyzing the correlation

between HBXIP expression and overall survival rate of

patients with HCC. The Pearson correlation analysis was

performed for analyzing the correlation between HBXIP

and MMP15 mRNA expression in 35 HCC tissues. P<0.05

was considered statistically significant difference.

Results
HBXIP is upregulated in HCC and

predicts poor prognosis of patients with

HCC
Firstly, we analyzed the HBXIP protein level of HCC and

correspondence nontumor tissues from 20 patients with

HCC. 65% (13/20) HCC tissues had higher level of HBXIP

protein expression than nontumor tissues (Figure 1A). We

also detected the HBXIP mRNA expression in 61 pairs of

HCC and corresponding nontumor tissue samples by qRT-

PCR. As shown in Figure 1B, the HBXIP expression was

significantly increased in 68.9% (42/61) HCC tissues com-

pared with that in matched nontumor tissues. To reveal the

clinical significance of HBXIP expression, we analyzed the

correlation between HBXIP mRNA levels and clinicopatho-

logical characteristics of HCC patients. The median value of

HBXIP mRNA expression in HCC tissues was set as the

threshold value, and the tissue samples were divided into

high-level group (n=31) and low-level group (n=30). It was

found that upregulation of HBXIP expression was signifi-

cantly associated with vascular invasion and tumor metasta-

sis (P=0.029) (Table 1). However, HBXIP expression was

not associated with gender, age, HbsAg, AFP, tumor size,

liver cirrhosis and differentiation level. Moreover, the

Kaplan–Meier survival analysis demonstrated that high

level of HBXIP mRNA expression was associated with

poor overall survival in HCC patients (Figure 1C).

Moreover, we analyzed the HCC database of The Cancer

Genome Atlas (TCGA) to evaluate the differential expres-

sion of HBXIP mRNA between normal and HCC tissues by

using online tool, UALCAN analysis (http://ualcan.path.uab.

edu/analysis.html). The results showed that HBXIP was sig-

nificantly increased in HCC tissues compared to normal

tissues (Figure 1D). The Kaplan–Meier analysis showed

that the prognoses of HCC patients with higher expression

level of HBXIP were significantly shorter than those with

lower expression level of HBXIP (Figure 1E). These results

suggest an important role of HBXIP in HCC progression.

HBXIP promotes the migration and

invasion of HCC cells
The positive correlation between HBXIP expression and

metastasis implied that HBXIP may promote the metasta-

sis of HCC cells. To evaluate the effects of HBXIP on

migration and invasion in vitro, we constructed cell lines

with HBXIP stable overexpression and knockdown. Both

the upregulation and knockdown of HBXIP expression

were confirmed by western blotting and qRT-PCR analysis

(Figure 2A and B). Silencing endogenous HBXIP expres-

sion markedly suppressed migration and invasion in

SMMC-7721 and Bel-7402 cells (Figure 2C).

Conversely, overexpression of HBXIP significantly

enhanced the migration and invasion capacities of

SMMC-7721 and Bel-7402 cells (Figure 2D). These data

demonstrated that HBXIP enhances the migratory and

invasive ability of HCC cells in vitro.

HBXIP increases MMP15 expression

partly through transcription factor c-myc
Next, we explored the underlying mechanisms by which

HBXIP regulated HCC progression. A previous study
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found that 388 gene promoters could be occupied by both

HBXIP and c-myc.18 We found that HBXIP may regulate

some members of MMPs family, including MMP11,

MMP15, MMP23 and MMP23B. To confirm this result, we

detected the expression change of these members of MMPs

family in SMMC-7721 cells with HBXIP overexpression by

qRT-PCR. Notably, MMP11, MMP23 and MMP23B were

slightly changed, while MMP15 was markedly increased by

Figure 1 HBXIP is upregulated in HCC and predicts poor prognosis of patients with HCC. (A)The HBXIP protein levels in 20 pairs of HCC tumor (T) and correspondence

nontumor (N) tissues were examined by western blot. The gray value of these western blot was normalized to nontumor. (B)The HBXIP mRNA levels in 61 pairs of HCC

tumor (T) and correspondence nontumor (N) tissues were examined by qRT-PCR (paired student’s t-test). The lines represent the median value of the HBXIP expression in

tumor and corresponding nontumor tissue, respectively. (C) Kaplan–Meier analysis of overall survival based on HBXIP mRNA expression levels in 61 cases of HCC patients.

Survival curves were calculated using Kaplan–Meier and log-rank tests. The median level of HBXIP mRNA in HCC tissues is used as the cutoff. Patients with HCC were

divided into high-level group (whose expression is higher than the median) and low-level group (whose expression is lower than the median). (D) HBXIP mRNA expression

in normal and HCC tissues from TCGA datasets. Data are mean ± SD. (E) Kaplan–Meier survival analysis of the whole HCC patients according to HBXIP mRNA expression.

High level indicated expression value >3rd quartile, while low level indicated expression value<3rd quartile.

Abbreviations: HCC, hepatocellular carcinoma; HBXIP, hepatitis B virus X-interacting protein.
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HBXIP upregulation (Figure 3A). In contrast, knockdown of

HBXIP significantly suppressedMMP15mRNA expression,

and have only a slight effect on MMP11, MMP23 and

MMP23B expression (Figure 3B). The western blot assays

also demonstrated that HBXIP overexpression increased

MMP15 protein level (Figure 3C), whereas HBXIP silence

exerted the opposite effect (Figure 3D). In addition, a ChIP

assay confirmed the binding of HBXIP in the MMP15 pro-

moter in HCC cells (Figure 3E). A luciferase reporter assay

showed that HBXIP overexpression significantly induced

transactivation of theMMP15 promoter (Figure 3F), whereas

HBXIP knockdown suppressed the activity of MMP15 pro-

moter luciferase reporter vector (Figure 3G). In addition, we

analyzed the pathological correlation between HBXIP and

MMP15 expression. We detected the MMP15 and HBXIP

expression in HCC tissues by qRT-PCR, and the correlation

analyses showed a positive correlation between HBXIP and

MMP15 expression in HCC tissues (Figure 3H). These

results suggest that HBXIP transactivates MMP15

expression.

Previous study demonstrated that among 388 c-myc tar-

get genes, such as Cyclin A, eIF4E and LDHA, their promo-

ters could be occupied by the oncoprotein HBXIP.

Knockdown of HBXIP abolished c-myc–mediated upregula-

tion of these target genes. Mechanistically, HBXIP directly

interacted with c-myc through the leucine zippers.18 We

suspected that MMP15 was regulated by HBXIP in such

a manner. The results showed that the silence of c-myc partly

abolished the HBXIP-induced upregulation of MMP15

(Figure 3I). Moreover, a ChIP assay demonstrated that

c-myc downregulation partially decreased the binding level

of HBXIP to the MMP15 promoter regions, suggesting that

other molecule mechanisms may be involved in HBXIP-

induced upregulation ofMMP15 (Figure 3J). Taken together,

our data suggest that HBXIP activates MMP15 transcription

partially through c-myc.

HBXIP promotes HCC cell migration and

invasion partly through MMP15
As shown in Figure 4A, knockdown of MMP15 signifi-

cantly decreased migration and invasion in SMMC-7721

cells. To examine whether the effect of HBXIP on HCC

cell migration and invasion depends on MMP15, we

silenced MMP15 expression in SMMC-7721 cells with

HBXIP overexpression (Figure 4B). Downregulation of

MMP15 partially decreased the cell migration and inva-

sion mediated by HBXIP overexpression (Figure 4C).

These findings suggest that HBXIP promotes cell migra-

tion and invasion partly through activation of MMP15.

HBXIP facilitates the metastasis of HCC

cells in vivo
To further explore the role of HBXIP in tumor metastasis

in vivo, HCC cells were subcutaneously transplanted into

nude mice. Histological analysis confirmed that the number

of lung metastatic nodules in the SMMC-7721-shHBXIP

Table 1 Correlation between HBXIP expression and clinico-

pathological features of HCC patients

Clinicopathological variables HBXIP
expression

P-Value

Low High

Age

>45 19 21 0.717

≤45 11 10

Gender

Male 19 17 0.598

Female 11 13

HBsAg

Absent 4 5 0.758

Present 26 26

Serum AFP

<400 13 16 0.517

>400 17 15

Tumor size

<5 cm 9 12 0.474

≥5 cm 21 19

Liver cirhosis

Absent 17 16 0.795

Present 13 14

Tumor differentiation

Well 6 4 0.750

Moderate 22 25

Poor 2 2

Vascular invasion

Absent 21 10 0.003

Present 9 21

Metastasis1

Absent 20 12 0.029

Present 10 19

Notes: Patients with HCC were divided into high HBXIP and low HBXIP groups

based on the median of HBXIP mRNA expression in HCC tissues. Chi-squared test

was performed on the data shown here. 1Metastasis includes intrahepatic metas-

tasis, pulmonary metastasis and lymph node metastasis.

Abbreviations: HCC, hepatocellular carcinoma; HBXIP, hepatitis B virus

X-interacting protein; AFP, alpha fetoprotein.
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Figure 2 HBXIP promotes the migration and invasion of HCC cells. SMMC-7721 and Bel-7402 cells were transfected with lentiviral particles expressing scramble or HBXIP

shRNA. The knockdown effect was detected by qRT-PCR and western blot. (A) SMMC-7721 and Bel-7402 cells were transfected with lentiviral particles expressing

scramble or HBXIP shRNA. The knockdown effect was detected by qRT-PCR and western blot. (B) SMMC-7721 and Bel-7402 cells were transfected with lentiviral particles

expressing empty vector or HBXIP. The overexpression effect was detected by qRT-PCR and western blot. (C) Cell migration and invasion assay of HCC cells with HBXIP

knockdown. (D) Cell migration and invasion assay of HCC cells with HBXIP overexpression.*P<0.05, **P<0.01.
Abbreviations: HCC, hepatocellular carcinoma; HBXIP, hepatitis B virus X-interacting protein.
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Figure 3 HBXIP increases MMP15 expression through transcription factor c-myc. (A) The MMPs mRNA levels were determined by qRT-PCR in control and HBXIP

overexpressing SMMC-7721 cells. (B) The MMPs mRNA levels were determined by qRT-PCR in control and HBXIP knockdown SMMC-7721 cells. (C) The MMP15 protein

levels were examined by western blot in control and HBXIP overexpressing HCC cells. (D) The MMP15 protein levels were examined by western blot in control and HBXIP

knockdown HCC cells. (E) The ChIP assay was performed to detect the binding of HBXIP in MMP15 promoter region. IgG was taken as a negative control. (F) Luciferase
activity in control and HBXIP overexpressing SMMC-7721 cells transfected with luciferase reporters containing MMP15 promoter region. (G) Luciferase activity in control

and HBXIP knockdown SMMC-7721 cells transfected with luciferase reporters containing MMP15 promoter region. (H) The correlation analysis between HBXIP and

MMP15 expression in 35 HCC tissues. The expression levels (2−△Ct values) were subjected to Pearson correlation analysis. (I) c-myc shRNA was transfected into HBXIP

overexpressing SMMC-7721 cells. After 48 hrs, the mRNA levels of c-myc and MMP15 were detected by qRT-PCR (ANOVA and LSD test). (J) c-myc shRNA was transfected

into HBXIP overexpressing SMMC-7721 cells. After 48 hrs, the binding level of HBXIP in MMP15 promoter regions was detected by ChIP and followed by qRT-PCR

(ANOVA and LSD test).*P<0.05, **P<0.01.
Abbreviations: HCC, hepatocellular carcinoma; HBXIP, hepatitis B virus X-interacting protein.
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group was significantly reduced, compared to that in the

SMMC-7721-control group (Figure 5A); however, the

number of lung metastatic nodules in the Bel-7402-

HBXIP group was increased, compared to that in the Bel-

7402-control group (Figure 5B). Moreover, xenografts in

nude mice with SMMC-7721-shHBXIP expressed lower

MMP15 (Figure 5C). Conversely, the MMP15 expression

was significantly increased in Bel-7402-HBXIP xenografts

compared to control group (Figure 5D). Thus, we con-

cluded that HBXIP promotes the metastasis of HCC cells

via MMP15 in vivo.

Discussion
Previous studies demonstrated that HBXIP expression was

upregulated in some cancers, such as breast cancer, lung

cancer and ovarian cancer. HBXIP can be a predictor for

clinical outcomes of patients with cancer.5–7,30 Even

though HBXIP was firstly identified in HCC, the expres-

sion pattern and clinical significance in HCC remains

unclear. In the present study, we found a significant

increase of HBXIP mRNA and protein level in HCC

tissues. HBXIP overexpression was correlated with vascu-

lar invasion and tumor metastasis. In addition, HCC

patients with high-level HBXIP expression had worse

prognoses than did patients with low-level HBXIP expres-

sion. Our clinical data suggested that overexpression of

HBXIP contributes to the progression of HCC and may be

a potential biomarker for prognosis.

Recurrence and metastasis is the most common lethal

cause after surgical resection and adjuvant therapy in HCC.31

Metastatic disease is largely incurable because of its systemic

nature and the resistance of disseminated tumor cells to the

therapeutic agents.32 Thus, it is urgently needed to investigate

themolecularmechanisms underlyingHCCmetastasis. Active

proteolysis effected principally byMMPs, drives the loss of the

basement membrane (BM) barrier, which allows direct inva-

sion by cancer cells of the stromal compartment. In normal

cells, the activity of MMPs is carefully regulated by

Figure 4 MMP15 is involved in HBXIP-induced HCC cell migration and invasion. (A) The effect of MMP15 knockdown on cell migration and invasion was determined by

Transwell assay. (B) The MMP15 shRNA was transfected into HBXIP overexpressing SMMC-7721 cells. After 48 hrs, the MMP15 protein expression was detected by

western blot. (C) The cell migration and invasion were examined in the HBXIP overexpressing SMMC-7721 cells transfected with MMP15 shRNA (ANOVA and LSD test).

*P<0.05.
Abbreviations: HCC, hepatocellular carcinoma; HBXIP, hepatitis B virus X-interacting protein.
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Figure 5 HBXIP facilitates the metastasis of HCC cells in vivo. (A) Representative image and statistical data of lung metastases in mice injected with control and HBXIP

knockdown SMMC-7721 cells was shown. The arrow indicates the pulmonary metastasis node. (B) Representative image and statistical data of lung metastases in mice

injected with control and HBXIP overexpressing Bel-7402 cells was shown. The arrow indicates the pulmonary metastasis node. The MMP15 and HBXIP protein levels in

xenografts from control and HBXIP knockdown SMMC-7721 cells were examined by western blot. (C) The MMP15 and HBXIP protein levels in xenografts from control and

HBXIP overexpressing Bel-7402 cells were examined by western blot. *P<0.05.
Abbreviations: HCC, hepatocellular carcinoma; HBXIP, hepatitis B virus X-interacting protein.
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transcriptional or posttranslational mechanisms. However,

cancer cells have numerous ways by which to derail the

normally tight control of MMPs activity, almost leading to

enhanced MMPs function.33 Our present study showed that

HBXIP enhanced the cellular migration and invasion of HCC

cells in vitro, and promoted pulmonary metastasis in vivo.

Mechanistically, ChIP and luciferase assays demonstrated

that HBXIP bind to MMP15 promoter region, and increase

the activity of MMP15 promoter. Moreover, the positive cor-

relation between HBXIP and MMP15 expression further sup-

ported that MMP15 was a downstream target gene of HBXIP.

Further experiments, such as electrophoretic mobility shift

assay (EMSA) and DNA pull-down assay, should be per-

formed to validate whether HBXIP directly bind to the pro-

moter region of MMP15.

c-myc, a basic-helix-loop-helix-leucine zipper protein,

plays critical roles in multiple cellular processes that sustain

growth of many types of cancers. The target genes of c-myc

participate in many cellular processes, including cell cycle,

apoptosis, protein synthesis, migration, invasion and noncod-

ing RNA expression.34 Recently, HBXIP was found to func-

tion as a transcriptional co-activator of c-myc to activate cyclin

A, eIF4E and LDHA.18 Based on this finding, we also found

that HBXIP upregulated MMP15 expression through associa-

tion with c-myc. Knockdown of c-myc attenuated the occu-

pancy of HBXIP in MMP15 promoter, and subsequently

abolished the HBXIP-induced MMP15 upregulation.

However, c-myc silence could not completely abolish the

MMP15 increased by HBXIP. Other molecular mechanisms

may be involved in HBXIP-mediated HCC metastasis, which

needs further investigation.

Conclusion
Collectively, our study reveals that HBXIP upregulation in

HCC is a strong indicator of more-aggressive tumors and

poor prognosis. HBXIP facilitates HCC metastasis through

activation of MMP15 transcription. Thus, HBXIP may be

a candidate biomarker for HCC prognosis and a therapeutic

target for HCC treatment.
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