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Invasive potential of hepatocellular carcinoma is
enhanced by loss of selenium-binding protein
1 and subsequent upregulation of CXCR4
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Abstract: Decreased selenium-binding protein 1 (SBP1) is associated with increased invasion and poor prognosis
of hepatocellular carcinoma (HCC). However, the underlying mechanism remains unknown. To unravel this mecha-
nism, HCC cells expressing SBP1 were constructed and the impact on migration, invasion, and epithelial-mesenchy-
mal transition (EMT) was evaluated. SBP1 expression reduced HCC cell migration and invasion by inhibiting EMT.
Gene expression profiles of control and SBP1 expressing HCC cells revealed 186 differentially expressed genes, of
which fibroblast growth factor 5, vascular endothelial growth factor receptor 1, and C-X-C motif chemokine receptor
4 (CXCR4) showed the greatest differences. CXCR4 expression was inhibited by SBP1 and restored the migration
and invasion ability of HCC cells through activation of AKT signaling. Tumor samples from 200 HCC patients sup-
ported our in vitro findings and revealed an inverse correlation between SBP1 and CXCR4 expression. Patients
with low SBP1 and high CXCR4 expression had the poorest prognosis and survival rate. Our results suggest that
downregulation of SBP1 induces increased CXCR4 expression and results in EMT of HCC cells. Together, SBP1 and
CXCR4 are promising potential biomarkers and therapeutic targets for HCC patients.
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Introduction

Selenium is an essential trace element that
plays a vital role in cancer prevention. In the
human body selenium has various functions in
a diverse range of selenium-containing pro-
teins. Of these proteins, selenium-binding pro-
tein 1 (SBP1, also known as hSP56 or SELE-
NBP1) is a possible mediator of the anticancer
functions of selenium [1-3]. Previous studies
indicate that SBP1 downregulation is associat-
ed with poor prognosis in various cancers,
including pancreatic cancer [4], breast cancer
[5], colorectal cancer [6], esophageal adeno-
carcinoma [7], gastric cancer [8-10], hepatocel-
lular carcinoma [11], and cervical carcinoma
[12]. Although the tumor suppressive function
of SBP1 has been validated by accumulating
evidence, the mechanism still requires further
investigation.

The expression of SBP1 is regulated by hypoxia
inducible factor 1 alpha subunit (HIF1A), which
is a fundamental mediator of cellular adapta-
tion to micro-environmental stress [13]. Our
previous work further demonstrated that SBP1
could counter-regulate the expression of HIF1A
through the inhibition of glutathione peroxidase
1 (GPX1) activity [11]. We also demonstrated
that decreased SBP1 in hepatocellular carcino-
ma (HCC) cells could lead to increased cancer
cell migration and invasion, but the underlying
mechanism was not fully understood.

HCC is the most commonly diagnosed liver can-
cer and the third leading cause of cancer relat-
ed deaths worldwide [14]. It is characterized by
its invasive and metastatic potential, which is
closely associated with epithelial-mesenchy-
mal transition (EMT) [15]. EMT is a complicated
reprogramming process that leads to loss of
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cell-cell adhesions and enhanced invasive-
ness, both of which are related to tumor metas-
tasis. EMT is often characterized by a loss of
epithelial cadherin (E-cadherin) and an increase
in mesenchymal markers, such as neural cad-
herin (N-cadherin) and vimentin (VIM, an inter-
mediate filament) [16]. The improper induction
of EMT can endow tumor cells with migration
and invasion capabilities that then initiate the
tumor metastasis cascade. The initiation of
EMT has been studied intensively, and HIF1A
was found to be capable of inhibiting the EMT
phenotype of tumor cells through an unre-
vealed mechanism [13]. Based on our previous
findings, the possible connection between
HIF1A, SBP1, and EMT deserves further inves-
tigation. In this study, we aimed to uncover the
underlying mechanism of SBP1 tumor suppres-
sion in HCC, and investigate the potential rela-
tionship between SBP1 expression and EMT.

Materials and methods
Clinical materials

The study participants were randomly selected
from among consecutive patients with HCC
who underwent curative resection from 2006
to 2007 at the Liver Cancer Institute of Fudan
University (Shanghai, China). Clinicopathologi-
cal parameters were described in Supplemen-
tal Table 1. Ethical approval was obtained from
the research ethics committee of Zhongshan
Hospital, and written informed consent was
obtained from each patient. Follow-up data
were summarized at the end of May 2012, with
a median follow-up of 62 months and a range
of 5to 73 months.

Cell culture

Human hepatocellular carcinoma cells, Huh-7
and 7721, were obtained from the Institute of
Biochemistry and Cell Biology, Chinese Aca-
demy of Sciences (CAS). MHCC97-H (97H) was
established at our Institute. The cell culture
methodology is described in the previous study
[11].

Total RNA isolation and gene expression profile

Total RNA from Huh-7 and 97H cells was isolat-
ed using Trizol Reagent (Invitrogen, USA) and
subsequently reverse transcribed using Prime-
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Scipt RT reagent Kit (Takara, Japan) as previ-
ously described [11]. The commercially avail-
able GeneChip clariom D solution for human
(Invitrogen, USA) was used.

gPCR array

Primers were as follows: 3'-GACGACCGCTTCC-
TCTACTTCA-5’ and 3-GGGCTCTGGCTGGGACT-
TTA-5’ for SBP1; 3'-CCGGACTGTGGCTGTGAA-
AA-5" and 3’-TGGCCAATGTGGGTCAAGAT-5" for
vascular endothelial growth factor receptor
1 (VEGFR1); 3’-GCTGCCACTGATAGGAACCC-5’
and 3’-GAGGAGGAGGCAGAAGAGGA-5’ for fibro-
blast growth factor 5 (FGF5); 3-GGATGGCAAG-
AGACCCACAC-5 and 3-ATATTGGGCGGGAGTG-
TCAG-5’ for C-X-C motif chemokine receptor 4
(CXCR4); 3-GGTATGACAACGAATTTGGC-5" and
3’-GAGCACAGGGTACTTTATTG-5’ for glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH).
The results were analyzed using the 222t meth-
od, and GADPH was used as a reference gene
for normalizing. Statistical analyses were per-
formed using the Student t-test, and a P value
of less than 0.05 was considered to be statisti-
cally significant. Three independent experi-
ments were performed for each gene.

Antibodies and western blot

Cells were lysed using RIPA buffer as previously
described [11]. Equivalent amounts of protein
were separated by SDS-PAGE, transferred onto
PVDF membranes, and incubated with primary
antibodies. The primary antibodies used in this
study were anti-CXCR4 (Cell Signaling Tech-
nology [CST], USA, 1:1000), anti-AKT (CST,
1:1000), anti-phospho-AKT (CST, 1:1000), anti-
FGF5 (Abcam, USA, 1:1000), anti-VEGFR1 (Ab-
cam, 1:1000), anti-N-cadherin (CST, 1:1000),
anti-E-cadherin (CST, 1:1000), and anti-vimen-
tin (CST, 1:1000). The membranes were then
incubated with horseradish peroxidase-conju-
gated antibodies and visualized using enhanced
chemiluminescence assay.

Plasmid construction and transfection

The plasmids CMV-MCS-IRES-eGFP-SBP1 and
CMV-MCS-IRES-eGFP-CXCR4 were purchas-
ed from Genomeditech Shanghai, China. Tran-
sient transfections of plasmids were performed
according to the manufacturer’s instruction
[11].
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Figure 1. SBP1 induction inhibits HCC cell migration and invasion. A. The SBP1 mRNA and protein relative expres-
sion level in 97H-SBP1 and Huh-7-SBP1 cells by gPCR and western blot. B. Effects of SBP1 induction on migration of
97H and Huh-7 cells. C. Effects of SBP1 induction on invasion of 97H and Huh-7 cells. D. Effects of SBP1 induction
on E-cadherin, vimentin, and N-cadherin protein expression. ***P<0.001.

Migration and invasion assays

The migration and invasion assays were per-
formed using the Transwell chamber (Corning,
USA) following the protocol as described previ-
ously [11].

Immunohistochemistry

Tissue microarrays were conducted by Shang-
hai Outdo Co., Ltd. A two-step immunohisto-
chemistry (IHC) protocol was used to detect
protein expression as previously described
[11]. The antibodies used were CXCR4 (1:100),
SBP1 (1:200), E-cadherin (1:100), and vimentin
(1:100).

Statistical analysis

The software package SPSS v20.0 (IBM, USA)
was used for statistical analyses. Univariate
and multivariate Cox proportional hazards mod-
els were used to identify relevant prognostic
factors. Kaplan-Meier survival curves and the
log-rank (Mantel-Cox) test were used to com-
pare patient survival and recurrence probability
between subgroups. All statistical tests were
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2-sided, and a P value of less than 0.05 was
considered statistically significant.

Results

SBP1 induction inhibits HCC cell migration and
invasion by inhibiting EMT

SBP1 was barely detected in 97H (high metas-
tasis) and Huh-7 (low metastasis) cell lines,
consistent with our previous report [11]. To
investigate the effect of SBP1 on HCC cells, a
SBP1 expression vector was introduced into
Huh-7 and 97H cells (Figure 1A). Huh-7 and
97H cells with an empty vector were used as
controls and termed mock. In agreement with
previous reports, we found a significant attenu-
ation of migratory (Figure 1B) and invasive
(Figure 1C) capacities in SBP1 expressing HCC
cells [11]. To investigate the possibility that
downregulation of SBP1 elicited EMT, we per-
formed western blot analysis to examine the
protein expression of epithelial marker E-cad-
herin and mesenchymal markers N-cadherin
and vimentin (VIM). Although the expression
of N-cadherin was not altered significantly,
enhanced E-cadherin in parallel with decreased
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Figure 2. Differentially expressed genes in SBP1 expressing 97H and Huh-7 cells. A. Differential expression of genes in SBP1 expressing 97H and Huh-7 cells. B.
Gene Ontology and KEGG analysis of the common differentially expressed genes.
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vimentin were observed in SBP1 expressing
Huh-7 and 97H cells compared with mock
Huh-7 and 97H cells (Figure 1D). As we previ-
ous reported [11], SBP1 expression in SMMC-
7721 cells was downregulated to a marginal
level by siRNA treatment, and enhanced vimen-
tin in parallel with decreased E-cadherin were

observed (Supplemental Figure 1).

Differentially expressed genes in SBP1 ex-
pressing HCC cells

To investigate the underlying mechanism of
SBP1-mediated inhibition of tumor metastasis,
we further analyzed the gene expression pro-
files of four different HCC cell lines: Huh-7-
mock, Huh-7-SBP1, 97H-mock, and 97H-SBP1.
The results showed 965 upregulated genes
and 887 downregulated genes in 97H-SBP1
cells, and 1,718 upregulated genes and 910
downregulated genes in Huh-7-SBP1 cells.
There were 186 differentially expressed genes
in common, including 131 upregulated genes
and 55 downregulated genes (Figure 2A).
According to Gene Ontology analysis, the differ-
entially expressed genes were classified into
three groups: biological process, molecular
function, and cellular component (Figure 2B).
The main biological process categories that
were enriched included cholesterol homeosta-
sis, both low and high density lipoprotein parti-
cle remodeling, and ion transport. The primary
enriched molecular functions were actin bind-
ing, phosphatase activity, lipid transporter
activity, protein tyrosine phosphatase, and
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sodium-independent organic anion transmem-
brane transporter activity. Within the cellular
component group, the differentially expressed
genes were involved in extracellular space, api-
cal plasma membrane, extracellular exosome,
and extracellular region. Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis reveal-
ed that differentially expressed genes were
involved in the Rapl signaling pathway, rheu-
matoid arthritis, and amoebiasis.

CXCRA4 eliminates the EMT inhibition of SBP1
expression in HCC cells

Three promising genes, CXCR4, VEGFR1, and
FGF5, were selected for further study. Quan-
titative RT-PCR analysis was performed to veri-
fy that CXCR4, VEGFR1, and FGF5 mRNA levels
were significantly reduced in Huh-7-SBP1 and
97H-SBP1 HCC cells (Figure 3A). We perform-
ed western blot analysis to examine CXCR4,
VEGFR1, and FGF5 protein expression in Huh-7-
SBP1 and 97H-SBP1 HCC cells. Consistently,
VEGFR1, FGF5, and CXCR4 proteins were mark-
edly decreased in SBP1 expressing Huh-7 and
97H cells (Figure 3B). Interestingly, CXCR4 has
been shown to be involved in malignancy of
various cancers by triggering EMT [17, 18].
Therefore, we pursued the possibility that SBP1
contributes to EMT by downregulating CXCR4.

To address whether SBP1 inhibited the migra-
tion and invasion of HCC cells through suppres-
sion of CXCR4 expression, we introduced a
CXCR4 expression vector into SBP1 expressing

Am J Cancer Res 2018;8(6):1040-1049
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97H cells. To further determine a possible
causal connection between SBP1 and CXCR4
expression, western blot was performed to
examine the influence of SBP1 and CXCR4 co-
expression on CXCR4 downstream signaling
targets AKT and p-AKT, as well as vimentin and
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E-cadherin. Although total AKT expression did
not change significantly, decreased p-AKT ex-
pression in SBP1 expressing 97H cells was
observed. Co-expression of SBP1 and CXCR4
upregulated the expression of VIM and p-AKT in
comparison with SBP1 expressing 97H cells,
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Figure 6. Impact of SBP1 and CXCR4 expression on HCC patient survival. A. Kaplan-Meier survival curves show
that patients with negative expression of SBP1 in tumor cells experienced shorter overall survival (OS) periods
(P=0.005) and higher recurrence rates (P=0.047) than patients with positive expression of SBP1. B. Kaplan-Meier
survival curves show that patients with positive expression of CXCR4 in tumor cells experienced shorter OS periods
(P=0.04) and higher recurrence rates (P=0.015) than patients with negative expression of CXCR4. C. HCC patients
co-expressing negative expression of SBP1 and positive expression of CXCR4 had the poorest prognosis in terms of

0S (P=0.002) and cumulative recurrence rate (P<0.001).

and simultaneously downregulated the expre-
ssion of E-cadherin (Figure 3C). Moreover,
CXCR4 expression restored the reduced migra-
tion and invasion of 97H cells that was attenu-
ated by SBP1 (Figure 4).

Negative correlation between SBP1 and
CXCR4 expression in HCC tissues

SBP1 expression in HCC tissues was examined
in previous studies and showed decreased ex-
pression in tumor tissues [11]. We further de-
tected SBP1, CXCR4, vimentin, and E-cadherin
expression levels in the cohort containing 200
HCC tumor tissues. Representative IHC images
are shown in Figure 5.

Generally, SBP1 expression showed an inverse
relationship with CXCR4 expression in HCC tis-
sues. Similarly, SBP1 expression positively cor-
related with E-cadherin expression and nega-
tively correlated with vimentin expression in
HCC (Figure 5). Kaplan-Meier analysis show
ed that downregulated SBP1 expression was
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associated with reduced overall survival time
and cumulative recurrence rate (Figure 6A).
Inversely, patients with high CXCR4 expression
had poor prognoses (Figure 6B). Comprehen-
sively, those patients with high SBP1 expres-
sion and low CXCR4 expression had the longest
overall survival time. Meanwhile, a small por-
tion of patients (n=35) with both low or both
high SBP1 and CXCR4 expression had slightly
poor prognoses. Those patients with low SBP1
expression and high CXCR4 expression had the
poorest prognoses and survival rate (Figure
6C).

Discussion

Accumulating evidence has revealed the pro-
found effect of EMT in tumor migration and
invasion [19]. Our previous work validated the
role of SBP1 as a tumor suppressor in HCC by
suppressing tumor cell migration and invasion
[11]. However, the potential relationship be-
tween SBP1 and EMT was not investigated. In
this study, decreased vimentin and enhanced

Am J Cancer Res 2018;8(6):1040-1049
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E-cadherin expression were observed in SBP1
expressing HCC cells, thus suggesting that
SBP1 induction could inhibit HCC cell migration
and invasion through the inhibition of EMT. This
notion was further supported by the positive
correlation of SBP1 and E-cadherin expression
and the negative correlation of SBP1 and vi-
mentin expression in a cohort of 200 HCC
patients in this study.

To understand the mechanism of SBP1 inhi-
bition of EMT, we further analyzed the gene
expression profiles of SBP1 expressing and
control cells. Three genes were identified as
possible mediators, including VEGFR1, FGF5,
and CXCR4. VEGFR1 is a receptor tyrosine
kinase that binds to VEGFR-A and VEGFR-B.
The tumor promoting role of VEGFR1 has been
highlighted in various studies, and is strongly
linked to its influence on angiogenesis [20].
FGF5 is a member of the fibroblast growth fac-
tor family and is closely related to cell prolifera-
tion. Accumulating evidence points to an onco-
genic role for FGF5 in various cancers, includ-
ing pancreatic cancer and hepatocellular carci-
noma [21, 22]. VEGFR1 and FGF5 could par-
tially explain the tumor suppressive function of
SBP1 in our findings, yet the connection be-
tween CXCR4 and EMT was most convincing.
CXCR4 was found to be an important tumor pro-
moter and is overexpressed in many different
human cancers, while low or undetectable in
normal tissue [23]. It has been implicated in
various key steps of cancer development, espe-
cially the induction of EMT. Previous studies
have already confirmed that the CXCR4/AKT
pathway regulates NF-kB, and the enhanced
transcriptional activity of NF-kB could directly
induce cancer cell EMT [24]. In this study, we
found that SBP1 induction in HCC cells result-
ed in decreased expression of CXCR4. CXCR4
exerts its function through activation of intra-
cellular signaling pathways, including FAK, AKT,
and ERK. We found that phospho-AKT expres-
sion was reduced in SBP1 expressing cells, in-
dicating that the activation of CXCR4/AKT sig-
naling may contribute to EMT in HCC in the
absence of SBP1. To further validate this con-
clusion, we introduced a CXCR4 expression vec-
tor into SBP1 expressing HCC cells and found
that CXCR4 was able to restore the migration
and invasion capacity that had been attenuat-
ed by SBP1 overexpression. The CXCR4/AKT
pathway may be the crucial mechanism of the
anti-tumor activity of SBP1. These results were
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further validated in clinical samples, and SBP1
expression was consistently inversely correlat-
ed with CXCR4 expression in a cohort of 200
HCC patients. We also estimated the prognos-
tic value of SBP1 and CXCR4. Both decreased
SBP1 and increased CXCR4 expression were
remarkable indicators of poor prognosis for
HCC patients as shown by our previous work
and other researchers [11, 23]. However, our
evaluation of the combination of SBP1 and
CXCR4 showed increased significance. Patients
with low SBP1 expression and high CXCR4 ex-
pression had extremely poor prognosis. Thus,
in these patients, more aggressive therapeutic
and follow-up strategies should be adopted.

On the other hand, SBP1 is regulated by HIF1A
through a hypoxia response element in its pro-
moter region, and can also counter-regulate the
expression of HIF1A through inhibition of GPX1
activity. HIF1A is a fundamental mediator of
cellular adaptation to reactive oxygen species
(ROS). The paradoxical role of HIF1A in cancer
biology had been recognized and attributed to
its diverse downstream signaling pathways. It
has been reported that HIF1A can suppress
EMT and inhibit malignant tumor conversion
[13]. CXCR4 is one target gene of HIF1A [25].
SBP1 may regulate the expression of CXCR4
through HIF1A. Combined with our findings,
a ROS/HIF1A/SBP1/CXCR4/AKT/EMT pathway
could be established.

In conclusion, our findings provide novel insight
into the inhibitory mechanism of SBP1 in HCC.
Downregulation of SBP1 may cause increased
CXCR4 expression and subsequent induction of
an EMT phonotype in HCC cells. SBP1, in com-
bination with CXCR4, could be a potential bio-
marker and possible therapeutic target for HCC
patients.
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Supplemental Table 1. Demographic characteristics
of the patients (n=200)

Features Values/counts

Age, median (range), y 53 (27-84)
Gender, male/female 166 (83.0%)/34 (17.0%)
HBsAg, positive/negative 178 (89.0%)/22 (11.0%)
TB, <17/>17 pmol/L 145 (72.5%)/55 (27.5%)
ALT, <40/>40 U/L 100 (50.0%)/100 (50.0%)
AFP, >20/<20 ng/ml 130 (65.0%)/70 (35.0%)
Liver cirrhosis, yes/no 167 (83.5%)/33 (16.5%)
Tumor size, <5.0/>5.0 cm 105 (52.5%)/95 (47.5%)

Tumor number, multiple/solitary 40 (20.0%)/160 (80.0%)
Encapsulation, complete/none 105 (52.5%)/95 (47.5%)
Edmondson-Steiner, [-1I/11I-1V 150 (75.0%)/50 (25.0%)
Microvascular invasion, yes/no 66 (33.0%)/134 (67.0%)
SBP1, positive/negative 68 (34.0%)/132 (66.0%)
CXCRA4, positive/negative 115 (57.5%)/85 (42.5%)

Abbreviations: HBsAg, hepatitis B surface antigen; TB, total biliru-
bin; ALT, alanine transaminase; AFP, a-fetoprotein; SBP1, selenium-
binding protein 1; CXCR4, C-X-C motif chemokine receptor 4.
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Supplemental Figure 1. Effects of SBP1 induction on E-cadherin, vimentin, and N-cadherin protein expression
in SMMC7721 cell.



