Cellular Physiology Cell Physiol Biochem 2014;34:1536-1546

. . DOL 10.11°59/0003663°7 © 2014 S. Karger AG, Basel
and B|Ochem|stry Published online: October 10, 2014 www.karger.com/cpb
Accepted: July 10, 2014 1421-9778/14/0345-1536$39.50/0

This is an Open Access article licensed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to
the online version of the article only. Distribution permitted for non-commercial purposes only.

Original Paper

HIF-1a Plays a Role in the Chemotactic
Migration of Hepatocarcinoma Cells
Through the Modulation of CXCL6

Expression

Hui Tian® Peixin Huang® Zhiying Zhao* Wenqing Tang® Jinglin Xia®®

aLiver Cancer Institute, Zhongshan Hospital, Fudan University; Key Laboratory of Carcinogenesis and
Cancer Invasion, Ministry of Education, Shanghai Medical College, Fudan University, "Minhang District
Central Hospital, Shanghai, China

Key Words
Hepatocellular carcinoma ¢ HIF-1o « CXCL6 ¢ Metastasis

Abstract

Background/Aims: Hypoxia promotes the progression and metastasis of hepatocellular
carcinoma (HCC). Hypoxia inducible factor-a (HIF-1o) regulates the expression of various
chemokines involved in tumor growth, angiogenesis and metastasis. Methods: The role
of HIF-1a in HCC tumor growth and invasion and the prognosis of patients with HCC was
investigated in cell lines and patient samples. HIF-1ae mRNA and protein levels were assessed
by gRT-PCR and western blotting. Silencing of HIF-la downregulated the expression of
granulocyte chemotactic protein-2 (GCP-2)/CXCL6, a CXC ELR+ chemokine, in HCC cells, and
a luciferase assay showed that HIF-1a binds to a hypoxia response element in the promoter of
CXCL6 and regulates its transcription. Induction of HIF-1a by hypoxia promoted the migration
and invasion of HCC cells in vitro, and this effect was suppressed by an anti-CXCL6 antibody.
Results: HIF-1ais upregulated in HCC cell lines and tissues and its effect on promoting invasion
and metastasis is mediated by its direct interaction with the pro-angiogenic chemokine CXCL6.
CXCL6 expression was associated with poor prognosis of HCC patients. Conclusion: HIF-1a
promotes HCC progression and metastasis by upregulating CXCL6 transcription in HCC cells,
providing a potential novel therapeutic target for the treatment of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common cancers and the third leading
cause of cancer related death worldwide [1]. Despite advances in the early detection of HCC
and the development of various combination treatments including surgery, radiotherapy
and chemotherapy, the prognosis of patients with HCC remains poor. Most patients are in an
advanced stage of disease at the time of diagnosis and only approximately 30-40% of patients
show a positive response to therapy [2]. The overall 5-year survival rate is low because of
the high incidence of recurrence and metastasis after hepatic resection [3], underscoring the
importance of the identification of novel therapeutic targets and effective treatments. Recent
studies showed that hypoxia promotes HCC invasion and progression in association with the
overexpression or stabilization of hypoxia-inducible factor-1 (HIF-1) [4, 5].

Hypoxia plays a critical role in cancer and hypoxia inducible factors are important
mediators of the hypoxic response [6]. The HIF-1 heterodimer complex, which contains two
basic helix-loop-helix transcription factors, HIF-1a and HIF-1( [ 7], activates the transcription
of target genes under conditions of hypoxia [8]. In cancer, intratumoral hypoxia associated
with the activation of HIF-1a is an important mechanism that promotes tumor aggressiveness,
metastasis and patient mortality [9]. HIF-1a regulates the expression of various chemokines
[10, 11], and chemokines and their receptors facilitate tumor dissemination by promoting
proliferation, angiogenesis, and by activating survival pathways [12].

CXCL6 [granulocyte chemotactic protein-2 (GCP2)] is a member of the CXC chemokine
family, which is characterized by the presence of four conserved cysteine residues near the
amino terminus forming the Cys-X-Cys or “CXC” motif [13]. The CXC chemokine family is
divided into ELR+ and ELR- chemokines based on the presence or absence of the amino acid
sequence Glu-Leu-Arg (ELR) [14]. CXCL6 is an ELR+ chemokine with neutrophil chemotactic
and angiogenic properties similar to those of interleukin-8 (IL-8), with which it shares
31% amino acid sequence homology and the ability to attract granulocytes and stimulate
the secretion of proteases such as matrix-metalloproteinase-9 (MMP-9) from its granules
[15-17] . CXCL6 and IL-8 bind to the G-protein coupled receptors CXCR1 and CXCR2, which
mediate their chemotactic and angiogenic activities [18]. In the present study, we show that
HIF-1a is upregulated in HCC cell lines and tissues and its effect on promoting invasion and
metastasis is mediated by its direct interaction with the pro-angiogenic chemokine CXCL6.
Our results shed light on the role of hypoxia in the pathogenesis and progression of HCC and
suggest a potential new target for the treatment of patients with HCC.

Materials and Methods

Ethics statement

Ethical approval was obtained from Zhongshan Hospital research ethics committee.

Written informed consent from the donor or the next of kin was obtained for use of primary HCC
samples in this research.

Patients and tissue specimens

Primary HCC samples (n=129) were obtained between June 2005 and December 2009 from patients
who had undergone curative hepatectomy and were diagnosed with abdominal lymph node metastases
(LNMs) during follow-up care at Zhongshan Hospital. Patients were followed-up for 84 months.

Cell culture

The human HCC cell lines Huh7, HepG2, and the control liver cell line Chang Liver were purchased
from Shanghai Institute of Biological Sciences, Chinese Academy of Sciences. The HCC cell lines MHCC97L
and MHCC97H were established at the Liver Cancer Institute of Fudan University, Shanghai The human
embryonic kidney cell line HEK293 was purchased from Microbix Biosystems (Toronto, ON, Canada). The
cells were cultured in Dulbecco’s modified Eagle’s medium supplemented with 10% FBS (GIBCO-BRL) in
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humidified 5% CO2, 95% air at 370C. For hypoxic experiments, the cells were incubated in a humidified
Heto multigas incubator in 0.5% 02, 5% CO2 and 95% N2.

Immunohistochemistry

Immunohistochemical staining was performed using the avidin-biotin peroxidase complex method
as described previously. Briefly, after rehydration and microwave antigen retrieval, slides were incubated
in monoclonal antibodies against HIF-1a (BD Clontech, USA) and CXCL6 at 4°C overnight followed by
incubation in the corresponding secondary antibodies at 37°C for 30 min. Staining was performed with DAB
and counter-staining with Mayer’s hematoxylin. Negative controls were performed by omitting the primary
antibodies.

RNA isolation and qRT-PCR

Total RNA was extracted from cell lines and frozen tissue specimens using the Trizol reagent
(Invitrogen, Carlsbad, CA) according to the manufacturer’s protocol. Reverse transcription was performed
using the PrimeScript RT reagent kit (TaKaRa, Dalian China) according to the manufacturer’s instructions.
For qRT-PCR, cDNA aliquots were amplified using SYBR Premix Ex Taq (TaKaRa). PCR reactions were
performed in triplicate under the following conditions: 95°C/30 s, 40 cycles of 95°C/5 s, 60°C/15 s and
72°C/10 s on an MXP3000 cycler (Stratagene, Santa Clara, CA). Relative mRNA levels were calculated using
the #2Ct method using B-actin as the control and expressed as 2” (*2Ct). The sequences of the primers used
to amplify specific gene products were as follows: HIF-1a sense, 5- GAACGTCGAAAAGAAAAGTCTC-3'; HIF-
la antisense, 5'-CCTTATCAAGATGCGAACTCACA-3"; CXCL6 sense, 5-“AGAGCTGCGTTGCACTTGTT-3‘; CXCL6
antisense, 5'-GCAGTTTACCAAT CGTTTTGGGG-3".

Western Blot Analysis

Western blotting was performed using routine protocols. Briefly, total cell lysates were separated on
a 16.5% Tris-Tricine gelfor CXCL6 or 10% SDS-PAGE for other proteins and proteins were transferred to
polyvinylidene difluoride membranes. After washing and blocking in phosphate buffered saline containing
5% nonfat dry milk, membranes were incubated in the indicated primary antibodies followed by incubation
in horseradish-peroxidase conjugated secondary antibodies. B-actin was used as the loading control. Bands
were detected using enhanced chemiluminescence.

Cell migration and invasiveness assays

For wound healing migration assays, cells were grown in a monolayer to approximately 60%
confluency. A cell-less strip was generated by scraping the cells off the middle of the monolayer with a 200-
ul pipette tip. Wound closure was monitored at the time of wounding (0 hour) and at 24 h after wounding
using microphotography (x10 magnification) under a Leica DM IRE2 microscope (Leica Microsystems
Imaging Solutions Ltd, Cambridge, UK). The assay was repeated three times. For Transwell invasion assays,
Matrigel (BD Biosciences, Franklin Lakes, NJ) was allowed to polymerize at the base of the top chamber of
a 24 well Transwell plate (8 um, Corning Costar Corp, Corning, NY) for 45 min at 37°C. Cells (1 x 10° cells/
well) were serum and growth factor starved for 24 h and added to the top chambers. The bottom chambers
were filled with serum-containing medium. Cultures were maintained for 48 h and then non-invading cells
were removed from the upper surface of the membrane with cotton swabs. Invading cells were fixed in
4% paraformaldehyde, stained with 0.1% crystal violet for 15 min at room temperature and counted in 10
fields under a x100 objective and the mean+SD was calculated. Assays were performed in triplicate wells
and repeated twice.

Adenoviral vector-mediated HIF-1a silencing

RNA interference mediated HIF-1a silencing was performed as described previously [4]. Briefly,
shRNA targeting HIF-1a was generated with the primers 5'-aGTCGGACAGCCTCACCAAAtttt-3‘ (forward) and
5“aTTTGGTGAGGCTGT CCGACtttt-3‘ (reverse), which were used to generate HIF-1a siRNA pSES-HUS. The
construct was used to generate the recombination plasmid pAdeasy-HIF-1a siRNA, which was transfected
into HEK293 cells to produce recombinant adenovirus Ad-HIF-1a siRNA. A control adenovirus containing
a non-functional shRNA (Ad-scramble) was also produced. The adenoviruses were harvested and purified
using CsCl gradient centrifugation.
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Luciferase reporter vector construction

Genomic DNA from normal human livers was used as a template to amplify the promoter of the CXCL6
gene (PCR primers, sense: 5’- GCC GCT CGG CTC TTC ACT CC -3’ and antisense: 5’- CCA CAA GCT GTC CAC TGA
TGC CG -3"). The PCR products were digested by Kpnl and HindlIl, and cloned downstream of the luciferase
reporter gene of a pGL3 basic vector (Promega, Madison, WI). To generate the pGL3-CXCL6-Mut construct,
the HIF-1a binding site on the CXCL6 promoter was eliminated by mutating five bases in the putative
hypoxia response element (HRE) (CAGGTACTGTCC—TAGGACCTATGC). This was achieved by primer-driven
site-directed mutagenesis using a CXCL6 promoter (-803) luciferase reporter as the template.The resulting
plasmids harboring various lengths of the CXCL6 promoter or a mutant promoter were transfected into
Huh-7, HepG2, MHCC97L and MHCC97H cells. Luciferase activity was determined and compared to that of
vector transfected cells.

Chromatin immunoprecipitation (ChIP)

An anti- HIF-1a monoclonal antibody (R&D system, Minneapolis, USA) was used to immunoprecipitate
sonicated chromatins prepared from HCC cell lines. Pre-immune IgG was used as a control.
Immunoprecipitated DNA was quantified for the CXCL6 promoter segments using qRT-PCR. The sequences
of the primers were as follows: forward primer, 5- ACGAATGGTTCAACTTCCAGTG-3’; reverse primer,
5TCCTCCAACTTCTA ACCACCAC-3".

Statistical analysis

Statistical analyses were performed using SPSS 13.0. Kaplan-Meier analysis was used to determine
survival and the two-sided log-rank test was used to compare differences. The Pearson x2 test or Fisher’s
exact test was used to compare qualitative variables and the Student’s t test was used for quantitative
variables. A P value <0.05 was considered statistically significant.

Results

HIF-1a expression is upregulated in human hepatocarcinoma

The levels of expression of HIF-1a were assessed in primary HCC samples from 129
patients who had undergone curative hepatectomy. No significant correlation between
CXCL6 expression and the clinicopathological features of HCC patients was observed except
for TNM stage and microvascular invasion, which were positively correlated with CXCL6
expression levels. Figure 1 shows representative IHC images of paraffin-embedded sections
showing increased HIF-1a expression in HCC compared to peritumoral liver tissue sections
(Fig. 1A). HIF-1a mRNA levels were assessed by qRT-PCR in human HCC cell lines with the
same genetic background but high and low metastatic potential (MHCC97H and MHCC97L,
respectively) and in the low metastatic potential cell lines HepG2 and Huh7 in comparison to
the control liver cell line Chang Liver. For hypoxic culture conditions, the cells were incubated
in a humidified Heto multigas incubator in 0.5% O,, 5% CO, and 95% N,. HIF-1a expression
was significantly increased in all HCC lines, with MHCC97H cells showing the highest HIF-1a
mRNA levels (Fig. 1B). These results were confirmed by western blot analysis, which showed
significantly higher HIF-1a protein expression in HCC cells than in the Chang Liver cell line
(Fig. 10).

HIF-1a modulates CXCL6 expression in hepatocarcinoma cell lines

Because HIF-1a is a known regulator of the transcription of genes associated with
angiogenesis in solid tumors, we examined the effect of HIF-1« silencing on the expression
of CXCL6 in four HCC cell lines (Huh7, HepG2, MHCC97L and MHCC97H). Small hairpin RNA
(shRNA) mediated silencing of HIF-1a significantly decreased the levels of HIF-1a mRNA
compared to untreated controls or scramble RNA transfected cells (Fig. 2A) and resulted in
a significant downregulation of CXCL6 mRNA expression in all cell lines (Fig. 2B). Western
blot analysis of the expression of the HIF-1a and CXCL6 proteins in response to HIF-1a
silencing showed that the decrease of HIF-1a protein level was correlated with a significant
downregulation of CXCL6 expression in all cell lines (Fig. 2C).
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Fig 1. HIF-la expression is up-
regulated in human hepatocarci- Peritumoral liver tissues
noma (HCC) (A) Representative : i y
immunohistochemistry images of
human HCC sections stained for
HIF-1a (magnification, x100). (B)
HIF-1a mRNA expression in he-
patocarcinoma cell lines and the
Chang Liver cell line. RNA levels
were normalized to 18S rRNA. Re-
sults are expressed as mean + SEM
(n=3)*P<0.05. (C) HIF-1a prote-
in expression in HCC cell lines and
the Chang Liver cell line. -actin
was used as the loading control.
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Fig. 2. HIF-1a regulates CXCL6 expression in hepatocarcinoma cell lines (A) Efficiency of HIF-1a knock-
down in HCC cell lines (HuH7, HepG2, MHCC97L, MHCC97H) was evaluated by qRT-PCR. (B) qRT-PCR analy-
sis of CXCL6 expression in response to HIF-1a knock-down in HCC cells. (C) Western blot detection of HIF-1a
and CXCL6 protein expression in HCC cell lines treated with shRNA against HIF-1a.

HIF-1a promotes CXCL6 transcriptional activation

To further examine the regulation of CXCL6 expression by HIF-1a, the sequence of the
CXCLC6 promoter was screened and promoter-luciferase constructs were generated based
on the location of the putative hypoxia response element (HRE) (Fig. 3A). Luciferase activity
was quantified after transfection of truncated (P1-P3) or mutant (M) CXCL6 promoter-
driven vectors into HCC cells Results were expressed relative to the luciferase activity of
vector control transfected cells (Fig. 3B). The results showed luciferase activity in the

1540

KARGER


http://dx.doi.org/10.1159%2F000366357

Cellular Physiology Cell Physiol Biochem 2014;34:1536-1546

. . DOL © 2014 S. Karger AG, Basel
and B|OChem|Stry Published online: October 10, 2014 www.karger.com/cpb

Tian et al.: Hypoxia Promotes Hepatocarcinoma Progression and Metastasis

A -803 B > HuHT7 = HepG2
£ 4 £ 44
P1: - 3 z
2000bp () Luc = £
m m 3
% i
P2: =1000bp —{() Luc E §
@ @
T 2 5 2
P3: -500bp Luc f g
% 1 % 14 "
M: -2000bp Luc = ) -
x| € ]
Control p1 p2 p3 ™ Control p1 p2 p3 M
C vector vector
"g 5 g6 . 2> MHCCH7L By MHCCO7H
> >
£4s mHifla 5 s
T 4 * * o o I
235 * E 34 % 34 T
é 31 @ @
825 5 2 5 2
§ 2 3 3
515 $ g
E' 1 = 3 o 2 . ¥ E 1- sk ﬁ L sk
505 | ‘ z I ® o
g 0 T ' E % Control "Control
¥ HUH7  HepG2 MHCCO7LMHCCSTH omrol 'y p2 pz M ontrol py P2 p3 M
vector vector

Fig. 3. HIF-1a promotes CXCL6 transcriptional activation. (A) Schematic illustration of CXCL6 promoter-
luciferase constructs showing the location of the hypoxia response element (HRE). (B) The HCC cell lines
HuH7, HepG2, MHCC97L, and MHCC97 were transfected with pGL3-basic vector or a series of pGL3 vectors
containing truncated CXCL6 promoters (P1, P2, P3) or promoters with mutated HRE(M), along with the
Renilla luciferase expression vector. Firefly luciferase activity was measured after 48 h and normalized to
that of Renilla luciferase. Data are expressed as mean * SD of three independent experiments. Data are
expressed relative to the luciferase activity of vector control transfected cells. (C) Results of ChIP-qRT-PCR
with sonicated chromatins immunoprecipitated from HCC cell lines using an anti-HIF-1a monoclonal an-
tibody or pre-immune IgG (control) showing the association of HIF-1a with the CXCL6 promoter. CXCL6
promoter segments were quantified using qRT-PCR.Data are expressed as the mean * SD from three inde-
pendent experiments.

promoters containing the putative HRE (P1 and P2), whereas those without the HRE (P3) or
with a mutant HRE site (M) lost transcriptional activity in all HCC cell lines. To confirm the
binding of HIF-1« to the promoter of CXCL6, ChIP-qRT-PCR was performed using sonicated
chromatins immunoprecipitated from HCC cell lines using an anti- HIF-1a antibody or an IgG
control, which showed that HIF-1a directly associated with the CXCL6 promoter region in
the four HCC lines tested (Fig. 3C). Taken together, these results indicated that HIF-1a binds
to the promoter of CXCL6 and activates its transcription.

HIF-1a induced migration and invasion of HCC cells is dependent on CXCL6 expression

To examine the effects of HIF-1a on the biological behavior of HCC cells, wound healing
assays were performed after hypoxia induction in the low and high metastatic potential
cell lines Huh7 and MHCC97H. The results showed that HIF-1« significantly promoted the
migration of HCC cells, whereas treatment with an anti-CXCL6 antibody reversed this effect
(Fig.4A). A Transwell assay was used to examine the effect of CXCL6 on invasion in the highly
metastatic cell line MHCC97H, which showed that HIF-1a significantly increased the number
of cells invading into the lower surface of the Transwell membrane, and treatment with an
anti-CXCL6 antibody significantly inhibited this effect (Fig. 4B). Taken together, these results
indicate that the HIF-1a induced invasion and migration of HCC cells is dependent on CXCL6
expression.

CXCL6 upregulation in HCC is correlated with poor prognosis
The biological significance of CXCL6 was further examined in primary HCC samples
obtained from patients who had undergone curative hepatectomy and were diagnosed with
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Fig. 4. HIF-1a promotes migrati-
on and invasion of HCC cells in vi-
tro in a CXCL6 dependent manner.
(A) Wound healing assays show-
ing the effects of HIF-1a stabiliza-
tion on the migration of HuH7 and oh
MHCC-97H cells in the presence or
absence of an anti-CXCL6 antibo- HuH7
dy. (B) Transwell assays showing
the effects of HIF-1a stabilization
on the invasiveness of MHCC-97H 24h
cells in the presence or absence of
an anti-CXCL6 antibody. The num-
bers of invasive MHCC97H cells
in normoxia or hypoxia and anti- hypoxia - + +
CXCL6 antibody were calculated CXCL6 antibody = - +
using crystal violet staining. The 2 S | § %
average of six random microsco-
pic fields (x400) was recorded.
Data are expressed as the mean *
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abdominal LNMs. The clinicopathological characteristics of the 129 patients are included
in the analysis (112 men and 17 women with a mean age of 56.2). Patients were divided
into two groups according to the level of expression of CXCL6, namely low (n=67) and high
(n=62) expressing groups. Patients with high CXCL6 expression showed a greater number of
tumors, more frequent microvascular invasion and higher tumor grade (P<0.01).

Disease free survival and recurrence probability were compared in these groups during
the 84 month follow-up period. Kaplan-Meier survival analysis curves showed that high
CXCL6 levels were associated with decreased overall survival and an increased probability
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Fig. 5. CXCL6 upregulation in HCC is correlated with poor prognosis. Disease-free survival (A) and recur-
rence probability (B) after surgery were compared between HCC patients with high CXCL6 expression
(n =67) and low CXCL6 expression (n = 62). (C-F) Representative immunohistochemistry images showing
the levels of CXCL6 in the high CXCL6 expressing (C, E) and low CXCL6 expressing (D, F) groups (C, D: x200;
E, F: x400).

of recurrence (Fig. 5A and B) (P<0.01). Figure 5C-F shows representative images showing
the expression levels of CXCL6 at different magnifications in high (C and E) and low (D and
F) CXCL6 expressing tissue samples.

Discussion

The chemoattraction theory proposes that organ-specific attractant molecules stimulate
the migration of tumor cells to invade the walls of blood vessels and enter organs [19]. Among
these chemoattractants, chemokines and their receptors have been implicated in several
aspects of tumor biology including migration/invasion and angiogenesis. Furthermore,
chemotaxis is affected by oxygen availability and the effect of hypoxia and hypoxia inducible
factors in the regulation of metastasis has been investigated extensively. In the present
study, we examined the role of HIF-1a in HCC and showed that the effect of hypoxia on the
progression and metastasis of HCC is at least partly mediated by the regulation of CXCL6
expression by HIF-1a.

HIF-1a was upregulated in HCC cell lines and its expression was correlated with the
levels of CXCL6, as shown by the downregulation of CXCL6 in response to HIF-1a silencing.
HIF-1a was previously shown to be overexpressed in HCC [20] and its involvement in the
malignant transformation of hepatocytes suggests that it plays a role in hepatocarcinogenesis
[21]. However, several molecules mediate the effect of HIF-1a in different cancers and its
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specific tumor-promoting mechanisms in HCC remain unclear. Murata et al. showed that
HIF-1a overexpression is associated with the production of an abnormal prothrombin, des-
y-carboxyl prothrombin or DCP, a known tumor marker in HCC [22], and HIF-1a promotes
angiogenesis and metastasis via the upregulation of vascular endothelial growth factor
(VEGF) and matrix metalloproteinases [23, 24]. The effect of hypoxia on chemokines
and their ligands was examined by Muller et al., who showed that the role of hypoxia in
metastasis is mediated by its effect on the chemokine receptor CXCR4, which controls the
metastatic homing of tumor cells to organs expressing high levels of its ligand SDF1 [25].
CXCR4 is upregulated by hypoxia in different types of cells and tumors via HIF-1a [26, 27]
and the involvement of the CXCL12/CXCR4 axis in metastasis has been shown in breast
cancer, non-small cell lung cancer and prostate cancer [25, 28, 29]. In small cell lung cancer,
the expression of CXCL6 is upregulated by IL-1f3 and hypoxia [30]. In acute myeloid leukemia
(AML), hypoxic conditions alter the cytokine expression profile of AML cells, which release
increased levels of various cytokines including CXCL1, CXCL8, CCL34, CCL7 as well as
VEGF and osteopontin [31]. Furthermore, hypoxia upregulates HIF-1a in correlation with
increased VEGF release and the upregulation of CCL and CXC chemokines. These studies
showing the hypoxia-related involvement of chemokines and their receptors in cancer cell
proliferation and migration support the present findings and warrant further investigation
to determine whether HIF-1a could trigger a broad chemokine response associated with the
aggressiveness and prognosis of different cancers.

CXCL6 was firstidentified in ahuman osteosarcoma cell line [17]and has been implicated
in the pathogenesis and progression of several malignancies including breast cancer,
gastrointestinal tumors and prostate cancer [19, 32, 33]. CXCL6 inhibition suppressed tumor
growth and metastasis in a murine model of melanoma, confirming the role of the chemokine
in the promotion of tumor cell survival, proliferation and invasion [34]. Furthermore, the
angiogenic effect of CXCL6 is correlated with the intratumoral expression of MMP-9, and the
release of MMP-9 as a result of neutrophil degradation promotes tumor invasion through
the degradation of the extracellular matrix [35]. Similar results were reported for other
chemokines such as CXCL8 and CXCL12, which exert their pro-angiogenic and metastatic
effects through the upregulation of MMP-9 [36], providing a possible mechanism mediating
the effect of CXCL6 on metastasis.

In the present study, we showed that the effect of HIF-1a on the promotion of cell
migration and invasion was dependent on CXCL6, and overexpression of CXCL6 in HCC tissues
was correlated with poor prognosis. Similar results were reported in a study examining the
role of CXCL5 in HCC, which showed a strong correlation between the expression of the
chemokine and the prognosis of HCC patients [37]. However, the exact involvement of CXC
chemokines including CXCL6 in cancer progression remains unclear, and the overexpression
of CXCL6 in HCC is not fully understood.

In conclusion, we showed that HIF-1la is upregulated in HCC and modulates the
expression of the pro-angiogenic chemokine CXCL6 via direct interaction with an HRE in
its promoter. Furthermore, induction of HIF-1a by hypoxia promoted HCC migration and
invasion in vitro in a CXCL6 dependent manner, and CXCL6 expression was correlated
with poor prognosis, suggesting that it could serve as a potential therapeutic target for the
treatment of HCC.
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