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Interleukin-8 promotes cell migration via CXCR1
and CXCR?2 in liver cancer
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Abstract. Liver cancer (LC), which is one of the most common
types of cancer worldwide, is notorious for its high morbidity
and mortality rates. Interleukin-8 (IL-8), an important member
of the CXC chemokine family that was originally classified as
a potent neutrophil chemoattractant, has been shown to serve
an important role in inflammation, tumor growth, invasion and
metastasis through interactions with its receptors. However, the
expression and functional roles of IL-8 and its receptors, CXC
chemokine receptor (CXCR) 1 and CXCR?2 in the progression
of liver cancer remain to be fully elucidated. In the present
study, it was shown that the mRNA levels of IL-8, CXCR1
and CXCR2 were increased in peripheral blood mononuclear
cells from patients with liver cancer compared with those
from patients with cirrhosis or normal controls (P<0.05).
Higher levels of CXCR1, CXCR?2 and IL-8 were associated
with advanced tumor stage and increased risk of lymph node
or distant metastasis. Immunohistochemistry showed that
the IL-8, CXCR1 and CXCR2 proteins were expressed in the
cytoplasm of hepatoma cells at higher intensities than those
of normal controls (P<0.05). The semi-quantitative analysis
revealed that the relative mean density of hepatic IL-8, CXCR1
and CXCR2 staining in liver cancer was significantly increased
compared with that in normal liver tissues (P<0.05). The anal-
ysis revealed that the mRNA expression of IL-8 was positively
associated with that of CXCR1 (r=0.618; P<0.05) and CXCR2
(r=0.569; P<0.05). The mRNA levels of CXCR1 and CXCR2
gradually increased with elevated expression of IL-8 in liver
cancer. Experiments were performed using human Huh-7 and
HepG?2 cell lines, incubating cells with IL-8 and conducting
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in vitro migration and invasion assays. The results showed
that the wound healing activity and migration of Huh-7 and
HepG2 cells were increased by IL-8. Pretreatment of the cells
with anti-CXCRI1 or anti-CXCR2 (5 uM) for 30 min markedly
inhibited IL-8-directed cell migration. Taken together, these
results indicated that IL-8 promotes liver cancer cell migration
via CXCR1 and CXCR?2 and that targeting the CXCR1/2 may
be a potential strategy for liver cancer treatment.

Introduction

Liver cancer (LC) is the fifth most common type of cancer
and the third leading cause of cancer-associated mortality
worldwide (1). The clinical outcomes of patients with liver
cancer remain poor, which is largely due to the high frequency
of tumor recurrence and distant metastasis following surgical
resection. Therefore, a better understanding of the molecular
mechanisms of liver cancer is necessary to improve the
prognosis of this disease (2).

Several studies have shown that mutual interactions
between the tumor and its microenvironment contribute
to tumor progression (3); uncontrolled inflammation also
serves an important role in promoting malignant progression
and metastasis (4). Chemokines, as an important class of
non-resolving inflammatory factors, are important in tumor
progression and metastasis and represent a potential tool for
tumor detection (5,6). Increasing experimental evidence has
shown that chemokines produced in the tumor microenviron-
ment serve critical roles in cancer-related inflammation, and
promote invasion and metastasis in human cancer (7-9). In
particular, IL-8 is a multifunctional CXC chemokine that
affects human neutrophil functions including chemotaxis,
enzyme release and the expression of surface adhesion
molecules, and promotes tumor angiogenesis and metastasis
through binding to its receptors CXCR1 and CXCR2 (10).

CXCRI1 and CXCR2, as two important members of the
CXC chemokine receptor family, were successfully cloned by
Holmes et al (11) and Murphy and Tiffany (12), respectively.
They are located on chromosome 2q35 and have a homology
of <77%. CXCR1 and CXCR2 combine with their common
ligand, IL-8, with a high affinity and then induce leukocyte
chemotaxis, calcium ion flow, cell proliferation and migration,
and the regulation of angiogenesis (13). Numerous studies have
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suggested that CXCR1/2 is overexpressed in a wide variety of
cancer types (14,15), and serves a critical role in the patho-
genesis, growth, invasion, metastasis, angiogenesis and drug
resistance of malignant melanoma (16), breast cancer (17),
prostate cancer (18), pancreatic cancer, colon cancer (19),
gastric carcinoma (20) and epithelial ovarian cancer (21).

Previous studies have shown that IL-8 and its receptors have
an important regulatory role in the occurrence, proliferation,
invasion and metastasis of cancer, and are involved in the regu-
lation of tumor stem cell self-renewal. However, little is known
about the expression and functional roles of IL-8, CXCR1 and
CXCR?2 in the progression of liver cancer, or the downstream
signaling pathways that mediate IL-8-directed migration in
liver cancer. In order to investigate the expression and functional
roles of IL-8, CXCR1 and CXCR2 in the proliferation and inva-
sion of liver cancer, the present study aimed to investigate the
effect of their expression and define their roles in vitro.

Materials and methods

Human tissues. A total of 46 patients with liver cancer, who
underwent surgery conducted by the same surgical team in
the Department of the Fourth Affiliated Hospital of Anhui
Medical University (Hefei, China) between October 2014
and September 2015 and agreed to participate in the study,
were recruited. There were 25 men and 20 women, with an
age range of 37-71 years old. Each subject had undergone a
percutaneous liver biopsy at the Fourth Affiliated Hospital
of Anhui Medical University. The standards for diagnosis of
liver cancer have been previously described in The Standard
for Diagnosis and Treatment of Primary Hepatocellular
Carcinoma (2011 edition) (22). A total of 30 patients with liver
cirrhosis, including 17 men and 13 women, with an age range
of 33-71 years old, were considered for analysis. All cases were
diagnosed using pathological, CT, ultrasound and clinical data.
Another 28 blood donors from the City Center Blood Station
with normal physical examination results, were selected as
normal controls, which comprised 16 men and 12 women,
aged between 28 and 69 years old.

Cell lines. The Huh-7 and HepG2 human liver cancer
cell lines were purchased from the Shanghai Institute of
Biological Sciences, Chinese Academy of Sciences. The
HepG?2 cell line used in the present study has been authen-
ticated by STR profiling. The human Huh-7 and HepG2 cell
lines were cultured in DMEM (Hyclone; GEHealthcare Life
Sciences) supplemented with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.) at 37°C with 5% CO,.
In order to observe the effect of IL-8 on the migration and
invasion of liver cancer cell lines, the Huh-7 and HepG2 cells
(1.0x10%) were incubated with IL-8 at 37°C for 24 and 48 h.
In certain cases, the Huh-7 and HepG2 cells were pretreated
with 5 yM anti-CXCR1 (1:400, cat. no. abl37351; Abcam) or
anti-CXCR2(1:400; cat. no. ab14935; Abcam) for 30 min at
37°C to inhibit the function of CXCR1 or CXCR2, and the
migration and invasion were measured in vitro via a wound
healing assay and Transwell assay.

Wound healing assay. For the wound healing migration assay,
5x10° cells/well were seeded in 6-well plates and incubated until
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90% confluence. The cell monolayer was scratched with a fine
pipette tip, and then cultured in serum-free medium containing
IL-8 for a further 24 and 48 h. Images were captured along
the scrape line using a microscope (cat. no. CKX31; Olympus
Corporation). The results are expressed as the relative scratch
width, based on the distance migrated relative to the original
scratch width. The experiment was performed in triplicate.

Migration and invasion assays. The migration and invasion
assays were performed using a QCM 24-Well Cell Invasion
Assay kit with 8-ym membranes (EMD Millipore). The cells
(1x10° cells/well) in 150 pl serum-free medium were seeded
into the upper chamber. The same medium containing
IL-8 was used as a chemoattractant in the lower chamber.
Following culture for 48 h at 37°C, the upper surface of
the Transwell membrane was wiped gently with a cotton
swab to remove non-migrating cells. Those cells that had
invaded to the lower surface of the membrane were fixed
in methanol and stained with 0.1% crystal violet solution,
followed by image capture and counting under an inverted
microscope.

Detection of the mRNA expression levels of CXCRI, CXCR2
and IL-8 by reverse transcription (RT)-semi-quantitative
PCR. The hepatic mRNA expression levels of CXCRI,
CXCR2 and CXCL8 were assessed by RT-qPCR analysis.
The details were as follows: Total RNA of the tissue samples
was extracted from cells using TRIzol (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's
protocol. The reverse transcription reaction was performed
using the RevertAid First Strand cDNA Synthesis kit. Equal
quantities of cDNA were submitted to PCR in the presence
of SYBR Green Real-time PCR Master mix (Toboyo Life
Science) and run in a real-time PCR detection machine with
ABI 7500 PRISM (Applied Biosystems, Sunnyvale, CA,
USA). The PCR conditions were as follows: Initial denatur-
ation at 94°C for 5 min, followed by 30 cycles of 94°C for
30 sec, annealing at a temperature in accordance with the
primer sequence for 30 sec, and then 72°C for 30 sec, with
a final extension at 72°C for 10 min. The PCR products were
analyzed using 2% agarose gel electrophoresis, stained with
ethidium bromide and visualized under UV illumination.
Realtime qPCR analysis was performed with specific primers
for CXCR1, CXCR2 and CXCLS (Table I). The housekeeping
gene GAPDH was used as an internal control. Densitometry
analysis was performed using Quantity One software (version
4.62; Bio-Rad Laboratories, Inc.).

Western blot analysis. In brief, liver cancer cells were lysed
using radioimmunoprecipitation assay buffer (BIOSS) for
30 min on ice. The cell lysate was centrifuged at 12,000 x g
for 20 min at 4°C and the supernatant was collected. Protein
concentration was determined by BCA protein assay. A
total of 30 pg protein/lane was separated by SDS-PAGE
on a 10% gel and transferred onto nitrocellulose filter
membranes. Following blocking with 5% skim milk for 1 h
at room temperature, the membranes were incubated with
primary antibodies overnight at 4°C, and then with secondary
antibodies for 2 h at room temperature. The primary anti-
bodies used were as follows: Rabbit polyclonal anti-CXCR1
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Table I. Primer sequences of CXCR1, CXCR2 and GAPDH.
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Gene Sense (5—3) Antisense (5—3) Length (bp)
CXCR1 CAGATCCACAGATGTGGGAT AGCAGCCAAGACAAACAAACTT 468
CXCR2 CTTTTCTACTAGATGCCGC AGATGCTGAGACATATGAATTT 417
IL-8 CTTTGTCCATTCCCACTTCTGA TCCCTAACGGTTGCCTTTGTAT 306
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA 452

CXC chemokine receptor; IL-8, interleukin-8.

(1:2,000; cat. no. ab137351; Abcam) and anti-CXCR2
(1:2,000; cat. no. ab14935; Abcam) antibodies; monoclonal
mouse anti-GAPDH (1:2,000; cat. no. TA-08; Zhongshan
Jingiao Biotechnology) and p-actin (1:2,000, cat. no. TA-09;
Zhongshan Jinqiao Biotechnology, Beijing, China). The
goat anti-mouse (cat. no. ZB2305; 1:10,000) and anti-rabbit
secondary antibodies (cat. no. ZB2301; 1:10,000) were
purchased from Zhongshan Jinqiao Biotechnology. The protein
bands were visualized by ECL reagents (cat. no. C05-07003;
BIOSS). Images were captured and the intensity of the bands
was quantitated with the Bio-Rad Versa Doc imaging system
(Bio-Rad Laboratories, Inc.).

Statistical analysis. Data are shown as the mean + standard
deviation. Student's t-test was used to compare two inde-
pendent groups of data. Differences among the three groups
were analyzed using one-way analysis of variance. Multiple
comparisons between the groups were performed using
the Bonferroni correction method. Correlation between
continuous variables was determined using Pearson's corre-
lation coefficient. Chi-square tests were applied to analyze
the relationships among immunohistochemical staining of
IL-8, CXCRI1 and CXCR2. All statistical analyses were
performed using SPSS software (version 16.0; SPSS, Inc.).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Association between the mRNA expression levels of CXCRI,
CXCR?2 and IL-8 and the clinicopathological characteristics
of liver cancer. The clinical analysis revealed that the mRNA
levels of CXCR1, CXCR2 and IL-8 had no significant correla-
tion with age or sex in patients with liver cancer (P>0.05), but
were associated with the depth of tumor infiltration, lymph
node or distant metastasis and TNM stage (P<0.05). The
mRNA expression levels of CXCR1, CXCR2 and IL-8 were
significantly increased in patients with liver cancer with deep
invasion, lymph node or distant metastasis and a late TNM
stage (P<0.05; Table II).

mRNA expression levels of CXCRI, CXCR2 and IL-8 are
increased in the peripheral blood mononuclear cells
(PBM(Cs) of patients with liver cancer. The mRNA expres-
sion levels of CXCR1, CXCR2 and IL-8 were detected
in each patient with liver cancer. As shown in Fig. 1A-C,
the mRNA levels of CXCR1, CXCR2 and IL-8 were

significantly increased in the PBMCs of patients with
liver cancer compared with those of the controls (P<0.01).
Additionally, it was found that the mRNA levels of CXCR1
and IL-8 increased with the progress of liver disease.
The mRNA levels of CXCR1 and IL-8 were significantly
increased in patients with cirrhosis compared with those in
normal controls (P<0.05). The mRNA levels of CXCR1 and
IL-8 were higher in patients with liver cancer than in those
with cirrhosis. The mRNA levels of CXCR2 did not differ
significantly between the two groups.

Protein expression of CXCRI, CXCR2 and IL-8 is
augmented in liver cancer. The immunohistochemical
staining (Fig. 2) showed that the CXCR1 (Fig. 2B), CXCR2
(Fig. 2E) and IL-8 (Fig. 2H) proteins were apparent in almost
all hepatocytes, infiltrating inflammatory cells, vascular
endothelial cells and bile duct cells, and CXCR1, CXCR2
and IL-8 were localized in the cytoplasm. In addition, the
intensity of CXCR1, CXCR2 and IL-8 staining in liver
cancer tissues was higher than that in the controls. Image
analysis of 30 liver cancer samples revealed that the posi-
tive rate of CXCR1 expression was 86.7% (26/30), in which
the proportions of weak and strong expression accounted
for 30% (9/30) and 56.7% (17/30), respectively. The positive
rate of CXCR?2 expression was 76.7% (23/30), in which the
proportion of weak and strong expression accounted for
26.7% (8/30) and 50% (15/30), respectively. The positive
rate of IL-8 expression was 93.3% (28/30), in which the
proportions of weak and strong expression accounted for
33.3% (10/30) and 60% (18/30), respectively. The positive
rates of CXCR1, CXCR2 and IL-8 in 12 normal hepatic
tissues were 33.3% (4/12), 25% (3/12) and 41.7% (5/12),
respectively. The semi-quantitative analysis revealed that
the relative mean densities of hepatic CXCR1 (Fig. 2C),
CXCR2 (Fig. 2F) and IL-8 (Fig. 2I) staining in liver cancer
were significantly increased compared with those in normal
liver tissues (P<0.05; Fig. 2A-1).

Expression of IL-8 is positively associated with the expres-
sion of CXCRI and CXCR?2 in liver cancer. The clinical
findings in the present study suggested that the mRNA
levels of IL-8, CXCR1 and CXCR2 were increased in
patients with liver cancer, therefore the relationship between
the expression of IL-8 and the expression of CXCR1 and
CXCR2 was further examined. Statistical analysis revealed
that the mRNA expression of IL-8 was positively associ-
ated with that of CXCR1 (r=0.618; P<0.05) and CXCR2



BI et al: 1L-8 PROMOTES CELL MIGRATION VIA CXCR1 AND CXCR2 IN HEPATOCELLULAR CARCINOMA 4179

Table II. Association between the mRNA expression of CXCR1, CXCR2 and IL-8 and the clinicopathological parameters of
patients with liver cancer.

Variable n CXCR1 mRNA (fold change) = CXCR2 mRNA (fold change) IL8 mRNA (fold change)
Age (years)

<50 19 0.9874+0.2197 0.8842+0.1911 1.7862+0.2875

>50 27 0.9389+0.1815 0.9059+0.1463 1.8119+0.2683

P-value 0418 0.665 0.758
Gender

Male 26 0.9781+0.2081 0.8900+0.1816 1.8043+0.2782

Female 20 0.9340+0.1845 0.9059+0.1435 1.7974+0.2745

P-value 0.459 0.749 0.934
Depth of infiltration

T1-T2 19 0.8721+0.1480 0.8057+0.1165 1.6271+0.1573

T3-T4 27 1.0200+0.2069 0.9611+0.1647 1.9239+0.2731

P-value 0.011 0.001 <0.001
Lymph node metastasis

No 21 0.8695+0.1559 0.8266+0.1203 1.6255+0.1590

Yes 25 1.0340+0.1997 0.9560+0.1754 1.9490+0.2636

P-value 0.004 0.005 <0.001
Distant metastasis

No 36 0.9056+0.1507 0.8528+0.1383 1.7004+0.1736

Yes 10 1.1510+£0.2322 1.0560+0.1585 2.1645+0.2638

P-value 0.009 <0.001 <0.001
TNM stage

I+II 16 0.8525+0.1335 0.7987+0.1119 1.6064+0.1580

MI+1v 30 1.0157+0.20394 0.9493+0.1655 1.9053+0.2665

P-value 0.006 0.002 <0.001

All data are presented as the mean + SD and were analyzed with the two-tailed unpaired t-test. CXCR, CXC chemokine receptor;
IL-8, interleukin-8.
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Figure 1. mRNA expression of CXCR1, CXCR2 and IL-8 in the PBMCs of patients with liver cancer.(A) mRNA levels of CXCR1 were detected by RT-qPCR
analysis in the PBMCs of patients with liver cancer, patients with cirrhosis and controls. (B) mRNA levels of CXCR2 were detected by RT-qPCR anal-
ysis in the PBMCs of patients with liver cancer, patients with cirrhosis and controls. (C) mRNA levels of IL-8 were detected by RT-qPCR analysis in the
PBMCs of patients with liver cancer patients, patients with cirrhosis and controls; “P<0.01; 2P<0.05. All data are presented as the mean = SD and were
analyzed with one-way ANOVA. CXCR, CXC chemokine receptor; IL-8, interleukin-8; PBMCs, peripheral blood mononuclear cells; RT-qPCR, reverse
transcription-quantitative polymerase chain reaction.

(r=0.569; P<0.05). CXCR1 and CXCR2 mRNA gradually  IL-8 promotes human liver cancer cell invasion and metas-
increased with the increased expression of IL-8 in liver  tasis through CXCRI/2 receptors. To determine whether IL-8
cancer (Fig. 3). induces the expression of CXCR1 or CXCR2 in Huh-7 and
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Figure 2. Protein expression of CXCR1, CXCR2 and IL-8 in liver biopsy specimens of liver cancer (magnification, x400). Protein expression of CXCR1
in (A) normal controls and (B) patients with liver cancer. (C) Relative mean density analysis showed differences in hepatic CXCR1 staining between liver
cancer (n=30) and control tissues (n=12). Protein expression of CXCR2 in (D) normal controlsand (E) patients with liver cancer. (F) Relative mean density
analysis showed the difference in hepatic CXCR2 staining between liver cancer (n=30) and controls (n=12). Protein expression of IL-8 in (G) normal controls
and (H) patients with liver cancer. (I) Relative mean density analysis showed the difference in hepatic IL-8 staining between liver cancer (n=30) and control
tissues (n=12). All data are presented as the mean + SD and were analyzed with the two-tailed unpaired t-test (*P<0.05). CXCR, CXC chemokine receptor;

IL-8, interleukin-8.
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Figure 3. Hepatic expression of IL-8 and correlation with CXCR1 and CXCR2. The mRNA expression of IL-8 was positively associated with that of CXCR1
(r=0.618, P<0.05) and CXCR2 (r=0.569; P<0.05). CXCR, CXC chemokine receptor; IL-8, interleukin-8.

HepG?2 cells, the cell lines were treated with IL-8 for 24 h ~ shown that IL-8 directs the migration and invasion of human
and then subjected to RT-qPCR and western blot analyses liver cancer cells. In the present study, the effect of IL-8 on
(Fig. 4A). It was found that IL-8 significantly increased the motility of Huh-7 and HepG2 cells was verified. The
the mRNA expression of CXCR1 and CXCR2. It has been = wound-healing activity (Fig. 4B and C) and the migration and
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Figure 4. IL-8 promotes human liver cancer cell invasion and metastasis through CXCR1/2 receptors. (A) Huh7 and HepG2 cells were treated with IL-8 for
24 h, and the expression levels of CXCR1 and CXCR2 were detected by reverse transcription-quantitative polymerase chain reaction analysis and western
blotting. (B) Huh7 cell migration 24 and 48 h after IL-8 stimulation was assessed using wound healing assays. (C) HepG2 cells migration after 24 and 48 h after

IL-8 stimulation was assessed using wound healing assays. Right panel shows quantitation of the wound closure shown in the left panel. The y-axis represents
the percentage of wound closure at 24 or 48 h post-wound introduction, as determined using ImageJ software.
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Figure 4. Continued. (D) Transwell assay analysis of the migration and invasion abilities of Huh7 and HepG2 cells (magnification, x100). (E) Huh7 and HepG2
cells were pretreated with CXCR1 or CXCR?2 antibodies (5 yM) for 30 min followed by stimulation with 10 ng/ml IL-8 for 24 h, and in vitro migration
was measured with the wound healing assay. Results are expressed as the mean + SEM; "P<0.05, compared with the control; “P<0.05, compared with the

IL-8-treated group. CXCR, CXC chemokine receptor; IL-8, interleukin-8.

invasion of Huh-7 and HepG2 cells (Fig. 4D) were increased
by IL-8 after 24 and 48 h. Pretreatment of the cells with
anti-CXCR1 or anti-CXCR2 (5 uM) for 30 min markedly
inhibited IL-8-directed cell migration and invasion (Fig. 4E).
This suggested that IL-8 promoted liver cancer cell migration
via the CXCR1 and CXCR2 receptors.

Discussion

Treatment for many patients with early-stage liver cancer is
successful, however, patients with distant metastasis have a
poor prognosis with conventional therapy. When the disease
is recurrent or metastatic, conventional chemotherapy or
radiotherapy has limited benefit. Increasing epidemiologic and
experimental evidence has shown that inflammation serves an

important role in promoting the malignant progression and
metastasis of liver cancer. Chemokines and their receptors
produced in the tumor microenvironment serve critical roles
in cancer-related inflammation and promote invasion and
metastasis in human cancer.

CXCR1 and CXCR2, as two important members of
the CXC chemokine receptor family, have been shown to
contribute to human tumor growth invasion and metastasis
through binding their common ligand IL-8. Considerable
data demonstrate that tumor cells express widely functional
chemokine receptors to facilitate tumor progression. However,
there is no direct in vivo evidence that CXCR1 and CXCR?2 are
expressed in liver cancer.

In the present study, the mRNA levels of CXCR1, CXCR2
and IL-8 in PBMCs from 46 patients with liver cancer were
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detected by RT-qPCR. It was found that the mRNA levels of
CXCRI1, CXCR2 and IL-8 were highest in patients with liver
cancer and lowest in the normal control group (P<0.05). With
the progression of liver cancer, the mRNA levels of CXCRI,
CXCR2 and IL-8 increased gradually, suggesting that these
expression changes were significantly associated with
advanced liver cancer progression. Correlation analysis was
performed between IL-8 and CXCRI1/2 in liver cancer. The
results revealed that the mRNA expression of IL-8 was posi-
tively associated with that of CXCRI1 (r=0.618; P<0.05) and
CXCR2 (r=0.569; P<0.05). The mRNA expression levels of
CXCRI and CXCR?2 gradually increased as the expression of
IL-8 was elevated in liver cancer. In addition, clinical analysis
revealed that the mRNA expression levels of CXCR1, CXCR2
and IL-8 did not significantly correlate with the age or sex of
patients with liver cancer (P>0.05), but were associated with
the depth of tumor infiltration, lymph node or distant metas-
tasis and TNM stage (P<0.05). The mRNA expression levels
of CXCR1, CXCR2 and IL-8 were significantly increased
in patients with liver cancer with T3-T4, lymph node metas-
tasis, distant metastasis and advanced tumor stage (pTNM
stages III-IV), suggesting that CXCR1, CXCR2 and IL-8 were
associated with the clinical stage, lymph node metastasis and
distant metastasis of liver cancer. These findings were concor-
dant with those of Ren et al (23), who detected the serum levels
of IL-8 in 59 patients with liver cancer and 15 healthy subjects
using ELISAs. The results showed that the serum level of IL-8
was significantly elevated in patients with liver cancer and
associated with larger tumor size (>5 cm), absence of a tumor
capsule, presence of venous invasion and advanced patho-
logical tumor-node-metastasis stage. Akiba et al (24) provided
evidence that HCC cells are a major producer of IL-8 in
tissues, and cases with a high level of IL-8 in cancerous tissues
had a significantly higher frequency of portal vein invasion,
venous invasion and bile duct invasion. This suggests that IL-8
may serve an important role in the invasion and metastasis of
liver cancer.

The present study also detected the protein expression
of CXCR1, CXCR2 and IL-8 using immunohistochemical
methods. The results showed that the CXCR1, CXCR2 and
IL-8 proteins were mainly expressed in the cytoplasm of
hepatoma cells, with higher intensities than in the normal
controls (P<0.01); this was in accordance with the data
presented by Wang er al (25). The present study found that
the intensity of CXCR1, CXCR2 and IL-8 expressed was
statistically significant between liver cancer and normal
controls. These results further confirmed that the high level
of IL-8 secreted by hepatoma cells induced high expression
of CXCR1 and CXCR?2 on hepatoma and inflammatory cells,
which, in turn, is involved in the development, invasion and
metastasis of liver cancer.

In order to further verify the hypothesis, experiments
were performed using Huh-7 and HepG2 cell lines. The cell
lines were incubated with IL-8 for 24 h, and the expression of
CXCR1 and CXCR2 was detected by RT-qPCR and western
blot analyses. It was found that IL-8 significantly increased
the expression of CXCR1 and CXCR2 in Huh-7 and HepG2
cell lines. To determine whether IL-8 promotes liver cancer
migration and invasion via CXCR1 and CXCR2, the Huh-7
and HepG2 cells were incubated with IL-8 for 24 and 48 h,
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following which the wound-healing activity and the migra-
tion and invasion of Huh-7 and HepG2 cells were increased.
Pretreatment of cells with anti-CXCR1 or anti-CXCR2
(5 pM) for 30 min markedly inhibited the IL-8-directed
migration of Huh-7 and HepG2 cells. Xue et al (26) analyzed
the expression profiles of 18 chemokine receptors on four
HCC cell lines of lower to higher metastatic potentials of
(SMMC-7721, MHCC97-L, MHCC97-H and HCCLM®6)
using RT-PCR analysis and found that chemokine receptors
are closely associated with the metastatic potential of HCC.
Huang er al (27) demonstrated that the incubation of HCC
cells with IL-8 led to the increased expression of FOXCI via
activation of phosphoinositide 3-kinase (PI3K) signaling to
AKT and hypoxia-inducible factor la. Increased expression of
FOXCI1 can lead to the transactivation of CXCR1 and CCL2,
promoting inflammation and the invasive and metastatic abili-
ties of HCC cells. Therefore, a high level of IL-8 (CXCL8) may
regulate local and systemic inflammatory responses in patients
with liver cancer through the upregulation of CXCR1/2, and
be involved in the development of liver cancer through activa-
tion of the PI3K/Akt/HIF-1a signaling pathway (16). However,
the exact mechanism underlying the involvement of CXCRI,
CXCR?2 and IL-8 in liver cancer remains to be elucidated and
requires further investigation.

In conclusion, the results of the present study demonstrate
that the mRNA and protein levels of CXCR1, CXCR2 and
IL-8 in patients with liver cancer were increased, and were
significantly associated with the clinical stage, lymph node
metastasis and distant metastasis. Correlation analysis indi-
cated that the expression of IL-8was positively associated with
the expression of CXCR1 and CXCR2 in liver cancer. In vitro,
IL-8 was shown to induce Huh-7 and HepG2 cell migration
and invasion via the increased expression of CXCR1 and
CXCR?2. Based on these findings, and other relevant reports,
IL-8, CXCR1 and CXCR2 may be involved in the invasion
and metastasis of liver cancer and may be useful in identi-
fying patients with more aggressive tumors for neoadjuvant or
adjuvant therapy.
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