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IL-8 is upregulated in cervical cancer tissues and is associated
with the proliferation and migration of HeLa cervical cancer cells
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Abstract. Interleukin-8 (IL-8) serves an important function in
chronic inflammation and cancer development; however, the
underlying molecular mechanism(s) of IL-8 in uterine cervical
cancer remains unclear. The present study investigated whether
IL-8 and its receptors [IL-8 receptor (IL-8R)A and IL-8RB]
contributed to the proliferative and migratory abilities of
HeLa cervical cancer cells, and also investigated the potential
underlying molecular mechanisms. Results demonstrated
that IL-8 and its receptors were detected in HeLa cells, and
levels of IL-8RA were significantly increased compared with
those of IL-8RB. Furthermore, the level of IL-8 in cervical
cancer tissues was significantly increased compared with
that in normal uterine cervical tissues, and migratory and
proliferative efficiencies of HeLa cells treated with exogenous
IL-8 were increased, compared with untreated HeLa cells. In
addition, exogenous IL-8 was able to downregulate endocytic
adaptor protein (NUMB), and upregulate IL-8RA, IL-8RB
and extracellular signal-regulated protein kinases (ERKs)
expression levels in HeLa cells. Results suggest that IL-8 and
its receptors were associated with the tumorigenesis of uterine
cervical cancer, and exogenous IL-8 promotes the carcinogenic
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potential of HeLa cells by increasing the expression levels of
IL-8RA, IL-8RB and ERK, and decreasing the expression
level of NUMB.

Introduction

Uterine cervical cancer (UCC) is the most commonly
diagnosed cancer, and a leading cause of cancer-associated
mortality for women in developing countries, including
China (1). Despite improvements in diagnostics and thera-
peutic strategies, the prognosis of UCC remains poor (2). The
World Health Organization estimates that the prevalence of
UCC annually is ~530,000 cases worldwide, and ~50% of
patients succumb to the disease (1). The pathophysiology of
UCC is complex because of multiple risk factors including
viral infection, premature childbirth, inflammation and high
estrogen levels (3). Therefore, an improved understanding of
the initiation and progression of UCC is required for a timely
diagnosis, prevention and therapeutic intervention (4).

Interleukins (ILs) are produced by many types of cells and
collectively they cause a variety of biological effects, which
are exerted on the immune response and include maturation,
activation and proliferation of immune cells (5). Previous
studies have demonstrated that ILs also contribute an important
function in tumor development and metastasis via autocrine
and/or paracrine signaling (6,7). Interleukin-8 [IL-8 or CXC
chemokine ligand 8 (CXCLS)], a cytokine family member,
has previously been demonstrated to contribute to chronic
inflammation and cancer development via several signaling
transduction pathways (8,9). IL-8 derived from cancer cells
is able to promote the capacity of cellular proliferation, adhe-
sion, migration, invasion, chemoresistance and angiogenesis by
binding to its corresponding receptor in several types of carci-
noma, indicating that IL-8 may serve as a therapeutic target for
malignant tumors (10,11). However, the precise function of IL-8
and its clinical significance in malignancy remain unclear.

In the present study, levels of IL-8 and its receptors IL-8
receptor A (IL-8RA) and IL-8 receptor B (IL-8RB) in HeLa
cells were investigated, and the differences in the expression
levels of IL-8 in normal uterine cervical tissues and UCC
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tissues were compared. The effect of exogenous IL-8 on
the proliferation and migration in HeLa cells, and the exact
mechanism by which IL-8 enhanced the oncogenic potential
of UCC was also investigated. The aim of the present study
was to clarify the function of IL-8 and its receptors in UCC,
and therefore provide a novel biomarker for the diagnosis and
treatment of UCC.

Materials and methods

Cell culture. The human cervical carcinoma immortalized
cell line HeLa was obtained from the American Type Culture
Collection (Manassas, VA, USA). Cells were maintained in
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) and supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and
penicillin-streptomycin (100 units/ml) under standard culture
conditions (12).

mRNA expression of genes in HelLa cells using the reverse
transcription-polymerase chain reaction (RT-PCR). Following
isolation of total RNA from HeLa cells using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), cCDNA was prepared
using 2 ug total RNA reverse-transcribed using a Quant
Reverse Transcriptase kit (Tiangen Biotech Co., Ltd., Beijing,
China), according to the manufacturer's protocol. PCR primer
sequences are presented in Table I, and annealing and thermo-
cycling conditions are presented in Table II. The denaturation
for each gene was performed at 94°C for 1 min, and extension
was performed at 72°C for 1 min. Relative mRNA levels were
calculated based on the ratios of detected gene/B-actin using
Quantity One® Software (version 4.2; Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Protein expression of IL-8 receptors in HeLa cells using
western blot analysis. Total protein extracts from HeLa
cells were prepared with a cell lysis buffer [SO mM Tris-HCl
(pH 7.5), 150 mM NaCl, 1 mM sodium-EDTA, 1 mM EDTA,
1% (v/v) TritonX-100, 2.5 mM sodium pyrophosphate,
1 mM f-glycerophosphate, | mM Na3VO4, 1 mM NaF,
1 pug/ml leupeptin and 1 mM PMSF] described previously (13).
Following quantification of protein concentration using
the BCA assay kit (Wuhan Boster Biological Technology,
Ltd., Wuhan, China), 40 pg of total proteins per lane were
resolved by 12% SDS-PAGE and transferred onto a poly-
vinylidene fluoride membrane (EMD Millipore, Billerica,
MA, USA). Following blocking with commercial blocking
buffer (Wuhan Boster Biological Technology, Ltd.) at 37°C
for 1 h, the membranes were probed with rabbit anti-human
IL-8RA/B monoclonal antibody (cat. no. sc-30008; dilution,
1:500; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) or
mouse anti-f-actin monoclonal antibody (cat. no. sc-130300;
dilution, 1:3,000; Santa Cruz Biotechnology, Inc.) at 4°C
overnight. Following washing with TBST, the membranes
were incubated with goat anti-rabbit IgG (cat. no. BA1054;
dilution, 1:1,000; Wuhan Boster Biological Technology, Ltd.)
or goat anti-mouse IgG (cat. no. BA1050; dilution, 1:1,000;
Wuhan Boster Biological Technology, Ltd.) at 37°C for 1 h.
Signals were detected using Western Bright ECL reagent
(cat. no. 151030-16; Advansta, Menlo Park, CA, USA) and
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Blotting System (Bio-Rad Laboratories, Inc.). Band densities
were subsequently analyzed using Quantity One® Software
(version, 4.2; Bio-Rad Laboratories, Inc.).

Expression levels of IL-8 in a cervical tissue microarray using
immunohistochemistry. A tissue microarray (Alenabio, Xi'an,
China) containing 40 normal uterine cervical tissue samples
and 40 UCC tissue samples were performed to determine the
expression of IL-8. In the UCC group, all the cancer samples
were confirmed as squamous cell carcinoma. Expression levels
of IL-8 in the tissue microarray were investigated according to a
protocol described previously (14). Briefly, after deparaffinizing
and rehydrating, endogenous peroxidase in the microarray
was deactivated using 3% dilution hydrogen peroxide at room
temperature for 15 min. Antigen retrieval was performed by
incubating the microarray with 10 mM citrate buffer (pH 6.0;
cat. no. AR0024; Wuhan Boster Biological Technology,
Ltd.) for 30 min at low power microwave, and nonspecific
binding sites were blocked with normal rabbit-serum (cat.
no. C1404; Shanghai Westang Bio-Tech Co., Ltd.) at 37°C for
20 min. Subsequently, the tissue microarray was incubated
with mouse anti-IL-8 monoclonal antibody (1:50; Santa Cruz
Biotechnology, Inc.) at 4°C overnight, and was then treated
with a Streptavidin-Biotin Complex kit (cat. no. SA1050;
Wuhan Boster Biological Technology, Ltd.). To quantify the
protein level, the average optical density in a high-power field
(magnification, x400) was detected using BI-2000 Medicine
Image Analysis Software (Chengdu Taimeng Technology
Co., Ltd., Chengdu, China). Strong and weak immunostaining
were defined, respectively, as average optical values of =210
and <180.

Effect of exogenous IL-8 on the proliferation of HeLa cells.
HeLa cells were seeded in 96-well plates (1.5x10° cells/well)
and incubated in RPMI-1640 medium supplemented with
10% FBS overnightat 37°Cina 5% CO, incubator. Subsequently,
cells were divided into five groups by removing old culture
medium and replacing it with different conditioning medium
containing 0.1% bovine serum albumin (Wuhan Boster
Biological Technology, Ltd.) and IL-8 (PeproTech, Inc.,
Rocky Hill, NJ, USA) at final concentrations of 0, 20, 40,
60 and 80 ng/ml, respectively. Following a 72-h incuba-
tion period, Cell Counting kit-8 (CCK-8; Boster Biological
Technology, Pleasanton, CA, USA) was added to each well
(10 pl per well). Following incubation in a 5% CO, incubator
at 37°C for 1 h, absorbance was detected at 450 nm using a
microplate reader (BioTek Instruments, Inc., Winooski, VT,
USA).

Effects of exogenous IL-8 on migration of HeLa cells. A
Transwell migration assay was performed using a 24-well
chamber (Corning Incorporated, Corning, NY, USA).
Briefly, HeLa cells in Transwell units were divided into
three groups and 5x10* cells/well were plated onto the top
surface of the upper chamber containing 100 x1 RPMI-1640
medium without FBS. In the lower chamber, RPMI-1640
medium with 5% FBS and IL-8 (PeproTech, Inc.) at final
concentrations of 0, 40 and 60 ng/ml for the three groups
were added, respectively. Following a 24 h incubation period
at 37°C in a 5% CO, incubator, non-migratory cells were
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Table I. Primer sequences for genes used in reverse transcription-polymerase chain reaction experiments.

Gene Forward primer Reverse primer

[-actin 5'-AGAAAATCTGGCACCACACC-3' 5-CTCCTTAATGTCACGCACGA-3'
IL-8 5'-ACATACTCCAAACCTTTCCACC-3' 5-AAAACTTCTCCACAACCCTCTG-3'
IL-8RA 5'-GACCTACTCTTTGCCCTGAC-3' 5'-AACACCATCCGCCATTTT-3'
IL-8RB 5'-GGAAACTCCCTCGTGATG-3' 5'-CAGGAATGTGCCAAAAAT-3'

ERK 5-CTTCTCGCCTCAGTTCGC-3' 5'-CTCCTGGATGCTTGTCTGGTAA-3'
NUMB 5'-AAACGCCAACTATCCCTACGC-3' 5'-AGCACCAGAAGATTGACCC-3'

IL, interleukin; ERK, extracellular-signal-regulated kinase; NUMB, endocytic adaptor protein.

Table II. Specific thermocycling conditions used for reverse
transcription-polymerase chain reactions.

Gene Annealing temperature, “C Number of cycles
B-actin 54 25
IL-8 57 38
IL-8RA 55 33
IL-8RB 58 33
ERK 55.6 30
NUMB 59 35

All annealing was performed for 30 sec. IL, interleukin; ERK,
extracellular-signal-regulated kinases.

removed with a cotton swab and filters containing migra-
tory cells were fixed and stained with 0.1% crystal violet for
30 min at room temperature. Migratory cells were counted
in =5 randomly selected fields using brightfield microscopy
(magnification, x100).

Statistical analysis. All data are expressed as the
mean + standard deviation. Data were analyzed using
one-way analysis of variance and g-test. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

mRNA expression of IL-8 and its receptors in HeLa cells
determined using RT-PCR. To explore the potential function
of IL-8 in HeLa cells, the present study determined IL-8
mRNA expression and its receptors using RT-PCR. Results
demonstrated that IL-8 and its receptors were expressed in
HeLa cells, and IL-8RA mRNA levels were significantly
upregulated in HeLa cells compared with those of IL-8RB
(Fig. 1A).

Protein expression of IL-8 receptors in HeLa cells determined
using western blot analysis. On the basis of results obtained
from RT-PCR, western blot analysis was utilized to deter-
mine the expression levels of IL-8 receptors (IL-8RA/RB)
in HeLa cells. Consistent with RT-PCR results, there was a
statistically significant increase in the protein expression of
IL-8RA compared with that of IL-8RB (Fig. 1B).
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Figure 1. Expression levels of IL-8 and its receptors IL-8RA and IL-8RB in
HeLa cervical carcinoma cells. (A) An RT-PCR assay demonstrated that IL-8,
IL-8RA and IL-8RB at the mRNA level were expressed in HeLa cells. IL-8RA
was significantly increased compared with IL-8RB in HeLa cells ('P<0.05).
(B) Expression levels detected using western blot analysis, IL-8RA protein
levels in HeLa cells were significantly upregulated, which was consistent
with RT-PCR results ("P<0.05). RT-PCR, reverse transcription-polymerase
chain reaction; IL, interleukin; IL-8R, IL-8 receptor.

Expression levels of IL-8 determined using a human uterine
cervical tissue microarray. To further investigate the clinical
significance of IL-8 in UCC, a tissue microarray was used to
compare the expression of IL-8 in normal uterine cervical
tissues and UCC tissues (Fig. 2). Compared with the normal
uterine cervical tissues, the expression levels of IL-8 in UCC
tissues were increased in terms of average optical values.
No association between the increased expression of IL-8
and age or clinical stage of UCC was identified using the
assay (Table III).

Effect of exogenous IL-8 on the proliferation of HeLa cells
determined using the CCK-8 assay. A CCK-8 assay was
utilized to explore the proliferation of HeLa cells treated
with different concentrations of exogenous IL-8. Results
demonstrated that the proliferation of HeLa cells were
markedly enhanced as the concentration of IL-8 increased
(40, 60 and 80 ng/ml). The absorbance reached a maximum
(1.341+0.056) when the concentration of IL-8 was 60 ng/ml.
The proliferation rate decreased in HeLa cells treated with
40 and 80 ng/ml exogenous IL-8, compared with HeLa cells
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treated with 60 ng/ml exogenous IL-8. However, no statistically
significant difference was identified (Fig. 3A).

Effect of exogenous IL-8 on migration of HeLa cells determined
using a Transwell assay. Analysis of migrationindicated thatHeLa
cells treated with 40, 60 and 80 ng/ml exogenous IL-8 migrated
faster compared with untreated HeLa cells. The migratory
efficiency of HeLa cells treated with 60 ng/ml exogenous IL-8
was the greatest; however, no significant difference between
HeLa cells treated with 40, 60 and 80 ng/ml exogenous IL-8 was
identified (Fig. 3B and C). These results were in agreement with
the CCK-8 proliferation assay.

Exogenous IL-8 regulates the expression of
carcinogenesis-associated genesin HeLa cells determinedusing
RT-PCR. To elucidate the underlying molecular mechanism(s)
of IL-8-associated tumorigenesis in UCC, RT-PCR was
performed in order to investigate whether IL-8 regulated the
expression of carcinogenesis-associated genes in HeLa cells.
Results demonstrated that the expression of NUMB at the
mRNA level were markedly inhibited following administration
of 60 ng/ml exogenous IL-8, and the expression of IL-8RA,
IL-8RB and extracellular-signal-regulated kinases (ERKs)
were upregulated when cells were treated with 40 and 60 ng/ml
exogenous IL-8 compared with untreated cells (Fig. 4A and B).

Discussion

IL-8, also referred to as CXCLS, is a cytokine of the CXC
chemokine family that is associated with inflammatory and
immune responses, and is also an important biomarker for
a range of diseases including various types of cancer. In the
present study, the function of IL-8 in UCC was investigated and
novel results included: IL-8 and its receptors may be involved
in the development and progression of UCC, exogenous IL-8
promotes the carcinogenic potential of HeLa cells by upregu-
lating the expression of its receptors IL-8RA, IL-8RB and
ERK, and downregulating the expression of NUMB.

IL-8 exerts its biological effects via G-protein/adenylate
cyclase and G-protein/phospholipase C signaling pathways by
binding with its receptors IL-8RA and IL-8RB (4,15). IL-8§ RA
and IL-8RB exhibit marked affinity for IL-8, and the presence
of IL-8 and its receptors during tumor development and
progression is a relatively common occurrence (16). IL-8RA
has an increased specificity for IL-8 and a decreased affinity
for other cytokines, whereas IL-8RB is less specific for IL-8
but is able to bind with other cytokines including CXCL3 and
CXCLS (17). Therefore, this may be the primary reason for
the increase in the expression levels of IL-8RA compared with
IL-8RB in HeLa cells. The IL-8/IL-8 receptor axis has been
identified to be associated with various types of human cancer
including pilomatricoma and hepatoma (18-20). However,
the underlying molecular mechanisms by which IL-8 and its
receptors are involved in UCC remain unclear. In the present
study, results obtained from in vitro and in vivo experiments
demonstrated that IL-8 was expressed in HeLa cells and UCC
tissues, and the expression levels of IL-8 in UCC tissue were
significantly increased compared with those in normal uterine
cervical tissue; however, no association between overexpression
of IL-8 with patient age, stage or clinical classification of UCC
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Table III. Expression of IL-8 in a cervical tissue microarray.

Clinical parameter Average optical density ~ P-value
Cervical cancer tissues 202.60+7.51 <0.01
Normal cervical tissues 181.23+£12.46
TNM stage >0.05
I 202.54+6.77
11 202.01+7.88
111 203.14+7.39
Age, years >0.05
<50 202.58+7.35
>51 202.62+7.76

The protein level of IL-8 in a high-power field (magnification, x400)
was calculated based upon the average optical density detected using
a medicine image analysis software. IL, interleukin; TNM, tumor
node metastasis.

was identified in the present study. In addition, IL-8 receptors
were expressed at the mRNA and protein levels in HeLa cells.
Therefore, results demonstrated that IL-8 and its receptors
may contribute to the development of UCC. Previous reports
demonstrated that the overexpressed IL-8 and its receptors
produced by tumor cells and the tumor microenvironment
promoted tumor development by stimulating angiogenesis and
increasing the capacity of cellular adhesion, migration and
proliferation, and causing chemotherapy resistance (21-23). In
the present study, a CCK-8 assay and Transwell assay were
performed to study the effects of different concentrations of
exogenous IL-8 on the malignant behavior of HeLa cells. As
HeLa cells were exposed to increasing concentrations of IL-8,
there was also an increase in the proliferation and migration.
In addition, increasing levels of IL-8RA and IL-8RB were
observed, and this further confirmed the carcinogenic potential
of the IL-8/IL-8 receptor axis in UCC.

The ERK signaling pathway transmits mitogenic signals and
regulates numerous cellular functions, including proliferation
and differentiation (24,25). In order to adapt to internal and
external environmental stimuli, the ERK cascade must be
strictly regulated in order to produce the correct biological
response (26,27). An aberrant ERK cascade is commonly
observed in human tumors, and is accompanied by the
deregulation of proliferation and malignant transformation.
Recent studies have identified that the ERK signaling pathway
inhibits the apoptosis of tumor cells by influencing the
mitochondrial apoptosis pathway, forexample,the ERK signaling
pathway can exert its anti-apoptotic control by non-activation of
certain pro-apoptotic kinases, including Janus kinase and p38
mitogen activated protein kinase. The increased ERK activity is
associated with invasion and metastasis in cholangiocarcinoma
and breast carcinoma (28,29). However, conflicting results
suggest that the activation of ERK may exert diverse effects in
a different microenvironment, for example, ERK may be able
to promote cell apoptosis by enhancing the activities of the
apoptotic proteins caspase-9 and caspase-3 (30,31). Clinically,
therapeutic agents targeting the ERK signaling pathway may
also lead to the development of drug resistance (11,32). The
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Figure 2. Expression levels of IL-8 protein are associated with cervical carcinoma progression determined using immunohistochemical staining. Strong
immunostaining of IL-8 was presentin (A) Grade 1 (magnification, x50), (B) grade 1 (magnification, x200), (C) grade 2 (magnification, x200) and (D) grade 3
(magnification, x200) uterine cervical cancer tissue. Weak immunostaining of IL-8 was present in (E) normal uterine cervical tissue (magnification, x50) and
(F) normal uterine cervical tissue (magnification, x200). IL, interleukin.
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Figure 3. Exogenous IL-8 is affects proliferation and migration in HeLa cells. CCK-8 and Transwell assays demonstrated that an increase in exogenous IL-8
concentration is able to promote the (A) proliferation and (B and C) migration of HeLa cells in a concentration-dependent manner ("P<0.05, “P<0.01). At
concentrations >60 ng/ml, the ability to promote proliferation and migration starts to decline; however, this decrease was not statistically significant. CCK-8,
Cell Counting kit-8; IL, interleukin.

A B ”o. == 0 ng/ml
&&\ éés\ & ' z = 40 ng/ml
@o @ @Q = 60 ng/ml

P B P

)
] 'L-3RA
] L8R8

N NuVB

' > - @
) <& &
— — — [ S & e

Figure 4. Exogenous 1L-8 regulates the expression of carcinogenesis-associated genes in HeLa cells. (A) Expression of IL-8RA, IL-8RB, ERK and NUMB
was analyzed using RT-PCR. (B) Exogenous IL-8 (40 and 60 ng/ml) is able to significantly upregulate the expression of IL-RA, IL-RB and ERK genes,
whereas 60 ng/ml of exogenous IL-8 downregulates the level of NUMB ('P<0.01). IL, interleukin; ERK, extracellular-signal-regulated kinase; RT-PCR, reverse
transcription-polymerase chain reaction; IL-8R, IL-8 receptor; NUMB, endocytic adaptor protein.
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results of the present study demonstrated that exogenous
IL-8 increased proliferation and migration in HeLa cells, and
upregulated the expression of ERK simultaneously.

Furthermore, the results of the present study also demon-
strated a decrease in NUMB mRNA expression in HeLa cells
treated with exogenous IL-8. The endocytic adaptor protein
NUMB, an intrinsic regulator of cell fate determination,
inhibits the Notch signaling pathway and the p53/p21 axis,
contributing to the control of asymmetric cell division, main-
taining stem cell compartments and representing a mechanism
of tumor suppression (33-35). NUMB expression is frequently
decreased in tumors, and NUMB dysfunction or loss leads to
differentiation defects and serves acrucial functioninmammary
tumorigenesis (36,37). The present study therefore determined
that the downregulation of NUMB expression by exogenous
IL-8 was one explanation for the improvement of migration
and proliferation in HeLa cells.

In conclusion, the results of the present study demonstrated
that the underlying molecular mechanisms which regulate the
expression of ERK and NUMB are affected by exogenous
IL-8, and are associated with an increase in the migration and
proliferation of HeLa cells. These results demonstrate that
inhibition of the IL-8/IL-8 receptor axis may be a specific
target for the treatment of UCC.
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