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Hypoxia promotes the proliferation of cervical carcinoma
cells through stimulating the secretion of IL-8
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Abstract: To explore whether hypoxia and interleukin 8 (IL-8) regulate the viability and apoptosis of cervical carci-
nomas cells and the possible mechanism. We evaluated the expression of hypoxia inducible factor-1a (HIF-1c),
IL-8 and its receptors (CXCR1 and CXCR2) in cervical cancer and cervicitis tissues by immunohistochemistry. Then
the effects of hypoxia and IL-8 on the viability and apoptosis of HeLa and SiHa cells were detected by the SRB and
apoptosis assays. Here we observed that the expression of HIF-1q, IL-8 and CXCR1 in cervical cancer tissues was
significantly higher than that in cervicitis tissues. Hypoxic condition stimulated the secretion of IL-8 and the expres-
sion of CXCR1 and CXCR2 on HelLa and SiHa cells. Recombinant human IL-8 enhanced the viability and reduced
the apoptosis in HeLa and SiHa cells. HeLa and SiHa cells cultured in 1% oxygen showed the increased viability
and apoptosis, and the former effect could be partly reversed by anti-human IL-8 neutralizing antibody. This data
suggested that IL-8 secreted by cervical carcinomas cells induced by hypoxia can stimulate the viability of cervical
carcinomas cells in an autocrine dependent manner, and contribute to the pathogenesis of cervical cancer.
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marker [4, 5]. High level of HIF-1a has predic-
tive and prognostic significance in cervical can-
cer [6]. In addition, HIF-1a is over-expressed in
preinvasive and precancerous lesions of the
cervix [7], endometrium [8], breast [9, 10], and

Introduction

Cervical cancer is the third most commonly
diagnosed cancer in women worldwide, and its
global incidence increased at an annual rate of

0.6% between 1980 and 2010 [1]. There are
more than 273,000 deaths worldwide from cer-
vical cancer each year accounting for 9% of
total cancer deaths in women [2].

Oxygen is a molecule that is central to cellular
respiration and viability, yet there are multiple
physiologic and pathological contexts in which
cells experience conditions of insufficient oxy-
gen availability, a state known as hypoxia.
Tumor hypoxia can drive the tumor toward a
more aggressive malignant phenotype through
clonal selection and genomic and proteomic
changes [3]. The role of hypoxia in the growth of
cervical cancer and the mechanism, however,
has not been investigated.

Hypoxia-inducible factor-1a (HIF-1) has been
extensively studied as an endogenous hypoxia

prostate [9, 11].

Chemokine CXCL8 (also named IL-8) is pro-
duced by many cell types, such as peripheral
blood monocytes [12], mesothelial cells [13],
endometrial cells [14, 15], cervical cancer cells
[16]. This chemokine activates multiple intra-
cellular signaling pathways downstream of two
cell-surface G protein-coupled receptors
(CXCR1 and CXCR2) [17, 18]. It has been found
that IL-8 promoted migration and metastasis of
cancer cells by regulating the secretion of
matrix metalloproteinases MMP2 and MMP9
[19], played an important role in angiogenesis
and participated in tumor vasifaction, which
correlated with the infiltration and metastasis
of cancers [20, 21]. Although hypoxia and IL-8
had been linked with various cancers, little
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research has been done on the relationship
and effect of hypoxia and IL-8 in cervical
cancer.

Therefore, the present study is undertaken to
investigate whether hypoxia modulates the
growth of cervical carcinomas cells by IL-8. Our
current findings show that hypoxia up-regulates
the secretion of IL-8 and the expression of it
receptors, and further stimulates the viability of
cervical carcinoma Hela and SiHa cells that
thereby maybe involved in the pathogenesis of
cervical cancer.

Materials and methods
Tissue collection

All tissue samples were obtained with informed
consent in accordance with the requirements
of the Research Ethics Committee in the
Obstetrics and Gynecology, Fudan University
Shanghai Medical College. Samples from 18
patients in International Federaton of Gyne-
cology and Obstetrics (FIGO) stages of cervical
cancer were obtained from women age 29-56
years. Among them, 2 (11.1%) patients had
FIGO Stage Ib2 disease, 4 (22.2%) had Stage
lla, 6 (33.3%) had Stage Ilb, 5 (27.8%) had
Stage lllb, and 1 (5.6%) had Stage IVa disease.
Moreover, certivical tissues from cervicitis
(n=10) (age 24-44 years) were collected as
control. All the samples were confirmed histolo-
gically according to established criteria. In can-
cer group, squamous cell carcinoma was found
in 17 (94.4%) patients and 1 with adenocar-
cinoma.

Immunohistochemistry

Paraffin sections (5 um) of the certivical tissues
from cervical cancer (n=18) or cervicitis (n=10)
were dehydrated in graded ethanol, and incu-
bated with hydrogen peroxide in 1% bovine
serum albumin (BSA)/TBS to block endogenous
peroxidase. The samples were then incubated
with mouse anti-human HIF-1a antibody (8 ug/
ml, R&D Systems, USA), IL-8 antibody (8 ug/ml,
R&D Systems), CXCR1 antibody (15 ug/ml, R&D
Systems), CXCR2 antibody (15 ug/ml, R&D
Systems) or mouse IgG isotype antibody over-
night at 4°C in a humid chamber. After washing
three times with TBS, the sections were over-
laid with peroxidase-conjugated anti-mouse
IgG antibody (SP-9002; Golden Bridge Inter-
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national, Inc., Beijing, China), and the reaction
was developed with 3, 3-diaminobenzidine
(DAB), and counterstained with hematoxylin.
The experiments were repeated five times.

Cell culture

Cervical epidermoid carcinoma HelLa and SiHa
cells were grown in 1640 (Gibco, USA) supple-
mented with 1% antibiotic-antimycotic and 10%
fetal bovine serum (FBS; Hyclone, Logan, UT,
USA).

These cells were incubated either under the
normoxic condition (21% O,, 5% CO,, 74% N, at
37°C) in a humidified incubator (Heal Force, HF
100, Shanghai, China) or under the hypoxic
condition (1% O,, 5% CO,, 94% N, at 37°C) in a
humidified incubator (Heal Force, HF 100,
Shanghai, China).

Enzyme-linked immunosorbent assay for I-8
determination

HeLa and SiHa cells (3x10° cells/well) were
seeded in 24-well plates, and cultured either
under the normoxic condition or under the
hypoxic condition for 24h. Then the secretion of
IL-8 by the supernatant of HeLa and SiHa cells
was detected by ELISA (Shanghai ExCell
Biology, Inc, Shanghai, China), according to the
manufacturer’s instruction.

The expression of CXCR1 and CXCR2 on Hela
and SiHa cells by flow cytometry

HelLa and SiHa cells (1x10° cells/well) were
seeded in 24-well plates, and cultured either
under the normoxic condition or under the
hypoxic condition for 8h. Then we trypsinized
and collected these cells, and evaluated the
expression of CXCR1 and CXCR2 by flow cytom-
etry. Antibodies against human antigens were:
FITC-conjugated anti-human CXCR1 (R&D
Systems) and PE-conjugated anti-human
CXCR2 (R&D Systems). Samples were analyzed
in a FACS Calibur flow cytometer (Becton
Dickinson, USA) by using Cellquest software
(Becton Dickinson). Statistical analysis was
conducted by using isotype matched controls.

IL-8 and anti-IL-8 neutralizing antibody treat-
ments

Hela and SiHa cells were treated with recombi-
nant human IL-8 (rhIL-8) at different concentra-
tion (1, 10, 100 ng/ml) (R&D Systems) for 48h,
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Figure 1. Cervical cancer cells highly express IL-8 and it receptors in cervical cancer tissues. The expression of HIF-
1a, IL-8, CXCR1 and CXCR2 in the cervical tissues from cervical cancer (n=18) and cervicitis patients (n=10) was

analyzed respectively by immunohistochemistry. Original magnification: x400.

with vehicle as control. In addition, we treated
Hela and SiHa cells under the normoxic condi-
tion or under the hypoxic condition for 8h with
anti-human IL-8 neutralizing antibody (a-IL-8)
(0.04, 2, 10 ug/ml) (R&D Systems), and then
cultured these cells under the normoxic condi-
tion for 48h, with mouse isotype (Sino-America
Co. Ltd) as control. Then Sulforhodamine B
(SRB) proliferation assay and apoptosis assay
(the concentration of rhIL-8 was 10 ng/ml and
o-1L-8 was 2 ug/ml for the latter group) were
performed to detect respectively the effect of
rhiLl-8 on the proliferation and apoptosis of
Hela and SiHa cells.

Cell proliferation and apoptosis assay

For SRB proliferation assay, 50 pl of 30% tri-
chloroacetic acid was added for 60 min at 4°C.
After washing and drying the plate, 100 ul of
0.4% SRB was added for 30 min. Next, the
plate was rinsed with 0.1% acetic acid and air
dried, and 100 ul of Tris base (10 mmol/L) was
added before shaking the plate for 10 min. The
SRB value was measured at a wavelength of
570 nm. The experiment was performed in sex-
tuplicates and repeated five times.

Phosphatidylserine externalization was quanti-
fied by flow cytometry with a commercially avail-
able annexin V-FITC apoptosis detection kit
(Invitrogen, USA) according to the manufactur-
er's guideline. The cells were resuspended in
PBS, and washed twice and resuspended in the
kit binding buffer (100 ul/pellet) containing
annexin V solution (2.5 ul/pellet) and propidium
iodide (1 mg/ml). Samples were incubated in
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dark for 15 min, and the percent of annexin
V-positive cells in HeLa and SiHa cells was
determined by FACS Calibur flow cytometry. The
experiments were performed in sextuplicates,
and repeated three times.

Statistics

All values are shown as the mean+SD. Data
were analyzed by using t test or one-way analy-
sis of variance with Statistical Package for the
Social Sciences software version 11.5. Dif-
ferences were considered as statistically sig-
nificant at P<0.05.

Results

Cervical cancer cells highly express IL-8 and it
receptors in cervical cancer tissues

To investigate the possible regulation of hypox-
ia and IL-8 on the biological behavior of cervical
cancer cells, we first compared the expression
level of HIF-1¢, IL-8 and it receptors in cervical
cancer and cervicitis tissues by immunohisto-
chemistry. As shown in Figure 1, in contrast to
tissues from cervicitis, HIF-1a, IL-8 and it recep-
tor CXCR1 were highly staining in cervical can-
cer cells from all cervical cancer samples.
However, the expression of CXCR2 in these two
groups had no significantly difference. Our
observations indicated that the difference of
hypoxic condition and IL-8 signals in the cervi-
cal cancer and cervicitis tissues might be asso-
ciated with the unique biological behavior of
cervical cancer cells.
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Figure 2. Hypoxia induces the secretion of IL.-8 and the expression of it receptors on HelLa and SiHa cells. We
cultured HelLa and SiHa cells under hypoxic condition (1% oxygen) or normoxic condition (21% oxygen) for 24h (for
ELISA assay) or 8h (for flow cytometry assay), and then detected the secretion level of IL-8 in the supernatant by
ELISA (A) and the expression of CXCR1 and CXCR2 by flow cytometry (B-D). Normal HelLa/SiHa: HeLa/SiHa cells
cultured under normoxic condition; Hypoxic HeLa/SiHa: HelLa/SiHa cells cultured under hypoxic condition. Results
are highly reproducible in three independent experiments. Data are mean+SD. “P<0.05, ""P<0.01 or *"P<0.001
compared to the normoxic condition control.

Hypoxia induces the secretion of IL-8 and the
expression of it receptors on HelLa and SiHa

cells

To clarify the relationship between hypoxia and
IL-8 signals, we first investigated the effect of
hypoxic conditions on the IL-8 and it receptors

578

(CXCR1 and CXCR2) of HeLa and SiHa cells. As
depicted in Figure 2, hypoxic conditions stimu-
lated the secretion of IL-8 in both HelLa and
SiHa cells (P<0.05) (Figure 2A). Subsequently,
flow cytometry was used to measure the
expression of CXCR1 or CXCR2 on HelLa and
SiHa cells. We found that the percentage of
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either CXCR1 or CXCR2 positive cells in HelLa
and SiHa cells was increased after hypoxia
(P<0.05, P<0.01, or P<0.001) (Figure 2B-D). In
view of these results above, we proposed that
IL-8 and it receptors might be the down-stream
molecules of hypoxic condition, and involved in
the regulatory effect on cervical cancer cells
mediated by hypoxia.

Recombinant human IL-8 promotes the pro-
liferation and reduces the apoptosis of HelLa
and SiHa cells

To analyze the possible role of IL-8 in the prolif-
eration and apoptosis of cervical cancer cells,
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Figure 3. Recombinant human IL-8 promotes the
proliferation and reduces the apoptosis of HeLa
and SiHa cells. HeLa and SiHa cells (7x10°2 cell/
well for proliferation assay; 1x10° cell/well for
apoptosis assay) were treated respectively with
recombinant human IL-8 (rhIL-8) (1, 10, 100 ng/
ml for proliferation assay; only 10 ng/ml for apop-
tosis assay) for 48h, with vehicle or mouse iso-
type as controls. Then Sulforhodamine B (SRB)
proliferation assay (A, B) and annexin V-FITC
apoptosis detection assay (C-E) were conducted
to analyze proliferation and apoptosis of HelLa
and SiHa cells, respectively. "P<0.05, **P<0.01 or
*P<0.001 compared to the vehicle control.

we treated HelLa and SiHa cells with recombi-
nant human IL-8 (rhIL-8) at different concentra-
tion (0, 0.1, 1, 10, 100 pg/ml) for 48 hours.
Data presented in Figure 3A and 3B showed
that rhlL-8 stimulated proliferation of HeLa and
SiHa cells at the concentration of 1-100 ng/ml
(P<0.05 or P<0.01) (Figure 3A and 3B). On the
contrary, 10 ng/ml rhIL-8 markedly inhibited
the apoptosis of HeLa and SiHa cells (P<0.01
or P<0.001) (Figure 3C and 3D). Our results
indicated that IL-8 derived from cervical carci-
noma cells might enhance proliferation and
anti-apoptosis of cervical cancer cells in an
autocrine manner via binding CXCR1 and or
CXCR2.

Int J Clin Exp Pathol 2014;7(2):575-583
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Figure 4. The stimulatory effect of hypoxia on the proliferation not apoptosis of cervical cancer cells is dependent
on IL-8 signals. We treated HelLa and SiHa cells under the normoxic condition or under the hypoxic condition for 8h
with anti-human IL-8 neutralizing antibody (a-1L-8) (0.04, 2, 10 ug/ml for proliferation assay; only 2 ug/ml for apop-
tosis assay), and then cultured these cells under the normoxic condition for 48h, with mouse isotype (Sino-America
Co. Ltd) as control. Then SRB proliferation assay (A, B) and apoptosis assay (C, D) were performed to analyze the
proliferation and apoptosis of HeLa and SiHa cells. Data are mean+SD. NS: no statistically difference.

The stimulatory effect of hypoxia on the prolif-
eration not apoptosis of cervical cancer cells is
dependent on IL-8 signals

In order to probe into whether hypoxia regu-
lates cervical cancer cells through IL-8 signals,
we pre-treated HelLa and SiHa cells with anti-
human IL-8 neutralizing antibody (0, 0.04, 2, 10
ug/ml) for 8h, cultured these cells under hypox-
ic condition or normoxic condition for another
48h, and then detected the proliferation and
apoptosis of HeLa and SiHa cells by SRB assay
and apoptosis assay. Hypoxic condition notably
increased proliferation of HeLa and SiHa cells
(P<0.01 or P<0.001) (Figure 4A and 4B).
However, it could be reversed by anti-human
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IL-8 neutralizing antibody, especially at the con-
centration of 2 ug/ml (P<0.01) (Figure 4A and
4B). The results of apoptosis assay showed
that hypoxia led to increased apoptosis of HeLa
and SiHa cells (P<0.05 or P<0.001) (Figure 4C
and 4D), but anti-human IL-8 neutralizing anti-
body did not influence these effects.

Discussion

Cancer cells are characterized by rapid prolif-
eration and require adaptive metabolic res-
ponses to allow continued biosynthesis and
cell growth in the setting of decreased oxygen
(0,) and nutrient availability [22, 23]. The
hypoxia-inducible factors (HIFs) are a common

Int J Clin Exp Pathol 2014,7(2):575-583
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Figure 5. Schematic roles of hypoxia in regulating biological behavior of cervical cancer cells. Under hypoxia condi-
tions, cervical carcinoma cells secrete high level of IL-8 and express more CXCR1 and CXCR2. The increased IL-8/
CXCR1/CXCR2 signals induced by hypoxia, on the one hand, may stimulate the proliferation, restrict the apoptosis
and promote the migration and metastasis of cervical cancer cells in an autocrine-dependent manner; On the other
hand, enhance the angiogenesis of vascular endothelial cells (VEC) in a paracrine-dependent manner. In addition,
hypoxia promotes the apoptosis of cervical cancer cells through other signals. These effects finally contribute to

growth and development of cervical cancer.

link between adaptation to low O,, changes in
cancer metabolism, and malignant progres-
sion. In our current work, contrast to cervicitis
tissues, cervical cancer cells in cervical cancer
highly expressed HIF-1¢, IL-8 and it receptor
CXCR1, suggesting that IL-8 signals maybe
associated with hypoxic status and the biologi-
cal behavior in cervical cancer cells.

The key findings of the present study indicate
that hypoxic condition stimulates the secretion
of IL-8 and the expression of CXCR1 and CXCR2
on cervical cancer cells HeLa and SiHa cells,
and further promotes the proliferation of HelLa
and SiHa cells through up-regulating IL-8/it
receptors signals. Moreover, hypoxia promoted
the apoptosis; on the contrary, recombinant
human IL-8 repressed the apoptosis of HelLa
and SiHa cells. These results suggest that
hypoxia and it's downstream IL-8 signals have
important roles in promoting the growth of cer-
vical cancer cells, and further stimulating the
development and progression of cervical can-
cer. These findings further add to our under-
standing about the biological function and role
manner of hypoxia in the cervical cancer pro-
gression.
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Tumors grow in immunocompetent hosts via
autocrine/paracrine mechanisms that main-
tain proliferation using escape mechanisms,
and lead to the ineffectiveness of host elimina-
tion by producing cytokines such as IL-8 and
the chemokine CC chemokine ligand 28
(CCL28) that facilitate invasion and metastasis
[24, 25]. As a potent pro-angiogenic factor, I1L-8
is also involved in tumor progression and cell
invasion; thereby stimulating cancer cell growth
and contributing to metastasis and recurrence
[26, 27]. It has been reported that many types
of human carcinomas, including breast, colon,
gastric, lung, and ovarian cancers, express high
levels of IL-8 relative to normal tissues [28].
Over-expression of IL-8 has been reported in
multiple malignancies and is frequently associ-
ated with poor clinical outcome [29, 30]. In this
study, we demonstrated that IL-8 and its recep-
tors were the downstream molecules, and
involved in the modulating the proliferation not
apoptosis of cervical cancer cells mediated by
hypoxia. However, the exact mechanisms still
need further research.

Hypoxia, a condition that is known to drive
angiogenesis in tumors, results in the release

Int J Clin Exp Pathol 2014:7(2):575-583
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of damage-associated pattern molecules,
which can trigger the rejection of tumors by the
immune system [31]. Facciabene et al had
found that tumour hypoxia promotes the recruit-
ment of regulatory T (Treg) cells through induc-
tion of expression of CCL28, which, in turn, pro-
motes tumour tolerance and angiogenesis [25].
Therefore, our current results offered a new
possibility that the stimulatory effect of hypoxia
on tumor angiogenesis was partly achieved by
increasing IL-8. However, this speculation still
requires detailed research.

Collectively, as shown in Figure 5, based on
previous reports and our finding, it has been
demonstrated that cervical carcinoma cells
express high level of IL-8, CXCR1 and CXCR2
under hypoxic conditions. The increased IL-8/
CXCR1/CXCR2 signals induced by hypoxia, on
the one hand, may stimulate the proliferation,
restrict the apoptosis and promote the migra-
tion and metastasis of cervical cancer cells in
an autocrine-dependent manner; On the other
hand, hypoxia may strengthen the dialogue
between cervical cancer cells and vascular
endothelial cells through stimulating the pro-
duction of pro-angiogenic factor IL-8. In addi-
tion, hypoxia promotes the apoptosis of cervi-
cal cancer cells in an IL-8-independent manner.
These effects finally contribute to growth and
development of cervical cancer.
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