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Abstract

Purpose It has been well established that high serum
levels of interleukin-8 (IL-8) in ovarian cancer result in a
poor clinical outcome. Thus, the aim of this study was

investigating the role of IL-8 in ovarian cancer
development.
Methods Two human ovarian cancer cell lines (SKOV3

and OVCAR3) were cocultured with IL-8 (100 ng/L) for
24 h, then cell migration was determined by transwell
assay. Epithelial-mesenchymal transition (EMT)-associ-
ated proteins including E-cadherin and p-catenin, and
phosphorylation status of B-catenin were investigated by
Western blot analysis.

Results After treatment with IL-8 (100 ng/L) for 24 h,
transwell assay result showed that the number of migrated
ovarian cells increased significantly. Western blot analysis
revealed that protein levels of E-cadherin were decreased,
while that of B-catenin were elevated both in IL-8 pre-
treated SKOV3 and OVCARS3 cells. We further found that
phosphorylation status of -catenin were elevated either in
cytoplasm or in nucleus of these two ovarian cancer cell
lines after treatment with IL-8 for 24 h.
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Conclusions Our data suggest that IL-8 induces EMT in
ovarian cancer cells and implicates its potential role in
enhancing ovarian cancer cell metastasis.
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Introduction

Ovarian cancer is the most common cause of gynecologic
disease-related death, with a 5-year survival rate about
30 %. About 70 % of patients with ovarian cancer are
diagnosed at an advanced stage when the ovarian cancer
has been metastasized, because the patients usually showed
asymptomatic at early stage. Thus, inhibition of ovarian
cancer cell metastasis after diagnosis is helpful for
improving prognosis. It is known to all that multiple factors
such as growth factors, cytokines and cell signaling pro-
teins in tumor microenvironment play crucial roles in
tumor cell metastasis [1]. Therefore, understanding their
molecular mechanisms in metastasis processes is vital for
ovarian cancer diagnosis and therapy.

Interleukin-8 (IL-8), a pro-inflammatory cytokine, was
initially described as a neutrophil and monocyte chemo-
attractant and over-expressed in multiple malignancies,
leading to a poor clinical outcome [2]. Especially, elevated
levels of IL-8 were found in high-invasive tumor cells [3].
Previous reports suggested up-regulation of IL-8 in cancer
cells increased tumor cell motility [4—6], contributing to
cancer cell migration and metastasis. In preliminary
research, we verified that inhibition of endogenous IL-8
expression in ovarian cancer cells attenuated cell migration
[7], indicating IL-8 may promote ovarian cancer cell
metastasis. However, the role of IL-8 in ovarian cancer cell
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metastasis has not been verified, and the cellular mecha-
nism of IL-8 in ovarian caner remains unknown.

To acquire the metastatic ability, tumor cells stimulated
by cytokines experience phenotypic changes such as epi-
thelial-mesenchymal transition (EMT). EMT is character-
ized as reduction of cell-cell adhesion and lost of normal
cell polarity in epithelial cells [8]. Loss of E-cadherin and
transfer of B-catenin from cytoplasm to nucleus in epithe-
lial cells are characteristic changes of EMT [9, 10].
E-cadherin is a single span transmembrane protein that
contains five repeats and cytoplasmic domain. The intra-
cellular part of E-cadherin is linked to B-catenin, forming a
cadherin—catenin complex to regulate normal cell shape
and dynamics [11, 12]. Recent studies clarified that up-
regulated expression of E-cadherin may reduce some tumor
metastasis. Moreover, loss of E-cadherin resulted in accu-
mulation of B-catenin in cytoplasm and stimulated WNT-
signaling pathway, which is closely correlated with tumor
metastasis [13—15]. As a core member of WNT-signaling
pathway, B-catenin influences cell-cell adhesion by pos-
sible changes of its distribution or the level of self-phos-
phorylation in other tumors [16, 17].

Previous reports evidenced that some cytokines such as
transforming growth factor B (TGF-fB) and tumor necrosis
factor (TNF-a) played crucial roles in EMT induction [18—
20]. Our previous results verified that inhibition of
endogenous IL-8 expression in ovarian cancer cells atten-
uated cell migration [7]. In the present study, we want to
know whether IL-8 induces ovarian cancer by EMT
induction. We first identify the effect of IL-8 on ovarian
cancer metastasis, and then find its possible molecular
mechanism of it.

Materials and methods
Chemicals and reagents

RPMI 1640, fetal bovine serum (FBS), antibiotics (peni-
cillin/streptomycin), glutamine and collagenase were sup-
plied by Gibco-BRL (Rockville, MD, USA). Recombinant
human interleukin-8 (8-79) was obtained from SinoBio
Biotechnology company (Shanghai, China). Anti-E-cad-
herin antibody, anti-B-actin antibody and anti-phospho-f-
catenin (Ser675) were purchased from Cell Signaling
Technology (Beverly, MA, USA). Anti-Lamin B (M-20)
antibody were supplied by Santa Cruz Biotechnology
(Santa Cruz, CA, USA).

Cell culture and treatment

Human ovarian carcinoma cell lines (SKOV3 and OV-
CAR3) were kindly donated by Ultrasound Institute of
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Chongqing Medical University. They were cultured in
RPMI 1640 supplemented with 10 % fetal bovine serum
(FBS) in a humidified 5 % CO, incubator. When cells
reached sub-confluence, they were then pretreated for 24 h
with culture medium containing IL-8 (100 ng/mL) that was
tested in the experiments.

Transwell assay

The lower chambers were filled with 0.6 mL of RPMI 1640
medium containing IL-8 (100 ng/mL). Cells were re-sus-
pended in RPMI-1640 containing 1 % FBS, added
(1 x 10° cells/100 uL) to the upper chamber with the
polycarbonate membrane (8-um pore, Corning Life Sci-
ence). After 24 h incubation, at 37 °C under 5 % CO,,
cells that had not migrated were removed, whereas
migrated cells were fixed in 4 % PFA for 10 min at room
temperature and stained with hematoxylin. To count the
number of migrated cells in lower chambers, an inverted
microscope was used (Nikon TEU-2000). Experiments
were performed in triplicate with a minimum of 10 grids
(400x magnification) per filter counted. Data were assayed
by two dependent investigators with Image Pro Plus 6.0.

Western blot analysis

Cells were washed twice with ice-cold PBS and scraped in
1 ml of the same buffer. After centrifugation at 10,000x g,
the cell pellet was suspended in ice-cold hypotonic lysis
buffer (10 mM HEPES pH 7.9, 1.5 mM MgCl,, 0.2 mM
KCl, 0.2 mM phenylmethylsulphonylfluoride, 0.5 mM
dithiothreitol), vortexed for 2 min, and then centrifuged at
12,000x g for 15 min. The supernatants were transferred to
fresh tubes and assayed for total protein content. The
nuclear and cytoplasmic cellular extraction was performed
by Nuclear and Cytoplasmic Protein Extraction kit
according to the manufacturer’s instructions (Beyotime
Institute of Biotechnology, Jiangsu, China). Protein sam-
ples (100 pg) were electrophoretically fractionated with a
discontinuous system consisting of 10 % polyacrylamide
resolving gels and 8 % stacking gels, and then transferred
to nitrocellulose membranes (Amersham, Buckingham-
shire, England) at 100 v and 250 mA (current constant).
The membranes were washed, blocked, and then incubated
with primary antibodies against E-cadherin, B-actin, B-
catenin, phospho-B-catenin (Ser675) (Cell Signaling,
Beverly, MA), and Lamin B (M-20) (Santa Cruz Bio-
technology, Santa Cruz, CA). The bound horseradish per-
oxidase-conjugated secondary antibody was detected by an
enhanced chemiluminescence procedure. Protein expres-
sion levels were determined by analyzing the signals cap-
tured on the nitrocellulose membranes using a Chemi-doc
image analyzer (Bio-Rad, Hercules, CA, USA).
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Statistical analysis

The results were expressed as mean £ SEM of at least
three independent experiments performed in triplicate.
Treatment groups were compared using one-way analysis
of variance (ANOVA), and the Newman-Keuls test was
used to locate any significant differences identified in the
ANOVA. p < 0.05 was accepted as significant.

Results
Effect of IL-8 on cell migration

To verify the role of IL-8 in human ovarian tumor cell
migration, the transwell assay was employed. We treated
ovarian cancer cells with this optimized IL-8 concentration
(100 ng/mL) [21] for 24 h. Our results showed a significant
increased number of SKOV3 and OVCAR3 cells in the
lower chamber of transwell (Fig. la, b), when compared
with IL-8-free groups (3.1-fold, 2.3-fold, respectively,
p < 0.05).

Effect of IL-8 on E-cadherin protein expression
Loss of E-cadherin is one characteristic of EMT, leading to

tumor metastasis; therefore, we investigated the influence
of IL-8 on E-cadherin in ovarian cancer cells. After treated

Number of cells/field
(Fold change over control)

ctrl

IL-8 100ng/mL

Fig. 1 Effect of IL-8 on ovarian cancer cell migration. SKOV3
(a) and OVCARS3 (b) cells were pretreated with IL-8 (100 ng/ml) for
24 h. Cell migration was determined by transwell assay. Compared

with IL-8 for 24 h, the protein level of E-cadherin reduced
by fourfold in SKOV3 cells (Fig. 2a) and sixfold in OV-
CARS3 cells (Fig. 2b), when compared with control groups.

Effect of IL-8 on B-catenin protein expression

Because E-cadherin combined with B-catenin forms a
cadherin/catenin complex to keep a physical cell—cell
contact, we tested the protein expression of -catenin in IL-
8 co-cultured ovarian cancer cells. As shown in Fig. 3,
compared with control groups, protein levels of B-catenin
were increased both in SKOV3 (Fig. 3a) and OVCAR3
(Fig. 3b) cells (3.5-fold, 1.5-fold, respectively, p < 0.05).

Effect of IL-8 on phosphorylation status of B-catenin

It has been well established that WNT-signaling pathway
plays an important role in tumor metastasis by possible
change of B-catenin phosphorylation [14-16]. We investi-
gated the effect of IL-8 on P-catenin phosphorylation in
ovarian cancer cells. As shown in Fig. 4, compared with
control groups, phosphorylated B-catenin protein level
increased both in cytoplasm and nucleus (twofold, 2.5-fold,
respectively, p < 0.05), when SKOV3 cells were treated
with IL-8 (100 ng/mL) pretreated for 24 h (Fig. 4a). IL-8
dramatically induced P-catenin phosphorylated in both
cytoplasm and in nucleus of OVCAR3 cells (Fig. 4b) (2.4-
fold, 2.9-fold, respectively, p < 0.05).

3-
©
D Z
2 8
& 0 2l
25
o >
O o
S o
C o
o S 1F
o g
go

°
< 35
A

ctrl

IL-8 100ng/mL
with IL-8-free groups, the number of SKOV3 and OVCARS3 cells in

the lower chamber of transwell increased 3.1-fold and 2.3-fold
(p < 0.05)
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Fig. 2 Effect of IL-8 on protein a b
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Fig. 3 Effect of IL-8 on protein a
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(b) cells (3.5-fold, 1.5-fold,
respectively, p < 0.05)
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Discussion

Metastasis is the leading cause of high mortality for
patients with ovarian cancer. In the previous study, we
have verified that inhibition of endogenous IL-8 expression
attenuated cell migration in ovarian cancer [7], indicating
IL-8 may promote ovarian cancer cells metastasis. In the
present study, we try to further identify the effect of IL-8
on invasive ability in ovarian cancer cells and its possible
molecular mechanism.

The significant increased numbers of SKOV3 and OV-
CAR3 cells in the lower chamber of transwell chambers in
IL-8-treated group indicated that IL-8 promotes the inva-
sive ability of ovarian cancer cells, which might be
responsible for ovarian cancer metastasis. Previous studies
showed that IL-8 promoted EMT in hepatocellular carci-
noma and contributed to worse prognosis in patients [22].
Because the change of E-cadherin is the marker phenom-
enon in EMT, we investigated the changes of E-cadherin
with IL-8 treatment. Our results showed that protein level
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of E-cadherin was down-regulated by IL-8. We elucidated
that IL-8 might induce EMT in the ovarian cancer metas-
tasis. Because deletion of E-cadherin in other tumor cells
damages cell adherens junctions and makes number of
tumor cells detach from original foci to migrate and invade
the surrounding tissues [23], the low level of E-cadherin
regulated by IL-8 in ovarian cancer cells might be one of
the possible mechanisms for ovarian cancer cell metastasis.

Since change of B-catenin is an important factor for
EMT, we detected the change of B-catenin. Our result
showed that both total protein level of B-catenin and
phosphorylated B-catenin was elevated in ovarian cancer
cells. E-cadherin defect may allow B-catenin to accumulate
in the cytoplasm, which might lead to nucleus transloca-
tion, where it combines with T cell factor (Tcf)/Lef tran-
scription factors to trigger transcription of metastasis-
associated genes [24]. Thus, increased PB-catenin level
might account for the ovarian cancer metastasis induced by
IL-8. Interestingly, some data conferred that the promoter
sequence of IL-8 contains a unique consensus Tcf/Lef site,
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Fig. 4 Effect of IL-8 on a CE
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which is binding site for B-catenin to induce IL-8 in hep-
atoma cells, resulting in enhancing cell migration [25].
Thus, IL-8/B-catenin pathway might be regulated by a
positive feedback in tumor cell metastasis. In addition, IL-8
not only elevated B-catenin phosphorylation level of
cytoplasm, but also of nuclear phosphorylation of ovarian
cancer cell in our work. Status of B-catenin determines its
fate and affects its function in holding the cytoskeletal
networks [26]. Accumulated phosphorylated B-catenin
could be transferred to the nucleus and trigger TCF/Lef
transcription factors to involve in the IL-8/B-catenin to
participate in EMT. Hence, changes in B-catenin induced
by IL-8 play a role in EMT, which might contribute
ovarian cancer metastasis.

In summary, our data indicated that defect of E-cad-
herin/B-catenin complex induced by IL-8 may play a crit-
ical role in EMT, impacting cell migration and contributing
to ovarian cancer progression. As a secretory protein, the
level of IL-8 might be a biomarker for ovarian cancer
surveillance.
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