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Effect of IL-6 and IL-8 on the expression of the
complement activation inhibitors MAC-inhibitory protein
and decay-accelerating factor in ovarian cancer A2780 cells
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Abstract. The aim of the present study was to evaluate the
role of interleukin (IL)-6 and IL-8 on the expression of the
membrane-bound complement inhibitors membrane attack
complex-inhibitory protein (CD59) and decay-accelerating
factor (CDS55), in the human ovarian carcinoma A2780
cell line, which is a non-producing IL-6 cell line that does
exhibit IL-6 responsiveness, due to the presence of IL-6
receptors. Extracellular levels of complement system
inhibitors were evaluated by western blotting and reverse
transcription-quantitative polymerase chain reaction. Cellular
localization of CD55 and CD59 in the ovarian cancer cells
was assessed by immunofluorescence. The detection of a
soluble form of CD55 and CD59 released by the A2780
cells following stimulation with IL-6 and IL-8 was detected
by enzyme-linked immunosorbent assay. The present data
revealed that A2780 cells express CD55 and CD59 at the
mRNA and protein level, but do not secrete these proteins to
the culture medium. Results of western blotting demonstrated
that the protein level of CD59 was regulated by IL-6 and IL-8
in a dose-dependent manner. Immunofluorescence analysis
revealed that the ovarian cancer A2780 cell line expresses the
membrane bound form of CD55 protein. The present results
indicate that CD55 and CD59 may affect the efficiency of
complement-mediated immunotherapies.
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Introduction

The complement system is a major component of the innate
immune system. Activation of the cascade reaction of the
complement system leads to the cytolytic destruction of cancer
cells, and it is the primary pathway for protecting the human
body from bacterial infections and cancer cells. Decay-accel-
erating factor (CDS55) and membrane attack complex
(MAC)-inhibitory protein (CD59) belong to the family of
membrane-bound complement regulatory proteins (1). CD59 is
a regulatory protein that participates in the inhibition of MAC
formation, while CD55 inhibits the formation of C3 and C5
convertases by preventing their cleavage (2). The primary role
of CD59 and CD55 is the protection of normal host cells from
damage caused by the accidental activation of the complement
system (3).

Over-expression of CD59 and CD55 has been observed in
a variety of solid tumors, including non-Hodgkin lymphoma
and colon, breast and ovarian cancer. An increase in CD55
and CD59 expression has also been associated with a poor
response to treatment, an increased tumour stage and shorter
disease-free survival time of patients (4-7). Consequently, the
activity of complement inhibitors CD59 and CD55 may be
associated with the mechanism of cancer cell escape (3).

Ovarian cancer is the fourth leading cause of mortality
among women, following breast, lung and colon cancer, and
poses a major challenge for treatment, due to late diagnosis,
low therapeutic efficiency and increasing chemoresistance.
Ovarian cancer is treated by surgery and chemotherapy with
a combination of taxanes and platinum (8,9). Complement
system activation is a potential target for immunotherapy in
ovarian cancer, using complement-activating monoclonal
antibodies, and the mechanism of action is associated with
complement-mediated cytotoxicity. However, this method may
have limited efficacy, due to the expression of natural comple-
ment inhibitors present in ovarian cancer cells, including CD55,
CD59 and membrane cofactor protein (CD46) (4). Therefore,
complement inhibitors may represent the primary cause of



1508

failure for immunotherapy with monoclonal antibodies. It
appears that an improved understanding of the regulatory
mechanisms of complement system inhibitor expression, and
their function in ovarian and other gynecological cancer, is
essential for improving immunotherapy (4).

Cytokines play a major role in the regulation of comple-
ment inhibitory protein expression, and are identified in the
tumour microenvironment. The key cytokines in this regula-
tion appear to be interleukins-6 and 8 (IL-6 and IL-8), since
increased levels of these cytokines have been identified in the
ascites fluid of ovarian cancer patients (10,11). In vitro IL-6
is secreted by mesothelial cells, fibroblasts, macrophages and
ovarian tumour cells, while IL-8 is secreted by endothelial
cells and mesothelial cells, monocytes and ovarian tumour
cells (11). Therefore, the tumour microenvironment is signifi-
cant in all processes of ovarian cancer progression.

The primary aim of the present study was to characterize
the expression of the complement system inhibitors CD59 and
CDS55 at the mRNA and protein level in the human ovarian
cancer A2780 cell line following IL-6 and IL-8 stimulation. The
present results revealed that CD59 and CDS55 proteins present on
ovarian carcinoma cells appear to be key factors in protecting
malignant ovarian cells from complement-mediated death.

Materials and methods

Cell culture. The human ovarian cancer A2780 cell line was
obtained from the European Collection of Cell Culture (Salis-
bury, UK). A2780 cells were cultured in RPMI-1640 medium
supplemented with L-glutamine, penicillin-streptomycin
(10 U/ml-100 pg/ml) and 10% fetal bovine serum (FBS) (all
Sigma-Aldrich, Munich, Germany), in a humidified atmo-
sphere of 95% air and 5% CO, at 37°C. This cell line was
selected, since A2780 cells do not produce IL-6, but expresses
the IL-6 receptor (12).

Stimulation of cells. Human ovarian carcinoma cells were
seeded into petri dishes (5 ml; 3x10° cells/ml). The cells were
washed with phosphate buffered saline (PBS) with Ca2+ and
Mg2+ (Sigma Aldrich, St. Louis, MO, USA) and next were
incubated in medium RPMI 1640 supplemented with L-gluta-
mine containing various concentrations of IL-6 and IL-8.
Human IL-6 and IL-8 were purchased from Sigma-Aldrich.
Subsequent to a 24 h of incubation, the supernatant was
collected and transferred to Eppendorf tubes and frozen at
-80°C for subsequent studies. The cells were incubated with
5 mM EDTA in phosphate-buffered saline (PBS) for 10 min.
Subsequently, the cells were transferred to new tubes and
centrifuged at 12,000 x g for 10 min at 4°C. The supernatant
was removed and precipitated cells were stored at -80°C.

Cell proliferation assay. The effect of IL-6 and IL-8 on the
proliferation of ovarian cancer cells was determined using a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. The cells were cultured at a density of 5x10° cells
per well in 96-well cell culture plates (Nunc™ MicroWell™;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). Subse-
quent to a 24 h incubation, the cells were exposed to various
concentrations of IL-6 and IL-8 (1, 10 and 100 ng/ml). In total
96 h later, the proliferation of the treated cells was assessed
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using the MTT assay. The amount of formazan dye was
determined by quantifying its absorbance at 570 nm using
the FLUOstar Omega Microplate Reader (BMG Labtech
GmbH, Ortenberg, Germany). The proliferation rate (PR) was
measured by the following equation: PR (%) = (absorbance of
treatment probe / absorbance of control probe) x 100%.

Enzyme-linked immunosorbent assay (ELISA). To determine
the amount of soluble CD59 and CDS55 in the cell medium,
an ELISA Kit for Human CD59 glycoprotein and ELISA Kit
for Human Complement decay-accelerating factor were used
(ETAab Science Co., Ltd., Wuhan, China), according to the
manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). After a 24 h stimulation with various concentra-
tions of IL-6 and IL-8 (1, 10 and 100 ng/ml), total cellular
RNA from the cultured cells was isolated using a High Pure
RNA Isolation kit (Roche Diagnostics GmbH, Mannheim,
Germany), according to the manufacturer's protocol. Extracted
RNA was purified and diluted in DNase and RNase free water.
Quality and quantity of the isolated RNA was measured by a
NanoDrop® spectrophotometer (Thermo Fisher Scientific, Inc.).
DNase I (Roche Diagnostic GmbH, Mannheim, Germany) was
used when total RNA was isolated (180U per sample) but not
when RT-qPCR was performed. The qPCR was performed
according to the manufacturer's protocol: TagMan® Gene
Expression Assays Protocol (Applied Biosystems®; Thermo
Fisher Scientific, Inc.) Complementary cDNA was synthesized
from 2 ug total RNA using SuperScript I Reverse Transcriptase
(Invitrogen™; Thermo Fisher Scientific, Inc.). Subsequently,
1 pl of the resulting cDNA solution was used to amplify cDNA
using TagMan® Gene Expression Assays with specific primers
to CD59 (assay ID, Hs00174141_m1) and CD55 (assay ID,
Hs00892618_m1), according to the manufacturer's protocol
(Applied Biosystems®; Thermo Fisher Scientific, Inc.). qPCR
was performed in an ABI 7500 Fast Real-Time PCR System
(Applied Biosystems®). Relative CD59 and CD55 expression
was measured using the 2-#*“9 method (13), using f-actin (assay
1D, Hs99999903_m1; Applied Biosystems®) as the endogenous
control. Three independent experiments were performed.

Western blotting. Cells were lysed in RIPA lysis buffer (1%
Tergitol®, 0.5% sodium deoxycholate, 0.1% SDS, 1 mM
EDTA, 1 mM EGTA, 1 mM NaVO,, 20 mM NaF, 0.5 DTT,
1 mM PMSF, PIC in PBS). The lysates were centrifuged at
12,000 x g for 10 min at 4°C. The protein concentration was
then measured using a Bicinchoninic Acid Protein Assay
kit. In total, 20 mg of protein samples were electrophoresed
using 10% sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis under reducing conditions, and transferred to
polyvinylidene difluoride membranes. Non-specific binding
sites on the membranes were blocked with 5% skim milk
in Tris-buffered saline containing 0.05% Tween 20 for
1 h at room temperature, and the membranes were subse-
quently probed with rabbit polyclonal anti-CD59 (catalog
no., sc-28805), mouse monoclonal anti-CD55 (catalog no.,
$¢-59092) and mouse monoclonal f-actin antibodies (catalog
no., sc-47778) (dilution, 1:1,000; Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) overnight at 4°C. This was followed
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by an incubation at room temperature for 1 h with horse-
radish peroxidase-conjugated goat anti-rabbit and anti-mouse
secondary antibodies (cat nos., sc-2004 and sc-2005, respec-
tively; dilution, 1:2,000; Santa Cruz Biotechnology, Inc.).
The membranes were visualized with a chemiluminescence
substrate kit (Pierce™ ECL Western Blotting Substrate;
Thermo Scientific, Inc.). Densitometric analysis was
performed with Image J version 1.48 software, normalized
to B-actin values.

Immunofluorescence. Cells were grown in 8-well cell culture
slides (Nunc™ MicroWell™) in RPMI-1640 with 10% FBS.
Subsequent to a 24 h stimulation with various concentration of
IL-6 and IL-8 (1, 10 and 100 ng/ml), the cell culture slides were
fixed in 3.7% formaldehyde for 15 min and permeabilized in
0.1% Triton X-100 for 10 min. Following permeabilization, the
cell culture slides were blocked in 3% bovine serum albumin
(Sigma Aldrich) for 15 min, and following washing were incu-
bated with mouse monoclonal anti-CD59 (catalog no., ab9182)
and anti-CD55 (catalog no., ab1422) antibodies (Abcam,
Cambridge, UK) at 10 ug/ml overnight at 4°C. Subsequently,
the cells were incubated at room temperature with a donkey
anti-mouse IgG Alexa Fluor® 488 conjugated secondary
antibody (green fluorescence; catalog no., ab150105; dilu-
tion, 1:1,000; Abcam) for 90 min. Fluorescence labeling was
analyzed under a fluorescent microscope (BX51; Olympus
Corporation, Hamburg, Germany).

Statistical analysis. Statistical analysis was performed with
GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla,
CA, USA). Multiple comparisons were performed using
one-way analysis of variance followed by Tukey's post hoc
test. Data are presented as the mean + standard deviation. All
statistical tests were two-sided and P<0.05 was considered to
indicate a statistically significant difference.

Results

Proliferation of ovarian cancer cells following stimulation
by IL-6 and IL-8. It has been widely reported that IL-6 and
IL-8 reinforce the proliferation of ovarian cancer cells (11).
However, the present study demonstrated that IL-6 and IL-8
did not affect ovarian cancer A2780 cell proliferation (Fig. 1);
subsequent to a 96 h incubation with IL-6 or IL-6/IL-8
combination, no significant differences were noted between
control and treated cells.

IL-6 and IL-8 treatment affects the production of
membrane-bound complement regulatory protein CD59 by
ovarian cancer cells. Western blotting was performed to
investigate the effect of IL-6 and IL-8 on the expression of
CD55 and CD359 in ovarian cancer A2780 cells. The cells
were incubated with various concentrations of IL-6 alone
or IL-6/IL-8 combination. The present results revealed that
the cancer cells treated with IL-6 alone and in combina-
tion with IL-8 expressed the membrane-bound complement
inhibitor CD59. The protein level of CD59 was increased
subsequent to a 24 h incubation with IL-6, and a 1 ng/ml
concentration of IL-6 was sufficient to enhance the expres-
sion of CD59 (Fig. 2A). However, the level of CD59 was
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Figure 1. Analysis of pro-proliferative properties of IL-6 and IL-8-treated
human ovarian cancer A2780 cells. Proliferation was measured using a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay and
measured as metabolic activity of the cells, which was presented as a per-
centage of the control. Data are presented as the mean + standard deviation.
IL, interleukin.

deceased compared with the control following an incubation
with 100 ng/ml IL-6 (Fig. 2A). Abnormal alterations in the
protein expression of CD59 were observed when the cells
were incubated with IL-6/IL-8 combination; the protein
level was decreased following an incubation with 10 ng/ml
IL-6/IL-8 combination (Fig. 2B). These results should be
confirmed, since only representative results are presented by
the present study.

IL-6 and IL-8 affected the CD59 and CD55 gene expression
at the mRNA level in ovarian cancer cells. RT-qPCR was
performed to determine the CD55 and CD59 gene expression
at the mRNA level. To present the results of relative gene
expression, the *2Cq method was used, with B-actin as the
reference gene and non-IL-6 and IL-8 treated samples as a
control. The mRNA level was analyzed in the same qPCR
reaction using a TagMan probe. The results demonstrated
that the relative CD59 expression from the cells at the mRNA
level was increased compared with the control following
stimulation with IL-6; however, these results were not statis-
tically significant (Table I; Fig. 3A). In samples incubated
with IL-6 at 100 ng/ml the fold change was ~1.5, which was
statistically significant compared with the control (P<0.01;
Table I; Fig. 3A). Therefore, the relative expression of CD59
was increased compared with control samples at higher
concentrations of IL-6 treatment. In samples incubated with
IL-6/8 combination, no significant differences in expression
were observed (Table I; Fig. 3A). The expression of CD55 in
samples incubated with IL-6 and IL-6/IL-8 combination was
unchanged compared with the control (Table I; Fig. 3B).

Ovariancancer A2780 cell line expresses the membrane-bound
complement regulatory protein CD55. To investigate the
membrane-bound form of complement inhibitors CD55 and
CD59, A2780 cells were visualized using immunofluores-
cence. Immunofluorescence was performed using mouse
monoclonal anti-CD59 and anti-CD55 primary antibodies,
and donkey anti-mouse IgG Alexa Fluor® 488 conjugated
secondary antibody (green fluorescence). As expected, the
expression of CD55 was observed on the surface of the cells
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Table I. Quantitative polymerase chain analysis results for CD55 and CD59 expression in human ovarian cancer A2780 cells
treated with various combinations of IL-6 or IL-6/IL-8 combination.

A, CD55
IL-6 IL-6/IL-8 combination
Concentration, ng/ml R+SD Concentration, ng/ml R+SD
1 1.00+0.30 1 1.07+0.36
10 1.00+0.44 10 1.21+0.50
100 1.01+0.43 100 1.10+0.46
B, CD59
IL-6 IL-6/IL-8 combination
Concentration, ng/ml R+SD Concentration, ng/ml R+SD
1 1.35+0.17 1 1.04+0.22
10 1.26+0.07 10 1.11+0.04
100 1.47+0.17* 100 1.11+0.07

P<0.01. R = SD, fold change (R=222) + standard deviation; IL, interleukin; CD55, decay-accelerating factor; CD59, membrane attack

complex-inhibitory protein.
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Figure 2. Western blot analysis demonstrating CD59 expression in human ovarian cancer A2780 cells following incubation with various concentrations of
(A) IL-6 alone and (B) IL-6/IL-8 combination. The results of densitometric analysis, normalized to f-actin, are presented as a percentage of control. Data are
presented as a representative western blot. IL, interleukin; CD59, membrane attack complex-inhibitory protein; CD55, decay-accelerating factor.

(Fig.4). However, no differences in fluorescence were observed
between cells in cells incubated with IL-6 or IL-6/IL-8
combination compared with control cells (Fig. 4). CD59 was
not detected on the cancer cells surface, possibly due to its
expression being too low to be detected (data not shown).

A2780 cells do not produce a soluble form of CD55 or CD59
to a significant level. A2780 cell culture was stimulated with
various concentrations (1, 10, 100 ng/ml) of IL-6 alone and
IL-6/IL-8 combination. Following 24 h, soluble forms of
CD55 and CD59 were analyzed in the cell culture supernatants
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Figure 3. Quantitative polymerase chain reaction analysis of the mRNA expression levels of (A) CD59 and (B) CDS55. The graph presents the fold change
calculated for the samples incubated with IL 6 and IL 6/IL 8. Sample without interleukin treatment was used as an untreated control and f§ actin was used as
a reference gene for normalization. The data are presented as the fold change (R=2 229) mean =+ standard deviation of three independent experiments (R+SD)
(n=3). Statistical significance: "P<0.01. IL, interleukin; CD59, membrane attack complex inhibitory protein; CD55, decay accelerating factor.
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Figure 4. Immunofluorescence staining of decay-accelerating factor protein in human ovarian cancer A2780 cells following a 24 h incubation with various
concentrations of IL-6 and IL-6/IL-8 combination. (A) 0, (B) 1, (C) 10 and (D) 100 ng/ml IL-6-treated cells. (E) 0, (F) 1, (G) 10 and (H) 100 ng/ml IL-6/IL-8
combination-treated cells. (I) Control with goat IgG-treated cells (magnification, x400). IL, interleukin.

with the use of an ELISA method. The two ELISA tests had a
detection range of 31.2-2,000.0 pg/ml. The minimum detect-
able dose of human CD59 and CD55 glycoprotein is typically
<10.7 pg/ml. However in the present study, no CD59 and CD55
glycoproteins were detected (data not shown). It is possible
that the concentration of the glycoprotein in the cell culture
supernatants was too low to be detected, or that ovarian cancer
cells do not release CD55 and CD59 into the microenviron-
ment.

Discussion

The complement system is an important part of innate
immunity. CD59 and CD55 are cell surface-anchored proteins
that regulate the activation of complement (3). Cancer cells
may protect themselves against complement-dependent

cytotoxicity by the expression of complement system inhibi-
tors. The present study investigated the role of IL-6 and IL-8
on CD55 and CD59 expression in the human ovarian cancer
A2780 cell line. The present results revealed that IL-6 affects
the expression of CD59 at a protein level; these effects were
also detected at the mRNA level of CD59. Relative expres-
sion of CD59 was the highest in cells incubated with IL-6 at
a concentration of 100 ng/ml compared with control cells,
and these results were statistically significant. However,
western blot analysis did not confirm this result; analysis at
the protein level revealed that IL-6 had a positive affect on the
CD59 protein expression, but only on samples incubated with
1 and 10 ng/ml IL-6, since the level of CD59 in cell lysates
was decreased compared with control cells when incubated
with 100 ng/ml IL-6. The current study only presents repre-
sentative results from western blotting. Furthermore under the
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same experimental conditions, CD59 was not detected on the
surface of the cells by immunofluorescence; the fluorescence
signal from the CD59 was too weak and was not detectable.
Similarly, with regards to the soluble form of CD59, the
amount of inhibitor in the culture medium was below the
detection limit of the ELISA test used by the present study.
Consequently, the present authors hypothesize the existence
of other mechanisms that may regulate the expression of
CD59 at the post-transcriptional stage. By contrast, expres-
sion of CD55 remained relatively unchanged at the mRNA
and protein level; however, CD55 was not detected during
western blotting and ELISA analysis, only with immunofluo-
rescence and qPCR.

Several studies have addressed the expression of
complement system inhibitors in numerous tumors. However,
to the best of our knowledge, the role of IL-6 and IL-8 on
CD55 and CD59 expression in ovarian cancer cells has not
yet been characterized and investigated. Shang et al (7)
demonstrated that the expression levels of CD46, CD55
and CD59 were significantly higher in colon cancer tissues
compared with normal colon tissues. However, this was
independent of the presence of IL-6 and IL-8. Addition-
ally, Wang et al (14) demonstrated that IL-6 and IL-8 may
promote cell proliferation in ovarian carcinoma CAOV-3
and OVCAR-3 cells in a time- and dose-dependent manner,
and this cell proliferation, induced by IL-6 and IL-8, was
suppressed by the use of specific antibodies. However, no
significant difference was observed in the proliferation rate
of A2780 cells following stimulation by IL-6 and IL-8 in the
present study. The results differed to those of our study were
likely caused by the use of different cell lines and different
incubation times. In the study by Wang et al (14) ovarian
cancer cell lines CAOV-3 and OVCAR-3 were incubated with
IL-6 and/or IL-8 for 24 h, 48 h, 72 h, 96 h and 120 h, and
for 48 h, 96 h and 144 h in CAOV-3 and OVCAR-3 cells,
respectively. In the present study the A2780 cancer cells
were incubated for 96h only. The concentrations of I1L-6
and IL-8 were similar in both studies. The largest effect in
Wang et al (14) study was observed after 120 h incubation
with IL-6, IL-8 or both. Additionally, the cell lines used were
different in origin, genetic profile and clinical stage, so the
influence of IL-6 and IL-8 may be different (15).

Overall, based on the present results, it may be concluded
that human ovarian cancer A2780 cells express factors CD55
and CD59, but do not secrete this protein into the tumor micro-
environment. The expression of these factors at the protein
level appears to be independent on IL-6 and IL-8. However,
the mechanism that regulates this process should be investi-
gated further.
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