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Abstract: Interleukin (IL)-6 has been detected in serum and ascites from patients affected by epithelial ovarian
cancers, and also in some human ovarian cancer cell lines. To investigate the role of IL-6 in ovarian lesions, we first
measured its levels in serum samples of 24 healthy donors and in 17 and 9 patients affected by ovarian carcinomas
and ovarian benign cysts respectively. IL-6 levels were significantly higher than healthy donors in serum samples
from ovarian cancer patients, but not in benign ovarian cysts. We then investigated the mechanism of IL-6 production in two cell lines obtained from the same patient with high grade serous ovarian carcinoma before (PEA1) and
after (PEA2) development of cisplatinum resistance. The levels of intracellular IL-6, analysed by western blotting,
did not relevantly differ in the two cell lines, and they did not change after the cell treatment with an AKT inhibitor.
Although the interleukin was present in supernatants from both cell lines, its concentration in the supernatant of
chemoresistant cells was significantly higher than chemosensitive cells. Interestingly, exposure to the AKT inhibitor
resulted in a reduced IL-6 release in PEA1, but not in PEA2 cells. These results let infer different mechanisms of
IL-6 release in chemoresistant and chemosensitive cell lines, and contribute new insights in ovarian cancer biology
that suggest more in depth studies about the role of AKT in IL-6 release and in development of chemoresistance.
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Introduction
Interleukin (IL)-6 is a 26 kDa single chain phosphorylated glycoprotein involved in several
physiological and pathological settings, where
it regulates cell survival, proliferation, release
of specific factors and other functional aspects
[1]. IL-6 transmits its signals through a cell-surface receptor complex, and that consists of a
ligand-binding glycoprotein termed as IL-6
receptor (IL-6R) and a signal-transducing component, gp130. The IL-6/IL-6R complex activates Janus kinase (JAK), which in turn, can
trigger three possible signalling routes: dimeri-

zation of signal transducer and transcription-3
(STAT3), activation of Ras/Raf pathway, and
activation of phosphoinositol-3 kinase (PI3K)
pathway [2]. The altered production of IL-6 by in
different cell types has implications in several
diseases, from rheumatic to oncologic and psychiatric pathologies, and IL-6-inhibition constitutes a therapeutic strategy [3, 4]. There is thus
a great deal of interest in understanding mechanisms of production and release of the cytokine in different cells and contexts.
Several pieces of evidence indicate that IL-6
plays a critical role in the biology of epithelial
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ovarian cancer. Indeed, the cytokine has been
detected in serum and ascites from patients,
and its levels correlate with prognosis [5, 6].
IL-6, produced by cells of the ovarian tumour
microenvironment, sustains cancer cell survival and growth through the activation of JAK3/
STAT3 signalling pathway. The cytokine can
also be involved in auto- and paracrine circuits
originated from tumour cells: indeed, some
ovarian cancer cell lines have been found to
secrete IL-6 [7-9].
Our aim was to confirm IL-6 presence in serum
samples from patients affected by ovarian cancer and not by benign cysts, and to analyse the
mechanism of IL-6 release in chemosensitive
and chemoresistant ovarian cancer cells.
Material and methods
Serum samples
Aliquots of serum samples were purchased at
BIOIVT (West Sussex, United Kingdom) and
stored at -80°C.
In vitro experiments
The human ovarian adenocarcinoma cell lines
PEA1 and PEA2 were obtained from European Collection of Authenticated Cell Cultures
(ECACC). PEA1 and PEA2 are two adherent cell
lines derived from a malignant effusion from
the peritoneal ascites of the same patient with
a poorly differentiated adenocarcinoma. PEA1
was collected prior to treatment with cisplatin
and prednimustine; PEA2 was collected on
relapse after the treatment. Both cell lines
were cultured in RPMI 1640 (Lonza) medium
supplemented with 10% FBS/1% Pen-Strep
and grown at 37°C in a 5% CO2 atmosphere.
Both cell lines were incubated in 96 well-plates
(1×105/mL) in RPMI 1640 medium, with or without an AKT inhibitor (AKT Inhibitor IV and AKT
Inhibitor X, Calbiochem) or a JNK inhibitor (SP600125, Sigma-Aldrich), or the sole solvent
(0.02% DMSO), at 37°C in 5% CO2 atmosphere
for 6 hrs. Supernatants were then collected
and IL-6 content was quantified by ELISA (IL-6
Human Uncoated ELISA Kit, Invitrogen) following the manifacturer’s instructions. Cell extracts
for western blotting analyses were prepared by
harvesting and resuspending the cells in
Laemmli buffer 1× (125 mM Tris-HCl at pH 6.8,
2.3% Sodium Dodecyl Sulfate, 10% Glycerol
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and 2% Bromophenol blue, 5% β-mercaptoethanol). The extracts were boiled and clarified
by centrifugation before electroforetic separation and Western blot analysis.
siRNAs and transfections
Specific akt siRNAs (akt1 siRNA: 5’-CAACAUUCAACUUUAGUAUUUUUAC-3’; akt2 siRNA: 5’AGGUACUUCGAUGAUGAAUUUACCG-3’; akt3 siRNA: 5’-UCCAACUUCACAAAUUGAUAAUATA-3’)
and a non-targeted (NT) siRNA (5’-CAGUCGCGUUUGCGACUGG-3’) were purchased from
Integrated DNA Technologies, Inc. (Leuven,
Belgium). PEA1 and PEA2 cells were transfected with siRNAs at a final concentration of 50
nmol/L using TransIT-X2® (Mirus Bio, Medison,
USA), for 48 hours.
Western blot
Total proteins were separated on 10% SDS
polyacrilammide gels and electrophoretically
transferred to nitrocellulose membrane. Nitrocellulose blots were blocked with 10% bovine serum albumin (BSA) in TBS-T buffer (20
mM Tris-HCl at pH 7.4, 500 mM NaCl and 0.01%
Tween), and incubated with primary antibodies:
anti-IL-6 antibody (ab6672, Abcam); anti-pAKT
(Ser473) antibody (#9271, Cell signaling); antiAKT antibody (#9272, Cell signaling); anti-GAPDH antibody (sc-32233, Santa Cruz Biotechnology). All antibodies were used at a 1:1000
dilution in TBST containing 5% BSA overnight
at 4°C. Immunoreactivity was detected by
sequential incubation with horseradish peroxidase-conjugated secondary antibodies (dilution 1:5000) and ECL detection reagents (Pierce™ ECL Western Blotting Substrate, Thermo
Scientific). Autoradiographic images were obtained by scanning the autoradiographic film
(Santa Cruz Biotechnology). Densitometric
analyses were performed with ImageJ software
(NHI, USA). The values corresponding to the
band intensities were obtained by integration
of peak areas of the optical density plot after
subtraction of the background signal.
Statistical analysis
Results are expressed as means ± s.d. Data
were analysed by Student’s t-test using MedCalc statistical software version 13.3.3 (Ostend, Belgium). p-values from 0.01 to 0.05, from
0.001 to 0.01, or < 0.001 were respectively
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Figure 1. IL-6 content in serum samples from patients affected by ovarian cancers or benign cysts. A, B. Serum
samples of 24 healthy donors, and 17 and 9 patients respectively affected by ovarian cancers and ovarian benign
cysts were analysed by IL-6 ELISA. C. Contingency table of percentages of samples with low or high IL-6 levels in the
three different groups. (p values are calculated by Chi-square test).

considered significant (*), very significant (**)
or highly significant (***).
Results
17 serum samples of epithelial ovarian cancer
(EOC) patients were analyzed for their IL-6 contents. 8 out 17 samples showed high levels of
the cytokine if compared to the corresponding
levels of 24 healthy donors used as a control
(P=0.003). On the other hand, among the 9
serum samples from by benign ovarian cysts no
samples with high levels of IL-6 (P=0.04 vs
EOC) was detected (Figure 1). These results
were in good agreement with the data present
in the literature reporting high levels of the
cytokine in sera of ovarian cancer patients [5,
11, 12]. It is worth noting that IL-6 presence in
serum was selectively associated with malignant, and not with benign, ovarian lesions, and
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any correlation with other available patient
metadata could be found (Table 1). This evidence prompted us to further investigate the
mechanisms of IL-6 production and release in
ovarian cancer cells.
Two matched cell lines, PEA1 and PEA2, obtained from the same patient with high grade
serous ovarian carcinoma before (PEA1) and
after (PEA2) development of clinical platinum
resistance [13-15] were utilized to study production and release of IL6. The cytokine was
present in both cell lines’ supernatants, but its
concentration was significantly higher in the
supernatant of chemoresistant compared to
chemosensitive cells (Figure 2A). Since IL-6
production can be regulated in some contexts
by AKT kinase [16, 17], that also plays an important role in ovarian cancer biology [18-20], we
verified the effect of an AKT inhibitor on IL-6
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Table 1. EOC patients metadata
IL-6

Number Age (mean BMI (mean
of cases ± st. dev.) ± st. dev.)

Menopausal status

Smoking
Status

Alcohol Status

FIGO Staging
System

Low levels

9

54.4 ± 13.1 22.52 ± 2.73

pre-menopausal n=2
post-menopausal n=5

no n=6
yes n=1

Never Used n=6
Occasional Use n=1

I n=2
II n=0
III n=4
IV n=2

High levels

8

55.7 ± 16.7 26.73 ± 7.38

pre-menopausal n=1
post-menopausal n=6

no n=6
yes n=0

Never Used n=5
Occasional Use n=1

I n=2
II n=0
III n=2
IV n=1

0.5302

0.3545

0.9093

0.8500

p value

0.8592

0.1955

Figure 2. IL-6 intracellular levels in PEA1 and PEA2 cells.
Cells (1×105/mL) were incubated in RPMI 1640 medium
at 37°C in a 5% CO2 atmosphere for 6 hrs. (A) Supernatants were collected and analysed for IL-6 content by ELISA. (B) Effect of AKT or JNK inhibitors on IL-6 release by
PEA1 and PEA2 cells. Cells (1×105/mL) were incubated in
RPMI 1640 medium, in the presence or absence of 4 μM
AKT inhibitor (AKT Inhibitor IV, Calbiochem) or 10 μM JNK
inhibitor (SP600125, Sigma-Aldrich) at 37°C in a 5% CO2
atmosphere for 6 hrs. Cell lysates were analysed by western blot with an anti-IL-6 (ab6672, Abcam), an anti-pAKT
(Ser473) (#9271, Cell signaling), an anti-AKT (#9272,
Cell signaling) or an anti-GAPDH (sc-32233, Santa Cruz
Biotechnology) antibody. (C) Supernatants from (B) were
collected and IL-6 content was analysed by ELISA. All data
were obtained from triplicate samples and confirmed in
three separate experiments.

production and release in PEA1 and PEA2 cells.
The results showed a significant (P=0.02) decrease of IL6 release (> 40%) in cultures of
PEA1 cells treated with the AKT inhibitor IV. The
inhibition specificity was verified by comparison
with cell treated with a JNK inhibitor, used as a
control. Interestingly, the AKT inhibitor IV did
not significantly affect the amount of IL-6
released by PEA2 cells (Figure 2C). On the
other hand, the inhibition of AKT did not affect
the intracellular levels of IL-6 in both cell lines
(Figure 2B). The specific involvement of AKT in
2599

determining the IL-6 levels in PEA1 cells was
further confirmed in experiments carried out
with a different inhibitor (AKT Inhibitor X), and
the results obtained with both inhibitors were
also in good agreement with the results obtained down-modulating AKT expression with
akt specific siRNA (Figure 3).
Discussion
The poor prognosis for ovarian cancer, fifth in
the rankings of cancer deaths among women,
Am J Cancer Res 2020;10(8):2596-2602
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Figure 3. AKT affect IL-6 secretion in PEA1 cells. Cells (1×105/mL) were incubated in RPMI 1640 medium, in the
presence or absence of AKT inhibitors at different concentrations for 6 hrs. (A) Cell lysates were analysed by western
blot as described in Figure 2. (B) Supernatants were collected and IL-6 content was analysed by ELISA. Data are
from triplicate samples and confirmed in two separate experiments. (C) PEA1 and PEA2 cells were transfected with
akt siRNAs or a non-targeted (NT) siRNA at a final concentration of 50 nmol/L for 48 hours. Next, the cells were
harvested, lysed and analysed by Western blotting with the indicated antibodies. (D) Supernatants from (C) were
collected and IL-6 content was analysed by ELISA. Data were obtained from triplicate samples and confirmed in two
separate experiments.

is closely related to resistance to conventional
platinum-based chemotherapy. It has been
shown that IL-6 plays a role in chemoresistance: indeed, production of IL-6 by ovarian cancer cells can induce resistance to cisplatin and
paclitaxel [21, 22]. Mechanisms of IL-6 production and release in ovarian cancer cells are
therefore relevant topics to better understand
ovarian cancer cell biology and the onset of
cancer chemoresistance.
IL-6 production can be regulated by at transcriptional and posttranscriptional levels with
complex mechanisms. In fact, functional cisregulatory elements in the human IL-6 gene
include binding sites for nuclear factor kappa B
(NF-κB), nuclear factor IL6 (NF-IL6), specificity
protein 1 (SP1), cyclic AMP response element
binding protein (CREB), interferon regulatory
factor 1 (IRF-1) and activator protein 1 (AP-1)
[23]. An RNA-binding protein, the AT-rich inter2600

active domain-containing protein 5a (Arid5a),
exports IL-6 mRNA to the cytoplasm bound to
the up-frameshift protein 1 (UPF1) through the
chromosomal region maintenance 1 (CRM1)
pathway [24]. IL-6 mRNA is regulated by adenylate-uridylate-rich elements (AREs) located in
the 3’UTR region of IL-6 mRNA; a regulatory
RNase-1 (Regnase-1) degrades transcriptionally active IL-6 mRNA by binding to IL-6 3’UTR in
the cytoplasm, endoplasmic reticulum and ribosomes [25]. Cells can also increase or decrease
the rate of post-Golgi trafficking to modulate
IL-6 release [26]. Dysregulation of any of these
pathways may cause an abnormal increase of
secreted IL-6.
It has been shown that AKT play an important
role in ovarian cancer biology, and that can be
hyper-activated in a majority of ovarian cancers
and stimulates the proliferation and invasion of
ovarian cancer cells [18, 19]. The results obAm J Cancer Res 2020;10(8):2596-2602
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tained with chemosensitive and chemoresistant cell lines show that the release of IL-6 is
AKT-dependent only in chemosensitive cells
PEA1 and, on the other hand, it seems that a
modification in the secretory pathway occurred
in the cells during the acquisition of chemoresistance. Indeed, PEA2 cells, derived from the
same patient after the development of chemoresistance, produce the same amount of IL-6
protein but release higher amounts of cytokine
although the secretion pathway does not depend on AKT activity. Further studies are necessary to better characterise this AKT-independent pathway of IL-6 secretion associated
with chemoresistance, and the possible correlation with the expression of ATP-binding cassette (ABC) transporters. In fact, these transporters lower the intracellular concentration
of chemotherapeutic drugs [27, 28] and have
also been involved, in other contexts, in the
efflux of IL-6 and other cytokines from the intracellular compartment to the extracellular
space [29, 30].
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Standard of care therapy in ovarian cancer did
not change through the last three decades [31].
In-depth study of pathways involving molecules, such as IL-6 and AKT, with a recognized
role in the biology of this tumour [8, 19, 32, 33]
can contribute to a critical review of the failures in therapy innovation attempts and to the
improvement of clinical experimentation.
Our findings indicate that a different mechanism of secretion can account for higher IL-6
release from chemoresistant compared to chemosensitive ovarian cancer cells. Such mechanism operating in chemoresistant cells does
not appear to involve the activity of AKT kinase,
which instead can regulate IL-6 release from
chemosensitive cells. We believe that this AKTindependent pathway of IL-6 release deserves
deeper investigation, in order to verify its role in
ovarian cancer progression and in the development of chemoresistance.
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