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Abstract Interleukin-10, one of the most potent anti-
inflammatory cytokines, is expressed in ovarian carci-
nomas in vivo. In contrast to the high levels of IL-10 in
ascites and tumour tissue, the expression of this cytokine
appears to be a rare event in ovarian carcinoma cell lines
in vitro. Virtually nothing is known about the regulation
of IL-10 expression in ovarian carcinoma cell lines. We
investigated the expression of IL-10 in four cell lines
originally derived from ovarian serous adenocarcinoma:
OVCAR-3, SKOV-3, CAOV-3 and OAW-42. IL-10-
specific mRNA was detected in OVCAR-3 and only this
cell line produced IL-10 constitutively under serum-free
conditions as well as in serum-containing medium. Our
studies on the regulation of IL-10 secretion in OVCAR-
3 revealed that (1) proinflammatory stimuli IL-1f and
TNF-o, but not LPS, enhance IL-10 secretion, (2) IL-6
has no influence on the release of IL-10, (3) prosta-
glandin E2 influences neither the spontaneous nor the
TNF-o- or IL-1p-stimulated IL-10 production and (4)
interferon-y inhibits IL-10 secretion. We conclude that
only a minority of serous ovarian carcinoma cells
maintain the ability to produce IL-10 in vitro. Our data
on the regulation of IL-10 production in OVCAR-3 in-
dicate that ovarian carcinoma cells share some, but not
all, of the regulatory features typical for the monocytic
IL-10 secretion.
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Introduction

Expression of a wide range of cytokines has been found
in ovarian carcinomas, further substantiating the mor-
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phologist’s experience of an ongoing inflammatory
process within solid tumours and malignant effusions, in
ovarian carcinoma as well as in many other types of
malignant tumours. While at first the presence of in-
flammatory cells within tumour tissue was regarded as
sufficient explanation for the expression of inflammatory
mediators, it is now clear that malignant epithelial cells
of ovarian carcinoma themselves also produce cytokines
with immunoregulatory capacities [8, 11, 15, 16, 20-22].

Over the past decade, evidence has accumulated that
the expression of cytokines plays an important role in
development and progression of ovarian carcinoma.
Among many cytokines described in ovarian carcinoma,
interleukin (IL)-6 [17, 23], macrophage colony stimu-
lating factor (M-CSF) [6] and vascular endothelial
growth factor (VEGF) [13] appear to be of particular
importance for autocrine growth regulation, invasion
and neovascularization.

Another important question is how malignant tu-
mours manage to escape immunosurveillance despite
the inflammatory response to the tumour, consistently
observed. In this context, the finding of abundant levels
of IL-10 in peritoneal effusions, in the serum and in
solid tumour tissue of patients with ovarian carcinoma
is particularly interesting [9, 12, 19]. IL-10, originally
described as cytokine synthesis inhibitory factor
(CSIF), is a highly potent anti-inflammatory cytokine,
which primarily acts on cell-mediated (Thl-like) im-
mune responses. Indeed, an immunosuppressive soluble
factor in the malignant effluent of ovarian carcinoma
patients has been described long before today’s
knowledge on the complexity of cytokine networks had
emerged [2].

To date, it is not entirely clear whether epithelial cells
from ovarian carcinoma produce IL-10, or whether in-
flammatory cells fully account for the abundant cytokine
production. Moreover, no data exist on the regulation of
IL-10 production in ovarian carcinoma. Here we report
the constitutive and partially regulated expression of
IL-10 by an ovarian carcinoma cell line, OVCAR-3, in
vitro, indicating that epithelial cells contribute to the



production of IL-10 observed in ovarian carcinomas
in vivo.

Materials and methods

Antibodies, recombinant cytokines and reagents

Neutralizing mouse-anti-human IL-15 mAb (clone IL1B-H67) and
neutralizing polyclonal rabbit-anti-human TNF-« Ab were pur-
chased from Endogen (Woburn, Mass., USA).

Neutralizing polyclonal goat-anti-human IL-6 Ab and recom-
binant human (rh) IL1-, rhTNF-a, rhIL-6 and rhIFN-y were from
R&D Systems (Minneapolis, Minn., USA).

Prostaglandin E2 and LPS from Escherichia coli 026:B6 were
obtained from Sigma Chemical (St. Louis, Mo., USA). Dulbecco’s
minimum essential medium (DMEM) was from BioWhittaker
Europe (Verviers, Belgium), foetal calf serum (FCS) and L-gluta-
mine from PAA-Laboratories (Linz, Austria).

Ovarian carcinoma cell lines and cell culture

CAOV-3 and NIH-OVCAR-3 were obtained from the American
Type Culture Collection; OAW-42 and SKOV-3 were from Cell
Lines Service (CLS; Heidelberg, Germany). Cells were maintained
in a humidified atmosphere in DMEM supplemented with 10%
FCS and 1% L-glutamine at 37 °C/ 5% CO, in air. All culture
media contained <0.1 EU/ml endotoxin, as tested by the limulus
amebocyte lysate assay.

Cells were plated in 96-well flat-bottomed plates at
2 x 10° cells/well in a final volume of 250 pl. After 2 days confluent
monolayers were obtained. Medium was exchanged and cells were
further incubated in medium alone or medium supplemented with
0.01-1 ng/ml rhIL-18, or 0.1-10 ng/ml thTNF-a, or 1-100 ng/ml
rhIL-6, or 0.01-100 ng/ml rhIFN-y, or 50-5000 ng/ml PGE2, or
0.01-100 ng LPS. In some experiments, 10 pg/ml of neutralizing
anti-IL-1f, or anti-IL-6, or anti-TNF-« antibodies were present
throughout the culture. In other experiments, the medium was re-
placed by serum-free DMEM or DMEM containing 2%, 5% or
10% FCS.

Determination of cytokine levels by ELISA

A mouse anti-human IL-10 capture mAb (clone 9D7), a biotiny-
lated mouse anti-human IL-10 detection mAb (clone 12G8), a
mouse anti-human IL-6 capture mAb (clone 5IL6) and a biotiny-
lated mouse anti-human IL-6 detection mAb (clone 7IL6) (all from
Endogen) were used to develop specific ELISAs for the detection of
IL-10 and IL-6, respectively, as previously described [3]. Standard

Fig. 1 Expression of IL-10-
specific mRNA in ovarian car-
cinoma cell lines. Total RNA
was isolated from confluent
ovarian carcinoma cells that
were grown in medium alone or
medium supplemented with

1 ng/ml IL-18 or with 10 ng/ml
TNF-o and analysed for 1L-10-
specific transcripts by RT-PCR.
Detection of GAPDH-specific
mRNA transcripts served as
internal control. A commer-
cially available 100 bp DNA
ladder was use as molecular
weight marker
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curves were obtained using serial dilution of rhIL-10 and rhIL-6
(R&D Systems). The detection limit was 2 pg/ml for IL-10 and
8 pg/ml for IL-6.

Detection of mRNA transcripts

Total RNA, from confluent cultures grown in 10 cm O dishes in the
absence or presence of 10 ng/ml TNF-a or 1 ng/ml IL-1f, was
extracted by the phenol/isothiocyanate method using Trizol reagent
(Gibco). After cDNA synthesis, a control PCR for glyceraldehyde-
3-phosphate-dehydrogenase (GAPDH) was performed using the
following primers: 5-ACCACAGTCCATGCCATCAC-3" and
5-TCCACCACCCTGTTGCTGTA-3’. Primers used for amplifi-
cation of IL-10 specific nRNA fragments were: 5-CCAGGCAAC-
CTGCCTAACAT-3" and 5-TGCTCCACGGCCTTGCTCTT-3".

PCR was performed in a reaction mixture containing 3.5 mM
MgCl, and 5% DMSO with 28 cycles of 94 °C for 1 min, 60 °C for
1 min and 72 °C for 15 s.

Amplification products were visualized on a 2% agarose gel
stained with ethidium bromide.

Results

Constitutive and cytokine-induced secretion of I1L-6
and IL-10 in ovarian carcinoma cell lines

The expression of IL-10 was studied in four permanent
epithelial cell lines originally derived from serous
ovarian adenocarcinomas. Figure 1 shows the expres-
sion of IL-10-specific mRNA as detected by RT-PCR.
Since IL-10 production in monocytes is triggered by
proinflammatory cytokines, we studied the constitutive
expression of IL-10-specific mRNA as well as the ex-
pression stimulated by IL-15 or TNF-a. Among the
four cell lines tested only OVCAR-3 showed the ex-
pression of IL-10-specific mRNA. Stimulation of OV-
CAR-3 clearly resulted in an upregulation of IL-10
mRNA expression.

Table 1 shows IL-10 secretion by ovarian carcinoma
cell lines, unstimulated or stimulated with TNF-o or IL-
13, compared with the secretion of IL-6. All cell lines
tested constitutively secreted abundant levels of IL-6,
which could be further enhanced by stimulation with
TNF-o, while a stimulatory effect of IL-1f was confined
to OVCAR-3 and SKOV-3.

(]

CAOV-3 OAW-42 OVCAR-3 SKOV-3 B
" 5 -4 6\ o
L e Fre Fown a
SEFFTSEFFT ST ST L 8




330

Table 1 Production of IL-6 and IL-10 by ovarian carcinoma cell
lines. Ovarian carcinoma cell lines were incubated in medium alone
or medium supplemented with 1 ng/ml rhIL-18 or 10 ng/ml
rhTNF-o. Supernatants were assayed for the concentration of I1L-6
and IL-10 by specific ELISAs. Data represents mean + SEM
from five independent experiments, where each condition was at
least tested in duplicate (< indicates concentration below assay
threshold)

Cell line Stimulated with IL-6 (ng/ml) IL-10 (pg/ml)
CAOV-3 Medium 108 £ 43 <
IL-1B 97 £ 41 <
TNF-o 345 £ 105 <
OAW-42 Medium 07+ 01 <
IL-18 08 £ 00 <
TNF-o 62 £ 22 <
OVCAR-3 Medium 0.1 £ 0.0 147 £+ 3.7
IL-1p 320 £ 7.7 2098.0 £ 196.9
TNF-o 1.6 £ 0.2 4734 £ 76.6
SKOV-3 Medium 04+ 02 <
IL-18 37+ 10 <
TNF-o 1.7+ 08 <
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Fig. 2 Time-dependent expression of IL-10 in OVCAR-3. Conflu-
ent cultures of OVCAR-3 cells were incubated in medium alone
(V), or in medium supplemented with 1 ng/ml IL-15 (<) or 10 ng/
ml TNF-o (O) or 10 ng/ml IL-6 (A). Cell-free supernatants were
collected after 8, 24, 48, 72 or 96 h and analysed for the presence of
IL-10 by specific ELISA. Results represent mean = SEM from
three independent experiments, where each condition was tested in
duplicate

In contrast, only OVCAR-3 secreted detectable levels
of IL-10, which were greatly elevated after stimulation
with TNF-o and IL-1f in a dose- and time-dependent
manner (Figs. 2 and 3). The secretion of IL-10 was es-
sentially independent of the serum concentration in the
medium (Fig. 4), indicating that IL-10 was constitutively
expressed and not stimulated by an exogenous serum
factor.

Ovarian carcinoma cell lines are known to produce a
wide range of proinflammatory cytokines. In order to
investigate the influence of endogenously produced
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Fig. 3 Dose-dependent stimulatory effect of proinflammatory
cytokines on IL-10 secretion by OVCAR-3. Confluent cultures of
OVCAR-3 cells were incubated in medium alone (hollow bar), or in
medium supplemented with 0.01-1 ng/ml IL-15 (striped bars) or
0.1-10 ng/ml TNF-o (filled bars) or 1-100 ng/ml IL-6 (cross-
hatched bars). Cell-free supernatants were collected after 48 h and
analysed for the presence of IL-10 by specific ELISA. Results
represent mean = SEM from three independent experiments,
where each condition was tested in duplicate
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Fig. 4 Constitutive secretion of IL-10 by OVCAR-3. OVCAR-3
cells were grown to confluency in DMEM/10% FCS. The medium
was then changed to DMEM alone or supplemented with various
concentrations of FCS. Cells were further incubated in medium
alone (hollow bars) or with 1 ng/ml IL-1f (striped bars) or with
10 ng/ml TNF-u (solid bars) or with 10 ng/ml IL-6 (cross-hatched
bars). After 48 h, cell-free supernatants were analysed for the
presence of IL-10 by specific ELISA. Results represent mean =+
SEM from three independent experiments, where each condition
was tested in duplicate

proinflammatory cytokines on the secretion of IL-10, we
studied IL-10 expression in the presence of neutralizing
antibodies (Fig. 5). While 10 pg/ml anti-IL-1f was suf-
ficient to completely suppress the stimulatory effect of
exogenously added IL-1p, it influenced neither the con-
stitutive nor the TNF-o-induced IL-10 secretion in
OVCAR-3. Correspondingly, 10 pg/ml anti-TNF-«
completely antagonized the effect of exogenous TNF-q,



2500 A
1000 4 §
; \
El N
: \
z N

£ 100 A
: \
3 N
\

T |
10 1
5 - T \l T T
Medium anti-TNF anti-IL-1 anti-IL-6

Fig. 5 Role of endogenously produced proinflammatory cytokines
on IL-10 secretion. Confluent cultures of OVCAR-3 cells were
incubated in medium alone (hollow bar), or in medium supple-
mented with 1 ng/ml IL-18 (striped bars) or 1 ng/ml TNF-u (filled
bars). In some cultures a neutralizing anti-TNF-o antibody, or a
neutralizing anti-IL-1§ antibody, or a neutralizing anti-IL-6
antibody, was present throughout the culture. Cell-free superna-
tants were collected after 48 h and analysed for the presence of IL-
10 by specific ELISA. Results represent mean + SEM from four
independent experiments, where each condition was tested in
triplicate

but did not influence the constitutive or the IL-1p
stimulated IL-10 secretion. Neutralizing anti-IL6 anti-
bodies had no effect on IL-10 expression, either con-
stitutive or IL-1f- or TNF-a-stimulated.

Regulation of IL-10 secretion in OVCAR-3
by IFN-y, LPS and PGE-2

In monocytes the secretion of IL-10 is greatly enhanced
by bacterial endotoxins and prostaglandins, while IFN-y
potently suppresses monocytic IL-10 production. We
have tested the influence of IFN-y, LPS and PGE-2 on
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Fig. 6 Effect of IFN-y, PGE-2 and LPS on IL-10 secretion by
OVCAR-3. Confluent cultures of OVCAR-3 cells were incubated in
medium alone (V), or in medium supplemented with 1 ng/ml IL-1$
() or 10 ng/ml TNF-a (O). Various concentrations of IFN-y or
PGE-2 or LPS were added. Cell-free supernatants were collected
after 48 h and assayed for IL-10 concentration by specific ELISA.
Results represent mean = SEM from three independent experi-
ments, where each condition was at least tested in duplicate
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the constitutive and the IL-1f5- and TNF-o- stimulated
IL-10 secretion in OVCAR-3 (Fig. 6).

IFN-y effectively suppressed the constitutive and cy-
tokine-stimulated IL-10 secretion in a dose-dependent
manner. However, the capacity of IFN-y to suppress IL-
10 secretion was dependent on type and strength of the
stimulatory signal. While IFN-y in concentrations of
1 ng/ml and above completely suppressed the constitu-
tive IL-10 secretion, the TNF-a- and IL-1p-triggered IL-
10 secretion was maximally reduced to 13% and 55%,
respectively, even when concentrations of up to 10 ng/ml
IFN-y were used.

In contrast, neither LPS nor PGE2 exerted any in-
fluence on IL-10 secretion by OVCAR-3.

Discussion

We have investigated the expression of IL-10 in four
ovarian carcinoma cell lines derived from serous carci-
noma. IL-10-specific mRNA was detected in OVCAR-3,
but not in CAOV-3, OAW-42 or SKOV-3.

Only OVCAR-3 secreted detectable amounts of IL-
10; this appears to be a factual constitutive secretion,
since it occurred in the absence of serum proteins. LPS
did not enhance the secretion of IL-10 in OVCAR-3,
making it very unlikely that the constitutive IL-10 se-
cretion was the result of a possible low-level endotoxin
contamination.

The secretion of IL-10 by OVCAR-3 was greatly
enhanced by the proinflammatory cytokines IL-1f and
TNF-o, but not by IL-6, in a dose- and time-dependent
manner. This upregulation appears to be controlled at
the transcriptional level, since we detected a considerable
increase of IL-10-specific mRNA accumulation after
stimulation with IL-18 or TNF-u, using a semiquanti-
tative PCR approach.

Although IL-10 secretion was greatly enhanced by
proinflammatory cytokines, the constitutive IL-10 ex-
pression occurred independently from endogenously se-
creted TNF-o and IL-1p, as it could not be suppressed
by the presence of neutralizing anti-IL1S or anti-TNF-«
antibodies. Furthermore, studies with neutralizing anti-
bodies showed: (a) that the IL-15- and TNF-oa-induced
enhancement of IL-10 secretion was specific for the re-
spective cytokine and not due to a possible contamina-
tion of our cytokine preparation; (b) that the
enhancement caused by IL-1f was mainly independent
of the concomitantly IL-1f-induced secretion of TNF-«
and vice versa; (c) that the constitutive, as well as the
cytokine-induced, secretion of IL-10 was not connected
to endogenously secreted 1L-6.

Despite the potency of IL-1 and TNF-« to enhance
IL-10 secretion in OVCAR-3, these cytokines had no
effect on the IL-10 concentration measured in the su-
pernatants of the other three cell lines tested, nor did they
induce expression of IL-10-specific mRNA. However,
different cell lines derived from ovarian carcinoma show
distinct reaction patterns towards the stimulatory effects
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of cytokines, as can be seen by the failure of IL-1f to
enhance IL-6 secretion in CAOV-3 and OAW-42. It is
possible that CAOV-3, SKOV-3 and OAW-42 need other
stimuli in order to induce IL-10 expression in vitro.

IL-10 and IFN-y act as antagonists in the balance
between cell-mediated and antibody-dependent immune
responses. IFN-y has been used in therapeutic trials as
well as in xenograft models of ovarian carcinoma in
order to treat residual disease [1, 7]. It proved to have
some beneficial effect with regard to survival time and
formation of peritoneal metastases. In analogy to the
effect of IFN-y on the monocytic IL-10 production, we
found that IFN-y strongly suppresses the IL-10 secretion
in OVCAR-3, suggesting that the suppression of IL-10
secretion by ovarian carcinoma cells in vivo might
contribute to the beneficial effect of IFN-y.

In contrast to regulatory features observed in the
monocytic IL-10 expression, PGE-2 or LPS had no
stimulatory effect in OVCAR-3.

IL-10 is a potent anti-inflammatory cytokine that
preferentially acts on the cell-mediated (THI1-like)
immune response, which is generally regarded as the
adequate immune reaction against malignant tumours.
IL-10 thus interferes with tumoricidal mechanisms, it
suppresses secretion of TNF-a and of reactive oxygen
intermediates in macrophages [4], downregulates MHC 1
expression on tumour cells and interferes with accessory
cell function of antigen-presenting cells. On the other
hand, a tumour-suppressing effect of IL-10 has been
reported in a xenograft model of IL-10-transfected ma-
lignant melanoma, where IL-10 impedes neovascular-
ization and tumour growth [10].

An immunosuppressive soluble factor has been de-
scribed earlier in the ascites of patients with ovarian
carcinoma that closely resembles known features of IL-
10, in that it affects the spontaneous cytotoxicity against
tumour cells, but not the antibody-mediated cytotoxicity
[2].

In vivo, abundant expression of IL-10-specific
mRNA and IL-10 protein has been detected in malig-
nant ascites, serum and within tumour tissue [9, 12, 18].
The question of which cell population is responsible for
the production of IL-10 in ovarian carcinoma has so far
been addressed solely by the investigation of ovarian
carcinoma cell lines in vitro. To date, the general view is
that ovarian cancer cell lines are not capable of pro-
ducing IL-10. Three different groups have reported that
ovarian carcinoma cell lines do not produce 1L-10 [9, 14,
18]. However, although OVCAR-3 is a well-defined cell
line, derived from a serous ovarian adenocarcinoma that
is known to produce proinflammatory cytokines, it has
not been included in these studies on IL-10 expression.
Only one group that reported on their cytokine profile
screening in ovarian carcinoma cell lines hinted at an
expression of IL-10-specific mRNA in one out of six cell
lines, without any further specification or comment on
this issue within the text [5]. Our results indicate that
epithelial cells from ovarian carcinoma are in principle
capable of producing IL-10 and that OVCAR-3 may

serve as a model cell line to investigate the regulation of
IL-10 expression.

In contrast to the abundant IL-10 expression in
vivo, the expression of IL-10 in ovarian carcinoma cell
lines appears to be a rather rare event. Still, contrasting
in vivo and in vitro expression patterns have been re-
ported for other cytokines in ovarian carcinoma. For
example, a constitutive expression of high TNF« levels
has been reported in freshly isolated ovarian carcinoma
cells, while established cell lines secrete TNFa only
upon stimulation with proinflammatory cytokines [24].
In parallel, freshly isolated ovarian carcinoma cells
were reported to secrete IL-1f, while established cell
lines do not, and, moreover, IL-1§ secretion could be
augmented by LPS in the former, but not in the latter
[11].

Our finding that epithelial cells from ovarian carci-
noma are in principle capable of expressing IL-10 in
vitro makes it worthwhile to investigate the expression
pattern of I1L-10 in suitable in vivo models.
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