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Epithelial ovarian cancer (EOC) is an immunogenic tumour and exploits many suppressive

ways to escape immune eradication. EOC is known to spread primarily by tumour cell

implantations in peritoneal cavity. Therefore, ascites may be an ideal fluid compartment

to unravel the immune status of the peritoneal cavity.

We analysed the expression of IL-1b, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IFN-c,

TNF-a, TNF-b, TGF-b and CCL22 in ovarian cancer ascites, representing immune activating

and suppressing cytokines.

We observed high expression of pro-inflammatory cytokines IL-6, IL-8 and immune

suppressive cytokines IL-10, CCL22 and TGF-b in most samples whereas Th1 (IL-12p70,

IFN-c) and Th2 (IL-4, IL-5) cytokines were only detectable in 13% of the samples. TGF-b

was only detected in latent form, questioning its immune suppressive role. CCL22 was in

similar levels present in early stage compared to advanced stage tumours. At advanced

stage, we observed a negative correlation with CCL22 levels and Th1/2 cytokine expression.

We found a positive correlation between IL-6 concentration in ascites and residual disease

after debulking. Additionally, IL-6 levels were remarkably higher at recurrence compared to

primary advanced disease, which opens an opportunity for inhibition of IL-6 expression in

the prevention of recurrence. Despite the heterogeneity of EOC and the complexity of cyto-

kine functions, our results show that cytokine analysis in ascites may aid in understanding

tumour–host interaction in EOC.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Epithelial ovarian cancer (EOC) is the leading cause of death

amongst gynaecological malignancies. EOC is an immuno-

genic tumour, indicated by the presence of tumour infiltrating

lymphocytes (TILs) which correlate positively and strongly

with patient survival.10,13,31,39 The influx and activities of TILs
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are mediated by cytokines. The cytokine profile is, therefore, a

reflection of the host immune status and may serve as a way

to visualise the immune response. EOC is known to create an

immune suppressive microenvironment in order to escape

from immune elimination.11,37 Diverting the immune

response from Th1(IL-12p70, IFN-c) towards Th2 (IL-4, IL-5) re-

sponse is considered as one of the escape mechanisms of
.
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EOC.7 Th1-type immune response stimulates cellular immu-

nity by activating macrophages and dendritic cells and

recruiting CD8+ cytotoxic T-cells and NK-cells. Th2-type im-

mune response inhibits cell-mediated immunity and favours

the humoral immune response. The generation of either Th1-

type or a Th2-type response depends on the balance between

the cytokines.2,35,40 Another mechanism reported to be imple-

mented by EOC to escape from immune elimination is up reg-

ulation of immune inhibitory cytokines IL10, CCL22 and TGF-

b. CCL22 attracts the immune suppressive regulatory T cells

(Tregs) to the tumour microenvironment.7,30 Both TGF-b and

IL-10 have a role in the conversion of functional antigen pre-

senting cells into dysfunctional ones, which in their turn

stimulate expansion and differentiation of Tregs. Further-

more, IL-10 and IL-6 have been shown to induce B7-H4

expression on tumour macrophages which in their turn can

lead to T-cell cycle arrest.16–18

IL-6 and IL-8 are pro-inflammatory cytokines that can

cause uncontrolled proliferation in epithelial can-

cers.8,21,23,27,34 Both IL-6 and IL-8 are produced by tumour cells

as well. Over the past years, increasing evidence shows that

both IL-6 and IL-8 are important factors in promoting the pro-

gression of EOC.4,25,26

EOC is known to spread primarily by tumour cell implanta-

tions in the peritoneal cavity. Therefore, ascites may be an

ideal fluid compartment in which the interaction between

the host’s immune system and the tumour cells may be ade-

quately reflected. The aim of our study was to map the cyto-

kine expression profiles in ascites from EOC patients in order

to characterise the type of immune responses and correlate

the findings with clinical prognostic parameters.

2. Patients and methods

2.1. Sample collection

2.1.1. Ascites fluid
Patients suspected for EOC, undergoing either ascites punc-

ture for diagnosis or primary surgery, patients with remaining

ascites after neo-adjuvant chemotherapy undergoing inter-

vention surgery and patients with recurrent EOC with ascites

were enroled in the study. From these patients ascites was

collected prospectively between January 2009 and September

2010 at the Radboud University Nijmegen Medical Centre. The

collected samples were filtered and centrifuged at 1400 rpm

for 10 minutes. The supernatant was then stored at )20 �C
until analysis.

2.2. Cytokine measurements

Cytokine concentrations in ascites samples were determined

using the Human Th1/Th2 11plex Flow Cytomix Multiplex

(Bender Med Systems) according to the manufacturer’s

instructions. The assay evaluates the levels of IL-1b, IL-2, IL-

4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IFN-c, TNF-a, and TNF-b.

TGF-b concentration was measured using the Flow Cytomix

Human TGF-b1 Simplex Kit and CCL22 was measured using

Human MDC Enzyme-linked immunosorbent assay (ELISA)

kit (R&D systems and Bender Med Systems) according to the

manufacturer’s instructions.
All values above 14 pg/ml were considered positive for

TGF-b. All results on TGF-b concern values after acidification.

Samples without acidification were assayed in parallel. The

detection limit for CCL22 was 270 pg/ml, for IL-8 14 pg/ml,

and for all the other cytokines 27 pg/ml, based on the stan-

dard curve run for each cytokine.

2.3. Statistical analysis

Results were expressed as medians and ranges. The Mann–

Whitney test was used to test statistical significance. A p-va-

lue <0.05 was considered to be statistically significant.

3. Results

3.1. Characterisation of the study groups

We collected ascites prospectively from 63 patients. Nine pa-

tients were excluded from analysis because the final diagno-

sis showed no EOC. The remaining 54 patients were divided

into five groups. The first group consisted of patients with

borderline ovarian malignancy (n = 4); 3 of them had a mucin-

ous tumour and 1 had a serous tumour. The second group

concerned early stage EOC (FIGO stage I) (n = 3), 1 serous

and 2 mucinous tumours. In the third group 35 patients with

FIGO stage III–IV disease were included from whom ascites

was obtained before any treatment. Twenty-eight out of the

35 patients completed their primary treatment (debulking

surgery and chemotherapy), 2 patients only had surgery, 1 pa-

tient only chemotherapy and 4 patients had no treatment due

to poor general condition. Fifteen out of the 28 patients who

completed their treatment had a complete debulking (no

macroscopic tumour), 13 had an incomplete debulking (mac-

roscopic residual tumour). The characteristics of those pa-

tients are shown in Table 1. The fourth group (n = 5)

included patients with primary advanced disease (FIGO stage

IIIc–IV) from whom ascites was obtained after 3 courses of

neo-adjuvant chemotherapy. In this group, 4 patients had ser-

ous adenocarcinoma and 1 patient had adenocarcinoma not

otherwise specified. The last group consisted of 7 patients

with recurrent disease; all of them had stage IIIc disease at

primary treatment including 5 serous, 1 mixed epithelial

and 1 borderline serous tumour. All cytokines were measured

in all 54 samples except for CCL22 which was measured in 35

out of 54 samples (in 23 primary advanced disease, 3 early

stage disease, 4 recurrence, 4 after neo-adjuvant chemother-

apy and 1 borderline tumour) and TGF-b which was measured

in 52 out of 54 samples.

3.2. Expression of pro-inflammatory cytokines in EOC
ascites (n = 54)

High concentrations of IL-6 in ascites were observed in all but

2 patients with a median of 1762 pg/ml (range 0–107849). All

median concentration values with range for IL-6 are shown

in Table 2. The highest median concentration was observed

in the group with recurrent disease (4090 pg/ml). The lowest

median concentration was found in the group with early

stage disease (719 pg/ml). In the group of neo-adjuvant che-

motherapy the median IL-6 level (1082 pg/ml) was lower com-



Table 1 – Patient and disease characteristics of patients with
primary advanced ovarian cancer.

Characteristics No. of patients (n = 35)

Age median (range) 67 (33–95)

FIGO stage
III 30
IV 5

Histological subtype
Serous 27
Mucinous 2
Adenocarcinoma NOS 5
Sarcoma 1

Cytoreductive surgery
Primary 6
Intervention 23
No surgery 6

Operability
No residual tumour
(complete debulking)

15

Residual tumour
(incomplete debulking)

13

No surgery 7

CA125 after 3 courses <35 iU/L
Yes 12
No 15
No chemo or not measured 8

CA125 after 6 courses <35 iU/L
Yes 17
No 6
No chemo or not measured 12

Abbreviations: FIGO, Fédération Internationale de Gynécologie

Obstétrique; NOS, not otherwise specified.
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pared to the median level in untreated primary advanced dis-

ease (2226 pg/ml). The differences for IL-6 were statistically

not significant.

IL-8 was detectable in 80% of the ascites samples (43/54).

The highest median IL-8 concentration (2996 pg/ml) was ob-

served in patients with borderline disease (n = 4). In patients

with early stage EOC (n = 3), the median concentration was

276 pg/ml. The difference in IL-8 levels between both border-

line and early stage EOC compared to IL-8 levels in advanced

stage was statistically significant (P < 0.05). All median con-

centration values with range for IL-8 are shown in Table 2.

Fig. 1 displays the different expression levels for IL-6 and IL-

8 in the various groups.

The pro-inflammatory cytokines IL-1b, TNF-a and TNF-b

were only expressed in a few samples. Detectable levels of

IL-1b were observed in just 5 out of all 54 patients (9%); all

had untreated primary advanced stage tumours. TNF-a was

detectable in 13% of the patients, 5 in primary untreated ad-

vanced stage tumours and 2 in early stage tumours. TNF-b

was not detectable in any of the samples.

3.3. Expression of immune suppressive cytokines in EOC
ascites (n = 54)

IL-10 was expressed in 25 of all patients (46%) and in 22 out of

35 cases with untreated primary advanced cancer (63%). Med-
ian concentration levels with range are shown in Table 2 for

the various groups. In advanced stage tumour ascites, IL-10

concentrations were significantly higher in untreated primary

disease than in ascites after neo-adjuvant treatment

(p < 0.02). In the latter group (n = 5), IL-10 was not detectable

in any of the samples. IL-10 concentrations were significantly

higher in untreated primary tumour ascites than in ascites

obtained at recurrence (p < 0.05). In early stage borderline

(n = 4) and malignant (n = 3) tumours, only in 2 patients IL-

10 was detectable and at very low levels (<35 pg/ml). Taking

all early stage tumours (borderline and malignant) together,

the difference in IL-10 levels between early and advanced

stage was significant (p < 0.03).

High TGF-b expression was observed in 98% (51/52) of the

ascites. All samples were tested after acidification and the de-

tected values concerned total TGF-b (active + latent form).

The median concentration of latent TGF-b in all samples

was 2330 pg/ml (range 0–9196). We found no significant differ-

ence in TGF-b levels between ascites from untreated primary

disease versus ascites after neo-adjuvant treatment or recur-

rent disease. In early stage and borderline ovarian tumours,

the median values are similar. Median concentration levels

with range are shown in Table 2 for the various groups. In or-

der to detect only active TGF-b, we evaluated the expression

without acidification. No TGF-b in active form was detectable

in any of the samples.

CCL22 was detected in 35 out of 54 patients with a median

concentration of 501/ pg/ml (range 307–1336). In advanced

stage tumours, the median CCL22 concentration was signifi-

cantly higher at recurrence compared to primary disease

(p < 0.02) (Table 2).

3.4. Expression of T-helper Type 1 and Type 2 cytokines in
EOC ascites (n = 54)

IL-12p70 and IFN-c (Th1 cytokines) were observed in 13% (7/

54) of the patients. IL-2 also considered to be a Th1 cytokine

was detectable in 7% (4/54) of the patients. Th2 cytokines IL-

4 and IL-5 were detected in 13% (7/54) and 4% (2/54), respec-

tively. Th1 and Th2 cytokines were only observed in ascites

from untreated primary advanced tumours, and mostly co-

expressed. The expression of Th1 (IL-12p70, IFN-c) and Th2

(IL-4) cytokines was significantly associated with low CCL22

concentrations within untreated primary advanced stage tu-

mours (p < 0.05) (median 372 pg/ml (317–457) versus 501 pg/

ml (307–1336)]. Th1/2 cytokines were totally absent in ascites

after chemotherapy and in ascites at recurrence.

3.5. Prognostic value of cytokine profiles in EOC ascites

We analysed the prognostic value of cytokines in the homog-

enous group of 35 patients with primary advanced EOC. We

found no correlation between cytokine expression and age

or histology in this group. We observed significantly lower

IL-6 concentrations in patients with complete debulking

(n = 16) (primary and intervention) [median 1169 pg/ml (0–

4142)] compared to patients with incomplete debulking

(n = 14) [median 5125 pg/ml (512–107849)] (p < 0.05). The med-

ian IL-6 level in the group of 5 patients who had no surgery

was 3245 (296–11670). IL-8 values were considerably lower in



Fig. 1 – The median expression levels of IL-6 and IL-8 for the

different groups. (1st group: Borderline tumour related

ascites, 2nd group: Early stage ovarian cancer, 3rd group:

Untreated advanced stage ovarian cancer, 4th group:

Advanced stage ovarian cancer after 3 courses of chemo-

therapy, 5th group: Recurrent ovarian cancer.)

Table 2 – Median [range] cytokine concentrations in ascites from patients with advanced versus early stage, patients after
neo-adjuvant chemotherapy and patients with recurrent disease.

Borderline malignancy Stage I Stage III-IV After neo-adjuvant
Treatment

Recurrence

Median [range] N = 4 Median [range] N = 3 Median [range] N = 35 Median [range] N = 5 Median [range] N = 7

IL-10 0 0 54 ND 0
[0–33] [0–28] [0–4266] [0–100]

CCL22a 1275 568 461 455 990
[533–694] [307–1336] [334–743] [555–1236]

TGF-b 1355 1201 2543 2561 2712
[1259–3237] [906–2041] [0–9196] [2019–6152] [706–7017]

IL-6 1575 719 2226 1082 4090
[187–2892] [189–9115] [0–107849] [0–1518] [74–9291]

IL-8 2997 276 101 41 127
[0–14697] [199–1303] [0–5995] [0–318] [19–323]

TNF-a ND 34 0 ND ND
[0–50] [0–6498]

ND

IL-1b ND ND 0 ND
[0–2863]

ND ND ND

TNF-b ND

IL-12 ND ND 0 ND ND
[0–8664]

INF-c ND ND 0 ND ND
[0–7466]

IL-2 ND ND 0 ND ND
[0–5330]

IL-4 ND ND 0 ND ND
[0–4036]

IL-5 ND ND 0 ND ND
[0–1410]

Abbreviations: ND, Not Detectable; TGF-b, Transforming Growth Factor-b; IL, interleukin; IFN-c, interferon-c; TNF, tumour Necrosis Factor.
a Analysed in 35 ascites: untreated primary advanced disease (n = 23), early stage (n = 3), recurrence (n = 4), after neo-adjuvant chemo (n = 4),

and borderline tumour (n = 1).
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patients with complete debulking [(median 44 pg/ml (0–5995)]

compared to patients with residual tumour [median 101 pg/

ml (0–2016)], however, the difference was not significant.

Looking at the group with intervention surgery (n = 18/35),

we found both IL-6 and IL-8 significantly lower in patients

with complete debulking compared to incomplete debulking.

The 3 highest IL-6 concentrations (>10000 pg/ml) were found

in patients with primary advanced disease with bulky lymph

node metastasis on CT-scan. No significant correlation was

found between IL-6 and IL-8 profiles and CA 125 level at diag-

nosis, CA125 response after 3 or 6 courses of chemotherapy.

In 7 out of the 35 patients with untreated primary ad-

vanced EOC IL-12p70 and IFN-c were detected and in 6 of

them IL-4 was also expressed. Out of those 7 patients only 2

had a normalised CA-125 (<35 iU/L) after 3 cycles of chemo-

therapy whereas 3 of them still had high CA 125 levels and

2 of them had had no treatment due to old age and general

condition. Four out of the 7 patients had a normalised CA

125 after 6 courses of chemotherapy and 3 out of them are



E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 1 8 8 3 – 1 8 8 9 1887
still in remission, however, two patients just finished their

treatment and for the 3rd one the follow-up is 9 months.
4. Discussion

In the present study, the cytokine production profiles in EOC

ascites were measured. We found both IL-6 and IL-8 ex-

pressed in most ascites samples. Hypoxia and necrosis are

common features of EOC and other solid tumours and may

be the trigger for the release of those cytokines.14,36

Our data show remarkably higher IL-6 levels at advanced

stage compared to early stage tumours. Furthermore, we

found high IL-6 levels at primary advanced disease and con-

siderably lower levels after neo-adjuvant chemotherapy. At

recurrence, we found IL-6 levels remarkably higher than at

primary disease and within the group with primary disease,

we found the highest IL-6 levels in patients with bulky lymph

node metastases on CT-scan. These results show a different

IL-6 expression depending on the state and progression of

the disease, suggesting a role for IL-6 in the progression of

EOC, as has been reported for various other can-

cers.1,8,21,23,27,33 Moreover, IL-6 strengthens the immune sup-

pressive status by inducing B7-H4 on tumour associated

macrophages. High expression of B7-H4 in macrophages is

indicative of decreased overall survival.18

We found a significant correlation between low IL-6 con-

centrations and the achievement of complete debulking (no

macroscopic residual tumour), which is considered as a pre-

dictor of survival. There are no earlier reports on correlation

between IL-6 levels in ascites and operability. Penson et al.

showed that in serum, increased concentrations of both IL-

6 and IL-8 correlated with a poor initial response to chemo-

therapy and a poor final outcome in EOC patients.28 The pat-

tern of IL-6 expression as presented here opens new

therapeutic approaches by blocking the effects of IL-6. This

was described for other diseases like rheumatoid arthritis

by using monoclonal antibodies towards IL-6 receptors.12

Via an alternative signalling cascade where IL-6 binds to sol-

uble IL-6 receptors, endothelial cell apoptosis by chemother-

apeutics can be prevented.20 Interference with this pathway

may offer opportunities for anti IL-6/IL-6 receptor therapy in

ovarian cancer.

IL-8 levels were significantly lower in patients with com-

plete debulking compared to incomplete debulking, only

when surgery was performed after neo-adjuvant chemother-

apy. This might suggest a role for IL-8 in chemotherapy

responsiveness.28 We found no significant relationship be-

tween IL-8 levels and CA 125 response after 3 or 6 courses

of chemotherapy.

IL-10 was expressed in the ascites of most untreated pri-

mary advanced cancer patients, but nearly absent in ascites

at recurrence. In the latter group no Th1 (IL-12p70, IFN-c) or

Th2 (IL-4, IL-5) cytokines were detectable either. Additionally,

CCL22 concentrations in recurrent ascites were significantly

higher than in ascites at primary disease. This suggests a

higher influx of Tregs at recurrence contributing to the crea-

tion of an immune suppressive environment, where Th1

and Th2 cytokines are totally absent. Low expression of

CCL22 in the presence of Th1 and Th2 cytokines of untreated
primary advanced tumour ascites supports this finding. The

CCL22 concentrations after neo-adjuvant chemotherapy are

comparable with the levels in ascites of primary untreated pa-

tients. The absence of Th1 and Th2 cytokines after chemo-

therapy treatment may be a transient suppressive effect of

cytotoxic drugs on both humoral and cell mediated immunity.

Additionally, we found no IL-10 and low IL-6 and IL-8 concen-

trations in ascites after chemotherapy as compared to ascites

before treatment. Although the role of IL-10 in cancer has

been studied extensively, the exact relationship with the tu-

mour remains to be elucidated. Especially, the role of this

cytokine in the immune response against cancer is still con-

troversial. IL-10 is commonly regarded as cytokine that allows

malignant cells to escape from immune surveillance. By con-

trast, other reports suggest that IL-10 might favour immune-

mediated rejection of cancer.24 Our findings question the im-

mune suppressive role of IL-10 in ascites. We detected expres-

sion of Th1 (IFN-c and IL-12) and Th2 (IL-4) cytokines only in

the presence of high IL-10 concentrations. We believe that un-

der certain circumstances this cytokine may not act as an im-

mune suppressive molecule or even may support an effective

immune attack against malignant cells.

Interestingly, CCL22 was already detectable in early stage

tumours and there was no remarkable difference in its

expression levels between early and advanced stage disease.

This suggests that the creation of an immune suppressive

environment with influx of Tregs already starts in early stage

tumours. Curiel et al. also detected high levels of CCL22 in

ascites and demonstrated that in vivo treatment with mono-

clonal antibody to CCL22 significantly decreased Treg cell

migration into tumours.5

Our findings question the immune suppressive role of TGF-

b in EOC ascites. We found no active TGF-b in any of the sam-

ples. Active TGF-b might be the lacking trigger leading to the

epigenetic suppression of the TGF-b pathway in EOC as re-

ported recently by Matsumura et al.22 TGF-b has been de-

scribed to have an inhibiting effect on the immune system in

various studies.15,19 Only a few studies have investigated the

presence of TGF-b in ascites.3,32 In those reports, no distinction

was made between latent and active forms. In colon cancer, it

has been shown that active TGF-b is more indicative of malig-

nant progression, stage and survival than total TGF-b.9

Similar to Giuntoli et al.7, we observed high IL-6 and IL-10

levels and reduced IL-2 levels in EOC ascites. Giuntoli et al.

characterised both IL-6 and IL-10 as Th2 type cytokines, and re-

ported skewing towards Th2 phenotype in ovarian cancer asci-

tes. On the other hand, Punnonen et al. did not define IL-6 as a

Th2 cytokine and reported no skewing towards Th2 type cyto-

kines in the peritoneal fluids of patients with benign and

malignant gynaecologic tumours.29 This reflects the fact that

the nomenclature of the type1/type2 cytokine model and the

experimental methodology testing this model still continue

to evolve. In this manuscript, we did not define IL-6 and IL-10

as Th2 type cytokines. We found the Th1 (IL-12, IFN-c) and

Th2 (IL-5 and IL-4) response cytokines only detectable in a lim-

ited number of patients and usually co-expressed. Based on

these results, we found no evidence of skewing from Th1 to-

wards Th2 phenotype in ascites as underlying mechanisms

of EOC to escape the immune system. Furthermore, it has also

been shown that IL-6 is able to shift the differentiation of CD4
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cells towards Th2 in the presence of IL-4.6 The limited presence

of IL-4 in ovarian cancer related ascites suggests that Th1 dif-

ferentiation is hampered.

Interestingly, we observed that patients with expression of

Th1 cytokines IL-12 and IFN-c had a poor CA 125 response

after 3 courses of chemotherapy which is a predictor of sur-

vival. This is the opposite of what one would expect and

may be because more aggressive malignancies elicit a better

immune response but finally manage to escape from it. An-

other explanation could be the larger areas of necrosis in

those aggressive tumours with a subsequent activation of

the scavenging function of the macrophages.38 Zeimet et al.

reported earlier that high ascitic IL-12 levels are associated

with disease progression in EOC.38

In conclusion, despite the heterogeneity of EOC and the

complexity of cytokine functions, our results show that cyto-

kine analysis in ascites may aid in understanding tumour–

host interaction in EOC patients.
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