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Abstract
Due to late diagnosis, ovarian cancer is the most deadly gynecologic malignancy. Inflammation is one of the
risk factors of ovarian cancer and the inflammatory response implicates all stages of tumorigenesis. The purpose of this study was to analyze the concentration of molecules, which can take part in malignant processes. We
analyzed patients with ovarian cancer, with endometriosis and healthy controls. Thirty-seven analytes were
measured in serum using BioPlex Pro Human Inflammation Panel. We were able to detect 28 of the proteins
among the studied groups. We found a significant increase in 22 of the tested molecules (BAFF, Chitinase3-like
1, IFN-alpha2, IFN-beta, IFN-gamma, IFN-lambda2, IFN-lambda1, gp130, IL-2, IL-12 (p40), IL-11, IL-32, IL-35,
MMP3, Osteocalcin, Pantraxin-3, sCD163, TNFRSF8, sIL-6Ralpha, STNF-R1, STNF-R2, and TSLP) in the ovarian
cancer group in comparison to the healthy controls. Two of them (IL-20, MMP1) did not show significant differences between groups. Moreover, we identified decreased concentrations of APRIL and osteopontin in ovarian cancer vs. healthy controls. While this study is a preliminary report, we hope this will encourage a further
use of multiplex analysis in ovarian cancer biomarker research.
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Introduction
Ovarian cancer (OvCa) is often an asymptomatic disease,
without reliable specific biomarkers indicating the early
forms of developing cancer, leading to clinical diagnosis at
an advanced stage with metastases. For these reasons, it
represents the third most common gynecologic malignancy
and the fifth cause of death among cancers in women [1].
To date, only the serum cancer antigen 125 (CA-125) and
human epididymis secretory protein E4 (HE4/WFDC2) are
used widely in OvCa diagnosis. However, it has limited specificity and sensitivity. At an early stage of the disease, the
detection of CA-125 is not always possible. Moreover, the
elevated level of CA-125 is also observed during endometriosis and ovarian cysts. 50% of patients with stage I OvCa,
where the disease is limited to the ovaries, have a normal
preoperative CA125 level [2-4].
Another marker, namely HE4, has similar limitations in
detecting early and asymptomatic cancers [5-6] and, as our
team in concordance with others have reported previously,
it has no added diagnostic value over ultrasound examination [7]. Therefore, two algorithms, such as Risk of Malignancy Index (RMI) and Risk of Ovarian Malignancy Algorithm
(ROMA), were used to enhance the essential character of
these biomarkers. The RMI was proposed by Jacobs et al. [8].
It is a validated clinical algorithm used for the risk stratification of OvCa lesions. In comparison to CA-125, RMI combines three features: serum CA-125, menopausal status, and
ultrasound score. This enables to obtain higher sensitivity
and specificity in detecting malignant cases than using HE4
or CA-125 alone [9]. Another clinical tool is ROMA, which
was developed by combining CA-125 and HE4 serum levels
with patients’ menopausal status. Based on the ROMA score,
a woman can be classed according to their risk of malignancy level, i.e. low or high.
Over recent decades, researchers have been evaluating additional serum proteins as potential biomarker candidates, which could support the early diagnosis of OvCa.
The panels of biomarkers seem to be more accurate and
provide the elevated sensitivity and specificity necessary
for screening [10].
Inflammation is one of the hallmarks of many cancers,
including ovarian cancer. Identification of specific serum
markers related to this process could be a useful tool for
screening patients with increased risk of malignant disease
[11]. The local inflammatory response could be a double
edge sword. On the one hand, cytokines can inflect an anti-tumoral response but on the other hand, chronic inflammation could also lead to malignancy. This phenomenon is
related to the balance of pro-and anti-inflammatory cytokines and the activation state of the surrounding cells [12].
In this study, we aimed to identify serum concentration of
the most common cytokines, which could be involved in ma-

lignant processes, and pinpoint the potential involvement in
ovarian cancer pathobiology. Specifically, this study aimed to
evaluate the screening panel of the inflammatory cytokines.
We hypothesized that the inclusion of inflammatory or
immunosuppressive biomarkers present in serum may enhance or complement the identification of factors supporting ovarian cancer progression and early diagnosis aside
from the current diagnostic methods including CA-125, HE4,
and ROMA, and RMI. Moreover, the research on the milieu
of cytokines and chemokines in patients with ovarian tumors can support the insight into pathomechanisms of such
a complication as hypercoagulability.

Material and Methods
Study Group
The study involved the analysis of serum obtained from
24 subjects: 14 women diagnosed with distinct stages of
ovarian cancer, 6 women with endometriosis, and 4 healthy
women. Detailed patient characteristics are shown in Table
1. The serum samples were collected from the Surgical, Oncological, and Endoscopic Gynecology Department of The
Greater Poland Cancer. Approximately 9 mL of blood was
collected into EDTA plasma tubes (Sarstedt Ltd, Leicester
UK) and then centrifuged at 1200×g at 4°C for 30 minutes
to obtain serum. The serum samples were then stored at
–80°C until analysis. The Bioethics Committee of the Poznań
University of Medical Sciences approved the study protocol
(decision no. 784/13 and 1126/16). Written informed consent was obtained from all the participants. All methods
were performed following the relevant guidelines and regulations. The following exclusion criteria were defined in this
study: another neoplastic disease, a history of any autoim-

Table 1: Study population including detailed diagnosis

Diagnosis

Grade

Patients, N

IA

4

II B G3

1

III C G3

5

IVB G3

4

Endometriosis

bilateral
ovarian cyst

6

Healthy
volunteers

-

4

Ovarian
Cancer
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mune condition, treatment with immunomodulatory drugs,
clinical manifestation or elevated markers of inflammation.
Analysis
The composition of cytokines was analysed using BioPlex 200 System (Bio-Rad Laboratories, Hercules CA, USA).
This System allowed for the simultaneous analysis of 37 different molecules in a single well. The assay contained dyed
beads conjugated with monoclonal antibodies specific for
a target protein. In this study, we used Bio-Plex Pro Human
Inflammation 37-plex (Bio-Rad Laboratories, Hercules CA,
USA). The 50 ul of serum of each patient was used. The concentrations (pg/ml) of the analysed molecules are measured
against the standard curve. The analysis was performed according to the manufacturer’s instructions.
Statistical Analysis
Statistical analyses were performed using GraphPad
Prism version 6.01 (GraphPad Software, CA, USA). For the
statistical analysis, the non-parametric Kruskal-Wallis test
with Dunn’s post hoc multiple comparison test was performed. The differences were considered statistically significant at p < 0.05—*; p ≤ 0.01—**; p ≤ 0.001—***; p ≤
0.0001—****.

Results
On the first view, the concentration pattern of analysed
molecules in OvCa was distinct from the healthy volunteers.
We found a significant difference among 22 tested molecules. The differences were also observed between patients
with endometriosis and the healthy controls. The mean concentrations of detected analytes are presented in Table 2.
We found that the concentration of 22 analytes was
significantly increased in patients with OvCa compared
to the healthy controls, namely BAFF, Chitinase3-like 1,
IFN-alpha2, IFN-beta, IFN-gamma, IFN-lambda2, IFN-lambda1, gp130, IL-2, IL-12 (p40), IL-11, IL-32, IL-35, MMP3,
Osteocalcin, Pantraxin-3, sCD163, TNFRSF8, sIL-6Ralpha,
STNF-R1, STNF-R2, and TSLP (see Figure 1 and Figure 3) In
the endometriosis group, the concentration of 17 analytes
was significantly higher than in the healthy controls group
(see Figure 1, Figure 3, Table 2). On the other hand, both
ovarian and endometriosis patients are characterized by
decreased concentration of APRIL and osteopontin (see
Figure 2 and Figure 3, Table 2).
The following proteins were all largely undetectable
in sera of the studied groups: IL-12(p70), IL-19, IL-22, IL27, IL-34, and TNFSF14. These analytes were omitted from
further analysis.

Figure 1. Dot plots (medians and interquartile range, IQR = Q1 − Q3)
presenting analytes concentrations (pg/mL) within serum samples
collected from patients with ovarian cancer, endometriosis, and
healthy controls. * p < 0.05, ** p < 0.01, *** p < 0.001: based on
Kruskal–Wallis test with Dunn’s post hoc multiple comparison test.
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Figure 1. Dot plots (medians and interquartile range, IQR = Q1 − Q3) presenting analytes concentrations (pg/mL) within serum samples collected
from patients with ovarian cancer, endometriosis, and healthy controls. * p < 0.05, ** p < 0.01, *** p < 0.001: based on Kruskal–Wallis test with
Dunn’s post hoc multiple comparison test.
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Discussion
OvCa is typically diagnosed
at the advanced stages of the
disease, therefore successful
treatment challenging. The survival of patients with stages I
and II of OvCa ranges from 60%
to 90% shows the higher success
rate of treatment depends on
earlier detection of the disease.
Therefore, the development
and/or identification of an assay
or finding an appropriate biomarker could bring significant
benefits to OvCa patients. In
this small, preliminary and comparative study, we conducted a
multiple, quantitative analysis of
37 cytokines, chemokines, and
MMPs in OvCa patients and endometriosis patients compared
to the healthy volunteers. Our
research confirmed that serum
concentrations of analysed molecules varied between the studied groups.
Ovarian Cancer
vs. Healthy Control

Figure 1. Dot plots (medians and interquartile range, IQR = Q1 − Q3) presenting analytes concentrations (pg/mL) within serum samples collected from patients with ovarian cancer, endometriosis, and healthy controls. * p < 0.05, ** p < 0.01, *** p < 0.001: based on Kruskal–Wallis test with
Dunn’s post hoc multiple comparison test.

We divided the results
into two distinct patterns of
differences in the mean concentrations of specific proteins
in patients with OvCa. Specifically, BAFF, Chitinase3-like 1,
IFN-alpha2, IFN-beta, IFN-gamma, IFN-lambda2, IFN-lambda1,
gp130, IL-2, IL-12 (p40), IL-11,
IL-32, IL-35, MMP3, Osteocalcin,
Pantraxin-3, sCD163, TNFRSF8,
sIL-6Ralpha, STNF-R1, STNF-R2,
and TSLP were all increased in
OvCa patients, whereas APRIL
and osteopontin concentrations
were found to be decreased
in OvCa as compared with the
healthy controls.
We are aware that these differences in the cytokine profiles
may be due to the secretion by
malignant or non-malignant
types of cells i.e. immune or endothelial cells, which could influ-
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ence immune-mediated anti-tumor responses. Our present
results are following other studies of ovarian cancers. However, to our knowledge, not all the 22 molecules have so
far been analyzed and published, including single-cytokines
analysis and multiplex analysis.
Consistently with our findings, significantly elevated mean
concentrations of the Tumor Necrosis Factor Superfamily
(TNFSF) cytokines, namely TNFSF8 (sCD30) and soluble Tumor Necrosis Factor Receptor-1 (sTNFR1) and Receptor-2
(sTNFR2), were demonstrated by Mielczarek-Palacz et al. [1314] and Dobrzycka et al. [15]. These proteins are responsible
for the regulation of apoptosis and immune response. The
above-mentioned studies suggested that these molecules
could be used as early diagnostic indicators of OvCa [13-15].
Moreover, sTNFR1 and sTNFR2 are also independently related
to poor prognosis [16]. Also, we found the elevated level of another member of the TNFSF family: Tumor necrosis factor-like,
a weak inducer of apoptosis (TWEAK/TNFSF12). Similar data
have only been published regarding prostate cancer [17] or
colorectal cancer [18]. Although TWEAK was firstly identified
as an inducer of apoptosis in tumor cells, it can also stimulate
cell proliferation, angiogenesis, and inflammation [19-20].
Another interesting finding is the decrease of a proliferation-inducing ligand (APRIL), also known as TNFSF13, which
is primarily involved in B-lymphocyte maturation, in sera
OvCa patients compared to the healthy controls. According
to recent studies, this cytokine is highly expressed in several
tumor tissues, including breast cancer, which stimulates the
growth of tumor cells [21-22]. However, we observed the
opposite results, with the concentrations decreased in both,
ovarian patients and endometriosis patients, compared to
the healthy controls. Moreover, the retrospective studies
indicated that the role of APRIL protein in ovarian, bladder,
and head and neck carcinoma was not associated with the
promotion of tumor development and its presence was not
related to autocrine production by malignant cells, but rather derived from APRIL-producing neutrophils [23]. However,
the role of neutrophils in OvCa is probably crucial in cancer
progression and treatment, which was shown by the comparison of neutrophil to lymphocytes ratio (NLR), indicating
the better outcome and survival of OvCa patients with decreased NLR [24]. Neutrophil extracellular traps (NETs) and
their interplay with platelets contribute to paraneoplastic
thrombophilia [25] thus the analysis of factors that orchestrate the dynamic interplay between tumor cells, immune
system, and hemostasis seems to be crucial for monitoring
and treatment decisions in OvCa patients.
The second molecule with a significantly lower level in both groups (OvCa and endometriosis vs. healthy
control) was osteopontin. However, these findings are in
contrast with our previous study where the concentration of osteopontin in serum was higher in OvCa patients
than in benign OvCa [26], similar data showed also
a team by Schorge [27]. One of the reasons for these differences might be the limited sample size in our study.

Chitinase-3-like-1 (YKL-40) is mainly responsible for tissue injury and repair,and inflammation [28]. Our results are
consistent with others, which indicated the elevated level of YKL-40 in serum in patients with metastatic disease,
and poor diagnosis in OvCa. High expression of YKL-40 is
strongly associated with a high FIGO stage and histological
type of tumor [29-30].
In our study, the concentration of two receptors of interleukin 6: siL-6R beta (Gp130) and sIL-6R alpha were also increased in ovarian patients. Both soluble receptors can bind
to IL-6 and serve as the major IL-6 signalling pathways including cancer, thereby contributing to cancer progression [31-32].
The vitamin K-dependent protein, osteocalcin is a specific
product of the osteoblast and is a biomarker for bone formation activity [33]. Previous studies have shown that osteocalcin is highly expressed in solid tumors, including osteosarcoma
[34], breast [35], and prostate cancers [36-37]. Osteocalcin
was also correlated with cancer cell transformation [38]. Our
findings confirmed the elevated levels of osteocalcin in OvCa.
In terms of the metalloproteases (MMPs) family, we
identified increase expression levels of two members: MMP2
and MMP3. According to previous studies, higher levels of
MMP2 were significantly higher in advanced stages of OvCa
compare to benign premalignant counterparts [39]. Also, it
may contribute to the poor prognosis of OvCa patients [40].
Another reported role of MMP2 in OvCa is the involvement
in the adhesion of OvCa cells to the peritoneal surface [41].
There are also studies showing no correlation between tumor-derived MMP2 and survival rate [42-43]. MMP3 as another member of the metalloproteases family together with
miR200 can modulate OvCa invasiveness. It has been shown
that overexpression of MMP3 can decrease the ability of
miR200 to inhibit OvCa invasion [44]. The higher expression
level of MMP3 in OvCa was also positively correlated with
a poor survival rate [45-46].
In our analysis, interleukin 32 (IL-32) was overexpressed.
The same findings were reported in previous studies including solid tumors, but not OvCa. As a pro-inflammatory cytokine, IL-32 is involved in the progression of different malignancies, including gastric [47], breast [48], and lung cancers
[48]. IL-32 together with nuclear factor-κB (NF-κB)-mediated cytokines and metalloproteinase production support the
tumor development [49-50]. In a study presented by Luo et.
al. [51] on 147 patients and 337 healthy controls using the
polymerase chain reaction-restriction fragment length polymorphism (RLPF), the association between IL-32 single nucleotide polymorphism (SNP) and the OvCa was found. This
SNP in IL-32 gene indicates higher OvCa susceptibility and
may play a crucial role as a progression marker.
Given its suppressive function, interleukin 35 (IL-35)
is involved in tumor progression [52] by enhancing angiogenesis [53] and inhibition of CD8+ T cells via transforming
growth factor-beta 1 (TGF-β) production [54]. This data supports our results, where we observed higher IL-35 levels in
OvCa group compared to the healthy.
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Table 2. The concentrations of detected analytes [pg/mL] in the studied groups. IQR= interquartile range.

Analyte

Helathy control
(median, IQR, pg/mL)

Endometriosis
(median, IQR, pg/mL)

Ovarian cancer
(median, IQR, pg/mL)

APRIL

64 698
58 202 - 76 189

31 423
28 444 - 36 890

32 377
28 568 - 39 847

BAFF/TNFSF13B

7 955
7 087-10 230

11 133
10 148 - 11 937

14 030
11 332 - 20 115

Chitinase3-like1

9 634
7 303 - 16 726

46 408
25 976 - 57 424

72 086
66 733 - 107 383

Gp130/siL-6Rbeta

52 140
47 047 - 55 007

170 220
150 184 - 194 390

158 059
103 403 - 187 421

IFN alpha2

4.075
3.56 - 4.2

16.10
14.03 - 19.30

15.45
9.555 - 19.63

IFN beta

40.94
29.99 - 44.18

77.73
70.95 - 90.52

80.29
63.03 - 92,78

IFN gamma

32.08
26.09 - 39.23

64.28
61.67 - 78.99

64.50
51,69 - 75.73

IL-2

20.99
17.58 - 25.32

100.7
84.10 - 129.6

84.38
60.54 - 118.9

IL-11

12.01
11.76 - 12.75

26.82
21.07 - 35.38

26.90
18.82 - 36

IL-12 (p40)

225.1
186.2 - 228.7

586.6
557.0 - 667.4

614.4
408.7 - 763.3

IL-20

22.60
20.75 - 66.02

82.74
70.77 - 98.34

77.28
60.86 - 101.6

IL-28A (IFN-lambda2)

20.65
18.87 - 22.41

73.66
62.11 - 94.40

67.07
39.99 - 91.14

IL-29 (IFN-lambda1)

34.34
28.20 - 51.36

196.8
153.3 - 274.9

155.3
110.4 - 210.6

IL-32

53.49
47.51 - 77.17

304.6
274.9 - 434.5

305.8
248.4 - 439.3

IL-35

126.0
80.31 - 193.2

875.5
644.0 - 1009

707.6
542.2 - 997.0

MMP1

2 691
1 329 - 3 466

2 824
1 196 - 5 323

2 911
2143 - 6 463

MMP2

24 045
15 909 - 29 867

128 969
117 954 - 139 570

78 324
45 385 - 114 745

MMP3

9 498
5 551 - 13 727

44 464
30 828 - 75 763

37 928
23 829 - 47 008
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Table 2. The concentrations of detected analytes [pg/mL] in the studied groups. IQR= interquartile range.

Analyte

Helathy control
(median, IQR, pg/mL)

Endometriosis
(median, IQR, pg/mL)

Ovarian cancer
(median, IQR, pg/mL)

Pentraxin-3

8 017
6 251 - 9 505

46 450
37 184 - 63 533

52 447
24 567 - 80 868

Osteocalcin

1 778
1 566 - 2 225

7 254
5 100 - 7 793

4 677
4 207- 6 802

Ostepontin

16 234
14 170 - 17 291

4 985
3 465 - 7 433

3 418
2 550 -12 756

sCD30/TNFRSF8

504.8
499.1 - 584.6

1 223
1 138 - 1 360

1 739
1 131- 2 634

sCD163

115 060
50 613 - 142 274

224 350
151 750 - 263 420

249 445
81 542 - 297 032

sIL-6R alpha

6 614
5 033 - 10 546

33 759
25 329 - 39 500

30 934
25 115 - 43 489

sTNF-R1

1 573
1 112 - 1 620

2 739
2 483 - 2 911

3 094
2 625 - 3 816

sTNF-R2

441.8
388.2 - 483,5

1 159
979.8 - 1 536

1 394
1 088 - 1 687

TSLP

22.35
17.81 - 30.84

58.35
46.98 - 64.39

49.07
36.15 - 58.29

TWEAK/TFSF12

827.3
760.9 - 928.9

1 432
1 194 - 1 621

1 131
968.2 - 1 206

Figure 2. Dot plots (medians and interquartile range, IQR = Q1 − Q3) presenting analytes concentrations (pg/mL) within serum samples
collected from patients with ovarian cancer, endometriosis, and healthy control. * p < 0.05, ** p < 0.01, *** p < 0.001: based on Kruskal–
Wallis test with Dunn’s post hoc multiple comparison test.
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Figure 3. Heatmap representing a concentration of all analyzed molecules in patients with ovarian cancer and endometriosis group compared to healthy controls.

Interleukin-12 subunit beta (IL-12p40), which we found
to be significantly overexpressed, is known as a component
of the bioactive cytokines IL-12 and IL-23. No other studies
have shown the presence of IL-12p40 in OvCa.
Interleukin-2 (IL-2) as a T-cell growth factor has an essential role in T cell-dependent immunity. Because of its properties, IL-2 is used for cancer therapy [55]. However, a study
by Bosek et. al. [56] indicated the elevated level of IL-2 in
patients with colon cancer and type 2 diabetes [56]. One of
the functions of IL-2 is increased proliferation and activation
of Treg Lymphocytes, which according to the study by Bosek
et al. [56] could be associated with tumor progression. This
may be the case in our study, as well, as we observed
a significantly higher concentration of IL-2 in the OvCa group
compared to the healthy controls. This was also shown in
the Dutch-Wicherek group, where increased T-regulatory
lymphocyte levels in peripheral blood were correlated with
poorer prognosis in a serous ovarian adenocarcinoma [57].
Interferons (IFNs) are mostly described regarding viral
infections. The main function of type I IFNs (IFNα, IFNβ) is
the stimulation of the immune system, namely the control
of dendritic cell maturation, growth of granzyme, and perforin expression in cytotoxic T-lymphocytes, which makes
these cytokines essential in cancer immunosurveillance [58].
Recently, we have shown that the expression of granzyme
in peripheral blood mononuclear cells (PBMC) was higher

in ovarian cancer patients than in lung cancer patients [59].
Moreover, PBMCs granzyme expression was upregulated in
patients with onconeural antibodies than in seronegative
persons [59]. Such a phenomenon indicates the role of cytotoxicity on paraneoplastic neurological syndromes.
Type I interferons (IFNs) —IFNα and IFNβ — have been
widely used for the treatment of several cancers [58]. However, IFNs are also known as inflammatory factors within the
tumor microenvironment [60-61]. In our study, we observed
a significant increase in both, type I and type II interferons.
Interferon concentrations in OvCa and endometriosis groups
are similar, which suggests that either this is a consequence
of immune response to inflammation and cancer progression, or that immune response was damaged, and the high
concentration could be an effect of this damage.
Endometriosis vs. Healthy Control
Aberrant production and secretion of immune mediators, including cytokines, prostaglandins, and metalloproteinases, are also observed in endometriosis patients. In
our study, we analysed 6 patients with endometriosis, and
we found a significant increase in 17 analytes compared
to the healthy controls (Table 2 and Figure 1). Interestingly,
there were three proteins (MMP2, Osteocalcin, and TWEAK),
which levels were increased in the endometriosis group
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compared to OvCa and the healthy group, however, these
differences were non-significant.
The recent studies suggest that the use of single cytokines or only traditional proinflammatory molecules could
underappreciate the potential benefit of using cytokines to
identify patterns of response [62]. Enzyme-linked immunosorbent assay (ELISA) is one of the popular methods in the
analysis of cytokines. However, to analyse a wide range of
cytokines, chemokines, and MMPs simultaneously is expensive, time-consuming, and requires a large sample volume.
Therefore, in our study, we decided to use multiplex analysis
of serum samples. While this study is a preliminary report,
we hope this will encourage further use of multiplex analysis
in ovarian cancer biomarker research.
OvCa is a complicated and heterogeneous malignancy,
with multiple histological subtypes, which still determine
a challenge in diagnosis. We need to acknowledge the small
sample size of our study groups, which limits the ability to
accurately examine the relationships between the stage of
cancer and cytokine levels. Further research will require an
increase in the study sample.
In conclusion, our results suggest increased levels of
analytes (cytokines, chemokines, MMPs, growth factors)
in serum, most spectacularly in patients with ovarian can-

cer, but also in patients with endometriosis compared to
the healthy controls. Importantly, a similarity between the
two groups of distinct pathologies emphasizes diagnostic
difficulties. More studies about the use of cytokines as
biomarkers are crucial for getting the essential information
about changes in signalling networks which may help to understand the tumorigenesis, complications related to cancer-induced thrombophilia, and immune-mediated paraneoplastic syndromes. Although this study was not powered
to provide clinical prognostic utility, the results highlight
the need for further research of the patterns of cytokines
in patients with ovarian cancer.
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