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Abstract. The present study was carried out to assess the
percentage of T helper 17 (Th17) lymphocytes in blood and
tissue and IL-17A serum concentrations in patients with
epithelial ovarian tumors. Two isoforms, IL-17A and IL-17F,
as well as IL-21 and IL-22, were simultaneously investigated.
The study group consisted of 60 women affected by epithe-
lial ovarian tumors (benign, borderline and malignant) and
20 women without ovarian pathology as a control group. The
evaluation of the percentage of Th17 cells secreting IL-17A,
IL-17F, IL-21 and IL-22 in peripheral blood and tumor tissues
was performed using flow cytometry applying a Th17 cytokine
staining panel. The blood serum concentration of IL-17A was
determined using ELISA. We found no statistically significant
differences in the subpopulations of Th17 lymphocytes, either
in peripheral blood or in ovarian tissues, following comparison
of the women with and without ovarian pathology. Negative
correlations were found between the percentage of CD4"/
IL-21* (r=0.8, p=0.02) and CD4*/IL-17* (r,=-0.78, p=0.03) in
the tissue and IL-17A in blood serum in the group of patients
with borderline ovarian tumors. A negative correlation was
also found between IL-17A and the percentage of CD4*/IL-21*
in peripheral blood (r,=-0.48, p=0.03) in the group of patients
with ovarian cancer. The increased percentage of Th17 cells
in tissue was not correlated with the overall survival of the
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ovarian cancer patients. In conclusion, we showed that more
Th17 cells secreted IL-17A and IL-21 in the tissue of borderline
ovarian tumors and less IL-17A in serum. We also observed
that in peripheral blood of the patients with ovarian cancer,
there was a higher percentage of Th17 lymphocytes and a
lower concentration of IL-17A in serum indicating a negative
correlation. An increased percentage of Th17 cells in ovarian
tissue does not influence the time of survival of patients with
ovarian cancer.

Introduction

Th17 lymphocytes are a T helper cell population that play
a crucial role in the immune response. The name of these
cells originates from the secretion of cytokine IL-17 by these
cells (1). They diverge from innate CD4* T cells in the pres-
ence of transforming growth factor-p (TGF-p) and IL-6 (1).
IL-17A and IL-17F are the major cytokines secreted by Th17
cells. They are highly homogeneous, bind to the same receptor
and have similar biological activities (2). These cytokines
are also involved in the development of antibacterial and
anti-inflammatory responses (2). In contrast, IL-17F is a weak
inducer of the expression of proinflammatory cytokines and it
is produced by a wide spectrum of immune cells (2).

Th17 lymphocytes also secrete interleukin (IL)-21 and
IL-22.1L-21 enhances the expression of perforin, granzyme B,
IFN-vy, CXCR3 peripheral NK cells and CD8* lymphocytes,
which reinforces an antitumor response (3). The expression
of IL-22 inhibits TGF-f (4,5). The protective role of IL-22 in
inflammatory diseases is associated with the induction of the
expression of $-defensins and lipocalin-2 (6,7).

In the present study, we assessed the proportion of Th17
cells secreting IL-17A, IL-17F, IL-21 and IL-22 in peripheral
blood and in the microenvironment of benign, borderline
(BOT) and malignant epithelial ovarian tumors. We examined
the relationship between the percentage of CD4*/IL-17A*F",
CD4*/IL-21* and CD4*/IL-22* Th17 cells in the peripheral
blood and ovarian tissues and the IL-17A serum concentra-
tions. In the present study, we investigated not only two
isoforms, IL-17A and IL-17F, but also IL-21 and IL-22. To
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Figure 1. Example of flow cytometric analysis of Th17 cell subpopulations infiltrating the tumor tissue. Based on the parameters of the FSC, showing the cell
size and SSC, showing the granularity-lymphocytic cells, the gate was set. In the second step of analysis, CD4* lymphocytes were gated, including an analysis
of the expression of IL-17A, IL-17F, IL-21 and IL-22. In addition, the gates of CD4*/IL-17A*/IL-17F, CD4*/IL-17A*/IL-17F* and CD4*/IL-17A"/IL-17F" were

analyzed for coexpression of IL-21 and IL-22.

clarify the percentage of Thl7 cells we conducted a study to
determinate whether Th17 cells and IL-17A may be applied
as prognosticators in patients affected by ovarian carcinomas.

Materials and methods

Research subjects and samples. The study group consisted
of 60 women. The patients were subdivided into 3 groups:
a group of 24 women with malignant epithelial ovarian
tumors (cystadenocarcinoma), 25 women with benign ovarian
tumors (cystadenoma), and 11 women with serous borderline
tumors (BOTs). The control group consisted of 20 women
without ovarian pathology, undergoing surgery due to urinary
incontinence. All women with ovarian cancer had stage
III or IV tumors according to FIGO (International Journal of
Gynecology and Obstetrics, January, 2014). The study samples
included blood serum, peripheral blood, ovarian tissues without
pathology and tissues of malignant and benign tumors of the
ovary. The study was approved by the Bioethics Committee
of the Medical University of Lublin (KE-0254/90/2011). The
patients gave their written consent before they participated in
the present study.

Isolation of mononuclear cells from peripheral blood
(PBMCs). Immediately after bloood was taken from the anticu-
bital vein, peripheral blood mononuclear cells (PBMCs) were
isolated by density gradient centrifugation using Gradisol L
formulation at a specific density of 1.077 g/ml (Aqua Medica,
L6dz, Poland) for 20 min at 700 x g. The pellet containing

the PBMCs was washed twice in phosphate-buffered saline
(PBS) and evaluated for the number (using Neubauer chamber)
and viability (trypan blue staining-0.4% trypan blue solution;
Sigma-Aldrich, Munich, Germany). Viability of <95% was a
disqualifying criteria for conducting further research.

Isolation of mononuclear cells infiltrating tumor and
healthy tissues. During surgery, fragments of ovarian tumor
not containing necrotic areas (the size of 1 cm®) or healthy
ovarian tissue were collected and minced with a scalpel. The
minced tissue was suspended in 30 ml of RPMI-1640 medium
(Biochrom, Holliston, MA, USA) and subjected to digestion
in a mixture containing 1 mg/ml collagenase type IA, 1 mg/
ml DNase type I, 0.1 mg/ml hyaluronidase (all from Sigma-
Aldrich) at 37°C for 60 min, and constantly vortexed. After
digestion, the suspension was filtered through a strainer
(70 um; BD Biosciences, San Jose, CA, USA) and centrifuged
for 5 min at 700 x g. The cell suspension was washed twice in
RPMI-1640 medium.

Evaluation of the percentage of Thi7 cells. The evaluation of
the percentage of Thl17 cells (secreting IL-17A, IL-17F, IL-21
and IL-22) in the PBMCs, healthy tissue and tumor tissue was
performed by flow cytometry using a Th17 cytokine staining
panel according to the manufacturer's recommendations using
a FACSCanto (both from BD Biosciences) (Fig. 1).
Establishment of PBMC culture and ovarian tissues (tumor
or control) and stimulation with ionomycin. A 24-h culture of
the PBMCs and ovarian tissue was set-up. The medium was
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Table I. Demographic and clinical characteristics of the study groups.
Group of Controls group Benign tumors Borderline tumors Ovarian cancers
patients (n=20) (n=25) (n=11) (n=24) P-value
Age (years) 50 (37-78) 55 (32-85) 47 (35-77) 55 (44-80) 0.400
BMI (kg/m?) 28 (21-36.7) 26 (11.9-46.7) 31.6(17.9-45.7) 25.6 (25-35.2) 0.053
Gravidity (n) 2 (0-4) 2 (0-7) 2 (0-5) 2 (0-6) 0.460
Leukocytes 10° cells/ul 72 (4.17-11.8) 5.8 (3-21) 7.2 (5-10.8) 7.3 (3.58-13.5) 0.290

Data are expressed as median (range). Kruskall-Wallis test was used for statistical analysis. BMI, body mass index.

prepared consisting of 97% RPMI-1640 (Biochrom) supple-
mented with 2mM L-glutamine, 2% human albumin (ZLB
Bioplasma, Bern, Switzerland), and antibiotics in an amount of
100 U/ml penicillin and 100 mg/ml streptomycin (both from
Sigma-Aldrich). Cultivation was carried out in 6-well plates
in a 5-ml culture medium. For each patient, two cultures were
established, one from the PBMCs and the other from the tumor
cells or normal ovarian tissue. The culture was conducted in an
incubator under standard conditions (5% CO,, 95% humidity,
37°C) for 4 h. To individual wells, ionomycin at a concentration
of 1 ug/ml and PMA at a concentration of 25 ng/ml were added
to stimulate cells for the production of cytokines and brefeldin
at a concentration 10 yg/ml (both from Sigma-Aldrich) in order
to inhibit the activity of the endoplasmic reticulum, leading to
retain the cytokines within the cell.

Determination of intracellular cytokines. The 24-h
cultures were moved from the culture plate to two prop-
erly signed tubes and were washed twice in 2 ml of Flow
Cytometry Staining Buffer (eBioscience, San Diego, CA,
USA) after vortexing. The constant parameters used during
each rinsing in this procedure consisted of: run time 5 min,
700 x g. After removal of the supernatant, 5 ul of anti-CD4
(eFluor 450; eBioscience) was added to each tube. The mixture
was incubated for 20 min in darkness. After washing, the
excess of antibody in 2 ml of Flow Cytometry Staining Buffer,
100 u1 IC Fixation Buffer (both from eBioscience) was added
to each tube in order to consolidate. Mixing/vortexing, this
mixture was also incubated for 20 min in darkness. Then, it
was washed twice with 2 ml of the permeabilization buffer
(eBioscience). Preparing the buffer involved a 10-fold dilu-
tion with PBS. After removing the supernatant, the cells were
resuspended in 100 ul of permeabilization buffer and separated
to previously prepared cytometry tubes into control and test
samples. Thereafter, 5 ul of the antibodies was added to the
test samples: anti-IL-17A (FITC), anti-IL-17F (PE), anti-IL-21
(eFluor 660), anti-IL-22 (PerCP-eFluor 710). After vortexing,
all samples were incubated for 20 min in darkness. They were
washed twice. After the cells were suspended in the Flow
Cytometry Staining Buffer, cytometric analysis was carried
out. Analysis was performed using flow cytometric 8-channel
BD FACSCanto II (BD Biosciences, San Diego, CA, USA).
Measurements were performed using BD FACSDiva software.

Evaluation of the IL-17A cytokine level. The concentration of
IL-17A was determined by ELISA. Quantikine® Human IL-17
ELISA kit (cat. no. D1700; R&D Systems, Minneapolis, MN,

USA) was applied. The procedure was performed according
to the manufacturer's instructions, and an automatic Victor3
reader (PerkinElmer, Inc., Waltham, MA, USA) was utilized.

Statistical analysis. Non-parametric and Kruskal-Wallis
tests were used to verify the differences between the studied
groups, post hoc (Dunn) to assess the internal differences
between 2 groups, Wilcoxon matched pairs signed-rank for
comparing the value of the parameter pairs and Spearman's
rank correlation coefficient and its validity to assess the corre-
lation between the two parameters. Kaplan-Meier analysis was
used to compare survival curves depending on the range of
the percentage of CD4*/IL-17* and concentration of IL-17A.
Overall survival was defined as the interval between the date of
surgery and the last follow-up or date of death. P-values <0.05
were considered significant. Statistical analysis was performed
using 10.0 PL Statistics for Windows (StatSoft, Inc., Tulsa,
OK, USA).

Results

Study group. There was no differences in age (p=0.4), body
mass index (BMI) (p=0.053), gravidity (p=0.46) or the
concentration of leukocytes in the peripheral blood (p=0.29)
of all the study groups (Table I).

Assessment of Thl7 lymphocyte subpopulation in the periph-
eral blood. The number of Thl7 cells in peripheral blood
was decreased in the ovarian cancer patients as compared
to the other study groups. We found no significant differ-
ences in the percentage of CD4*/IL-17A*/IL-17F (p=0.5)
CD4*/IL-17A/IL-F* (p=0.8), CD4*/IL-17A*/IL-F* (p=0.32)
and CD4*/IL-17*" (p=0.4) Th17 cells in the peripheral blood
among the study groups (Table II). "CD4*/IL-17* is the sum
of the percentages of CD4*/IL-17A*/IL-17F, CD4*/IL-17A"/
IL-17F* and CD4*/IL-17A*/IL-17F* Th17 cells.

Percentage of Thl7 cells in the ovarian tumor tissue. The
amount of Th17 cells in ovarian tissue was slightly increased in
the ovarian cancer patients compared to that noted in the other
groups. There were no significant differences in the percentage
of CD4*/IL-17A*/IL-F (p=0.2), CD4*/IL-17A/IL-F* (p=0.2),
CD4*/IL-17A*/IL-F* (p=0.7) and CD4*/IL17*" (p=0.5) among
the group of patients (Table IIT). “CD4*/IL-17* is the sum of the
percentages of CD4*/IL-17A*/IL-17F, CD4*/IL-17A°/IL-17F*
and CD4*/IL-17A*/IL-17F* Th17 cells.



3110

WINKLER et al: Th17 CELLS AND IL-17A IN OVARIAN TUMORS

Table II. Percentage of CD4* Th17 cells in the peripheral blood of the study groups.

Groups n IL-17AY/IL-17F IL-17A/IL-17F* IL-17AY1L-17F*
Control group 20 0.5 (0-2.6) 0.6 (0-3.3) 0.6 (0,20.0)
Benign tumors 25 0.5 (0-8.7) 0.45 (0-8.7) 0.75 (0-30.4)
Borderline tumors 11 0.55(0.2-2.0) 0.4 (0-0.8) 0.65 (0,1-10.1)
Ovarian cancers 24 0.4 (0-1.7) 0.2 (0-14.1) 0.2 (0-4.0)

Data are expressed as median (range).

Table III. Percentage of Th17 cells in ovarian tissues of the study groups.

Groups n IL-17A*1L-17F IL-17A/IL-17F* IL-17A*/IL-17F*
Control group 20 0.15 (0-4.2) 0(0-3.3) 219 (0.1-52.5)
Benign tumors 25 1.3 (0-7.0) 0.25 (0-11.8) 13.2 (0.2-64.9)
Borderline tumors 1 0.1(0-3.9) 1.0 (0-4.5) 7.7(04-31.2)
Ovarian cancers 24 0.8 (0-10) 1.5(0-14.3) 14.1 (0.2-46.2)
Data are expressed as median (range).
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Figure 2. Percentage of CD4*/IL-21*" and CD4*/IL-22*" in the peripheral blood of the study groups of patients with epithelial ovarian tumors. "CD4*IL-21*
is the sum of the percentages of CD4*/IL-21*/IL-22" and CD4*/IL-21*/IL-22*; "*CD4*/IL-22* is the sum of the percentages of CD4*/IL-21/IL-22* and CD4*/
IL-21*/1L-22* cells.

Percentage of Thl7 cells secreting IL-21 and/or IL-22 in
the peripheral blood and ovarian tumor tissues. There were

no significant differences in the percentage of CD4*/IL-21*"
(p=0.5) and CD4*/1L-22*" (p=0.5) Th17 cells in the peripheral
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Figure 4. Kaplan-Meier survival curves dependent on the percentage of Th17 cells in (A) the peripheral blood (PB) and (B) tissue (TU) of ovarian cancer
patients. Peripheral blood; median, 1.6%, p=0.19; tissue, median, 16.3%, p=0.35.

blood between the groups of patients (Fig. 2). Moreover, we
did not detect significant differences in the percentages of
CD4*/1L-21*" (p=0.7) and CD4*/IL-22*" (p=0.8) Th17 cells
in the ovarian tissue between the groups of patients (Fig. 3).
"CD4*/IL-21" is the sum of the percentages of CD4*/IL-21*/
IL-22 and CD4*/IL-21*/IL-22* Th17 cells. “CD4*/IL-22* is the
sum of the percentages of the CD4*/IL-21/IL-22* and CD4*/
IL-21*/IL-22* Th17 cells. The percentage of Th17 lympho-
cytes in peripheral blood and ovarian cancer tissues was next
evaluated as a prognostic factor. The Kaplan-Meier survival
analysis was performed in a group of patients with ovarian

cancer. The patients were subdivided into 2 groups according
to the median specificity and sensitivity: >1.6 or <1.6% in the
peripheral blood, and >16.3 and <16.3% in ovarian cancer
tissue. The result of the Mantel-Cox test was insignificant in
regards to patient survival as dependent on the percentage
of Th17 cells in the peripheral blood (p=0.19) and in tissue
ovarian cancer (p=0.35) (Fig. 4A and B).

Concentration of interleukin-17A (IL-17A). Our results
showed statistically significant differences between the
analyzed groups (p=0.001) (Fig. 5). Post hoc analysis showed
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Figure 5. The concentration of IL-17A in the serum of patients with ovarian
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analysis showed significantly higher levels of IL-17A in women with ovarian
cancer compared to the group without ovarian pathology (p=0.00005), and
between groups of women with benign and malignant tumors (p=0.002).

significantly higher concentrations of IL-17A in women
with ovarian cancer compared to the group without ovarian
pathology (p=0.00005) as well as that between patients with
malignant and benign ovarian tumors (p=0.002).

Relationship between IL-17A and Thl7 cell subpopulations
secreting CD4*/IL-17"*, CD4*/IL-21" and CD4*/IL-22" in
peripheral blood and in the tissues of ovarian tumors. A nega-
tive correlation was found in the percentage of CD4*/IL-21*"
(r;=-0.8, p=0.02) and CD4*/IL-17"" (r,=-0.78, p=0.03) in the
tissue and IL-17A in blood serum of patients with borderline
tumors. Moreover, a negative correlation was shown between
IL-17A and the percentage of CD4*/IL-21*" in peripheral
blood (r;=-0.48, p=0.03) in the group of patients with ovarian
cancer (Fig. 6). "CD4*/IL-21* is the sum of the percent-
ages of CD4*/IL-21*/IL-22" and CD4*/IL-21*/IL-22* Th17
cells. "CD4*/IL-17* is the sum of the percentages of CD4*/
IL-17A*/IL-17F, CD4*/IL-17A/IL-17F* and CD4*/IL-17A"/
IL-17F* Th 17 cells

Prognostic value of IL-17A in ovarian cancer patients. The
patients were divided into 2 groups according to the median
value of IL-17A (5 women with >0.87 pg/ml and 19 women
with <0.87 pg/ml). The result of the Mantel-Cox test was not
significant (p=0.6) (Fig. 7).

Discussion

The multiparameter analysis of cytokines secreted by Thl7
cells has not been previously performed. Currently we focused
on the determination of the capacity of these cells to secrete
IL-17 with separation into isoforms. Moreover, we assessed not
only two isoforms of IL-17 (A and F), but also IL-21 and IL-22.

The phenotypes, distribution in tissues and profile of the
secreted cytokines in ovarian tumors have not yet been fully
explored. We found that the distribution of the different subpopu-
lations of Th17 lymphocytes (CD4*/IL-17A*/IL-F; CD4*/17A°/
IL-F*, CD4*/IL-17A*/1IL-F*, CD4*/IL-17*, CD4*/IL-21* and
CD4*/IL-22%) in peripheral blood in non-malignant, border-
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IL-17A*/IL-17F* Th17 cells. (C) Relationship between the concentration of
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of patients with ovarian cancer; r,=-0.48, p=0.03. "CD4*/IL-21* is the sum of
the percentages of CD4*/IL-21*/IL-22" and CD4*/IL-21*/IL-22* Th17 cells.

line (BOT) and malignant tumor tissues were not significantly
different in women compared to patients without ovarian
pathology. There were no significant differences between
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these parameters in terms of Th17 cell proportion, although, a
higher concentration of Th17 cells in the tissue was observed,
similarly to Kryczek et al (9). The authors demonstrated
that the percentage of Th17 cells in the CD4 lymphocytes in
tumor tissue was significantly higher compared to peripheral
blood. The increased concentration of Th17 in a tissue and
their migration to the tumor may be associated with a high
expression of CXCR4, CCR6 and CD161 (9). Moreover, it is
important to know the functions and interactions beetwen
IL-17F and IL-17A in the neoplastic microenviroment at both
the molecular and cellular levels. Understanding these rela-
tionships may provide a new strategy for systemic anticancer
therapy, particularly for ovarian cancer patients.

Kryczek et al (9) also analyzed the relationship between
the percentage of Th17 cells and other immune cell subpopu-
lations. They observed an inverse correlation between Th17
and Treg lymphocytes. Tregs have high expression of CD39
(ectonucleotidase), which converts ATP into adenosine. They
suggested that the development of Th17 cells is inhibited
by Tregs through the adenosinergic pathway. Ye et al (10)
noted that the cells from each line of development may be
interconverted in the tumor microenvironment by acquiring
different functions. Th17 lymphocytes that transform into
IFN-y*FOXP3* T cells acquire potent immunosuppressive
properties. This conversion is possibly part of the tumor escape
strategy against cells of the immune system. Fialova et al (11)
found an increased recruitment of Th17 cells in women at the
early clinical stages of ovarian cancer, while the decreased
migration of Tregs was observed in patients affected by
advanced disease.

Miyahara et al (12) suggested that a low concentration of
Th17 cells, and a high concentration of Tregs is associated
with elevated concentrations of TGF-f cytokines in the tumor.
They found that tumor cells secrete large amount of the latent
form of TGF-p (inactive). However, the level of the active form
of TGF was very low due to its short half-life. In addition,
TGF-f may be present in the free form and in the form of
membrane-bound Tregs. Increased percentage of Tregs and
reduced Th17 cells in the tumor supported the view that these
cells mutually regulate the presence of other cytokines in
the tumor microenvironment (8,11). However, the molecular
mechanisms underlying the formation and mutual regula-
tion of Treg and Th17 cells in the tumor microenvironment
remains unknown.
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There is increasing evidence suggesting that Th17 cells
protect against cancer development in several manners.
Firstly, tumor-infiltrating Th17 cells express several effector
cytokines, similar to those detected in patients affected by
infectious diseases. This suggests that Th17 cells infiltrating
the tumor may be functionally similar to T effector cells. In
accordance with this possibility, Th17 cells are negatively
correlated with the presence of Tregs and are positively corre-
lated with effector cells secreting IFN-v, cytotoxic CD8* and
NK cells, in the same tumor microenvironment. Secondly,
Muranski et al reported a protective role of Th17 cells during
carcinogenesis (13). Transgenic T cells with a Th17 phenotype
after treatment with TGF-f and IL-6 induced tumor eradica-
tion in mice. Furthermore, mice deficient in IL-17 showed
accelerated tumor growth and lung metastases in several
cancer models. Tumor-infiltrating Th17 lymphocytes do not
produce granzyme B and perforin; therefore, Th17 cells do not
act as intermediaries in direct cytotoxic activity against tumor
cells (3). Instead, Th17 cells recruit other effector cells of the
immune system. According to this hypothesis, IL-17 and INF-y
derived from Th17 cells synergistically induce the production
of CXCL9 and the chemokine CXCL10 by tumor cells, which
in turn promotes the migration of effector T lymphocytes into
the compartment (3). CXCL9 and CXCLI10 levels were found
to be directly correlated with the number of CD8* tumor-infil-
trating and NK cells. Th17 lymphocytes stimulate tumor cells
to secrete CCL20, which recruits dendritic cells into the tumor
microenvironment. These data strongly support the view that
Th17 cells play an indirect role in antitumor immunity through
the promotion of effector T cells, NK and dendritic cells (7).

There is strong evidence demonstrating the role of IL-17
secreted by Thl7 cells in the promotion of carcinogenesis.
IL-17 induces IL-6 production by tumor cells and stromal
cells. IL-6 activates STAT3, which increases the level of genes
facilitating tumor progression and the development of metas-
tasis (7). Tartour et al (14) reported that transfection with IL-17
of human cervical cancer cells increased tumor growth when
transplanted into nude mice. In addition, mice lacking IL-17
demonstrated reduced tumor growth of B16 melanoma and
MB49 bladder cancer, suggesting a role of IL-17 in promoting
tumor growth (14).

Kryczek et al (9) also demonstrated a correlation between
the percentage of Th17 cells and patient survival time. In
patients whose peritoneal fluid contained high concentrations
of IL-17, the average survival time was 78 months. In turn,
patients with decreased levels of IL-17 in peritoneal fluid
lived significantly shorter (27 months). Opposite data were
published by Lan ez al (15) who found that high IL-17 expres-
sion was correlated with improved progression-free survival
in advanced stage ovarian cancer patients. No significant
difference was observed in overall survival between the high
and low IL-17 expression groups (15). In the present study,
the decreased percentage of Th17 cells (CD4*/IL-17+") in the
tumor microenvironment did not correlate with a reduced
survival time of patients affected by ovarian cancer, probably
due to advanced stage of the ovarian cancer group.

The next step of the research was to assess the propor-
tion of Th17 lymphocytes secreting IL-21 and IL-22. The
percentages of CD4*/IL-21*/IL-22°, CD4*/IL-21/1L-22*,
CD4*/IL-21*/1L-22*, CD4*/IL-21* and CD4*/IL-22* Th17
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cells in peripheral blood and tissue did not significantly differ
among the groups. Moreover, a significant correlation was
found between CD4*/IL-21* in peripheral blood and IL-17A
in the group of women with ovarian cancer. IL-21 is produced
predominantly by Th17 and NKT cells. In cooperation with
TGF-p it induces the differentiation of T cells towards the
Th17 phenotype. It also participates in the mutual regulation of
Th17 and Treg cells. In certain circumstances, IL-21 may exert
anti-inflammatory effects due to its ability to inhibit dendritic
cell maturation and stimulation of IL-10 (15). In this context,
IL-21 stimulates an immune response against tumor cells
and promotes a CD8* T cell response against viruses (16,17).
Immunostimulatory activity of IL-21 may be possibly applied
as a potential immunotherapeutic agent for the treatment
of human cancers. Neutralization of IL-22 may reduce
metastasis, chemoresistance, and inflammation associated
with cancer. Given that IL-2 BP is a specific natural antago-
nist of IL-22, it may be a prime candidate as an anti-IL-22
therapy. Anti-TNF drugs such as adalimumab, etanercept and
infliximab transiently decrease IL-22 expression, likely since
Th22 cells depend on TNF for differentiation. The anti-IL-6
antibody toclizumab may also suppress the differentiation of
both Th17 and Th22 cells. A neutralizing antibody against
IL-12p40, ustekinumab, is able to target both IL-12 and IL-23
and therefore prevent the differentiation of Thl, Th17 and
Th22 cells, eliminating sources of IL-22 (18-20). However, the
nature and clinical relevance of IL-22* cells is poorly defined
in patients affected by ovarian cancer.

Xiang et al (21) reported that IL-17 contributed to ovarian
cancer malignancy by promoting the self-renewal of CD133*
cancer stem cells and IL-17. They showed by recombinant
human IL-17 stimulation and IL-17 transfection that the
growth and sphere formation capacities of CD133* ovarian
cancer stem cells were significantly enhanced in a dose-
dependent manner increasing the tumorigenesis capacity
in nude mice. These data suggest that the IL-17 signaling
pathway may serve as a therapeutic target for patients with
ovarian cancer. Kryczek et al (22) also revealed a relationship
between a key transcription factor (STAT3) and an important
epigenetic marker (H3K79) in determining cancer stemness
and tumorigenesis.

Our previous data revealed that the percentage of Th17
cells in peritoneal fluid (PF) corresponds with the severity
of endometriosis (23). The percentage of Th17 lymphocytes
in PF was significantly higher in patients with moderate/
severe endometriosis compared to patients with a minimal/
mild form of the disease (23). Continuing with our research
we demonstrated a higher percentage of Thl7 cells in tissue
than in peripheral blood and a negative correlation between
CD4*/IL-17* lymphocytes and the concentration of IL-17A in
patients with ovarian cancer, thus that IL-21 could adjust Th17
differentiation. The generation of Thl7 cells in the conven-
tional manner is attenuated by blocking IL-21. This cytokine
is capable of acting on Th17 cells in an autocrine manner in
response to antigen stimulation (24).

In conclusion, we showed that more Th17 cells secreted
IL-17A and IL-21 in the tissues of borderline ovarian tumors
and less IL-17A in serum. We also observed that in peripheral
blood of patients with ovarian cancer, a higher percentage
of Th17 lymphocytes was negatively correlated with a lower
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concentration of IL-17A in serum. An increased percentage of
Th17 cells in ovarian tissue did not influence the survival time
of patients with ovarian cancer.
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