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Elevated Th22 cells and related cytokines in
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Abstract
This study is conducted to investigate the involvement of T-helper (Th) cells and regulatory T cells in epithelial ovarian cancer (EOC).
The percentages of Th22, Th17, Th1, and regulatory T cells in the peripheral blood of EOC patients, benign ovarian epithelial

neoplasm (BOEN) patients, and healthy control (HC) were examined by flow cytometry. Enzyme-linked immunosorbent assay was
used to determine serum levels of interleukin (IL)-22, IL-17, interferon-g (IFN-g), and tumor necrosis factor-a (TNF-a).
Th22 and Th17 were significantly increased in EOC patients. The plasma concentrations of IL-22 and TNF-a were significantly

elevated in EOC patients compared with BOEN patients and HC. In EOC patients, there was an increased trend of Th22, IL-22, and
TNF-a in stage III–IV patients compared with stage I–II patients. A positive correlation was seen among Th22, Th17, and Th1 cells in
EOC patients. Similarly, positive correlations were detected between Th22 cells and IL-22 or TNF-a and between Th1 cells and
interferon-g (IFN-g) in EOC patients. Besides, no significant difference was found in Th1 cells and regulatory T cells among EOC and
BOEN patients and HC.
There is a higher circulating frequency of Th22, Th17 cells, IL-22, and TNF-a concentration in EOC patients, which may conjointly

participate in the pathogenesis and growth of EOC.

Abbreviations: AML= acute myelocytic leukaemia, BOEN= benign ovarian epithelial neoplasm, ELISA= enzyme-linked immuno
sorbent assay, EOC= epithelial ovarian cancer, FIGO= International Federation of Gynecology and Obstetrics, HC= healthy control,
IFN-g = interferon-g, IL = interleukin, IL-TIF = IL-10-related-T-cell-derived inducible factor, PB = peripheral blood, Th = T-helper,
TNF-a = tumor necrosis factor-a, Treg = regulatory T.
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1. Introduction

Ovarian cancers are the common malignancy among women and
there are almost 204,000 new cases and 125,000 deaths per year
worldwide.[1] The most common ovarian cancer (about 90%–

95%) is epithelial ovarian cancer (EOC), which arises from the
ovarian epithelium.[2] Almost 70% of patients are diagnosed at
an advanced stage of tumor dissemination because of the lack of
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sensitive and specific biomarkers and the fact that the disease
tends to develop and spread rapidly. The control of EOC at
advanced-stage remains difficult.[3] Therefore, superior prognos-
tic markers and novel therapeutic strategies are needed to
improve the prognosis of EOC patients. EOC is naturally
immune reactive, which is regulated by various immune cells.[4]

Immunologic reaction of EOC plays a significant role on disease
control, and immunotherapy has emerged as a novel treatment
method for EOC.[5]

CD4 + T cells has an essential role in tumor immunology.[6]

Recently, it is demonstrated that T-helper (Th) cells (such as Th1,
Th2, and Th17) and regulatory T (Treg) cells participate in the
pathogenesis and progression of different solid tumors with
opposite antitumor or protumor effects.[7–11] Th22 cell is a newly
discovered T cell subset and is identified by the production of
interleukin (IL) -22, but not interferon-g (IFN-g) and IL-17.[12–14]

The naive CD4 + cells can differentiate into Th22 subset in the
presence of IL-6 and tumor necrosis factor-a (TNF-a) with the
aid of plasmacytoid dendritic cells and aryl hydrocarbon receptor
in human body.[12,14,15] The function of Th22 cells are mostly
mediated by the cytokines of IL-22 and TNF-a.[16]

IL-22 was first described as IL-10-related-T-cell-derived
inducible factor (IL-TIF).[17] IL-22 belongs to IL-10 family,
which is a lineage-specific effector cytokine of Th22 cells. IL- 22
maintains its function via a transmembrane receptor complex
composed of IL-22R1 chain and IL-10R2 chain, and plays a dual
role in inflammatory and autoimmune diseases.[18,19] Notably,
prosurvival and proliferative effects of IL-22 are confirmed by
many cancers, such as lung and liver cancers.[19–21] TNF-a is
another main cytokine secreted by Th22 cells, which has been
proved to be overproduced in several malignancies.[22–24]
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Moreover, its tumor-promoting effect has been clearly proved in
mouse cancer models.[24,25] However, the role of Th22 cells is not
clear in human cancer. Recently, it has been demonstrated that
Th22 cells participate in various tumors, including colon cancer,
gastric cancer, hepatocellular carcinoma, and small- and large-
cell lung cancer.[20,26–28] These studies indicate the crucial role of
Th22 cells in tumorigenesis.
To the best of our knowledge, the roles of Th22 cells, IL-22 and

their association with Th17 or Th1 in EOC have not been
reported. In this study, we investigated the prevalence of
peripheral Th22, Th17, Th1, and Treg along with plasma
concentrations of IL-22, IL-17, IFN-g, and TNF-a in EOC,
benign ovarian epithelial neoplasm (BOEN) patients and healthy
control (HC). The relationship among them and their associa-
tions with tumor stage were also evaluated.
2. Materials and methods

2.1. Patients and controls

A total of 34 untreated EOC patients diagnosed pathologically
with a mean age of 55.6±10.1 years (range: 32–79 ys) were
enrolled in this study. Inclusion criteria was that all patients were
diagnosed after pathologic examination. The tumor stage (stage
I, II, III, or IV) was classified according to the International
Federation of Gynecology and Obstetrics (FIGO) classification
and protocol.[29] Tumor grade (G1, well-differentiated tumor;
G2, moderate-differentiated tumor; G3, poor-differentiated
tumor), histological type were assessed and classified according
to FIGO and World Health Organization classifications.[29]

Exclusion criteria were as follows: Patients with simultaneous
active or chronic infection, autoimmune disease, diabetes, a
history of other malignant tumors, or connective tissue diseases.
The patients had received anticancer treatment before the study.
The characteristics of the EOC patients are given in Table 1.
Totally 15 BOEN patients and 15 healthy women were enrolled
as control with a mean age of 54.1±10.2 years and 53.7±10.6
years (range: 36–73 and 33–71 ys), respectively. The peripheral
blood (PB) samples from all the enrolled participants were
obtained under an Institutional Review Boards-approved proto-
col after they admitted to hospital. Prior written and informed
Table 1

Clinicopathological characteristics of the EOC patients in the
study.

Variable No %

Total number of patients 34
Age, y
Mean 55.6
Range 32–79

FIGO stage
I and II 8 24
III and IV 26 76

Histological subtype
Serous 21 62
Mucinous 7 20
Clear cell 2 6
Other 4 12

Differentiation
Well 4 12
Moderate 7 20
Poor 23 68

EOC= epithelial ovarian cancer, FIGO= International Federation of Gynecology and Obstetrics.
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consent were obtained from every patient and the study was
approved by the ethics review board of Shandong cancer
Hospital, Shandong University.
2.2. Flow cytometric analysis

Briefly, 200mL heparinized PB with an equal volume of Roswell
Park Memorial Institute 1640 medium (Sigma Chemical, St
Louis, MO) was incubated for 4hours at 37°C in the presence of
5% CO2, 25ng/mL of phorbolmyristate acetate, 1mg/mL of
ionomycin and 1.7mg/mL ofMonensin (Alexis Biochemicals, San
Diego, CA). After incubation, the cells were stained with anti-
CD4-PE-Cy5 monoclonal antibodies at room temperature in the
dark for 15minutes. After fixation and permeabilization, the cells
were stained with anti-IL17A-PE, anti-IL22-APC, and anti-IFN-
g-FITCmonoclonal antibody at room temperature in the dark for
18minutes. Isotype controls were used. Stained cells were
analyzed by flow cytometric analysis using a FACS cytometer
equipped with Cell Quest software (BD Bioscience Pharmingen,
Franklin Lakes, NJ). Th22, Th17 and Th1 cells were character-
ized as CD4+ IFNg� IL17� IL22+, CD4+ IL17+ IFNg�, and CD4+

IFNg+ cells, respectively. All antibodies mentioned above were
purchased from eBioscience (San Diego, CA).
Human Regulatory T-cell Staining Kit (eBioscience, San Diego,

CA) was used to evaluate CD4+ CD25+ Foxp3+ T cells (Treg cells)
based on the manufacturer’s protocol. Briefly, after centrifuga-
tion with Ficoll-Hypaque gradients, peripheral blood mononu-
clear cells were isolated. Single-cell suspension was incubated
with anti-CD4-FITC monoclonal antibody and anti-CD25-APC
monoclonal antibody for 30minutes in the dark at 4°C. Then, the
peripheral blood mononuclear cells were washed with 2 mL cold
staining buffer and incubated with 1 mL freshly prepared Foxp3
fixation/permeabilization buffer (eBioscience, San Diego, CA) for
60minutes at 4°C in the dark. After washing, the cells were
blocked with normal rat serum for 15minutes. Then, the cells
were stained for 45minutes in the dark at 4°C using anti-Foxp3-
PE monoclonal anti-body (PCH101) or PE-conjugated rat IgG2a
(used as isotype control). Flow cytometric analysis analyzed
stained cells by a FACScan cytometer equipped with Cell Quest
software (BD Bioscience, Franklin Lakes, NJ).
2.3. Enzyme-linked immunosorbent assay (ELISA)

Plasma was isolated from PB by centrifugation. The plasma levels
of IL-22, IL-17, IFN-g, and TNF-a were determined with a
quantitative sandwich enzyme immunoassay technique accord-
ing to the manufacturer’s instructions (eBioscience, San Diego,
CA). HRP-labeled goat anti-rabbit IgG (1:2000) were used as the
secondary antibody. The absorbance value at 450nmwavelength
was read with a microplate reader (Multiskan MK-3, Finland).
2.4. Statistical analysis

Normality of our data was examined with Kolmogorov-Smirnov
test. Data with normal distribution were expressed as mean±
standard deviation. Data with non-normal distribution were
presented as median (range). One way ANOVA and Newman-
Kuels multiple comparison tests were used for assessing the
normal distribution data. Kruskal-Wallis andNemenyi tests were
used for the non-normal distribution data. In correlation
analysis, the Pearson correlation test was used for normal
distribution data, and the Spearman correlation test was used for
the non-normal distribution data. A P < .05 was considered
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statistically significant. All tests were performed using SPSS 17.0
software.
Figure 2. Concentration of IL-22, IL-17, IFN-g, and TNF-a in plasma from
EOC, BOEN patients, and healthy controls. One way ANOVA and Newman-
Kuels multiple comparison tests were used for assessing the normal
distribution data. Kruskal-Wallis and Nemenyi tests were used for unusual
data. ELISA was used. A, IL-22; (B) TNF-a; (C) IFN-g; (D) IL-17.

∗
P< .05; n.s.=

no significant difference.
3. Result

3.1. Increased Th cells in PB of EOC patients

To determine the percentage of Th cells and Treg cells in PB, flow
cytometry was performed. Representative flow cytometry results
were shown in supplementary Figure S1, http://links.lww.com/
MD/B913. As shown in Figure 1A, significantly elevated
frequencies of Th22 (CD4 + IFNg� IL17� IL22+ T cells) were
found in EOC (2.57±0.88%) compared with BOEN patients
(0.87±0.21%, P< .001) and HC (0.82±0.12%, P< .001).
However, no significant difference was found in Th22 cells
between BOEN patients and HC (P= .838). However, no
significant difference was found in Treg (CD4+ CD25+ Foxp3+

T cells) cells and Th1 cells (CD4+ IFN-g+ T cells) among EOC
patients, BOEN patients, and HC (Fig. 1B and C). But, the
percentage of Th1 in EOC patients (27.04±12.21%) was higher
as compared with that in BOEN patients (20.14±1.49%) and
HC (20.36±1.45%). The percentage of Th17 (CD4+ IL17+ IFN-
g� T cells) of EOC patients (Th17: 3.15±1.35%) significantly
increased compared with BOEN patients (Th17: 1.06±0.26%,
P< .001) and HC (Th17: 1.04±0.17%, P< .001). However, no
significant difference was found between BOEN patients and
HC (Th17: P= .961) (Fig. 1D). These results demonstrate that
frequencies of Th22 and Th17 cells in EOC patients are higher
than those in BOEN patients and HC.

3.2. Elevated IL-22 and TNF-a level in plasma of EOC
patients

IL-22, IL-17, IFN-g, and TNF-a in sera of EOC patients were
detected with ELISA. Significantly higher levels of IL-22 were
Figure 1. The percentages of circulating Th1 cells, Th17 cells, Th22 cells and
Treg cells in EOC, BOEN patients and healthy controls. Flow cytometry was
performed and quantitative results were shown. One way ANOVA and
Newman-Kuels multiple comparison tests were used for assessing the normal
distribution data. Kruskal-Wallis and Nemenyi tests were used for unusual data.
A, Th22 (CD4 + IFNg– IL17– IL-22 +) cells. B, Treg (CD4 + CD25 + Foxp3 +)
cells. C, Th1 (CD4 + IFNg +) cells. D, Th17 (CD4 + IL17 + IFNg� ) cells.
∗
P< .05; n.s.=no significant difference.
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found in EOC patients (34.19±4.58pg/mL) than those in BOEN
patients (23.1±1.78pg/mL, P< .001) and HC (22.1±1.71pg/
mL, P< .001) (Fig. 2A). Remarkable differences of TNF-a were
revealed in EOC patients (median, 114; range, 5.50 – 595pg/mL,)
than those in BOEN patients (median, 7.15; range, 4.31 –9.31pg/
mL, P<0.001) and HC (median, 6.32; range, 3.76 –9.31pg/mL,
P< .001) (Fig. 2B). However, there was no significant difference
in the IL-17 and IFN-g levels among EOC, BOEN patients and
HC (P> .05) (Fig. 2C and D). These results indicate that the levels
of IL-22 and TNF-a are significantly higher in peripheral blood of
EOC patients than those in BOEN patients and HC.

3.3. Correlation analysis among Th22, Th17, Treg, and Th1
Cells in EOC patients

The correlations among Th22, Th17, Treg, and Th1Cells in EOC
patients were analyzed. A positive correlation was seen between
Th22 cells and Th17 cells in EOC patients (r=0.534, P= .001)
(Fig. 3A). Similarly, a positive correlation was detected between
Th22 and Th1 cells (r=0.464, P= .006) or Th17 and Th1 cells
(r=0.541, P= .001) (Fig. 3B and C). However, Treg cells did not
show significant correlation with Th22 (P= .760), Th17 (P
= .966), and Th1 (P= .237) cells in patients with EOC. These
results show that positive correlations are found between Th22
cells and Th17 cells, Th22 and Th1 cells, and Th17 and Th1 cells
in EOC patients.

3.4. Correlation analysis among Th cells and
their cytokines in EOC patients

Then, we further analyzed the correlations of Th1 cells and
Th22 cells with their cytokines. Results showed that a positive
correlation was found between Th1 cells and IFN-g (r=0.418,
P= .014) (Fig. 4A). Similarly, Th22 cells were positively
correlated with IL-22 (r=0.585, P< .001) and TNF-a
concentration (r=0.495, P= .009) (Fig. 4B and C). These
results demonstrate that Th22 cells have positive correlation
with IL-22 or TNF-a and Th1 cells have positive correlation
with IFN-g.
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Figure 3. Correlation among Th22 cells, Th17 cells, and Th1 cells in EOC patients. The Pearson or Spearman correlation test was used for correlation analysis
depending on data distribution. A, Correlation between the percentages of Th22 cells and Th17 cells. B, Correlation between the percentages of Th22 cells and Th1
cells. C, Correlation between the percentages of Th17 cells and Th1 cells.
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3.5. Th22 cells and their related cytokines in different
tumor stages of EOC patients

EOC patients in stage III–IV exhibited significantly higher
circulating Th22 than those in stage I–II (stage I–II, 1.91±0.23%;
stage III–IV, 2.77±0.91%, P= .012) (Fig. 5A). Furthermore,
there was an increased trend of IL-22 and TNF-a in stage III–IV
patients (IL-22: 35.6±3.98pg/mL; TNF-a: median, 133.2, range
5.50 – 595pg/mL) compared with patients in stage I–II (IL-22:
29.8±3.61pg/mL, P= .002; TNF-a: median, 51.6, range 21.6 –

109.5pg/mL, P= .01) (Fig. 5B and C). However, no significant
difference was found in Th17 cells, Th1 cells, IL-17, and IFN-g
between patients in stage I–II and stage III–IV (data not shown).
Besides, no significant difference was found in Th22, Th17, Th1,
IL-22, and TNF-a among 3 types of differentiation in EOC
patients (data not shown). These results show that the levels of
Th22, IL-22, and TNF-a are significantly higher in stage III–IV
patients than those in stage I–II patients.

4. Discussion

Ovarian cancers are the second (after endometrial cancer) most
common of gynecologic cancers and one of the leading causes of
cancer deaths among women.[30] Its malignancy and its etiology
is still poorly understood. It is reported that several CD4+ T cells
are involved in human cancers.[9–11,31] In our previous studies,
elevated Th cells subsets (Th22, Th17, and Th1) and their related
cytokines were found in autoimmune diseases, such as acute
coronary syndromes and rheumatoid arthritis.[32,33] In our
current study, we analyzed the percentage of Th22 cells and IL-22
level in the PB of patients with EOC for the first time, and
evaluated different CD4+ Th-cell subsets (Th22, Th17, and Th1),
Treg cells and their cytokines. We found that the frequencies of
Th22, Th17, IL-22, and TNF-a were significantly increased in
Figure 4. Correlation between the percentages of Th22 cells and the plasma IL-2
plasma IFN-g concentrations in EOC patients. The Pearson or Spearman correla
Correlation between Th1 cells and plasma IFN-g. B, Correlation between Th22 c
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EOC patients than BOEN patients or healthy donors, suggesting
that these T-cell subsets may be involved in T-cell-mediated
immunity in patients with EOC.
The role of Th22 cells in different malignancy diseases is

controversial. In acute myelocytic leukemia, Liu et al. showed
that Th22 cells level was significantly decreased in the newly
diagnosed patients and complete remission patients compared to
healthy donors.[34] On the contrary, Yu et al[35] demonstrated
that the frequencies of circulating Th22 cells were significantly
increased in acute myelocytic leukemia patients. Moreover, Liu
et al[36] found that Th22 cells in the PB were significantly elevated
in gastric cancer patients and showed positive correlation
between Th22 cells and tumor progression or patient survival.[28]

Recently, Zhang et al[10] showed that high levels of Th22 was
detected in cervical cancer and associated with lymph node
metastases. In our study, we found elevated Th22 cells in the PB
of EOC patients compared with BOEN and healthy donors,
which suggests a potential role of Th22 cells in patients with
EOC. However, several researches about Th22 cells in process of
inflammation and autoimmunity indicate that Th22 cells may
play a dual role depending on local microenvironment.[16]

Therefore, we deduce that Th22 cells may accumulate in the local
tumor tissues and participate in the development of the tumor.
Further studies are necessary to clarify the role of Th22 cells in the
tumor microenvironment.
IL-22, a member of the IL-10 family of cytokines, is the most

important functional cytokine of Th22 cells.[12,13] IL-22 receptor
is a heterodimer composed of IL-10R2 and IL-22R1 subunits. IL-
22R1 is present on the membrane of several epithelial and
stromal cells in various tissues, IL-22 is a key component in
immune-epithelial cell cross-talk.[19,37] Considerable evi-
dence[19,38] suggests that IL-22 plays a crucial role in the
development of cancers. Increased IL-22 levels are found in a lot
2 or TNF-a concentrations, and between the percentages of Th1 cells and the
tion test was used for correlation analysis depending on data distribution. A,
ells and plasma IL-22. C, Correlation between Th22 cells and plasma TNF-a.



Figure 5. The percentages of circulating Th22 cells and concentration of plasma IL-22 and TNF-a in stage III–IV and stage I–II of EOC patients. Comparisons
between 2 groups were assessed by the nonpaired t test or theWilcoxon rank-sum test depending on data distribution. A, The percentages of circulating Th22 cells
in stage III–IV and stage I–II of EOC patients. B, Concentration of IL-22 in stage III–IV and stage I–II of EOC patients. C, Concentration of TNF-a in stage III–IV and
stage I–II of EOC patients.

∗
P< .05.
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of malignancies including lung, liver, gastric, colon, and
pancreatic cancers.[39–42] In our study, elevated IL-22 levels
were detected, in accordance with increasing percentage of Th22
cells. The major T cell subsets of producing IL-22 are Th22,
Th17, and Th1 cells.[12,13] Duhen’s study has shown that the
proportion of Th22 cells ranged from 37% to 63% in all IL-22-
producing T cells, and Th22 cells are the most important T cells
subset secreting IL-22.[12] This might contribute to the positive
correlation between serum IL-22 and the level of Th22 cells in our
current study. Thus, increased Th22 cells along with its cytokine
IL-22 may play a role in the etiology and progression of EOC.
Another important cytokine secreted by Th22 cells is TNF-a,
which plays a key role in modulating invasion, angiogenesis, and
metastasis of cancer.[43] In the last decade, previous study has
detected abnormally high levels of TNF-a in the blood of EOC
patients.[44] In accordance with this, we found elevated TNF-a
level in plasma from EOC patients. TNF-a can induce a
characteristic Th22 signature and promote Th22 differentia-
tion.[45] Therefore, we suppose that elevated TNF-a induce more
Th22 cells, which further produce more IL-22 and TNF-a. These
factors together may further promote the development of EOC.
Evidence has showed that the proportion of Th17 cells within

CD4+ T cell subset is significantly higher in the tumor tissues
obtained from patients with ovarian cancer.[46,47] However, the
proportion of circulating Th17 cells in ovarian cancer is still
debated.[46] In our study, we also examined the proportion of
circulating Th17 cells. A high percentage of Th17 cells were
found in the PB of patients with EOC than that in BOEN patients
and control groups. The difference may stem from the different
types of ovarian cancer. Therefore, the circulating Th17 cells
seem to positively correlate with EOC. However, no significant
difference was observed in IL-17 level among EOC, BOEN
patients, andHC. Therefore, further studies are needed to explain
the precise mechanism of Th17 and IL-17 in the pathology of
EOC. Furthermore, no significant difference was found in Th1
cells and IFN-g level, but increased frequencies of Th1 cells were
demonstrated in patients with EOC. Th1 cells have a clear
antitumor effect.[48] It is suggested that Th1 adaptive immunity is
essential for cancer inhibition and better outcomes.[49,50,51] These
may be because of the small sample size of this study. In our
further studies, we will enlarge our sample size and investigate the
function of Th1 cells and IFN-g. In this study, we observed a
positive correlation between Th22 and Th17 in patients with
EOC. IL-23 was required for human Th17 differentiation,[52] and
IL-23 can induce the differentiation of Th22 cells from naïve T
cells.[53] These might account for the positive correlation between
Th22 and Th17 cells. At the same time, positive correlations
5

between Th1 cells and Th22 or Th17 cells were found in our
study. This coelevated level of Th22, Th17 and Th1 cells suggests
that these T cell subsets may play a synergistic role in patients
with EOC.
Our study also focused on the clinical relevance of T cell

subsets and their related cytokines in EOC patients. It was
demonstrated that Th22 cells increased as tumor stage advanced.
Moreover, we showed an elevating level of IL-22 and TNF-a in
plasma in patients with EOC progression. Hence, these results
suggest that Th22 cells and related cytokines might promote
progress of tumor and affect patient prognosis. Further studies
are necessary to clarify the correlation between level of Th22 and
the 5-year survival rate of the EOC patients.
Treg cells (CD4+ CD25+ Foxp3+ T-cells) are a specific subset

of lymphocytes that have immunosuppressive effect.[30] Treg
cells help to suppress inappropriate immune responses that
could lead to autoimmune disorders.[54] Evidence suggests that
infiltration of ovarian cancers by Treg cells suppresses the
tumor-specific T cell immune response and contributes to tumor
growth in the microenvironment.[55] However, circulating Treg
cells have rarely been reported in EOCpatients. In our study, we
evaluated circulating Treg cells. However, no significant
difference was observed among EOC, BOEN patients, and
HC. Meanwhile, there was no significant correlation between
Treg cells and other T cells subsets. Although the frequency of
Treg cells in EOC do not show significant change, the function
of Treg cells may have changed. In addition, precise function
of Treg cells in the tumor microenvironment of EOC needs
further study.
In conclusion, patients with EOC exhibited a high frequency of

circulating Th22 cells and Th17 cells, and significantly increased
levels of IL-22 and TNF-a. Furthermore, the increases of Th22
cells and IL-22, TNF-a levels were positively correlated with
tumor progression. Therefore, we speculate that Th22 cells and
related cytokines may contribute to the pathology of EOC and
may provide novel therapeutic strategies and targets.
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