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ABSTRACT
Background: Ovarian cancer is the fifth leading cause of death from malignancy in
women. CD4+CD25+FoxP3+ regulatory T (Treg) cells are a subset of T lymphocytes
with great inhibitory impact on immune response. Objectives: To investigate the
percentage of CD4+CD25+FoxP3+ regulatory T cells in the peripheral blood of the
Iranian patients with epithelial ovarian cancer compared to healthy women and to
evaluate the correlation of the Treg cell percentage with clinicopathological
characteristics including cancer stage and CA-125 serum level. Methods: Seventeen
women with epithelial ovarian cancer and 20 healthy subjects were enrolled in the
study. Peripheral blood mononuclear cells were stained at the surface, for CD4 and
CD25 molecules, followed by fixation, permeabilization and intracellular staining for
FoxP3 molecule. After processing and flowcytometry analysis, prevalence of Treg cells
was determined as the percentages of CD25+FoxP3+ cells among CD4+ lymphocytes.
Results: Despite no difference in the percentage of total CD4+ lymphocytes, analysis
indicated that Treg cell percentage was significantly higher in ovarian cancer patients
than controls (5.7 ± 3.1% versus 2.8 ± 1.4%, p=0.002). A trend toward higher Treg cells
was observed in higher stages of ovarian cancer (III+IV) in comparison to lower stages
(I+II) (6.5 ± 3.2% vs. 4.44 ± 2.7%, p=0.2). Higher percentage of Treg cells was also
observed in the patients with high CA125 (CA-125 >100 U/mL) in comparison to those
with low CA-125 serum level (CA-125 ≤ 100 U/mL) although the difference was not
significant (6.44 versus 4.18%, p=0.19). Conclusion: Increased frequency of Tregs in
ovarian cancer might participate in immune suppression in these patients. The findings
collectively suggest the likely impact of Treg cell–targeted immunotherapy in ovarian
cancer.
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INTRODUCTION
Ovarian cancer is the fifth leading cause of cancer death in American women (1). This
cancer is the 8th most prevalent cancer in Iran (2) and has been reported to have lower
age-standardized incidence rate (ASR) in Iran compared to developed countries (3). As
reported by WHO, the most common type of ovarian cancer is epithelial cancer; which
accounts for more than 75% of ovarian cancers (4). Since its presenting symptoms are
nonspecific, this cancer is usually diagnosed at advanced stages (III/IV) (5) and exhibits
a high rate of cancer recurrence after first treatment regimen (6). New strategies seem,
accordingly, to be required for both diagnosis and management of ovarian cancer.
Anti-tumor immune responses to tumor antigens are usually unable to restrict cancer
progression as cancers evade immunological responses by organizing tolerance
mechanisms in favor of its own progression. Regulatory T (Treg) cells are one of the
main inhibitory arms of immunity, which reported to participate in cancer evasion in
mouse models and human cancers (7). These cells contribute to immune tolerance
through down-regulation of T lymphocyte activity and inhibition of antigen presenting
cells (8). Both the number and the activity of CD4+CD25+FoxP3+ Treg cells have been
reported to be increased in different kinds of cancer (9-13). These observations raised
the possibility that Treg cells participate in cancer pathogenesis. Curiel et al. reported
that CD4+CD25+FoxP3+ are recruited to the site of ovarian tumor under the influences
of CCL22 chemokine, and are able to suppress antitumor immunity to ovarian cancer
(14). In the current study, we investigated the percentage of CD4+CD25+FoxP3+
regulatory T cells in the peripheral blood of the Iranian patients with epithelial ovarian
cancer compared to healthy women and evaluated the correlation of the Treg cell
percentage with clinicopathological characteristics including cancer stage and CA-125
tumor marker status.
MATERIALS AND METHODS
Out of 40 women with pelvic mass that were highly suspicious for malignancy
according to clinical and radiologic assessment, seventeen women with pelvic mass
pathologically confirmed to have epithelial ovarian cancer were enrolled in this study.
All the patients were new cases who received no prior treatment, chemotherapy and/or
radiating therapy before sample collection. Samples with coagulate as well as those
which stayed in ward or research lab more than 2 hours before staining were also
excluded. Controls included 20 healthy women with normal pelvic sonography with no
history of malignancy or autoimmune diseases among their first degree relatives.
Controls were matched with patients group for age and parity. Informed consent was
obtained from all subjects before sample collection. 6-8 mL EDTA-peripheral blood
was obtained from the subjects before operation and diluted 1/1 with PBS before ficollhypaque density centrifugation. After centrifugation, the buffy coat containing
peripheral blood mononuclear cells was harvested for further flowcytometry analysis.
For surface marker staining, 100 µl of cell solution containing 500000 cells was added
to 5 µl of Anti-h-CD4 PerCP and Anti-h-CD25 FITC monoclonal antibody (BD
Bioscience, USA) and incubated for 30 minutes at room temperature in dark. The
appropriate isotype control antibodies (all from BD-USA) were simultaneously added to
a separate tube containing the cells from the same patient and incubated for 30 minutes
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in dark. After centrifugation and washing with the washing solution, the samples were
fixed using 300 µl of 1% paraformaldehyde and permeabilized by the same amount of
saponin 0.1% (Sigma-Germany). Anti-h-FoxP3 PE, was then added to permeabilized
cells and the cells were incubated for more 30 minutes in dark. Appropriate isotype
control was simultaneously used in the control tube with permeabilized cells. After final
fixation, samples were analyzed immediately by using a BD FACSCalibur
flowcytometer (BD-USA). Cellquest-pro software package (BD-USA) was used for
data acquisition and analysis as previously described (12). Briefly the percentage of
total CD4+ T cells was firstly calculated in lymphocyte gate. In order to define the
percentages of FoxP3+ regulatory T cells among the lymphocyte population, the
lymphocyte gate was applied on the quadrant of CD4/FSC dot plot. The CD4+ positive
lymphocyte gate was finally applied on the CD25/ FoxP3+ dot plot and the percentage
of CD4+CD25+FoxP3+ lymphocytes was considered as regulatory T cells percentage
(Figure 1). The information regarding CA-125 serum level was obtained from patients’
files.
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Figure 1. Flowcytometry analysis of CD4+CD25+FoxP3+ cells in a sample stained for CD4,
CD25 and FoxP3 markers and the cognate isotype controls. A to C are the dot plot of isotype
control tube: lymphocytes were firstly gated on FSC/SSC dot plot (A), quadrant marker were
then set on FSC/isotype control antibody-PerCP dot plot (B), as well as on isotype control
antibody-FITC/ isotype control antibody-PE dot plot (C). D to F are the dot plots from the test
tube: after gating the lymphocytes on FSC/SSC dot plot (D), quadrant from FSC/isotype abPerCP dot plat was applied and CD4+ cells were gated on FSC/CD4-PerCP plot (E). This gate
was then applied on CD25-FITC/FoxP3-PE dot plot with a quadrant from isotype control
antibody-FITC/isotype control antibody-PE dot plat to determine the percentage of
CD4+CD25+FoxP3+ T cells.
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Statistical analysis was performed by using SPSS software package (version 11.5; SPSS
Inc, Chicago, IL, USA). Student T-test was used for comparing the data between
groups. In all analysis P value less than 0.05 were considered statistically significant.

RESULTS
Seventeen patients with epithelial ovarian cancer as well as 20 healthy women as
control group were matched for age and parity. Mean age of patient group was 50.3 ±
11.6 and the mean age of control group was 49.8 ± 8.0. Eight out of seventeen patients
(47.1%) were diagnosed with pathological stage III. The reset of the patients were
equally fall into stages I, II and IV, i. e. 3 out of 17 (17.6%) in each group.
The percentage of CD4+ lymphocytes in patients was 40.6 ± 10.2 which was not
significantly different from that in control subjects (42.7 ± 10.7, p=0.537, Figure 1).
Despite of this , the percentage of CD4+CD25+ FoxP3+ T cells observed to be
significantly increased in patients with epithelial ovarian cancer compare to healthy
subjects (5.7 ± 3.1 vs. 2.8 ± 1.4, p=0.002, Figure 2).

+

+

+

+

Figure 2. The percentage of CD4 T cells and CD4 CD25 FoxP3 Treg cells in patients with
epithelial ovarian cancer and healthy control subjects.

Statistical analysis indicated a trend toward the increase of Treg cells percentage in
higher stages (stages III+IV, N=11) in comparison with those in lower stages (Stages
I+II, N=6); although the difference was not statistically significant (6.5 ± 3.2 vs 4.44 ±
2.7, respectively; p=0.2). After dividing the patients based on the concentration of CA125 tumor maker (CA-125 ≤ 100 U/mL and CA-125 >100 U/mL), the trend toward
higher percentage of Treg cells was observed in the patients with high CA-125 (CA-125
>100 U/mL) in comparison to those with low CA-125 (CA-125 ≤ 100 U/mL) although
the difference was not significant (6.44% versus 4.18%, p=0.19)
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DISCUSSION
Tumors have been indicated to employ their own mechanisms, as well as the host
immune inhibitory system to escape immunity (15). CD4+CD25+ Treg cells have
immunosuppressive characteristics (16) that are essential for maintaining self-tolerance
and preventing autoimmunity in healthy condition. Antigen specific expansion of Treg
cells has been indicated to induce transplantation tolerance (16) while depletion of Treg
cells by monoclonal antibodies, in experimental animal models, has been reported to be
associated with tumor eradication (17). Adoptive transfer of Treg cells diminished
tumor-specific immunity and caused tumor progression (18). Accordingly, investigation
of Treg cells in health and diseases, as well as their functional significant, have been the
subjects of different studies in recent decade (19,20). In the older publications, the cells
which co-expressed CD4 and high level of CD25 markers were considered as regulatory
T cells (19,21). By the discovery of FoxP3+ as the main specific marker of conventional
CD4+ CD25+ regulatory T cells (22), recent studies have focused on this transcription
factor and its functional significance in pathological conditions (20,22,23). In the
present study, the percentages of total CD4+ lymphocytes, as well as
CD4+CD25+FoxP3+ lymphocyte subset (Treg cells) were investigated in patients with
epithelial ovarian cancer and healthy controls.
While the percentage of total CD4+ lymphocytes was not different between patients and
healthy control subjects, the prevalence of Treg subset among this T-lymphocyte
subgroup; i.e. CD4+CD25+ FoxP3+ cells, was observed to be significantly increased in
patients with ovarian cancer compared to healthy subjects.
Anti-tumor immunity has been wildly reported to be compromised in ovarian cancer
(24,25). After lymphocytes isolation from ascetic fluid of patients with primary and
recurrent ovarian carcinoma, and culturing of the cells in the presence of IL-2, the
numbers of FoxP3+ regulatory T lymphocytes have been indicated to be increased but
the percentage of CD8+ T lymphocytes was decreased, especially in recurrent ovarian
carcinoma (26). The finding suggests the presence of cellular immunity suppression in
ovarian cancer in which regulatory T cells seems to be involved. In another study by
Leveque et al, culture of Treg cells derived from epithelial ovarian cancer samples in
the presence of IL-2 led to conversion of these inhibitory cells to pro-inflammatory
Th17 lymphocytes; implying the probable role of cancer milieu in the accumulation of
Treg cells in tumor microenvironment (27). These findings, along with our observation
suggest that the increased regulatory T cell may provide immune inhibitory milieu in
ovarian cancer patients and participate, at least partly, in immune compromisation
reported in ovarian cancer.
Elevated Treg cells percentage is not restricted to ovarian cancer. High numbers of
CD4+CD25+ Treg cells have been demonstrated in lung, pancreas, breast, liver, and skin
cancer patients, either in the peripheral blood or around and within the tumor (28,32).
Increase in the number and/or function of Treg cells has been already reported to be
associated with cancer progression, as well as prognosis in the cancer patients.
Recently, Niaragh and colleagues reported the increased frequency of regulatory T cells
in progressive chronic lymphocytic leukemia (CLL) compared to indolent CLL patients
(33). FoxP3+ Treg cells might promote hepatocellular carcinoma (HCC) development
through enhancing angiogenesis and decreasing CD8+ T cells. These cells are
speculated to be a prognostic indicator for HCC (34). Infiltration of ICOS+ Treg cells in
breast tumors correlates with a poor prognosis (35). Angiogenic status of renal cell
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carcinoma (RCC) may be related with regulatory T cells presence in the tumor
microenvironment (36). Recruitment of regulatory T cell to tumor and acetic fluid in
patients with ovarian cancer has been indicated to be associated with reduced survival
(14) and also with poor prognosis (37).
Previous investigations in cancer patients, have also demonstrated the stage-dependent
increase of Treg cells and probable correlation with overall survival (38). In the present
study, dividing the patients into low (I+II) and high (III+IV) stages showed a trend
toward higher Treg cell percentage in high stages, although the difference between two
groups was not significant (p=0.2). CA-125 is a tumor marker which is routinely used
as a progression marker in ovary cancer (39). A non-significant higher percentage of
Treg cells was also observed in the patients with high CA-125 (CA-125 >100 U/ml) in
comparison to those with low CA125 (CA-125 ≤ 100 U/ml). The trend toward elevated
Treg cells in higher stages and higher CA125 level collectively suggest that the rise in
Treg cell percentage in ovarian cancer might be correlated with cancer progression, and
most likely disease outcome and prognosis. This suggestion, however, needs to be
confirmed in a large study with higher numbers of patients.
Immune system is regulated by a complex network consisting of various types of cells
and molecules. As one of the main players of immune balance, immunotherapy targeted
regulatory T cells attracted attention in recent decade. Antibodies to Treg cells such as
ONTAK, was reported to deplete regulatory T cells from peripheral blood of patients
with melanoma, and to enhance immune response (40). Findings of the present study
suggest that the immunotherapy targeting these inhibitory cells may have promising
results in ovarian cancer.
In conclusion, observing no change in the percentage of total CD4+ lymphocytes but
significant increase of Treg cell subset in ovarian cancer patients suggest the likely role
of this cell subset in immune compromisation and, consequently, ovarian cancer
progression. These findings may have implication in cell mediated-immunotherapy of
ovarian cancer based on Treg cell inhibition. The limitation of the present study
however should not be ignored. Increasing the sample size, and following up the
patients may improve future studies.
ACKNOWLEDGEMENTS
This study was financially supported by a grant from Shiraz University of Medical
Sciences (grant no 88-4805) and also a grant from Shiraz Institute for Cancer Research.
The manuscript was derived from the specialty thesis by Dr. Mahboobeh HamediShahraki at the Shiraz University of Medical Sciences.
REFERENCES
1
2

3

Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA Cancer J Clin. 2012; 62:10-29.
E. AM, Khayamzadeh M. Incidence, mortality and burden of cancers in Iran. In: E. AM, editor.
Iran cancer report. 1st ed. Tehran: Cancer Research Center, Shahid Beheshti University of
Medical Sciences; 2008. p. 95-125.
Arab M, Khayamzadeh M, Tehranian A, Tabatabaeefar M, Hosseini M, Anbiaee R, et al.
Incidence rate of ovarian cancer in Iran in comparison with developed countries. Indian J
Cancer. 2010; 47:322-7.

Iran.J.Immunol. VOL.11 NO.2 June 2014

110

Erfani N, et al

4

5
6
7

8
9

10
11
12
13

14

15
16
17
18
19

20
21
22
23

24
25
26

Organization WH. Tumors of the ovary and peritoneum In: Tavassoli FA, Devilee P, editors.
Tumors of the Breast and Female Genital Organs. France: IARC Press, International Agency
forResearch on Cancer (IARC); 2003.
Goff BA, Mandel L, Muntz HG, Melancon CH. Ovarian carcinoma diagnosis. Cancer. 2000;
89:2068-75.
Bast RC, Jr., Hennessy B, Mills GB. The biology of ovarian cancer: new opportunities for
translation. Nat Rev Cancer. 2009; 9:415-28.
Elkord E, Alcantar-Orozco EM, Dovedi SJ, Tran DQ, Hawkins RE, Gilham DE. T regulatory
cells in cancer: recent advances and therapeutic potential. Expert Opin Biol Ther. 2010; 10:157386.
Shevach EM. Mechanisms of foxp3+ T regulatory cell-mediated suppression. Immunity. 2009;
30:636-45.
Kono K, Kawaida H, Takahashi A, Sugai H, Mimura K, Miyagawa N, et al. CD4(+)CD25high
regulatory T cells increase with tumor stage in patients with gastric and esophageal cancers.
Cancer Immunol Immunother. 2006; 55:1064-71.
Javia LR, Rosenberg SA. CD4+CD25+ suppressor lymphocytes in the circulation of patients
immunized against melanoma antigens. J Immunother. 2003; 26:85-93.
El Andaloussi A, Lesniak MS. An increase in CD4+CD25+FOXP3+ regulatory T cells in tumorinfiltrating lymphocytes of human glioblastoma multiforme. Neuro Oncol. 2006; 8:234-43.
Erfani N, Mehrabadi SM, Ghayumi MA, Haghshenas MR, Mojtahedi Z, Ghaderi A, et al.
Increase of regulatory T cells in metastatic stage and CTLA-4 over expression in lymphocytes of
patients with non-small cell lung cancer (NSCLC). Lung Cancer. 2012; 77:306-11.
Erfani N, Khademi B, Haghshenas MR, Mojtahedi Z, Khademi B, Ghaderi A. Intracellular
CTLA4 and Regulatory T Cells in Patients with Laryngeal Squamous Cell Carcinoma. Immunol
Invest. 2013; 42:81-90.
Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P, Mottram P, et al. Specific recruitment of
regulatory T cells in ovarian carcinoma fosters immune privilege and predicts reduced survival.
Nat Med. 2004; 10:942-9.
Longo DL. Covert operations: cancer's many subversive tactics in overcoming host defenses.
Trans Am Clin Climatol Assoc. 2013; 124:163-73.
Sakaguchi S. Naturally arising Foxp3-expressing CD25+CD4+ regulatory T cells in
immunological tolerance to self and non-self. Nat Immunol. 2005; 6:345-52.
Onizuka S, Tawara I, Shimizu J, Sakaguchi S, Fujita T, Nakayama E. Tumor rejection by in vivo
administration of anti-CD25 (interleukin-2 receptor alpha) monoclonal antibody. Cancer Res.
1999; 59:3128-33.
Fujimoto S, Greene M, Sehon AH. Immunosuppressor T cells in tumor bearing host. Immunol
Commun. 1975; 4:201-17.
Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. Immunologic self-tolerance maintained
by activated T cells expressing IL-2 receptor alpha-chains (CD25). Breakdown of a single
mechanism of self-tolerance causes various autoimmune diseases. J Immunol. 1995; 155:115164.
Fontenot JD, Rasmussen JP, Williams LM, Dooley JL, Farr AG, Rudensky AY. Regulatory T
cell lineage specification by the forkhead transcription factor foxp3. Immunity. 2005; 22:329-41.
Malek TR. The main function of IL-2 is to promote the development of T regulatory cells. J
Leukoc Biol. 2003; 74:961-5.
Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell development by the transcription
factor Foxp3. Science. 2003; 299:1057-61.
Yagi H, Nomura T, Nakamura K, Yamazaki S, Kitawaki T, Hori S, et al. Crucial role of FOXP3
in the development and function of human CD25+CD4+ regulatory T cells. Int Immunol. 2004;
16:1643-56.
Preston CC, Goode EL, Hartmann LC, Kalli KR, Knutson KL. Immunity and immune
suppression in human ovarian cancer. Immunotherapy. 2011; 3:539-56.
Charbonneau B, Goode EL, Kalli KR, Knutson KL, Derycke MS. The immune system in the
pathogenesis of ovarian cancer. Crit Rev Immunol. 2013; 33:137-64.
Lee SW, Kim YM, Lee HY, Kim DY, Kim JH, Nam JH, et al. Proliferation of CD4CD25Foxp3
regulatory T lymphocytes in ex vivo expanded ascitic fluid from primary and recurrent ovarian
carcinoma. J Gynecol Oncol. 2010; 21:38-44.

Iran.J.Immunol. VOL.11 NO.2 June 2014

111

FoxP3+ Treg cells in epithelial ovarian cancer

27

28

29

30
31

32
33

34
35

36

37

38
39
40

Leveque L, Deknuydt F, Bioley G, Old LJ, Matsuzaki J, Odunsi K, et al. Interleukin 2-mediated
conversion of ovarian cancer-associated CD4+ regulatory T cells into proinflammatory
interleukin 17-producing helper T cells. J Immunother. 2009; 32:101-8.
Woo EY, Chu CS, Goletz TJ, Schlienger K, Yeh H, Coukos G, et al. Regulatory
CD4(+)CD25(+) T cells in tumors from patients with early-stage non-small cell lung cancer and
late-stage ovarian cancer. Cancer Res. 2001; 61:4766-72.
Liyanage UK, Moore TT, Joo HG, Tanaka Y, Herrmann V, Doherty G, et al. Prevalence of
regulatory T cells is increased in peripheral blood and tumor microenvironment of patients with
pancreas or breast adenocarcinoma. J Immunol. 2002; 169:2756-61.
Viguier M, Lemaitre F, Verola O, Cho MS, Gorochov G, Dubertret L, et al. Foxp3 expressing
CD4+CD25(high) regulatory T cells are overrepresented in human metastatic melanoma lymph
nodes and inhibit the function of infiltrating T cells. J Immunol. 2004; 173:1444-53.
Ormandy LA, Hillemann T, Wedemeyer H, Manns MP, Greten TF, Korangy F. Increased
populations of regulatory T cells in peripheral blood of patients with hepatocellular carcinoma.
Cancer Res. 2005; 65:2457-64.
Wolf AM, Wolf D, Steurer M, Gastl G, Gunsilius E, Grubeck-Loebenstein B. Increase of
regulatory T cells in the peripheral blood of cancer patients. Clin Cancer Res. 2003; 9:606-12.
Jadidi-Niaragh F, Yousefi M, Memarian A, Hojjat-Farsangi M, Khoshnoodi J, Razavi SM, et al.
Increased Frequency of CD8(+) and CD4(+) Regulatory T Cells in Chronic Lymphocytic
Leukemia: Association with Disease Progression. Cancer Invest. 2013; 31:121-31.
Huang Y, Wang FM, Wang T, Wang YJ, Zhu ZY, Gao YT, et al. Tumor-Infiltrating FoxP3+
Tregs and CD8+ T Cells Affect the Prognosis of Hepatocellular Carcinoma Patients. Digestion.
2012; 86:329-37.
Faget J, Bendriss-Vermare N, Gobert M, Durand I, Olive D, Biota C, et al. ICOS-ligand
expression on plasmacytoid dendritic cells supports breast cancer progression by promoting the
accumulation of immunosuppressive CD4+ T cells. Cancer Res. 2012; 72:6130-41.
Ning H, Shao QQ, Ding KJ, Gao DX, Lu QL, Cao QW, et al. Tumor-infiltrating regulatory T
cells are positively correlated with angiogenic status in renal cell carcinoma. Chin Med J (Engl).
2012; 125:2120-5.
Wolf D, Wolf AM, Rumpold H, Fiegl H, Zeimet AG, Muller-Holzner E, et al. The expression of
the regulatory T cell-specific forkhead box transcription factor FoxP3 is associated with poor
prognosis in ovarian cancer. Clin Cancer Res. 2005; 11:8326-31.
Wolf D, Rumpold H, Koppelstatter C, Gastl GA, Steurer M, Mayer G, et al. Telomere length of
in vivo expanded CD4(+)CD25 (+) regulatory T-cells is preserved in cancer patients. Cancer
Immunol Immunother. 2006; 55:1198-208.
Rosen DG, Wang L, Atkinson JN, Yu Y, Lu KH, Diamandis EP, et al. Potential markers that
complement expression of CA125 in epithelial ovarian cancer. Gynecol Oncol. 2005; 99:267-77.
Mahnke K, Schonfeld K, Fondel S, Ring S, Karakhanova S, Wiedemeyer K, et al. Depletion of
CD4+CD25+ human regulatory T cells in vivo: kinetics of Treg depletion and alterations in
immune functions in vivo and in vitro. Int J Cancer. 2007; 120:2723-33.

Iran.J.Immunol. VOL.11 NO.2 June 2014

112

