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Abstract

Purpose Despite improved treatment options, recurrence

rates remain high in ovarian cancer. Tumor microenvi-

ronment, particularly T cells, plays an important role in its

natural history. The present study was conducted to study

the kinetics of T cell subsets in homogenous population of

advanced-stage ovarian cancer patients of serous histology

with reference to treatment and outcome.

Methods We assessed the frequencies of CD8? T cells,

CD4? T cells, regulatory T cells (Tregs, CD4? CD25in-

termediate to high FOXP3? CD127low) and natural killer cells

in peripheral blood at baseline (n = 41) and post-treatment

(n = 27) in the patients and compared it with blood of

healthy controls (n = 15). The ascitic fluid of 12 of these

patients was compared with ascitic fluid of patients with

cirrhotic liver disease (n = 5).

Results Higher numbers of Tregs, CD8? T cells and

higher Treg/CD4 ratio and reduced numbers of CD4? T

cells and reduced CD4/CD8 ratio were observed in patients

as compared to controls. An increase in total number of T

cells was observed with treatment, while no change in

frequency of any lymphocyte subset was evident.

Conclusions These results support previous studies

exhibiting an increase in Tregs in ovarian cancer patients.

Unchanged levels of T cell subsets subsequent to treatment

suggest that they may be resistant to reset to healthy control

homeostatic levels with standard chemotherapeutic treat-

ments. Lower CD4 levels, higher CD8 levels, altered CD4/

CD8 ratio and T cell subsets call for evaluation of role of

immunomodulating agents or Treg-targeted immunother-

apy in the treatment of advanced-stage serous carcinoma

ovary.

Keywords Epithelial ovarian cancer � Tumor

immunology � Immunotherapy � T cell subsets � Treg cells

Introduction

Epithelial ovarian cancer (EOC) is the third most common

gynecological cancer among women in world and accounts

for 6.1/100,000 new cases per year, while in India, it is

second most common gynecological cancer among women

with age standardized rate of 4.9/100,000 [1]. EOC is the

main subtype accounting for more than 90 % of all

malignant ovarian tumors. Most patients of ovarian cancer

are diagnosed in advanced stages [International Federation

of Gynaecology and Obstetrics, (FIGO) stages III and IV]

and prognosis, and thus, it is generally poor. Despite the

significant advances in surgery and chemotherapy, relapse

occurs in about 70 % of the patients [2].

The tumor microenvironment utilizes the physiological

regulatory mechanisms to evade anti-tumor immunity and

promote angiogenesis and growth. T regulatory cells

(Tregs) play a pivotal role in peripheral immune tolerance,
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immune suppression and angiogenic programming of

tumor microenvironment [3]. In addition, Tregs modulate

the anti-tumor responses through secretion of immuno-

suppressive cytokines, such as IL-10 and TGF-b, and

suppression of antigen-presenting dendritic cells prevent-

ing them from presenting tumor antigens to tumor-infil-

trating cytotoxic T cells and other effecter cells [4]. It has

been previously reported that the Tregs are increased in

malignant ascites and peripheral blood of patients with

ovarian carcinoma and are associated with poor outcome

[5, 6]. However, there is paucity of information about post-

treatment kinetics of Tregs and other T cell subsets in

ovarian cancer.

In this prospective study, we assessed the frequency of

Tregs and other T cell subsets in malignant ascites and

peripheral blood from epithelial ovarian cancer patients

collected at the time of diagnosis and at the end of the

treatment. Peripheral blood from age- and sex-matched

healthy subjects and ascites form patients of chronic liver

disease were taken as control and compared with the

patient samples.

Subjects and Methods

Subjects

Peripheral blood was collected from patients of EOC of

stages III and IV with serous histology between age 18 and

70 years at the time of diagnosis (n = 41) and 4 weeks

after completion of treatment (n = 27) in ethylenedi-

aminetetraacetic acid (EDTA). Peripheral blood samples

were also collected from 15 age- and sex-matched healthy

subjects. Ascitic fluid was also collected from patients with

EOC (n = 12) and cirrhotic liver disease (n = 5). Patients

with auto immune diseases or with comorbidities which

may affect the immune system were excluded. The study

was approved by institute ethics committee, and written

informed consent was obtained from all the participants as

per the guidelines of the ethics committee.

Flow Cytometric Analysis of Regulatory T Cells

Mononuclear cells were separated from peripheral blood

using density gradient media (Ficoll-Hypaque; Sigma

1077, Sigma-Aldrich Inc., USA) and stained with the fol-

lowing monoclonal antibodies: CD3 Perdinin Chlorophyll

Cychrome 5 (PerCPCy5), CD8 Fluorescin isothiocyanate

(FITC), CD16 (PerCPCy7), CD56 Phycoerythrin (PE),

CD25 Allophycocyanin (APC), CD4 (PE-CF594), CD127

(PE) and FoxP3 Alexa 488 (BD Biosciences, USA).

Briefly, 1 9 106 peripheral blood mononuclear cells were

incubated with antibodies for surface staining followed by

fixation and permeabilization for FoxP3 staining as per the

manufacturer’s recommendations (BD Biosciences, USA).

The cells were then washed and suspended in phosphate-

buffered saline and kept at 4 �C till acquisition. A total of

105 events were acquired on a flow cytometer (FC500,

Beckman Coulter, USA), and analysis was done using FCS

express software version 4.0 (Denovo software). Using

sequential gating strategy, the lymphocytes were gated by

the forward and side scatter properties, T cells were iden-

tified by expression of CD3, NK cells by CD16 and CD56,

cytotoxic T cells by CD8? CD3?, helper T cells by CD3?

CD4? and Tregs as cells with CD4? CD25intermediate to high

FOXP3? CD127low.

Outcome Measures and Statistical Analysis

Complete remission, partial response and disease progres-

sion were defined as described in Response Evaluation

Criteria in Solid Tumors (RECIST) criteria 1.1 guidelines

[7]. Optimal debulking was defined by B1 cm diameter of

residual tumor post-surgery. Suboptimal debulking was

defined by any residual tumor of [1 cm diameter. Pro-

gression-free survival (PFS) was calculated from the date

of diagnosis to the date of disease progression or death,

whichever occurred first; the data for patients who were

alive without disease progression were censored as of the

date of their last assessment. Overall survival (OS) was

calculated from the date of diagnosis to the date of death

from any cause; data for patients still alive were censored

at the date the patient was last known to be alive. Two-

sample t test and paired t test were used to find the dif-

ferences between two groups and between paired samples

before and after therapy, respectively. Statistical analysis

was carried out using STATA 11 software.

Results

Patient Characteristics and Treatment

Of the 41 newly diagnosed patients of advanced-stage

(stage III and IV) EOC with serous histology enrolled in

the study, follow-up samples were available for evaluation

in 27 patients. Of the remaining 14 patients, five patients

died (one due to myocardial infarction before initiation of

chemotherapy, one due to post operative complications and

three due to chemo-toxicity); five patients were lost to

follow-up before completion of chemotherapy; and four

patients refused for repeat sampling. Twenty-six (65 %)

patients received neoadjuvant chemotherapy [paclitaxel

(175 mg/m2) and carboplatin (AUC 6) on day 1 q 3

weekly, NACT] followed by interval debulking (IDS).

Fifteen patients (35 %) underwent primary surgery
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followed by adjuvant chemotherapy [paclitaxel (175 mg/

m2) and carboplatin (AUC 6) on day 1 q 3 weekly 9 6

cycles]. Other patient characteristics and treatment out-

comes are listed in supplementary Table 1.

Frequency of T Cell Subsets in the Peripheral Blood

and Ascitic Fluid of Patients and Controls

Peripheral Blood

Of the various T lymphocyte subsets, the frequency of

helper T cells was lower (50.96 ± 14 vs. 61.8 ± 13.78 %,

p = 0.005), while cytotoxic T cells (39 ± 12 vs.

31 ± 11.2 %, p = 0.01) and Tregs (9.3 ± 2.8 vs.

7.1 ± 2.08 %, p = 0.004) were significantly higher in

patient samples (supplementary figure 1). There was no

statistically significant difference in the frequency of NK

cells with respect to controls (8.36 ± 6.86 vs.

6.06 ± 3.7 %, p = 0.36). The CD4/CD8 ratio was signif-

icantly lower (1.55 ± 0.93 vs. 2.36 ± 1.22, p = 0.006),

and Treg/CD4 ratio was higher in patients (0.2 ± 0.1 vs.

0.1 ± 0.03, p = 0.004). There was no statistically signifi-

cant difference in the Treg/CD8 ratio with respect to con-

trols (0.26 ± 0.13 vs. 0.26 ± 0.12, p = 0.95) (Table 1).

When we compared the absolute values of T lymphocyte

subsets, helper T cells were significantly lower and Tregs

showed a trend toward lower numbers in patients

(612 ± 323.5 vs. 1207 ± 861.3, p = 0.007; 9.8 ± 41.4 vs.

78.2 ± 40.8, p = 0.097). Cytotoxic T cells (519 ± 351 vs.

1066 ± 2342, p = 0.88) and natural killer cells

(231.3 ± 282 vs. 209.5 ± 157, p = 0.57) were not statis-

tically different with respect to controls. Post-treatment

there was increase in T lymphocytes (50.04 ± 15.4 vs.

58.4 ± 13.5, p = 0.04), but no significant changes were

observed in any other lymphocyte subset (Table 2).

Ascitic Fluid

Mean frequencies of T lymphocytes (45.9 ± 19.5 vs.

76.9 ± 7.4, p = 0.02) and CD4? cells (48.1 ± 14.1 vs.

57.4 ± 12.2, p = 0.01) were higher in ascitic fluid as

compared to the paired peripheral blood sample in the

patients. However, no statistically significant difference

was noted in the frequency of T cell subsets between the

peripheral blood and ascitic fluid of the patients (Table 3).

When the ascitic fluid of patients and controls were com-

pared, T cells were significantly higher and NK cells lower

in the patients (76.96 ± 7.4 vs. 44.56 ± 14.98, p = 0.01)

(4.25 ± 1.9 vs. 21 ± 10.4, p = 0.002, supplementary fig-

ure 2) (Table 3).

T Cells Subsets with Clinical Parameters, Response

to Therapy and Survival

There was no correlation of various T cell subsets with age

(B60 vs.[60 years), menopausal status, disease stage (III

vs. IV) and baseline median CA 125 levels (B623 vs.

[623 U/ml). There was no significant difference in any of

the T cell subsets as well as their ratios with respect to the

response to chemotherapy. NK cell frequency was signifi-

cantly higher in patients who had undergone NACT fol-

lowed by IDS as compared to primary surgery followed by

chemotherapy (-1.3 ± 4.5 vs. 4.3 ± 6.4, p = 0.01). There

was no effect of residual disease, i.e., optimal (n = 9)

versus suboptimal surgery (n = 18), on various T cell

subsets.

Table 1 T cell subsets in

peripheral blood in patients with

EOC at baseline and their

comparison with healthy

controls

Variables Case (N = 41) mean ± SD Control (N = 15) mean ± SD p value

Total lymphocyte count/mm3 2508 ± 1124 4147.8 ± 5754 0.08

T cell % 51 ± 14.4 57.5 ± 16.8 0.11

CD4 % 50.96 ± 14 61.8 ± 13.78 0.005

CD8 cell % 39 ± 12 31 ± 11.2 0.01

Treg cell % 9.3 ± 2.8 7.1 ± 2.08 0.004

NK cell % 8.36 ± 6.86 6.06 ± 3.7 0.36

T cells absolute no. 1270.5 ± 658.8 2534 ± 3705 0.14

CD4 cell absolute no. 612 ± 323.5 1207 ± 861.3 0.007

CD8 cell absolute no. 519 ± 351 1066 ± 2342 0.88

Treg cell absolute no. 59.8 ± 41.4 78.2 ± 40.8 0.097

CD4/CD8 ratio 1.55 ± 0.93 2.36 ± 1.22 0.006

Treg/CD8 ratio 0.26 ± 0.13 0.26 ± 0.12 0.95

Treg/CD4 ratio 0.2 ± 0.1 0.1 ± 0.03 0.004

NK natural killer, Treg T regulatory, no. number, CD4 helper T cells, CD8 cytotoxic T cells
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Median follow-up was 13.6 months (range

1–24.13 months). Eleven (26.8 %) patients had progressed,

and five (12.2 %) patients had died by the date of data

censoring (31/7/14). None of the baseline T cell subsets

frequencies as well as their ratios correlated with PFS or

OS (supplementary table 2).

Discussion

The regulatory T cells have the potential to suppress sev-

eral lymphocyte subsets. It has been suggested that they

suppress anti-tumor immunity and help the cancer cells to

survive. The up-regulation of Tregs in cancer has been

demonstrated in previous studies [3, 8]. In addition to

studies of Tregs in tumor tissues, increased Tregs have

been demonstrated in peripheral blood, ascitic fluid and

pleural fluid as well [6, 9, 10]. Similar to previous studies,

frequency of Tregs in peripheral blood at baseline was

significantly higher in patients than the controls (9.3 ± 2.8

vs. 7.1 ± 2.08, p = 0.004) in our cohort [11, 12]. We also

found significantly lower CD4? T cells in patients as

compared to the healthy controls (50.96 ± 14 vs.

61.8 ± 13.78, p = 0.005), and as a result, there was no

significant difference in absolute numbers of Tregs in

patients and control groups.

CD8? T cells are cytotoxic to tumor cells and gener-

ally considered as good prognostic marker for survival

and were higher in patients (39 ± 12 vs. 31 ± 11.2,

p = 0.01). However, no statistically significant difference

was found in the levels of CD8? cells post-treatment in

the present study. Wu et al. [11] demonstrated that the

CD8? T cells were lower in patient group, while Milne

et al. [12] did not find any significant difference between

the patient and control group. This gives a compelling

reason to look for subsets of CD8? cells which may play

a role in tumor induced immunosuppression. Karagoz

et al. [14] have reported an increase in CD8? Tregs in

patients with carcinoma lung with increase in CD8?

CD28- cells and ratio of CD8? CD28-/CD8? CD28?

cells. Similarly, higher frequency of CD8? CD28- cells

has been reported in other malignancies like cutaneous T

cell lymphomas [15], hepatocellular carcinoma [16] and

prostate cancer [17]. In the present study, however,

although an increase in CD8? T cells was noted, further

subset evaluation was not done.

The ascitic fluid represents local milieu of ovarian

cancer, and therefore, ascitic fluid may be a better indicator

of tumor microenvironment than PB. Considering this, the

T cell subsets were evaluated in ascitic fluid, but apart from

an increase in total number of T cells, we did not find any

significant differences in either of the T cell subsets when

compared with paired PB samples. This, therefore, sug-

gests that PB is as good an indicator of tumor microenvi-

ronment with respect to T cell subsets as the ascitic fluid.

Two recent studies have reported relatively higher numbers

of CD4? CD25? Tregs in ascitic fluid compared to

peripheral blood in ovarian cancer patients [6, 20]. This

Table 2 Change in T cell

subsets post-treatment in

patients with EOC

Variable % Pre-treatment (N = 27) mean ± SD Post-treatment (N = 27) mean ± SD p value

T cell 50.04 ± 15.4 58.4 ± 13.5 0.04

CD 4 cell 52.1 ± 14.1 55.8 ± 14.1 0.19

CD 8 cell 37.68 ± 11.4 35.42 ± 11.7 0.33

Treg cell 9.1 ± 1.64 8.5 ± 3.97 0.58

NK cell 7.9 ± 5.03 6.7 ± 3.4 0.32

NK natural killer, Treg T regulatory, no. number, CD4 helper T cells, CD8 cytotoxic T cells

Table 3 Comparison of T cell subsets in peripheral blood and ascitic fluid in patients with EOC

Variable

(%)

Case peripheral blood (n = 12)

mean ± SD

Case ascitic fluid (n = 12)

mean ± SD

p value Control ascitic fluid (n = 5)

mean ± SD

p value*

T cell 45.9 ± 19.5 76.9 ± 7.4 0.02 44.56 ± 14.98 0.01

CD4 48.1 ± 14.1 57.4 ± 12.2 0.01 53.3 ± 12.2 0.46

CD8 36.6 ± 11.4 34.2 ± 9.2 0.23 30.6 ± 11.7 0.59

Treg cell 8.7 ± 1.8 8.6 ± 3.2 0.86 9.26 ± 1.5 0.88

NK cell 6 ± 3 4.25 ± 1.93 0.09 21 ± 10.4 0.002

NK natural killer, Treg T regulatory, CD4 helper T cells, CD8 cytotoxic T cells

* Calculated between case and control ascitic fluid
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difference can be attributed to the use of FoxP3 expression

along with CD4 and CD25 to enumerate Tregs in our study.

We evaluated the changes in T cell subsets with treat-

ment. There was no significant change in relative per-

centages of CD4? T, CD8? T cells, Treg cells and NK

cells post-treatment which is similar to the results reported

by Park et al. [13]. In an earlier study, Napoletano et al.

[18] observed decrease in Tregs post-treatment. A recent

study by Wu et al. [11] also indicated that levels of IFN-c
produced by peripheral blood CD4 and CD8 effector T

cells may temporarily increase, while CD4? CD25? Treg

levels may decrease at the start of chemotherapy, sug-

gesting an increase in effector function after the first round

of chemotherapy. The possible explanation of this tempo-

rary effect can be that the standard chemotherapeutic

agents do not affect the tumor immunology as such.

Antibodies to Treg cells such as ONTAK [19], which have

been used to deplete Tregs from peripheral blood of

patients with melanoma to enhance immune response, may

be useful in treatment of other solid tumors including

ovarian cancer. In addition, immune modulators like

lenalidomide and thalidomide which are known to correct

the altered CD4/CD8 ratio in diseases like multiple mye-

loma and chronic lymphocytic leukemia may be effective

in improving treatment efficacy by modulating T cell

microenvironment in EOC patients as altered CD4/CD8

ratio was also observed in EOC patients in the current

study.

Conclusions

An attempt to investigate the kinetics of T cell subsets in

peripheral blood and ascitic fluid in patients of advanced-

stage carcinoma ovary with serous histology was con-

ducted in this study. The absence of statistically significant

differences in the frequency of Treg cells between PB and

ascitic fluid suggests that peripheral blood is as good an

indicator of tumor microenvironment as the ascitic fluid in

ovarian cancer. As compared to controls, the patient group

had significantly increased Tregs, CD8? cells and altered

CD4/CD8 ratio. A persistent increase in CD8? T cells as

observed in this study further suggests that perhaps a

specific CD8? T cell subset may be one of key players in

tumor immunology, and thus, further subset analysis of

CD8? T cells may be attempted in future studies.

Unchanged levels of T cell subsets subsequent to standard

chemotherapy call for evaluation of role of immunotherapy

and immune modulators in decreasing the numbers and

effectiveness of Tregs, promoting dendritic cell–NK cell

cross-talk and augmenting CD8? T cell differentiation into

memory cells in patients of advanced-stage serous

carcinoma ovary to enhance the efficacy of standard

chemotherapy.
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