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Abstract 

Background Ovarian cancer is the third most prevalent cancer in Indian women. Relative frequency of High grade 
serous epithelial ovarian cancer (HGSOC) and its associated deaths are highest in India which suggests the impor‑
tance of understanding their immune profiles for better treatment modality. Hence, the present study investigated 
the NK cell receptor expression, their cognate ligands, serum cytokines, and soluble ligands in primary and recurrent 
HGSOC patients. We have used multicolor flow cytometry for immunophenotyping of tumor infiltrated and circula‑
tory lymphocytes. Procartaplex, and ELISA were used to measure soluble ligands and cytokines of HGSOC patients.

Results Among the enrolled 51 EOC patients, 33 were primary high grade serous epithelial ovarian cancer (pEOC) 
and 18 were recurrent epithelial ovarian cancer (rEOC) patients. Blood samples from 46 age matched healthy controls 
(HC) were used for comparative analysis. Results revealed, frequency of circulatory  CD56Bright NK,  CD56Dim NK, NKT‑like, 
and T cells was reduced with activating receptors while alterations in immune subsets with inhibitory receptors were 
observed in both groups. Study also highlights differential immune profile of primary and recurrent ovarian cancer 
patients. We have found increased soluble MICA which might have acted as “decoy” molecule and could be a reason 
of decrease in NKG2D positive subsets in both groups of patients. Furthermore, elevated level of serum cytokines IL‑2, 
IL‑5, IL‑6, IL‑10, and TNF‑α in ovarian cancer patients, might be associated with ovarian cancer progression. Profiling of 
tumor infiltrated immune cells revealed the reduced level of DNAM‑1 positive NK and T cells in both groups than their 
circulatory counterpart, which might have led to decrease in NK cell’s ability of synapse formation.

Conclusions The study brings out differential receptor expression profile on  CD56BrightNK,  CD56DimNK, NKT‑like, and 
T cells, cytokines levels and soluble ligands which may be exploited to develop alternate therapeutic approaches 
for HGSOC patients. Further, few differences in the circulatory immune profiles between pEOC and rEOC cases, 
indicates the immune signature of pEOC undergoes some changes in circulation that might facilitated the disease 
relapse. They also maintains some common immune signatures such as reduced expression of NKG2D, high level of 
MICA as well as IL‑6, IL10 and TNF‑α, which indicates irreversible immune suppression of ovarian cancer patients. It is 
also emphasized that a restoration of cytokines level, NKG2D and DNAM‑1on tumor infiltrated immune cells may be 
targeted to develop specific therapeutic approaches for high‑grade serous epithelial ovarian cancer.
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Introduction
The burden of ovarian cancer is increasing globally. 
A 47% rise in ovarian cancer incidence is predicted 
by the year 2040. Second highest ovarian cancer inci-
dences are reported in India whereas the mortality rate 
is highest in the world [1]. Relative frequency of high 
grade serous epithelial ovarian cancer in India is 87.6% 
which is also highest in the world [2]. Early diagnosis 
of the disease is rare due to its asymptomatic nature 
of growth and delayed onset of symptoms. The 5-year 
survival rate is approximately 25% for patients with 
high-grade serous epithelial ovarian cancer [3]. The 
major complication is the recurrence of the disease and 
acquired resistance towards standard platinum-based 
chemotherapeutic agents [4]. The outcome of the dis-
ease is heterogeneous even after considering the most 
common factors such as stage, grade, and response to 
therapy. This disparity is thought to be driven by both 
the tumor and the host [5]. Ovarian cancer is consid-
ered an immunogenic tumor. The tumor microenviron-
ment is infiltrated by various immune and non-immune 
cells which is considered to be associated with the 
progression and metastasis of the disease [6, 7]. How-
ever, the role of natural killer (NK) cells in the prog-
nosis of ovarian cancer is not yet clear. Based on the 
density of CD56 expression NK cells are dissected into 
CD3-CD56 + Bright and CD3-CD56 + Dim NK cell sub-
sets. CD3-CD56 +BrightNK cells are efficient cytokine 
produces whereas CD3-CD56 + Dim NK cells are pri-
marily responsible for cytotoxic activity [8]. Tumor 
associated NK cells with low level of activating recep-
tors were associated with a poor overall survival of 
ovarian cancer patients. However, total CD56 + NK 
cells were associated with better progression free sur-
vival and overall survival of these patients [9]. Thus, 
specific phenotype of NK cells may determine the func-
tional outcome. To combat tumor escape and relapse; 
NK cells can recognize the loss of HLA molecules for 
activation, induce inflammation and kill target tumor 
cells in an antigen-independent manner [10]. NK cells 
have various mechanisms to kill their target cells such 
as polarization and release of cytotoxic granules after 
activation signal; another mechanism is the use of 
death receptor-induced killing of target cells [11]. NK 
cells express a repertoire of germline-encoded activat-
ing and inhibitory surface receptors. Major families of 
these receptors are Killer immunoglobulin-like recep-
tors (KIR), Natural cytotoxicity receptors (NCR), and 
CD94/NKG2 heterodimers that belong to the C-type 

lectin superfamily. Engagement of these receptors with 
their cognate ligand and fine balance of threshold of the 
inhibitory and activating signal determines the func-
tional status of NK cells [12]. It is widely accepted that 
aberrant expression of these receptors may affect the 
disease outcome. Furthermore, T cells are the major 
adaptive immune cells perform response to pathogen, 
allergen and tumors [13]. T cells have been extensively 
studied in ovarian cancer [14]. Baseline infiltrations of 
T cells have played a key prognostic factor for differ-
ent tumors. The presence of intratumoral CD8 + and 
CD4 + T cells is independently associated with a good 
prognosis of the disease. However, the antitumor effect 
of these immune cells is affected by their number, rela-
tive frequency, and functional capabilities [15]. In addi-
tion to CD3 + CD56-T cells, CD3 + CD56 + Natural 
killer T (NKT-like) cells are another important subset 
of highly differentiated, CD1d independent and MHC 
unrestricted T cells subset considered as a link between 
innate and adaptive immune systems [16]. However, the 
function of NKT- like cells is severely compromised in 
ovarian cancer patients, this impairment in NKT-like 
cells function is driven by soluble MHC class-1 related 
sequences (MICs) by down-regulating the prominent 
activating receptors NKG2D expressed over the surface 
of NKT-like cells [17]. Moreover, various lymphocyte 
subsets work co-operatively, which also decides the 
patient’s survival [18]. Although the normal expres-
sion of NK cell receptors is required for the optimum 
functioning of these cells, the function of these recep-
tors is largely influenced by the level of cognate ligands 
as well. A large group of molecules (ligands) expressed 
over the surface of multiple tumor types are recognized 
by the activating NK cell receptors [19]. NCR recep-
tors are important for the activation of NK cells and 
these receptors recognize ligands over malignant cells. 
NKp30 has two ligands B7H6 and BAG6 restricted 
over malignant cells, while the ligand for NKp46 is not 
known [20]. NKG2D is a dominant activating cell sur-
face receptor recognizing the ligands MICA, MICB, 
and ULBPs, considered as a potential therapeutic tar-
get [21]. Ligands for activating receptor DNAM-1, 
Nectin-2/CD112, and PVR/CD155 are widely dis-
tributed on hematopoietic, epithelial, and endothelial 
cells as well as on several tumors [22]. Understanding 
the interaction between tumors and the immune sys-
tem has helped in the initiation of different immune-
mediated therapies to improve patient management. 
Moreover, NK cell based therapy leads to stabilization 
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of disease with mild side effects [23]. Ovarian cancer 
incidence rate, highest mortality rate, availability of 
treatment options indicate the importance of bridging 
studies from India to rationalize alternate treatment 
with correct prognosis. Hence, we proposed to study 
the differential immune profile of women with primary 
and recurrent ovarian cancer. The study focused on 
the frequency, the phenotype of NK, NKT-like, and T 
cells, their cognate ligands as well as cytokine profiles, 
in clinical samples such as blood and tissue to high-
light differential immune profiles and their prognostic 
significance.

Material and methods
Participant enrollment
Primary and recurrent epithelial ovarian cancer (EOC) 
patients, who underwent surgical resection at Saifee 
Hospital and P.D. Hinduja Hospital & Medical Research 
Center, Mumbai, India between 2017 and 2021, were 
enrolled in the study. Patients who were initially diag-
nosed with epithelial ovarian cancer and visiting the hos-
pitals  because of relapse of the diseases. These patients  
without any kind  of therapeutic intervention in last 6 
months were enrolled as recurrent epithelial ovarian 
cancer cases. Each enrolled patient signed the informed 
consent form approved by the Institutional ethics review 
committee of ICMR-National Institute for Research in 
Reproductive and Child Health, Mumbai, and both the 
collaborative hospitals for collection of blood and tis-
sue specimens. Blood and tissue specimens were col-
lected from these cases at the time of surgery in EDTA 
vacutainer, and DMEM medium respectively to study the 
immune-phenotype of NK, NKT-like, and T cells. Blood 
samples from age-matched healthy controls (HC), with-
out any evidence of disease or infection, were collected 
for comparative analysis. Serum specimens were used to 
measure cytokine profiles and soluble ligands using ELI-
SAs. Patients with non - serous epithelial ovarian cancer, 
suffering with other tumor, infection or immune disease 
were excluded from the study.

Preparation of single cell suspension from tissue 
specimens
Tissue specimens were processed by enzymatic and 
mechanical digestion to get single-cell suspension before 
staining. Briefly, tissue samples were washed twice with 
PBS and cut into small pieces, treated with collagenase 
(4 ml) and incubated at 37 ºC in a water bath for 15 min. 
Samples were centrifuged at 3000 rpm for 10 min to pel-
let the cells. Trypsin EDTA (0.05%)  was added to the 
pallet and incubated at 37 ºC for 10 min. Double the vol-
ume of 10% FBS in DMEM/PBS (4 ml) was added to the 
sample tube, centrifuged at 3000 rpm for 10 min to pellet 

the cells. Pellet was resuspended in DMEM and strained 
through the cell strainer (40  μm). The single-cell sus-
pension obtained was used for immune-phenotyping of 
receptors and their cognate ligands [24, 25].

Immune staining of blood, tissue specimens using flow 
cytometry
Whole blood (150 μl) and single cell suspension obtained 
from tissue specimens was stained with fluorescently 
labeled monoclonal antibodies (Details of antibodies 
used: supplementary Table S1) and incubated for 30 min 
at 4ºC in dark. Stained blood samples were incubated in 
FACS lysis buffer (BD Biosciences) for 15 min with inter-
mittent vortexing and washed twice with staining buffer 
(0.02% FBS in PBS). A similar staining method as men-
tioned for blood was used for tissue infiltrating immune 
cells and surface ligands on tumor cells except the RBC 
lysis was not required in tissue specimens [24, 25]. Sam-
ples were acquired immediately after staining on the BD 
FACS Aria™ Fusion (BD Biosciences) flow cytometer. 
The data was analyzed using FlowJo software version 
10.1. The threshold for positive staining was determined 
using unstained or fluorescence minus one (FMO) con-
trol. LIVE/DEAD™ Fixable Violet Dead Cell Stain kit 
(Invitrogen, Vienna, Austria) was used to exclude dead 
cells. The lymphocyte population was gated based on the 
CD45 expression for both blood and tissue. To identify 
circulating and tumor-infiltrating NK, NKT-like, and T 
cells a sequential gating strategy was created based on the 
CD3 and CD56 expression. NK cells were further divided 
into bright NK  (CD56Bright NK) and Dim NK  (CD56Dim 
NK) cells based on the density of CD56 expression. The 
expression of phenotypic markers on circulating and 
tumor-infiltrating  CD56Bright NK,  CD56Dim NK, NKT-
like, and T cells was then evaluated by the percentage of 
positive cells (Supplementary Fig. S1). For ligand panels 
after exclusion of dead cells, a singlet gate was used to 
remove the debris and doublets followed by gating for 
individual ligands (Supplementary Fig. S2).

Procartaplex multiplex immunoassay
Soluble serum level of cytokines such as IL-2, IL-5, IL-6, 
IL-8, IL-10, IL-15, IL-27, IFN-У, TNF-α, GM-CSF, and 
two soluble ligands B7-H6, Poliovirus receptor (PVR) 
was determined by using Procartaplex Multiplex Immu-
noassay (Invitrogen, Vienna, Austria). The protocol was 
followed according to the manufacturer’s instructions. 
All the reagents, plastic wares used in the process were 
supplied with the kit. Briefly, the antibody coated beads 
against the different cytokines or ligands of interest 
were processed in a 96-well plate. A flat magnet ELISA 
plate holder was used for the whole process. The beads 
were washed with wash buffer for 30  seconds, followed 
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by incubation with serum and standards for 1 hour. This 
was followed by washings and addition of enzyme linked 
secondary antibodies against all these cytokines and 
ligands of interest. After incubation, the plate contain-
ing the beads was washed. This was followed by addition 
of streptavidin–R-phycoerythrin (SAPE) to capture the 
enzyme linked antigen-antibody complex. After 30  min 
incubation the plate was washed. The captured anti-
gen–antibody complex beads present in the plate was 
analyzed on a Luminex™ instrument (Thermo Fisher Sci-
entific, USA) to measure their concentration.

Soluble serum level of MICA, MICB, and ULBP‑1 analyzed 
by ELISA
All the ELISAs were done according to the manufactur-
er’s instructions (Invitrogen, Vienna, Austria). Absorb-
ance was taken on a spectrophotometer using 450 nm as 
the primary wavelength. Standards of known concentra-
tions, provided in the kit were used to plot the standard 
curve, against which the OD of each sample was used to 
get the concentration of these ligands.

Statistical analysis
GraphPad Prism 9.0 (GraphPad Software, San Diego, 
CA, USA) was used for all statistical analysis. Data was 
presented as a scatter dot plot. Comparison between the 
groups was drawn using an unpaired Mann-Whitney 
U test. All data are reported as means ± SEM (standard 
error of mean). Linear regression and spearman’s cor-
relation coefficient were used to determine the asso-
ciation between variables. Comparison between paired 
blood and tissue specimens was drawn using Wilcoxon 
matched paired signed rank test. P values < 0.05 were 
considered to be statistically significant.

Results
Patient’s characteristics
Among the enrolled 51 EOC patients, 33 were primary 
high grade serous epithelial ovarian cancer (pEOC) 
and 18 were recurrent epithelial ovarian cancer (rEOC) 
patients. Blood and tissue specimens from primary epi-
thelial ovarian cancer were collected at the time of pri-
mary debulking surgery without any prior intervention. 
Whereas, tissue and blood samples were collected from 
those patients initially diagnosed with epithelial ovar-
ian cancer and visiting the hospitals because of  relapse 
of the disease and those  who did not underwent any 
kind of  therapeutic intervention in last 6 months were 
enrolled in recurrent group. The median age of enrolled 
pEOC patients was 51.5 (Range 34–74) years and for 
rEOC median age was 50 (Range 40–66) years. Major-
ity of these high grade serous epithelial ovarian cancer 
patients were at stage III and IV of the disease. Detailed 

characteristics of both the EOC groups are shown in 
(Table  1). Blood samples from 46 age-matched HC 
(Median age: 51, range: 30–64 years) were used for com-
parative analysis.

Frequency of  CD56BrightNK,  CD56DimNK, NKT‑like, and T 
cells of EOC patients
Comparative analysis on the frequency of  CD56BrightNK, 
 CD56DimNK, NKT-like, and T cells between periph-
eral blood of EOC patients and control was carried out 
(Fig. 1). Within the total lymphocyte fraction, circulatory 
 CD56Dim NK cells were significantly increased in pEOC 
(p = 0.0483) patients (Fig.  1B). However, the percentage 
of ciculatory  CD56Bright NK cells, NKT-like and T cells 
in both groups of EOC patients were quite comparable 
with the healthy controls. Similarly, frequency of tumor 
infiltrated immune cells was also comparable between 
tumor specimens of both groups of patients (Fig. 1B, C, 

Table 1 Demographic and clinicopathological details of EOC 
patients (n = 53)

Abbreviations: EOC Epithelial Ovarian Cancer, ASC+ tumor Ascitic fluid positive 
for tumor cells, CA-125 Cancer Antigen - 125

Patients Characterstics

Primary EOC (n = 33) Recurrent EOC (n = 18)

Age Median (Range) 51.5 (34–74) 50 (40–66)

Stage
 I 0 (0.0 %) 0 (0.0%)

 II 4 (12.1%) 0 (0.0%)

 III 21 (63.6 %) 11 (61.6%)

 IV 8 (24.2 % ) 6 (33.3%)

 Unknown 0 ( 0.0 %) 1 (5.5%)

Grade
 High 28 (84.8%) 15 (83.3%)

 Low 2 (6.0%) 1 (5.5%)

 Unknown 3 (9.0%) 2 (11.1%)

Co‑morbidity
 Yes 17 (51.5%) 6 (33.3%)

 No 13 (39.3%) 11 (61.1%)

 Unknown 3 (0.9%) 1 (5.5%)

ASC+ Tumor
 Positive 18 (54.5%) 3 (16.6%)

 Negative 11 (33.3%) 14 (77.7%)

 Unknown 4 (12.1%) 1 (5.5%)

Lymph node metastasis
 Positive 18 (54.5%) 10 (55.5%)

 Negative 13 (39.3%) 7 (38.8%)

 Unknown 2 (6.0%) 1 (5.5%)

CA‑125 Median (Range)
 Pretreatment 503.75 (68.5–5111) 241.7 (80–1320)

 Post treatment 14.7 (3.9–293.7) 43.35 (8.582–238.9)
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D). Tumor infiltrated NK cells had low density of CD56 
expression based on median fluorescence intensity (MFI).

Surface receptor expression on  CD56Bright NK in peripheral 
blood of EOC patients
Immune dysregulation was observed in the expression of 
NCR, KIR, and NKG2 group of receptors. Expression of 
various NK cell receptors was compared between the con-
trols, pEOC and rEOC patients. NKp30 +  CD56BrightNK 
were increased in rEOC group while NKp44 +  CD56BrightNK 
cells, NKp46 +  CD56BrightNK cells were decreased in both 
groups of EOC (Fig.  2A). KIR2DL1/S1 +  CD56BrightNK 
cells were increased in rEOC group whereas KIR2DL2/
L3/S3 +  CD56BrightNK cells were decreased in both groups 
of EOC. In contrast KIR3DL1 +  CD56BrightNK cells were 
increased significantly in both the groups when compared 
with that of HC (Fig. 2B). NKG2D +  CD56BrightNK cells were 

reduced in both EOC groups while CD161 +  CD56BrightNK 
cells were decreased significantly in rEOC when com-
pared with that of HC (Fig. 2C). Thus, NKp30, CD161 and 
KIR2DL1/S1 were differentially expressed in the rEOC 
group of patients whereas prominent activating receptors 
NKp44, NKp46 and NKG2D were reduced in both groups 
of EOC patients.

Surface receptor expression on  CD56Dim NK cells of EOC 
patients
Evaluation of peripheral blood of both group of 
patients revealed apparent changes in the phenotype 
of  CD56DimNK cells with significant down-regulation 
of activating NCR receptors in pEOC patients. Circu-
latory NKp30 +  CD56DimNK, NKp44 +  CD56DimNK, 
NKp46 +  CD56DimNK cells were reduced significantly in 
pEOC when compared with HC. There was a trend of 

Fig. 1 Frequency of immune cell subsets; A)  CD56BrightNK, B)  CD56Dim NK, C) NKT‑like, D) T Cells in healthy control, pEOC and rEOC patients. 
*p < 0.05
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increased circulatory NKp44 +  CD56DimNK cells in rEOC 
than their level in pEOC group (Fig.  3A). Interestingly, 
NKG2A +  CD56DimNK cells were reduced significantly 
in rEOC patients. Circulatory NKG2D +  CD56DimNK, 
cells were significantly reduced in both groups of 
patients when compared with HC (Fig.  3B). KIR2DL1/
S1 +  CD56DimNK cells were increased in rEOC when 
compared with pEOC and HC whereas KIR2DL2/L3/
S3 +  CD56DimNK cells were reduced in both group of 
patients (Fig.  3C). No significant difference in recep-
tor expression profile was found on tumor infiltrated 
 CD56DimNK cells between both groups of patients 
(Supplementary Fig. S3a). Wilcoxon paired analysis 
revealed that tumor infiltrated DNAM-1 +  CD56DimNK 
cells were reduced in both groups than their circu-
latory counterpart. Furthermore, tumor infiltrated 
CD161 +  CD56DimNK cells were reduced in pEOC than 
their circulatory counterparts (Fig. 3D, E). In Summary, 
activated NKp44 +  CD56Dim NK cells and KIR2DL1/
S1 +  CD56Dim NK cells were increased specifically in 
rEOC.

Surface receptor expression on NKT‑like cells of EOC patients
Among NKG2 group of receptors circulatory 
NKG2A + NKT-like, NKG2C + NKT-like, NKG2D + NKT-
like cells were reduced in both groups than HC (Fig. 4A). 
Among KIR group, circulatory KIR2DL2/L3/S3 + NKT-
like cells were reduced only in rEOC. In contrast, circula-
tory KIR3DL1 + NKT-like cells were increased significantly 

in both groups than HC (Fig. 4B). Analysis of the surface 
expression of these receptors on circulating NKT-like cells 
revealed that circulatory NKp44 + NKT-like cells were 
decreased significantly in both groups, whereas circula-
tory CD161 + NKT-like cells were decreased in rEOC than 
HC (Fig. 4C). No significant difference was seen in tumor 
infiltrated NKT-like cells between the groups of these EOC 
patients (Supplementary Fig. S3B). Unlike NK cells, com-
plete NKG2 group of receptors were reduced on NKT-
like cells in both groups of patients. NKT-like cells with 
CD161, KIR2DL2/L3/S3 were reduced specifically in rEOC 
patients.

Surface receptor expression on T cells of EOC patients
Assessment of these receptors on T cells indicates the 
deregulation of receptor expression profile on T cells in 
both groups of EOC patients. Circulatory NKp30 + T 
cells were increased significantly in rEOC, while 
NKp44 + T cells were decreased significantly in both 
groups when compared with HC (Fig. 5A). Among NKG2 
group, circulatory NKG2C + T cells were reduced in 
rEOC than pEOC and HC. Whereas, NKG2D + T cells 
were reduced significantly in both groups when com-
pared with HC, reduction was more prominent in rEOC 
(Fig.  5B). In KIR group, KIR2DL2/L3/S3 + T cells were 
reduced significantly in rEOC, while KIR3DL1 + T cells 
were increased in both  groups (Fig.  5C). Furthermore, 
expression of these receptors has no significant differ-
ence on tumor infiltrated T cells between both groups of 

Fig. 2 Receptor expression profile of  CD56Bright NK cell (A‑C); A) NCR group of receptors. B) KIR group of receptors. C) Expression of NKG2D and 
CD161 in healthy control, pEOC and rEOC patients. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001
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patients (Supplementary Fig. S3C). However, paired Wil-
coxon analysis revealed decreased level of DNAM-1 + T 
cells and CD161 + T cells in both groups than their circu-
latory counterparts (Fig. 5D, E).

Surface and soluble ligand levels in EOC patients
The surface level of MICA, MICB, ULBP-1, HLA-
E, B7-H6, LLT-1, PVR, and VIMENTIN on tumor 
cells were comparable between both groups 

Fig. 3 Receptor expression profile of circulatory  CD56DimNK cell (A‑C); A) NCR group of receptors. B) NKG2 group of receptors. C) KIR group of 
receptors in healthy control, pEOC and rEOC patients. Wilcoxon paired analysis (D‑E); between circulatory and tumor infiltrated immune cells in D) 
pEOC patients and E) rEOC patients. *p < 0.05; **p < 0.01; ***p < 0.001
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(Supplementary Fig. S4). Measurement of serum level 
of MICB, B7-H6, and PVR did not show any significant 
difference in both groups of patients when compared 
with the HC except for MICA which was high in both 
the groups, significantly increased in pEOC compared 
to HC (Fig. 6).

Serum cytokine profile of EOC patients
A panel of cytokines [IL-2, IL-5, IL-6, IL-8, IL-10, IL-15, 
IL-27, IFN-У, TNF-α, GM-CSF and two soluble ligands 
B7-H6, Poliovirus receptor (PVR)] were measured by mul-
tiplex beads immunoassay in the sera of 21 HC, 22 pEOC, 
and 16 rEOC patients. The serum level of IL-2 and IL-5 
were significantly increased in rEOC than pEOC and HC. 
Moreover, IL-6, IL10 and TNF-α were significantly elevated 
in both groups of patients (Fig. 7A). Spearman correlation 
matrix further confirms the disrupted cytokine correlation 
in both groups of ovarian cancer patients (Fig. 7B).

Correlation between cytokine level and the receptor 
expression profile of NK, NKT‑like, and T cells in EOC 
patients
Cytokines widely regulate the function of the immune sys-
tem, inflammation, and homeostasis, so we analyzed spear-
man’s correlation between cytokine level and the receptor 
expression profile of NK cell subsets, NKT-like and T cells, 
which indicated disruption of the balance between cytokines 
and receptor expression of these cells in both groups of EOC 
patients. In the given Supplementary Table S2, we have 
reported the significant correlation, either positively or nega-
tively among these two groups of patients as well as in HC. 
Among the analyzed cytokines, only IL-2, IL-5, IL-6, IL-8, 

IL-10, IFN-γ, and TNF-α were significantly correlated with 
the expression of receptors on these immune cells. IL-8 lev-
els were negatively correlated with different receptors of HC, 
such as NKp30 +  CD56BrightNK, NKG2A +  CD56BrightNK, 
DNAM-1 +  CD56BrightNK, KIR3DL1 + NKT-like and CD 
161 + T cells. However, IL-8 levels were positively corre-
lated with NKp44 +  CD56BrightNK, NKG2D +  CD56BrightNK, 
NKG2D +  CD56DimNK, DNAM-1 +  CD56DimNK, NKG 
2D + NKT-like cells, and CD161 + NKT-like cells of pEOC. 
Only CD161 + NKT-like cells were negatively correlated 
with IL-8 in rEOC. IL-2 levels were positively correlated 
with receptors of HC such as NKp44 +  CD56BrightNK, 
NKG2A +  CD56BrightNK, NKG2D +  CD56BrightNK, CD161 +   
CD56BrightNK cells and KIR3DL1 +  CD56DimNK cells. 
In HC, only CD161 + T cells were negatively correlated 
with IL-2 levels. However, no such type of correlation was 
seen between these receptors and IL-2 in both groups 
of EOC patients. In HC, IL-6 was negatively correlated 
with NKG2A +  CD56BrightNK, DNAM-1 +  CD56BrightNK, 
DNAM-1 +  CD56DimNK, CD161 + T and KIR2DL2/L3/ 
S3 + T cells. However, in pEOC, IL-6 level was positively cor-
related with NKp46 +  CD56BrightNK and KIR3DL1 + T cells. 
IL-10 was negatively correlated with NKG2D +  CD56BrightNK, 
CD161 +  CD56BrightNK of HC as well as with CD161 + T cells 
of rEOC. In pEOC only NKp46 +  CD56BrightNK cells were 
positively correlated with IL-10 levels. IL-5 level was only pos-
itively correlated with KIR2DL2/L3/S3 +  CD56DimNK cells of 
HC while IL-5 does not correlate with any of the receptors in 
EOC patients. In HC, IFN-γ levels were positively correlated 
with CD161 +  CD56BrightNK and NKG2A +  CD56DimNK 
cells, while negatively correlated with NKG2A + T cells. 
In pEOC, NKp46 +  CD56BrightNK cells were positively 

Fig. 4 Receptor expression profile of circulatory CD3 + CD56 + NKT‑like cell (A‑C); A) NKG2 group of receptors. B) KIR group of receptors. C) 
Expression of NKp44 and CD161 in healthy control, pEOC and rEOC patients *p < 0.05; **p < 0.01; ***p < 0.001
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correlated with IFN-γ levels. TNF-α levels were negatively 
correlated with NKG2C +  CD56DimNK, KIR2DL2/L3/
S3 +  CD56Dim NK, DNAM-1 +  CD56DimNK cells of HC (Sup-
plementary Table S2).

Discussion
This is the first study to the best of our knowledge, to 
report expression of NK cell receptors, their surface 
ligands, soluble ligands and cytokine profile in Indian 

Fig. 5 Receptor expression profile of circulatory CD3 + CD56‑T cells (A‑C); A) NCR group of receptors. B) NKG2 group of receptors. C) KIR group of 
receptors in healthy control, pEOC and rEOC patients. Wilcoxon paired analysis (D‑E); between tumor infiltrated and circulatory T cells in D) pEOC 
patients and E) rEOC patients. *p < 0.05; **p < 0.01; ***p < 0.001
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women with primary or recurrent ovarian cancer. 
Immune escape is one of the most challenging questions 
in cancer biology and how it affects the development of 
solid tumors remains unanswered. Antitumor immunity 
was found to be compromised in solid tumors [26, 27]. 
We have found immune changes in pEOC patients in 
terms of increased frequency of circulating  CD56DimNK 
cells which may indicate proliferation and activation of 
innate immune cells. A high level of circulatory NK cells 
in colorectal cancer was associated with better survival 
and can be used as an independent prognosticator [28]. 
However, other circulatory subsets such as  CD56BrightNK, 
NKT-like, and T cells were comparable with HC in both 
groups of EOC. The modulation of receptor expression 
could be an immune escape mechanism in invasive pEOC 
and rEOC. We have found that alteration of these recep-
tors was more drastic on circulatory immune cells. Two 

novel mechanisms for down regulation of receptors on 
circulatory immune cells are the release of soluble ligands 
as “decoy molecules” which suppresses the expression 
of target receptors and the release of platelet derived 
TGF-β which down-regulates the expression of DNAM-1 
and CD96 [29]. Present analysis on these soluble ligands 
revealed, high soluble MICA level in both groups of 
cases. Increased soluble MICA may lead to consistent 
decrease of NKG2D + immune cells. Modulation of sur-
face receptor expression has been reported in several 
other malignancies [30, 31]. Down-regulation of activat-
ing receptors NKp30, NKp46, and NKG2D is an immune 
evasion mechanism which led to low cytolytic activity 
[27]. In our data, both subsets of NK cells with activat-
ing phenotype were reduced which might have lead to 
immune suppression. Moreover, we also noticed the 
change in the expression pattern of inhibitory receptors 

Fig. 6 Serum level of soluble ligands of healthy control, primary and recurrent EOC patients *p < 0.05
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on NK cells in both groups of EOC patients. Circula-
tory immune cell subsets such as NKp46 +  CD56BrightNK, 
NKp30 +  CD56DimNK, NKp46 +  CD56DimNK, NKp44 +  
NKT-like, NKG2A + NKT-like, and NKG2A + T cells 
were reduced in both groups of EOC patients. This 
probably indicates immune dysregulation and common 
receptor expression pattern at primary and recurrent 
stage of the disease. However, certain subsets such as 
NKp30 +  CD56BrightNK, NKp44 + T and NKp46 + T cells 
were reduced specifically in pEOC. In contrast, the fre-
quencies of NKp44 +  CD56DimNK cells were increased, 
whereas CD161 +  CD56BrightNK, NKG2A +  CD56DimNK, 
CD161 + NKT-like, and NKp30 + T cells were reduced in 
rEOC, depicting the immunological differences among 
these two groups of patients. Clinically relevant anti-
metastatic role of NK cells was reported in several solid 

tumors [32, 33]. Thus, reduction in circulatory subsets 
with activating phenotype could have facilitated the 
breach of local tumor microenvironment by neoplastic 
cells, reach the circulation and colonize at distant sites. 
Furthermore, differential reduction in specific subsets, 
especially in recurrent cancer may be used to rational-
ize alternative therapeutic strategies and special care of 
relapsed cases. Again, these differential immune profiles 
might be a factor of time. As the disease progresses, the 
immune signature of pEOC undergoes some changes in 
circulation that might facilitate the disease relapse. Fur-
ther, immune infiltration has been neglected for a long 
time but the tumor infiltrated immune cells can also 
predict the outcome of ovarian cancer [34]. The tumor 
infiltrated NK and T cell subsets positive for DNAM-1 
are reduced in both groups of patients. Reduction in 

Fig. 7 A) Serum cytokine level in healthy control, primary and recurrent EOC patients and B) Spearman correlation matrix of cytokine panel in 
healthy control, primary and recurrent EOC patients *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001
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DNAM-1 receptor especially on NK cells in TME might 
have led to decrease in NK cell’s ability of synapse forma-
tion, a key step to execute the effecter function. Tumor-
infiltrating T cells demonstrated a beneficial effect on 
ovarian cancer patients, especially as a predictive bio-
marker for the prognosis of ovarian cancer patients 
suggesting that these cells also play a major role in the 
outcome of the disease in EOC [23]. Profile of both 
groups of tumors was equally immunogenic in terms 
of ligand expression by tumor cells. The expression of 
ligands by tumor cells can modulate the phenotype of 
circulatory immune cells [35]. Further, we evaluated the 
serum cytokine level of both groups; exposure to these 
cytokines can modulate the phenotype and function 
of immune cells [36]. IL-6 and oncostatin M have been 
found to directly stimulate enhanced invasion of can-
cer cells, stimulate the promotion of cell cycle, enhance 
resistance to chemotherapy, and cause epithelial-to-mes-
enchymal transition (EMT) [37]. IL-10 was also associ-
ated with ovarian cancer cell migration and the worst 
disease-free survival of ovarian cancer patients [38]. 
Furthermore, TNF-α and IL-6 induces the generation of 
reactive oxygen species, nitrogen species and promote 
DNA damage which accelerates the initiation of tumo-
rigenesis [39]. Thus, elevated level of IL-6, IL-10 and 
TNF-α seen in these cases might have led to enhanced 
invasion, resistance to chemotherapy and disease prog-
nosis. Besides, elevated level of IL-5 and IL-15 in rEOC, 
it is very interesting to find the elevated level of IL-2 in 
their sera as IL-2 has promising therapeutic potential, a 
phase II clinical trial has shown its therapeutic benefits 
in platinum-resistant ovarian cancer patients [40]. IL-15 
also acts as a super agonist that enhances NK cell func-
tion against ovarian cancer [41]. However, these ben-
eficial effects of IL-2 and IL-15 are not seen in present 
study. So, to evaluate the influence of increased cytokine 
levels on the phenotype of different immune cells, spear-
man’s correlation analysis was carried out between serum 
cytokine level and receptor expression profile. Among 
the elevated cytokines, IL-6 was the only cytokine that 
was positively correlated with NKp46 +  CD56BrightNK 
cells. Similar cytokine profiles in serum of both patient 
groups were rarely correlated with phenotype of immune 
cells, while the correlation was more common in healthy 
control which indicates the disrupted axis of cytokine 
and immune cell interactions in both the group of cases 
in spite of different state of the disease. Although, study 
has its limitation as in our data, we did not have ligand 
and receptor expression profile from healthy tissue. 
Another limitation for the study is the small sample size 
in this multiparametric study. However, the study has 
its own strength, possibly highlighting for the first time 

a broad immune profile comprising expression of the 
surface receptors, ligands, soluble ligands and cytokine 
profiles in both pEOC and rEOC patients in an Indian 
scenario.

Conclusions
The present study highlights the immunological similar-
ity as well as the differences of immune subsets in pEOC 
and rEOC. Circulatory NKG2D positive NK, NKT-like, 
and T cells were significantly reduced in both groups of 
EOC which is the prominent activating marker. A high 
level of soluble MICA might have acted as a “decoy” mol-
ecule. This could be a probable mechanism of decrease 
in NKG2D positive subsets in both groups of EOC. Fur-
thermore, the study highlights the elevated level of serum 
cytokines in EOC patients that may help to understand 
the cytokines associated with ovarian cancer progres-
sion. Profiling of tumor infiltrated immune cells revealed 
the reduced level of DNAM-1 positive NK and T cells 
in both groups of EOC. A reduced level of DNAM-1 
expression on tumor infiltrated NK cells may led to a 
possible decrease in NK cell’s ability to synapse forma-
tion, required to execute the effecter function. Signifi-
cantly reduced expression of NKG2D, high level of MICA 
as well as IL-6, IL10 and TNF-α indicates immune sup-
pression  of  ovarian cancer patients.. It also emphasized 
that restoration of cytokines level, NKG2D and DNAM-
1on tumor infiltrated immune cells may be targeted to 
develop specific therapeutic approaches for high-grade 
serous epithelial ovarian cancer.
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