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Abstract: Ovarian cancer is the most lethal gynecological malignancy, with serous histotype as
the most prevalent epithelial ovarian cancer (EOC). Peritoneal ascites is a frequent comorbidity in
advanced EOC. EOC-associated ascites provide a reliable sampling source for studying lymphocytes
directly from tumor environment. Herein, we carried out flow cytometry-based analysis to readdress
issues on NK and T lymphocyte subsets in women with advanced EOC, additionally evaluating
phenotypic modulation of their intracellular pathways involved in interleukin (IL)-2 and IL-15 signal-
ing. Results depicted ascites as an inflammatory and immunosuppressive environment, presenting
significantly (p < 0.0001) higher amounts of IL-6 and IL-10 than in the patients’ blood, as well as
significantly (p < 0.05) increased expression of checkpoint inhibitory receptors (programmed death
protein-1, PD-1) and ectonucleotidase (CD39) on T lymphocytes. However, NK lymphocytes from
EOC-associated ascites showed higher (p < 0.05) pS6 phosphorylation compared with NK from blood.
Additionally, in vitro treatment of lymphocytes with IL-2 or IL-15 elicited significantly (p < 0.001)
phosphorylation of the STAT5 protein in NK, CD3 and CD8 lymphocytes, both from blood and ascites.
EOC-associated ascites had a significantly (p < 0.0001) higher proportion of NK CD56bright lympho-
cytes than blood, which, in addition, were more responsive (p < 0.05) to stimulation by IL-2 than
CD56dim NK. EOC-associated ascites allow studies on lymphocyte phenotype modulation in the
tumor environment, where inflammatory profile contrasts with the presence of immunosuppressive
elements and development of cellular self-regulating mechanisms.

Keywords: cytotoxic lymphocytes; STAT5; pS6; inhibitory checkpoint receptor; tumor microenviron-
ment; ectonucleotidases

1. Introduction

Ovarian cancer ranks eighth among cancer-related deaths among women; however,
it is the most lethal gynecological malignancy. The lethality is a consequence of its initial
asymptomatic development and the lack of specific early detection biomarkers, which of-
ten delays the diagnosis of cancer. Seventy-nine percent of women with ovarian cancer
are diagnosed at advanced stages, resulting in a poor five years survival rate of 20–25%,
the worst among all gynecological malignancies [1–4]. Ovarian cancer comprises mul-
tiple subtypes, 90% of them being of epithelial origin. Epithelial ovarian cancers (EOC)
are additionally categorized based on their morphology and genetic characteristics [5,6].
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The serous histotype comprises 70% of all EOCs, which is further classified in low-grade
(LGS) and high-grade (HGS) serous. The HGS is the most aggressive subtype and accounts
for two-thirds of all ovarian cancer deaths [7,8]. Although the LGS is less frequent than
HGS, women with advanced or recurrent LGS have similar survival rates as women with
HGS [9–11].

Ascites is the pathological accumulation of fluid in the peritoneal cavity. Although
present in different pathological conditions, peritoneal ascites is a distinguishable feature
of women with advanced EOC, which is frequently observed at first diagnosis, as well as
in almost all cases of relapse [12–15]. Malignant cells may or may not be detectable in EOC-
associated ascites, which may display different signaling molecules and cell types, such as
fibroblasts, adipocytes, mesothelial, endothelial and inflammatory cells [15]. The presence
of different lymphocyte subsets has also been reported in EOC-associated ascites, which,
in addition, undergo phenotypic modulation in response to this peculiar cancer-related
environment [16–19]. However, biological processes underlying presence, functional
modulation and role of lymphocytes in ascites are still poorly understood.

Among lymphocytes present in EOC-associated ascites, the natural killer (NK) cells
have been systematically addressed by our research group. NK cells are categorized among
the group 1 innate lymphoid cells (ILC-group 1), which are comprised of lymphocytes
provided of cytotoxicity and producers of interferon-gamma (IFN-γ) [20,21]. Conventional
NK lymphocytes are typically involved in the immune defense against malignant or vi-
rally infected cells, acting directly against such altered cells, as well as contributing to the
development of the adaptive response through the release of cytokines and interactions
with other cells of the immune system [21,22]. NK cells are known by their ability to kill
malignant cells and, as demonstrated in murine models of melanoma, prostate, breast
and lung cancer, they do play a role in restraining metastatic spread of cancer [23–26].
Additionally, NK cells with high spontaneous cytotoxicity have been correlated with a
reduced incidence of cancer in humans [27,28]. Thus, NK cells have widely been consid-
ered for treatment of cancer, including in the emerging therapies based on monoclonal
antibodies (MAb), since NK cells can recognize antibody-opsonized target cells through
CD16 (FcγRIIIa) molecules and eliminate them [29].

In humans, NK cells comprise up to 15% of the peripheral blood lymphocytes,
where they can be differentiated from other lymphocyte populations by their cell surface
molecular phenotype CD3-CD56+. Furthermore, relative expression of CD56 molecule al-
lows to categorize NK cells in two subsets known as CD56bright and CD56dim, in accordance
with their relative emission of fluorescence intensity, when labeled with fluorochrome-
conjugated MAb [22,30]. Although related in their origin, these two NK subsets have
biological differences that helped to consolidate the knowledge that CD56dim NK subset
mediates cytotoxic antitumor responses, while CD56bright plays a role in modulation of
immune response. Indeed, CD56bright NK cells are primarily cytokine producers (IFN-γ,
tumor necrosis factor or TNF, granulocyte-macrophage colony stimulator factor or GM-
CSF) and display lower antitumor cytotoxicity at rest when compared to the CD56dim NK
cells [22,30–32]. Nevertheless, these concepts have been challenged and recent studies
showed that antitumor response of CD56bright NK cells can be markedly enhanced by
IL-15 [33,34]. All biological aspects of NK cells are regulated by cytokines that bind to
receptor complexes on the cell membrane and activate intracellular signaling pathways
based on phosphorylation of signal transducing and transcription-activating protein ki-
nases. Among other cytokines, IL-2 and IL-15 have partially overlapping properties and are
implicated in the development, survival and cytotoxicity of NK cells [35–37]. In NK cells,
the JAK-STAT5 and mTOR-S6 pathways have been identified as central in the convergence
of signals from the activating cytokines IL-2 and IL-15 and, therefore, involved in the
functional modulation of these cells [38–40].

Studies addressing the phenotypic modulation of lymphocytes present in EOC-
associated ascites have linked the impairment of antitumor response of NK cells with
decreasing in the expression of DNAM-1-, NKp30-, CD16- and NKG2D-activating recep-
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tors. This effect was accounted to the downregulation of these activating receptors as
a consequence of excessive exposure to their ligands in tumor environment [19,41,42].
Furthermore, the CA125 (cancer antigen-125 or MUC16) molecule, which is usually found
elevated in plasma and ascites of women with advanced EOC, has been shown to impair
antitumor responses of NK cells, suggesting that tumor environment would share a mech-
anism of immunosuppression similar to that occurring in fetal–maternal tolerance [43].
Another mechanism that has been implicated in the suppression of NK cells in tumor
environment involves production of adenosine. Under physiological conditions, adeno-
sine is produced by ectonucleotidases expressed on T-reg lymphocytes to modulate the
immune response, particularly in inflammatory processes [44]. However, expression of
CD39 and CD73 ectonucleotidases has also been reported on EOC cells [45,46]. Thus,
excessive production of adenosine, both by lymphocytes and EOC cells, could generate an
immunosuppressive environment. Finally, activation of checkpoint inhibitory receptors
expressed by cytotoxic lymphocytes could also halt antitumor responses. Thus, the ex-
pression of PD-L1 (programmed death-ligand 1) molecule has been reported on EOC cells
and its interaction with the PD-1 (programmed death-1) checkpoint inhibitory receptor
could impair NK antitumor response [47–49]. Although there are studies on the phenotypic
modulation of NK cells and other lymphocytes in women with advanced EOC, they are still
limited. Additionally, this issue requires to be frequently revisited due to the extension of
knowledge on molecules and signaling pathways involved on the immune modulation of
the tumor environment. Herein, we carried out flow cytometry-based analyses to reassess
phenotypic modulation of the NK and T lymphocyte subsets in women with advanced
EOC, moreover, to evaluate functional responses and modulation of signaling pathways
involving IL-2 and IL-15 cytokines.

2. Material and Methods
2.1. Patients and Samples

For this study, we included 14 women assisted in the Women’s Hospital of the Uni-
versity of Campinas (Campinas, Brazil) for initial diagnosis of adnexal masses. Inclusion
criteria comprised the presence of ascites and confirmation of serous histotypes (grades
III–IV) or carcinomas not otherwise specified of the ovaries. Specific patient characteristics
at the time of sample collection are provided in Table 1. Among the 14 ascites samples,
eight ascites were positive for EOC cells as determined through cytological evaluation.
Signed informed consent was obtained from all patients. The study was approved by the
Research Ethics Committee of the University of Campinas (24 April 2017, #2.029.221/2017)
and was registered on the Brazilian National Health Council (CAAE: 65367617.9.0000.5404).
Blood samples were collected using 10 mL vacuum blood-sampling tubes containing
sodium heparin (Vacuette, Campinas, Brazil). Ascites samples from patients with ovarian
cancer were collected by ultrasonography-guided paracentesis, quickly transferred to 50
mL conical tubes, and added with sodium heparin (1 µL/mL of ascites; Liquemine 5000
UI/mL, Roche, Rio de Janeiro, Brazil) under sterile conditions. Initially, 1 mL of every
sample of blood and 5 mL of every sample of ascites were transferred to new conical tubes
and centrifuged at 600× g for 5 min to obtain cell-free plasma and ascites fluid, respectively.
Then, the resulting supernatants were kept frozen (−30 ◦C) until used for soluble molecules
and cytokine quantification. Subsequently, peripheral blood mononuclear cells (PBMC)
were isolated by gradient centrifugation, using Ficoll-Paque Plus (GE Healthcare, Uppsala,
Sweden), followed by a washing procedure performed twice (centrifuged at 600× g for
5 min) using a balanced salt solution (PBS; Nutricell Nutrientes Celulares Ltda, Campinas,
Brazil). The cellular fraction of the ascites was isolated by centrifugation (centrifuged
at 600× g/5 min) and red blood cells eliminated washing cell pellet with lyses solution.
Cell numbers were assessed in a Neubauer chamber using acetic acid solution (2% v/v in
PBS) and the trypan blue (1% w/v in PBS) exclusion method to assess viability. Replicates of
the resulting cell pellets were cryopreserved in fetal bovine serum (FBS; LCG Biotecnologia
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Ltda, Cotia, SP, Brazil) containing 10% dimethyl sulfoxide (DMSO; Sigma, St. Louis, MO,
USA), for subsequent phenotyping of the lymphocytes and evaluation of NK cell function.

Table 1. Characteristics of epithelial ovarian cancer (EOC) patients included in the study at
the time of ascites sampling. Staging classification followed FIGO Committee on Gynecologic
Oncology guidelines.

Patient’s Code Age (Years) FIGO
(Stage) Histotype Ascites Cytology for EOC Cells

101 59 III HGS Negative
104 53 III HGS Negative
106 65 IV HGS Positive
107 70 III HGS Positive
108 51 III HGS Negative
112 71 III HGS Positive
113 33 III LGW Negative
115 78 III HGS Negative
116 70 III NOS Positive
121 82 III NOS Positive
122 52 III HGS Positive
127 61 III HGS Negative
130 62 III HGS Positive
132 40 III HGS Positive

HGS = High-grade serous; LGS = Low-grade serous; NOS = not otherwise specified.

2.2. K562 Cell Line Target Cells

The K562 (human erythromyeloblastoid) cell line, originally obtained from the Ameri-
can Type Culture Collection (ATCC, Rockville, MD, USA), is routinely maintained in our
laboratory and periodically assessed for its usual surface markers, particularly CD45pos

HLA-class Ineg phenotype. The K562 cells are cultured in vitro in RPMI-1640 medium
supplemented with 10% FBS, 2 mM L-glutamine, and replenished with fresh medium
every 2–3 days.

2.3. Monoclonal Antibodies, Panels, General Staining Procedure and Acquisition

Flow cytometric-based assays were used according to standardized procedures [19]
for the evaluation of phenotypic modulation of the lymphocyte subsets in blood and
ascites of women with advanced EOC. For this end, three panels containing mixtures
of fluorochrome-conjugated monoclonal antibodies (MAb, Becton Dickinson, San Jose,
CA, USA) were established as follows: Panel 1: anti-CD56 PE-Cy7 (clone B159), anti-
CD45 PE-Cy5 (clone HI30), anti-CD155 PE (clone 2H7), anti-CD39 BB515 (clone TU66),
anti-CD3 APC-H7 (clone SK7), anti-CD274 APC (clone MIH4), anti-CD73 BV510 (clone
AD2) and anti-PD-1 BV421 (clone MIH4). Panel 2: anti-CD56 PE-Cy7 (clone B159), anti-
CD4 PerCP (clone Leu3A), anti-CD215 PE (clone JM7A4), anti-CD25 BB515 (clone 2A3),
anti-CD3 APC-H7 (clone SK7), anti-CD127 Alexa647 (clone HIL7R-M21), anti-CD 107a
BV510 (clone H4A3) and anti-CD122 BV421 (clone MIK-B3). Panel 3: anti-CD45 PE-Cy7
(clone HI30), anti CD8 FITC (clone OKT8), anti-CD3 APC-H7 (clone SK7), anti-CD56 APC
(clone B159), anti-STAT5 BV421 (clone pY694) and anti-pS6 PE (clone PS235/PS236). Thus,
the MAb panels were optimized to characterize lymphocyte profile in blood and ascites
of the patients, simultaneously providing information on phenotypic modulation and
functional performance of effector cells. The staining procedures involving panels 1 and 2
were performed by the incubation (30 min/8 ◦C, protected from light) of 0.3 × 106 cells
suspended in 50 µL of the MAb mixture diluted at 1:50 (v/v) in staining solution (PBS
containing 2% FBS v/v and ethylenediaminetetraacetic acid, EDTA, 2 mM—Invitrogen
Life Technologies, Carlsbad, CA, USA). After the incubation, cells were washed twice with
PBS and the final pellets suspended for acquisition in a FACSVerse cytometer using the
FACSuite software (Becton Dickinson, San Jose, CA, USA). FlowJo software (Version 10,
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Becton Dickinson, San Jose, CA, USA) was used for the data analysis. The lymphocyte
population was identified by the FSC (forward-scatter) and SSC (side-scatter) parameters,
and then FSC-Area vs. FSC-Height was used to eliminate doublets. Between 20,000 and
50,000 cells were acquired.

2.4. NK Cell Degranulation Assay and IL-2/IL-15 Receptors Phenotyping

The functional characteristics of NK cells were evaluated by a standardized degran-
ulation assay based on flow cytometry [50], which allows visualization of cell surface-
expressed CD107a to quantify activated NK effector cells. The method was carried out with
PBMCs and ascites cells of the patients as previously described in da Silva et al. [19]. Briefly,
resting and IL-2-stimulated (1000 U/1 × 106 cells/mL, incubated 37 ◦C/5% CO2/18 h)
PBMCs or ascites cells were co-incubated (37 ◦C/5% CO2/2 h) with target cells (K562 cell
line) in a 1:1 ratio, resulting in a final density of 0.2 × 106/200 µL, in U-bottom microtubes
(0.6 µL, Jetbiofil, Guangzhou, China), in duplicate. Cells were spun down quickly (30× g
for 3 min) and incubated for 2 h at 37 ◦C. Tubes containing effector cells without target
cells were also prepared for quantification of basal expression of CD107a. After incubation,
microtubes were centrifuged (600× g for 5 min), supernatants discarded and cell pellets
suspended in 50 µL of staining solution containing MAb consistent with panel 2. Staining
procedures were carried out as described above.

2.5. PSTAT5 and pS6 Phosphorylation Assay

The phosphorylation status of intracellular proteins STAT5 and pS6 was evaluated in
NK and CD8 lymphocytes from ascites and blood of the patients by a method based on
flow cytometry. For this end, cryovials containing ascites cells or PBMC were removed
from the liquid nitrogen, thawed at room temperature and washed twice with PBS (cen-
trifuged at 600× g/5 min). Cell number and viability were assessed and the cell suspension
was adjusted to a final density of 1 × 106 cells/mL with RPMI-1640 supplemented with
10% FBS and 2 mM L-Glutamine (Nutricell Nutrientes Celulares Ltd.a, Campinas, SP,
Brazil). Cells were plated (10 × 35 mm dish Sarstedt, Inc., Newton, MA, USA) and in-
cubated overnight (37 ◦C/5% CO2/18 h). After incubation, each of the cell suspensions
obtained by this procedure were split into four replicates, containing 0.5 × 106 cells in
V-bottom microtubes (2.0 mL, Axygen, New York, NY, EUA) to proceed with appropri-
ate stimuli simultaneously with the staining of cell surface markers. Thus, three of the
four replicates were respectively stimulated with PMA (50 ng/mL; Phorbol 12-myristate
13-acetate, Sigma-Aldrich, Inc. St. Louis, MI USA), IL-2 (100 ng/mL; Becton Dickinson,
San Jose, CA, USA) or IL-15 (100 ng/mL; Peprotech, Rocky Hill, NJ, USA), while one
of the replicates remained without stimulation, as experimental control. Subsequently,
all replicates were added with the staining solution containing MAb for the labelling of
cell surface molecules (Panel 3: anti-CD45 PE-Cy7, anti CD8 FITC, anti-CD3 APC-H7
and anti-CD56 APC) and incubated at 37 ◦C in 5% CO2. At the end of the appropriate
incubation period for each of the stimuli (PMA/15 min, IL-2/30 min and IL-15/45 min)
the cell suspensions were centrifuged (400× g/7 min), washed once with staining solution
(centrifuged at 400× g/7 min) and the final pellet resuspended with 500 µL of preheated
fixation buffer (Cytofix at 37 ◦C; Becton Dickinson, San Jose, CA, USA) and incubated at
37 ◦C/10 min. After fixation, cells were washed with staining solution (centrifuged at
400× g/7 min), supernatants were discharged and pellets were kept to proceed with the
steps of permeabilization and labelling of intracellular molecules. Thus, permeabiliza-
tion was carried out by gently vortex cell pellets in remained volume for, subsequently,
to suspend cells thoroughly with 500 µL of −20 ◦C pre-cooled permeabilizing solution
(Perm-buffer III, Becton Dickinson, San Jose, CA, USA), which was followed by 30 min incu-
bation at 4 ◦C. After permeabilization, cells were gently washed twice with 500 µL of 8 ◦C
pre-cooled staining solution in a centrifuge with disabled break function (centrifugation at
400× g/7 min/no-break). Cell pellets were finally suspended and incubated (30 min/8 ◦C,
protected from light) in 50 µL of staining solution containing anti-STAT5 and anti-pS6 MAb
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(panel 3). After staining of the intracellular molecules, cells were gently washed twice with
500 µL of 8 ◦C pre-cooled staining solution by centrifugation with disabled break function
(centrifugation at 400× g/7 min/no-break). Final cell pellets were suspended in 400 µL
staining solution for proceeding acquisition in a FACSVerse cytometer.

2.6. Cytokines Assay

The presence of cytokines in blood plasma and ascites supernatant was determined by
the CBA assay (Cytometric Bead Array, BD Biosciences, San Jose, CA, USA). The kit used
for the analysis of cytokines was the Th1/Th2 CBA kit, specific for human IL-2, IL-4, IL-6,
IL-10, tumor necrosis factor (TNF)-α, and IFN-γ. Experiment was conducted according to
the manufacturer’s protocol.

2.7. TGF-β, VEGF and CA125 Assays

The presence of tumor growth factor-β (TGF-β) and vascular endothelial growth fac-
tor (VEGF) in blood plasma and ascites supernatant were determined by the ProQuantum
immunoassay (Invitrogen—Thermo Fisher Scientific, Rockford, IL, USA), which is based on
analyte specificity of antibody–antigen binding with the signal detection and amplification
capabilities of qPCR. The presence of CA125 molecule in blood plasma and ascites super-
natant was determined in an automated chemiluminescence analyzer using the Liaison
CA125 II kit (DiaSorin S.p.A., Saluggia, VC, Italy). All the assays were conducted according
to the manufacturer’s protocol.

2.8. Statistical Analysis

Comparison of variables within groups was performed using the Student’s t-test
for independent samples. Multi-comparison analysis of variables was performed by
ANOVA followed by a post hoc multiple comparison test. The level of significance was
set at p-value < 0.05. Statistical analysis was carried out using Prism software version 9
(GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Phenotypic Modulation of NK and T Lymphocytes

The contents of NK and T lymphocyte subsets in ascites of women with advanced EOC
were assessed and compared to lymphocytes from their blood to characterize phenotypic
modulation related to the tumor environment. Initially, our results showed that, although
frequencies of T (CD3+CD56−), NK (CD3−CD56+) and NK-T (CD3+CD56+) cells within
total of lymphocytes (Figure 1a) were similar between ascites and blood of the patients,
frequencies of T subsets (CD3+) varied. Thus, the T-CD4+ subset was significantly lower
in ascites, whilst the T-CD8+ was higher compared with blood (Figure 1b). Additionally,
frequency of T-regulatory (T-reg, CD4+CD25+CD127−) subset showed a tendency to be
increased in ascites (Figure 1c). NK lymphocytes also underwent phenotypic modulation
in ascites, where expression of CD56 molecules on NK cells became significantly higher
than in blood (Figure 1d), causing, additionally, a significant increase in the frequency of
C56bright NK cells (Figure 1e,f).
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Figure 1. Comparison of the contents of lymphocyte subsets in blood (white circles) and ascites (black
circles) from women with advanced EOC. (a) Frequencies of T, NK, NK-T lymphocytes; “others”
include lymphocytes that were negative for the markers used in cytometry, which mostly comprises
B-lymphocytes. (b) Frequencies of CD4 and CD8 T-subsets. (c) Frequencies of T-reg subset. (d) Mean
fluorescence intensity (MFI) of the CD56 molecule on NK lymphocytes. (e) Frequencies of CD56dim

and CD56bright subsets of NK lymphocytes. (f) Ratio of CD56bright/CD56dim. (g) Representative dot
plots and histogram (h) comparing CD56 fluorescence intensity in NK cells from blood and ascites of
women with advanced EOC. Statistical analyses were performed by unpaired two-tailed Student’s
t-test, and p-values (* p < 0.05, ** p < 0.01, *** p < 0.001 and **** p < 0.0001) indicate significant
statistical differences.

Due to the importance of these molecules on the functional modulation of immune
response in tumor environment, ascites and blood of patients were also compared in
relation to the expression of the immune checkpoint inhibitory receptor PD-1 and the
ectonucleotidases CD39 and CD73 on lymphocytes (Figure 2). As a result, frequencies of
NK and T lymphocytes expressing PD-1 were significantly higher in ascites compared with
blood (Figure 2a,b). Similarly, it was found that ascites had significantly higher percentages
of T lymphocytes expressing CD39 molecules than blood of the patients (Figure 2a). Facing
these results, the distribution of PD1 and CD39 molecules was also assessed in CD56bright

and CD56dim NK cell subsets. Thus, the frequencies of CD56dim NK cells expressing
PD1, as well as CD56bright expressing CD39, were significantly higher in ascites than in
blood of the patients (Figure 2c). Ascites and blood of women with advanced EOC were
further compared for the expression of IL-2 and IL-15 cytokine receptors, CD25, CD122 and
CD215 molecules, on NK cells, which were found to be similar in these two compartments
(Figure 3). Likewise, the distribution of CD25, CD122 and CD215 molecules on CD56bright
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and CD56dim NK cells subsets followed the same pattern found for the whole NK cell
population (Supplementary Figure S1).
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Figure 2. Expression of PD1, CD39 and CD73 molecules on CD3 (a) and NK (b) lymphocytes from
blood (white circle) and ascites (black circle) of women with advanced EOC. Expression of PD1 and
CD39 molecules were also assessed in CD56bright ((c). white circles) and CD56dim ((c). grey circles)
subsets of NK lymphocytes from blood and ascites of the patients. Values are presented as percentage
of positive cells and mean. Statistical analyses were performed by unpaired one-tailed Student’s
t-test; * p < 0.05 and *** p = 0.0001 values indicate significant statistical differences.
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Figure 3. Comparison of blood (white circle) and ascites (black circle) of women with advanced EOC
in relation to the expression of CD25 (a), CD122 (b) and CD215 (c) molecules on NK lymphocytes,
which comprise IL-2 and IL-15 receptors. Values are presented as percentage of positive cells
and mean.

3.2. Degranulation of CD56bright and CD56dim NK Lymphocyte Subsets

The functionality of CD56bright and CD56dim NK subsets from ascites and blood
of women with advanced EOC was evaluated by the ability of these lymphocytes to
undergo degranulation when challenged in vitro by standardized target-cells, as well
as after in vitro stimulation with IL-2. Degranulation action in NK lymphocytes elicits
expression of CD107a molecule on cell surface, which can be quantified by flow cytometry.
Figure 4 (and Supplementary Table S1) shows the percentages of CD56bright and CD56dim

NK cells expressing CD107a molecule and compares these two subsets in relation to their
degranulation capacity, as well as responsiveness to stimulation with IL-2. The results
show that the CD56bright NK subset, either from ascites or blood, when stimulated with
IL-2, increased significantly the percentages of cells expressing CD107a molecule than
non-stimulated cells that were just challenged by target cells. In contrast, IL-2 treatment
was not effective in increasing significantly the percentages of NK-expressing CD107a
in CD56dim subset. These results indicate that CD56brigth NK were more responsive to
stimulation with IL-2 than CD56dim NK lymphocytes.

3.3. STAT5 and pS6 Phosphorylation in Lymphocyte

The phosphorylation state of STAT5 and pS6 proteins of NK, T-CD3+ and T-CD8+

lymphocytes from ascites of women with advanced EOC was assessed and compared with
lymphocytes from their own blood to characterize phenotypic modulation of JAK-STAT5
and mTOR-S6 signaling pathways related to the tumor environment. Protein phosphoryla-
tion was evaluated in non-stimulated and stimulated cells from ascites and blood either
with IL-2 or IL-15. Thus, it was initially observed that non-stimulated lymphocytes from
ascites had significantly higher percentages of NK cells with phosphorylated STAT5 protein
than lymphocytes from blood of the patients. Additionally, treatment of the cells with
IL-2 or IL-15 increased significantly phosphorylation of STAT5 in NK, T-CD3+ and T-CD8+

lymphocytes from ascites and blood (Figure 5a–c). In contrast, although the percentages
of NK lymphocytes with phosphorylated pS6 were significantly higher in ascites than in
blood, treatment of the cells with IL-2 or IL-15 did not cause additional phosphorylation
of pS6 in any of the evaluated lymphocyte populations (Figure 5d–f). This observation
was confirmed by the fluorescence intensities of phosphorylated pS6, since it remained
unchanged between cytokine-stimulated and non-stimulated lymphocytes (Figure 5g–i).
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Figure 4. (a) Comparison of degranulation of CD56bright (white circles) and CD56dim (gray circles)
NK lymphocytes from ascites and blood of women with advanced EOC. Degranulation was evaluated
by the expression of the CD107a molecule on NK cells under resting, and after IL-2 stimulation
overnight, while co-incubated (2 h, ratio 1:1) with K562 target cells. Overnight (18 h) stimulation
with rhIL-2 (1000 UI/mL) was conducted in RPMI-1640 medium supplemented with FBS (10%)
and L-glutamine (2 mM). Values are presented as a percentage of positive cells and mean. Resting
NK cells indicates the “background” expression of CD107a on NK lymphocytes in the absence of
target cells K562. (b) Flow cytometry-based analysis of NK cell degranulation. To determine CD107a
expression, NK cells were gated from the whole lymphocyte population, based on their expression of
CD56 molecule and absence of CD3; subsequently, CD56 bright and dim subsets were gated from the
whole NK population. Statistical analyses were performed by ANOVA followed by Tukey’s multiple
comparisons test and p-values (* p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001 on the brackets)
indicate significant statistical differences.
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Figure 5. Comparison of phosphorylation of proteins STAT5 and pS6 in NK (a,d), CD8 (b,e) and
CD3 (c,f) lymphocytes subsets from blood (white circles) and ascites (black circles) of women with
advanced EOC. Protein phosphorylation was evaluated in non-stimulated (n-st) and after stimulation
of blood and ascites cells with IL-2 (100 ng/mL, 30 min) or IL-15 (100 ng/mL, 45 min). Stimulation was
conducted in RPMI-1640 medium supplemented with FBS (10%) and L-glutamine (2 mM). Values are
presented as percentage of positive cells and mean. Statistical analyses were performed by ANOVA
followed by uncorrected Fisher’s LSD multiple comparisons test and p-values (* p < 0.05, ** p < 0.01,
*** p < 0.001 on the brackets) indicate significant statistical differences. Representative histograms
comparing fluorescence intensities of STAT5 or pS6 phosphorylated proteins in NK (g), CD8 (h) and
CD3 (i) lymphocytes from blood (gray) and ascites (white) of women with advanced EOC.

3.4. Soluble Signaling Molecules Profile in Ascites and Blood

The concentrations of soluble signaling molecules IL-2, IL-4, IL-6, IL-10, IL-15, IFN-γ,
tumor necrosis factor (TNF)-α, tumor growth factor (TGF)-β, cancer antigen 125 (CA125)
and VEGF were determined in ascites supernatants and plasma of women with advanced
EOC. Ascites was found to have significantly high amounts of IL-6 and IL-10, while just
traces of these molecules were detected in the plasma (Figure 6). As expected for patients
with advanced EOC, CA125 was elevated in the plasma (2099 ± 1820 U/mL) and its concen-
tration in ascites (29,876 ± 29,167 U/mL) was significantly higher (p < 0.0001), overcoming
plasma in more than ten times. No significant differences were observed between VEGF
concentrations in blood (1161.9 ± 2108.0 pg/mL) and ascites (884.2 ± 1222.6 pg/mL).
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in blood (white circles) and ascites (black circles) of women with advanced EOC. Values are presented
as percentages and mean. Statistical analyses were performed by unpaired two-tailed Student’s t-test,
and p-values (**** p < 0.0001) indicate significant statistical differences.

4. Discussion

In this study, we carried out flow cytometry-based analysis to assess NK and T
lymphocyte subsets in ascites and blood of women with advanced EOC to characterize
lymphocyte phenotypic modulation related to the tumor environment. In this context,
we were particularly successful in assessing the phosphorylation responses of STAT5
and pS6 proteins in NK and T lymphocytes, as well as the functional performance of the
CD56bright and CD56dim NK subsets. Additionally, we confirmed EOC-associated ascites
as an inflammatory environment, further demonstrating altered expression of the PD-1
and CD39 molecules within NK and T lymphocytes.

In contrast to previous reports showing that NK cells are dysfunctional in many
human solid malignancies, including ovarian cancer [51–54], we recently showed that NK
cells from EOC-associated ascites could display either improved or impaired functionality.
Accordingly, we reported that NK cells from ascites positive for EOC cells, i.e., presence of
carcinomatosis as confirmed by cytologic results, displayed poor degranulation responses
and were hyporesponsive to IL-2 stimulation, while NK cells from ascites negative for
the presence of EOC cells displayed robust degranulation and responsiveness to IL-2 [19].
Herein, the results not only confirmed our previous findings, but also revealed important
functional differences between the CD56bright and CD56dim subsets of NK cells in EOC-
associated ascites. Therefore, our present study points out that CD56dim NK cells seem
to be more susceptible to the suppressive mechanisms operating in tumor environment,
while CD56bright cells are more responsive to the stimulatory cytokines and, consequently,
their functional performance can be improved.

As aforementioned, the CD56bright subset of conventional NK cells has conceptually
been categorized as lymphocytes that play a role in modulation of the immune response,
given their cytokine-producing characteristics, array of expressed receptors and low cy-
totoxic capacity [22,55]. Nevertheless, a number of studies have shown that highly cy-
totoxic NK cells can be generated by long-term in vitro culture of isolated NK cells or
PBMCs maintained under continuous treatment with stimulatory cytokines such as IL-2
or IL-15 [56–60]. Interestingly, the cellular products obtained as a result of such a culture
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processes are, frequently, enriched CD56bright NK cell suspensions. Moreover, recent stud-
ies have shown that antitumor cytotoxic response of CD56bright NK cells can be enhanced
by the IL-15 cytokine, not only in vitro but also in vivo. Thus, CD56bright NK cells from
multiple myeloma patients, after being primed through their IL-15 receptor, displayed anti-
tumor responses against autologous blasts in vitro, and controlled leukemia development
in vivo in a murine xenograft model [33]. Additionally, infusion of IL-15 in patients with
cancer expanded CD56bright subset of NK lymphocytes and also elicited their antitumor
cytotoxicity [34].

Nevertheless, the biological implication of the presence of CD56bright NK cells in EOC-
associated ascites was previously explained in terms of an immunomodulatory effect simi-
lar to that occurring in fetal maternal tolerance [61,62]. In this context, Belisle et al. [61,63]
showed that, similar to the decidua in pregnancy, in EOC-associated ascites occur preferen-
tial binding of CA125 to the CD16 surface molecules of CD56dim NK cells, as well as the
accumulation of CD56bright NK cells. Additionally, the CD56bright phenotype is frequently
associated with VEGF-producers immature NK cells, which is consistent with the develop-
ment of a tumor-supportive environment [62,64,65]. Likewise, our results confirmed the
occurrence of large amounts of CD56bright NK cells in EOC-associated ascites. However,
based on the current knowledge that antitumor responses can be elicited in the CD56bright

subset [33,34], and in the results herein reported, we wonder whether accumulation of
CD56bright NK cells in ascites could be used to improve therapies designed to overcome
immunosuppression in the ovarian cancer tumor environment.

Based on our previous findings [19], we hypothesized that the hyporesponsiveness to
IL-2, which we observed in NK cells of certain ascites from women with epithelial ovarian
cancer, could be a consequence of impairment of the IL-2 and IL-15 signaling pathways.
Thus, our goals in the present study included to compare NK cells from blood and ascites
of women with EOC in relation to the expression of IL-2 and IL-15 receptors and JAK-
STAT5 and mTOR-S6 pathways activation. Favorable to the use of NK cells as therapeutic
target in ovarian cancer treatment, our results showed that ascites, as a tumor environment,
did not affect the expression of the CD25, CD122 and CD215 molecules, which comprise the
receptors for IL-2 and IL15 cytokines. Furthermore, our results showed not only activation
of the JAK-STAT5 signaling pathway in NK cells from EOC-associated ascites, but also that
these lymphocytes remained responsive to cytokine treatment. Interestingly, activation
of the JAK-STAT5 signaling pathway in NK cells might have been mediated upon direct
cell contact, considering that IL-2 and IL15 cytokines were not detected in ascites, and in
spite of the large amounts of IL-10 in this tumor environment. Gotthard et al. [39] showed
that IL-10 and other cytokines frequently present in tumor environment affect the JAK-
STAT5 pathway by decreasing the phosphorylation state of STAT5 protein, while enhancing
expression of VEGF of NK cells. Under physiological conditions, this mechanism ensures
tissue-specific properties for uterine NK cells; however, in the tumor environment, such a
mechanism would contribute to angiogenesis and tumor development [39]. Similar to the
STAT5 protein in the JAK-STAT signaling pathway, the phosphorylation state of the pS6
protein has also being used as activation marker of the mTOR signaling pathway [38,40].
Thus, our findings revealed that in vitro treatments of leukocytes from blood or ascites of
women with EOC with IL-2 or IL-15 did not cause additional phosphorylation in pS6 of
NK or T-CD8 lymphocytes. However, the proportion of NK cells displaying activation
of the mTOR signaling pathway were significantly higher in ascites than in blood of
women with EOC. Interestingly, we found low pS6 phosphorylation in NK cells from
blood, which matched the presence of significantly higher concentration of TGF-β in blood
of the patients compared to ascites, and the well-known inhibitory effect of TGF-β on the
mTOR signaling pathway [40,54,66,67].

Finally, our results confirm EOC-associated ascites as an inflammatory tumor environ-
ment characterized by the presence of IL-6 [19,52,68]. However, this inflammatory profile
contrasts with the presence of immunosuppressive elements, such as large amounts of the
suppressor cytokine IL-10. Additionally, phenotypic modulation of lymphocytes in ascites
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indicates development of self-regulating mechanisms, aimed to control an exacerbated
immune response under chronic stimulatory conditions. Accordingly, our results showed
that, in contrast to blood of the patients, ascites accumulated NK and T lymphocytes
expressing PD-1 molecule, which is a hallmark for development of lymphocyte exhaus-
tion processes [69,70]. In addition, the proportion of T lymphocytes expressing CD39
molecule was also significantly larger in ascites than in blood of the patients, which is
implicated in the local development of self-regulating mechanisms based on adenosine
production [44,45].

5. Conclusions

EOC-associated ascites allows studies to investigate lymphocyte phenotype modulation
in the tumor environment, fostering important insights into the mechanisms involved in
immune responses against ovarian cancer, tumor evasion and immunosuppression. In this
context, the inflammatory profile found in EOC-associated ascites contrasts with the presence
of immunosuppressive elements and development of cellular self-regulating mechanisms.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3
390/cells10071702/s1, Figure S1: Expression of CD25, CD122 and CD215 molecules on CD56bright and
CD56dim NK lymphocytes, Table S1: Degranulation of CD56bright and CD56dim NK lymphocytes.
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various subpopulations of cytotoxic cells in blood and ascites from patients with ovarian carcinoma. Contemp. Oncol. Pozn. 2015,
19, 290–299. [CrossRef]

19. Da Silva, R.F.; Yoshida, A.; Cardozo, D.M.; Jales, R.M.; Paust, S.; Derchain, S.; Guimarães, F. Natural Killer Cells Response to IL-2
Stimulation Is Distinct between Ascites with the Presence or Absence of Malignant Cells in Ovarian Cancer Patients. Int. J. Mol.
Sci. 2017, 18, 856. [CrossRef]

20. Artis, D.; Spits, H. The biology of innate lymphoid cells. Nature 2015, 517, 293–301. [CrossRef]
21. Pahl, J.; Cerwenka, A. Tricking the balance: NK cells in anti-cancer immunity. Immunobiology 2017, 222, 11–20. [CrossRef]

[PubMed]
22. Moretta, L.; Pietrab, G.; Vacca, P.; Pende, G.; Moretta, F.; Bertaina, A.; Mingari, M.C.; Locatelli, F.; Moretta, A. Human NK cells:

From surface receptors to clinical applications. Immunol. Lett. 2016, 178, 15–19. [CrossRef] [PubMed]
23. Sathe, P.; Delconte, R.B.; Souza-Fonseca-Guimaraes, F.; Seillet, C.; Chopin, M.; Vandenberg, C.J.; Rankin, L.C.; Mielke, L.A.;

Vikstrom, I.; Kolesnik, T.B.; et al. Innate immunodeficiency following genetic ablation of Mcl1 in natural killer cells. Nat. Commun.
2014, 5, 4539. [CrossRef]

24. Chow, M.T.; Sceneay, J.; Paget, C.; Wong, C.S.; Duret, H.; Tschopp, J.; Moller, A.; Smyth, M.J. NLRP3 suppresses NK cell-mediated
responses to carcinogen-induced tumors and metastases. Cancer Res. 2012, 72, 5721–5732. [CrossRef] [PubMed]

25. Souza-Fonseca-Guimaraes, F. NK cell-based Immunotherapies: Awakening the innate anticâncer response. Discov. Med. 2016, 21,
197–203. [PubMed]

26. Krasnova, Y.; Putz, E.M.; Smyth, M.J.; Souza-Fonseca-Guimaraes, F. Bench to bedside: NK cells and control of metastasis. Clin.
Immunol. 2017, 177, 50–59. [CrossRef] [PubMed]

27. Imai, K.; Matsuyama, S.; Miyake, S.; Suga, K.; Nakachi, K. Natural cytotoxic activity of peripheral-blood lymphocytes and cancer
incidence: An 11-year follow-up study of a general population. Lancet 2000, 356, 1795–1799. [CrossRef]

28. Malmberg, K.J.; Carlsten, M.; Bjorklund, A.; Sohlberg, E.; Bryceson, Y.T.; Ljunggren, H.G. Natural killer cell-mediated immuno-
surveillance of human cancer. Semin. Immunol. 2017, 31, 20–29. [CrossRef]

29. Damelang, T.; Aitken, E.H.; Hasang, W.; Lopez, E.; Killian, M.; Unger, H.W.; Salanti, A.; Shub, A.; McCarthy, E.; Kedzierska,
K.; et al. Antibody mediated activation of natural killer cells in malaria exposed pregnant women. Sci. Rep. 2021, 11, 4130.
[CrossRef]

30. Cooper, M.A.; Fehniger, T.A.; Caligiuri, M.A. The biology of human natural killer-cell subsets. Trends Immunol. 2001, 22, 633–640.
[CrossRef]

31. Fehniger, T.A.; Cooper, M.A.; Nuovo, G.J.; Cella, M.; Facchetti, F.; Colonna, M.; Caligiuri, M.A. CD56bright natural killer cells
are present in human lymph nodes and are activated by T cell-derived IL-2: A potential new link between adaptive and innate
immunity. Blood 2003, 101, 3052–3057. [CrossRef]

http://doi.org/10.1158/0008-5472.CAN-11-3911
http://www.ncbi.nlm.nih.gov/pubmed/22593197
http://doi.org/10.1016/j.ajpath.2015.11.011
http://doi.org/10.1097/PAS.0000000000000615
http://www.ncbi.nlm.nih.gov/pubmed/26900814
http://doi.org/10.1097/PAS.0000000000000693
http://doi.org/10.1093/annonc/mdl499
http://www.ncbi.nlm.nih.gov/pubmed/17298959
http://doi.org/10.3389/fonc.2013.00256
http://www.ncbi.nlm.nih.gov/pubmed/24093089
http://doi.org/10.1007/s00404-018-4952-9
http://www.ncbi.nlm.nih.gov/pubmed/30415435
http://doi.org/10.1038/s41416-020-0875-x
http://www.ncbi.nlm.nih.gov/pubmed/32382112
http://doi.org/10.1016/j.ygyno.2007.02.029
http://doi.org/10.1007/s00262-014-1636-6
http://doi.org/10.5114/wo.2015.54388
http://doi.org/10.3390/ijms18050856
http://doi.org/10.1038/nature14189
http://doi.org/10.1016/j.imbio.2015.07.012
http://www.ncbi.nlm.nih.gov/pubmed/26264743
http://doi.org/10.1016/j.imlet.2016.05.007
http://www.ncbi.nlm.nih.gov/pubmed/27185471
http://doi.org/10.1038/ncomms5539
http://doi.org/10.1158/0008-5472.CAN-12-0509
http://www.ncbi.nlm.nih.gov/pubmed/22986739
http://www.ncbi.nlm.nih.gov/pubmed/27115170
http://doi.org/10.1016/j.clim.2015.10.001
http://www.ncbi.nlm.nih.gov/pubmed/26476139
http://doi.org/10.1016/S0140-6736(00)03231-1
http://doi.org/10.1016/j.smim.2017.08.002
http://doi.org/10.1038/s41598-021-83093-4
http://doi.org/10.1016/S1471-4906(01)02060-9
http://doi.org/10.1182/blood-2002-09-2876


Cells 2021, 10, 1702 16 of 17

32. Ferlazzo, G.; Thomas, D.; Lin, S.L.; Goodman, K.; Morandi, B.; Muller, W.A.; Moretta, A.; Münz, C. The abundant NK cells in
human secondary lymphoid tissues require activation to express killer cell Ig-like receptors and become cytolytic. J. Immunol.
2004, 172, 1455–1462. [CrossRef]

33. Wagner, J.A.; Rosario, M.; Romee, R.; Berrien-Elliott, M.M.; Schneider, S.E.; Leong, J.W.; Sullivan, R.P.; Jewell, B.A.; Becker-Hapak,
M.; Schappe, T.; et al. CD56bright NK cells exhibit potent antitumor responses following IL-15 priming. J Clin Investig. 2017, 127,
4042–4058. [CrossRef]

34. Dubois, S.; Conlon, K.C.; Müller, J.R.; Hsu-Albert, J.; Beltran, N.; Bryant, B.R.; Waldmann, T.A. IL15 Infusion of Cancer Patients
Expands the Subpopulation of Cytotoxic CD56bright NK Cells and Increases NK-Cell Cytokine Release Capabilities. Cancer
Immunol. Res. 2017, 5, 929–938. [CrossRef] [PubMed]

35. Zwirner, N.W.; Domaica, C.I. Cytokine regulation of natural killer cell effector functions. Biofactors 2010, 36, 274–288. [CrossRef]
[PubMed]

36. Huntington, N.D. The unconventional expression of IL-15 and its role in NK cell homeostasis. Immunol. Cell. Biol. 2014, 92,
210–213. [CrossRef]

37. Wang, X.; Zhao, X.Y. Transcription Factors Associated With IL-15 Cytokine Signaling During NK Cell Development. Front.
Immunol. 2021, 12, 610789. [CrossRef] [PubMed]

38. Varker, K.A.; Kondadasula, S.V.; Go, M.R.; Lesinski, G.B.; Ghosh-Berkebile, R.; Lehman, A.; Monk, J.P.; Olencki, T.; Kendra, K.;
Carson, W.E. Multiparametric Flow Cytometric Analysis of Signal Transducer and Activator of Transcription 5 Phosphorylation
in Immune Cell Subsets In vitro and following Interleukin-2 Immunotherapy. Clin. Cancer Res. 2006, 12, 5850–5858. [CrossRef]

39. Gotthardt, D.; Putz, E.M.; Grundschober, E.; Prchal-Murphy, M.; Straka, E.; Kudweis, P.; Heller, G.; Bago-Horvath, Z.; Witalisz-
Siepracka, A.; Cumaraswamy, A.A.; et al. STAT5 is a key regulator in NK cells and acts as a molecular switch from tumor
surveillance to tumor promotion. Cancer Discov. 2016, 6, 414–429. [CrossRef]

40. Viel, S.; Marçais, A.; Guimarães, F.S.F.; Loftus, R.; Rabilloud, J.; Grau, M.; Degouve, S.; Djebali, S.; Sanlaville, A.; Charrier, E.; et al.
TGF-b inhibits the activation and functions of NK cells by repressing the mTOR pathway. Sci. Signal. 2016, 9, ra19. [CrossRef]

41. Carlsten, M.; Norell, H.; Bryceson, Y.T.; Poschke, I.; Schedvins, K.; Ljunggren, H.G.; Kiessling, R.; Malmberg, K.-J. Primary human
tumor cells expressing CD155 impair tumor targeting by down-regulating DNAM-1 on NK cells. J Immunol. 2009, 183, 4921–4930.
[CrossRef]

42. Pesce, S.; Tabellini, G.; Cantoni, C.; Patrizi, O.; Coltrini, D.; Rampinelli, F.; Matta, J.; Vivier, E.; Moretta, A.; Parolini, S.; et al.
B7-H6-mediated downregulation of NKp30 in NK cells contributes to ovarian carcinoma immune escape. Oncoimmunology 2015,
4, e1001224. [CrossRef] [PubMed]

43. Felder, M.; Kapur, A.; Gonzalez-Bosquet, J.; Horibata, S.; Heintz, J.; Albrecht, R.; Fass, L.; Kaur, J.; Hu, K.; Shojaei, H.; et al.
MUC16(CA125): Tumor biomarker to cancer therapy, a work in progress. Mol. Cancer 2014, 13, 129–143. [CrossRef] [PubMed]

44. Young, A.; Mittal, D.; Stagg, J.; Smyth, M.J. Targeting cancer-derived adenosine: New therapeutic approaches. Cancer Discov.
2014, 4, 879–888. [CrossRef]

45. Häusler, S.F.M.; del Barrio, I.M.B.; Strohschein, J.; Chandran, A.P.; Engel, J.B.; Hönig, A.; Ossadnik, M.; Horn, E.; Fischer, B.;
Krockenberger, M.; et al. Ectonucleotidases CD39 and CD73 on OvCA cells are potent adenosine-generating enzymes responsible
for adenosine receptor 2A-dependent suppression of T cell function and NK cell cytotoxicity. Cancer Immunol. Immunother. 2011,
60, 1405–1418. [CrossRef]

46. Da Silva, R.F.; Cardozo, D.M.; Rodrigues, G.O.L.; Souza-Araújo, C.N.; Migita, M.A.; de Angelo Andrade, L.A.L.; Derchain, S.;
Yunes, J.A.; Guimarães, F. CAISMOV24, a new human low-grade serous ovarian carcinoma cell line. BMC Cancer 2017, 17, 1–12.
[CrossRef]

47. Abiko, K.; Mandai, M.; Hamanishi, J.; Yoshioka, Y.; Matsumura, N.; Baba, T.; Yamaguchi, K.; Murakami, R.; Yamamoto, A.;
Kharma, B.; et al. PD-L1 on Tumor Cells Is Induced in Ascites and Promotes Peritoneal Dissemination of Ovarian Cancer through
CTL Dysfunction. Clin. Cancer Res. 2013, 19, 1363–1374. [CrossRef]

48. De Felice, F.; Marchetti, C.; Palaia, I.; Musio, D.; Muzii, L.; Tombolini, V.; Panici, P.B. Immunotherapy of ovarian cancer: The role
of checkpoint inhibitors. J. Immunol. Res. 2015, 191832. [CrossRef]

49. Wan, C.; Keany, M.P.; Dong, H.; Al-Alem, L.F.; Pandya, U.M.; Lazo, S.; Boehnke, K.; Lynch, K.N.; Xu, R.; Zarrella, D.T.; et al.
Enhanced Efficacy of Simultaneous PD-1 and PD-L1 Immune Checkpoint Blockade in High-Grade Serous Ovarian Cancer. Cancer
Res. 2021, 81, 158–173. [CrossRef]

50. Bryceson, Y.T.; Fauriat, C.; Nunes, J.M.; Wood, S.M.; Björkström, N.K.; Long, E.O.; Ljunggren, H.G. Functionalanalysis of human
NK cells by flow cytometry. Methods Mol. Biol. 2010, 612, 335–352.

51. Yigit, R.; Massuger, L.F.A.G.; Figdor, C.G.; Torensma, R. Ovarian cancer creates a suppressive microenvironment to escape
immune elimination. Gynecol. Oncol. 2010, 117, 366–372. [CrossRef] [PubMed]

52. Knutson, K.L.; Karyampudi, L.; Lamichhane, P.; Preston, C. Targeted immune therapy of ovarian cancer. Cancer Metastasis Rev.
2015, 234, 53–74. [CrossRef]

53. Pandey, V.; Oyer, J.L.; Igarashi, R.Y.; Gitto, S.B.; Copik, A.J.; Altomare, D.A. Anti-ovarian tumor response of donor peripheral
blood mononuclear cells is due to infiltrating cytotoxic NK cells. Oncotarget 2016, 7, 7318–7328. [CrossRef]

54. Riggan, L.; Shah, S.; O’Sullivan, T.E. Arrested development: Suppression of NK cell function in the tumor microenvironment.
Clin. Transl. Immunol. 2021, 10, e1238. [CrossRef]

http://doi.org/10.4049/jimmunol.172.3.1455
http://doi.org/10.1172/JCI90387
http://doi.org/10.1158/2326-6066.CIR-17-0279
http://www.ncbi.nlm.nih.gov/pubmed/28842470
http://doi.org/10.1002/biof.107
http://www.ncbi.nlm.nih.gov/pubmed/20623510
http://doi.org/10.1038/icb.2014.1
http://doi.org/10.3389/fimmu.2021.610789
http://www.ncbi.nlm.nih.gov/pubmed/33815365
http://doi.org/10.1158/1078-0432.CCR-06-1159
http://doi.org/10.1158/2159-8290.CD-15-0732
http://doi.org/10.1126/scisignal.aad1884
http://doi.org/10.4049/jimmunol.0901226
http://doi.org/10.1080/2162402X.2014.1001224
http://www.ncbi.nlm.nih.gov/pubmed/26137398
http://doi.org/10.1186/1476-4598-13-129
http://www.ncbi.nlm.nih.gov/pubmed/24886523
http://doi.org/10.1158/2159-8290.CD-14-0341
http://doi.org/10.1007/s00262-011-1040-4
http://doi.org/10.1186/s12885-017-3716-4
http://doi.org/10.1158/1078-0432.CCR-12-2199
http://doi.org/10.1155/2015/191832
http://doi.org/10.1158/0008-5472.CAN-20-1674
http://doi.org/10.1016/j.ygyno.2010.01.019
http://www.ncbi.nlm.nih.gov/pubmed/20144842
http://doi.org/10.1007/s10555-014-9540-2
http://doi.org/10.18632/oncotarget.6939
http://doi.org/10.1002/cti2.1238


Cells 2021, 10, 1702 17 of 17

55. Michel, T.; Poli, A.; Cuapio, A.; Briquemont, B.; Iserentant, G.; Ollert, M.; Zimmer, J. Human CD56bright NK Cells: An Update. J.
Immunol. 2016, 196, 2923–2931. [CrossRef] [PubMed]

56. Carlens, S.; Gilljam, M.; Chambers, B.J.; Aschan, J.; Guven, H.; Ljunggren, H.; Christensson, B.; Dilber, M.S. A new method for
in vitro expansion of cytotoxic human CD3-CD56+ natural killer cells. Hum. Immunol. 2001, 62, 1092–1098. [CrossRef]

57. Guven, H.; Gilljam, M.; Chambers, B.J.; Ljunggren, H.G.; Christensson, B.; Kimby, E.; Dilber, M.S. Expansion of natural killer (NK)
and natural killer like T (NKT)-cell populations derived from patients with B-chronic lymphocytic leukemia (B-CLL): A potential
source for cellular immunotherapy. Leukemia 2003, 17, 1973–1980. [CrossRef]

58. Alves, P.C.M.; de Angelo, L.A.L.; Petta, C.A.; Lorand-Metze, I.; Derchain, S.F.; Guimarães, F. Ex vivo Expansion of CD56+ NK and
NKT-like Lymphocytes from Peripheral Blood Mononuclear Cells of Patients with Ovarian Neoplasia Scandinavian. J. Immunol.
2011, 74, 244–252. [CrossRef]

59. Suck, G.; Oei, V.Y.S.; Linn, Y.C.; Ho, S.H.; Chu, S.; Choong, A.; Niam, M.; Koh, M.B.C. Interleukin-15 supports generation of
highly potent clinical-grade natural killer cells in long-term cultures for targeting hematological malignancies. Exp. Hematol.
2011, 39, 904–914. [CrossRef]

60. Da Silva, R.F.; Petta, C.A.; Derchain, S.F.; Alici, E.; Guimarães, F. Up-regulation of DNAM-1 and NKp30, associated with
improvement of NK cells activation after long-term culture of mononuclear cells from patients with ovarian neoplasia. Hum.
Immunol. 2014, 75, 777–784. [CrossRef]

61. Hanna, J.; Goldman-Wohl, D.; Hamani, Y.; Avraham, I.; Greenfield, C.; Natanson-Yaron, S.; Prus, D.; Cohen-Daniel, L.; Arnon, T.I.;
Manaster, I.; et al. Decidual NK cells regulate key developmental processes at the human fetal-maternal interface. Nat. Med. 2006,
12, 1065–1074. [CrossRef]

62. Cerdeira, A.S.; Rajakumar, A.; Royle, C.M.; Lo, A.; Husain, Z.; Thadhani, R.I.; Sukhatme, V.P.; Karumanchi, S.A.; Kopcow, H.D.
Conversion of peripheral blood NK cells to a decidual NK-like phenotype by a cocktail of defined factors. J. Immunol. 2013, 190,
3939–3948. [CrossRef]

63. Belisle, J.A.; Gubbels, J.A.A.; Raphael, C.A.; Migneault, M.; Rancourt, C.; Connor, J.P.; Patankar, M.S. Peritoneal natural killer cells
from epithelial ovarian cancer patients show an altered phenotype and bind to the tumour marker MUC16 (CA125). Immunology
2007, 122, 418–429. [CrossRef]

64. Bruno, A.; Focaccetti, C.; Pagani, A.; Imperatori, A.S.; Spagnoletti, M.; Rotolo, N.; Cantelmo, A.R.; Franzi, F.; Capella, C.; Ferlazzo,
G.; et al. The proangiogenic phenotype of natural killer cells in patients with non-small cell lung cancer. Neoplasia 2013, 15,
133–142. [CrossRef]

65. Levi, I.; Amsalem, H.; Nissan, A.; Darash-Yahana, M.; Peretz, T.; Mandelboim, O.; Rachmilewitz, J. Characterization of tumor infi
ltrating natural killer cell subset. Oncotarget 2015, 6, 13835–13843. [CrossRef] [PubMed]

66. Ghiringhelli, F.; Ménard, C.; Terme, M.; Flament, C.; Taieb, J.; Chaput, N.; Puig, P.E.; Novault, S.; Escudier, B.; Vivier, E.
CD4+CD25+ regulatory T cells inhibit natural killer cell functions in a transforming growth factor-B-dependent manner. J. Exp.
Med. 2005, 202, 1075–1085. [CrossRef] [PubMed]

67. Smyth, M.J.; Teng, M.W.; Swann, J.; Kyparissoudis, K.; Godfrey, D.I.; Hayakawa, Y. CD4+CD25+ T regulatory cells suppress NK
cell-mediated immunotherapy of cancer. J. Immunol. 2006, 176, 1582–1587. [CrossRef] [PubMed]

68. Kulbe, H.; Thompson, R.; Wilson, J.L.; Robinson, S.; Hagemann, T.; Fatah, R.; Gould, D.; Ayhan, A.; Balkwill, F. The inflammatory
cytokine tumor necrosis factor-alpha generates an autocrine tumor-promoting network in epithelial ovarian cancer cells. Cancer
Res. 2007, 67, 585–592. [CrossRef]

69. Beldi-Ferchiou, A. PD-1 mediates functional exhaustion of activated NK cells in patients with Kaposi sarcoma. Oncotarget 2016, 7,
72961–72977. [CrossRef]

70. Alvarez, M.; Simonetta, F.; Baker, J.; Morrison, A.R.; Wenokur, A.S.; Pierini, A.; Berraondo, P.; Negrin, R.S. Indirect Impact of
PD-1/PD-L1 Blockade on a Murine Model of NK Cell Exhaustion. Front. Immunol. 2020, 11. [CrossRef]

http://doi.org/10.4049/jimmunol.1502570
http://www.ncbi.nlm.nih.gov/pubmed/26994304
http://doi.org/10.1016/S0198-8859(01)00313-5
http://doi.org/10.1038/sj.leu.2403083
http://doi.org/10.1111/j.1365-3083.2011.02576.x
http://doi.org/10.1016/j.exphem.2011.06.003
http://doi.org/10.1016/j.humimm.2014.05.010
http://doi.org/10.1038/nm1452
http://doi.org/10.4049/jimmunol.1202582
http://doi.org/10.1111/j.1365-2567.2007.02660.x
http://doi.org/10.1593/neo.121758
http://doi.org/10.18632/oncotarget.3453
http://www.ncbi.nlm.nih.gov/pubmed/26079948
http://doi.org/10.1084/jem.20051511
http://www.ncbi.nlm.nih.gov/pubmed/16230475
http://doi.org/10.4049/jimmunol.176.3.1582
http://www.ncbi.nlm.nih.gov/pubmed/16424187
http://doi.org/10.1158/0008-5472.CAN-06-2941
http://doi.org/10.18632/oncotarget.12150
http://doi.org/10.3389/fimmu.2020.00007

	Introduction 
	Material and Methods 
	Patients and Samples 
	K562 Cell Line Target Cells 
	Monoclonal Antibodies, Panels, General Staining Procedure and Acquisition 
	NK Cell Degranulation Assay and IL-2/IL-15 Receptors Phenotyping 
	PSTAT5 and pS6 Phosphorylation Assay 
	Cytokines Assay 
	TGF-, VEGF and CA125 Assays 
	Statistical Analysis 

	Results 
	Phenotypic Modulation of NK and T Lymphocytes 
	Degranulation of CD56bright and CD56dim NK Lymphocyte Subsets 
	STAT5 and pS6 Phosphorylation in Lymphocyte 
	Soluble Signaling Molecules Profile in Ascites and Blood 

	Discussion 
	Conclusions 
	References

