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Ascites is a prominent feature of ovarian cancer and could serve as liquid biopsy to
assess the immune status of patients. Tumor-infiltrating T lymphocytes are correlated
with improved survival in ovarian cancer. To investigate whether immune cells in
ascites are associated with patient outcome, we analyzed the amount of dendritic
cell (DC) and T cell subsets in ascites from ovarian cancer patients diagnosed with
high-grade serous cancer (HGSC). Ascites was collected from 62 HGSC patients prior
to chemotherapy. Clinicopathological, histological and follow-up data from patients
were collected. Ascites-derived immune cells were isolated using density-gradient
centrifugation. The presence of myeloid DCs (BDCA-1+ , BDCA-3+ , CD16+ ), pDCs
(CD123+ BDCA-2+ ), and T cells (CD4+ , CD8+ ) was analyzed using flow cytometry.
Complete cytoreduction, response to primary treatment and chemosensitivity were
associated with improved patient outcome. In contrast, immune cells in ascites did
not significantly correlate with patient survival. However, we observed a trend toward
improved outcome for patients having low percentages of CD4+ T cells. Furthermore,
we assessed the expression of co-stimulatory and co-inhibitory molecules on T cells and
non-immune cells in 10 ascites samples. PD-1 was expressed by 30% of ascites-derived
T cells and PD-L1 by 50% of non-immune cells. However, the percentage of DC and
T cell subsets in ascites was not directly correlated to the survival of HGSC patients.
Keywords: ovarian cancer, ascites, immune environment, dendritic cells, T cells

INTRODUCTION
The majority of patients with epithelial ovarian cancer is diagnosed with advanced stage highgrade serous cancer (HGSC), with a poor 5-year overall survival rate of just 25% (1, 2). Standard
treatment consists of cytoreductive surgery and platinum-based chemotherapy (3). Despite good
initial response rates, about 70% of the patients relapse within 18 months (3–5). Unfortunately,
over the last 30 years no significant improvement in survival is seen and, therefore, new treatment
options are needed (6).
Ovarian cancer is an immunogenic disease and the tumor microenvironment is infiltrated by
various immune cells that influence tumor progression and metastasis. The best studied immune
cell type in solid tumors are T cells. CD8+ cytotoxic T cells kill tumor cells when they recognize
an antigen that is presented by MHC class I. In ovarian cancer, tumor-infiltrating CD3+ and, more
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precisely, CD8+ T cells are associated with improved overall
survival in advanced stage HGSC, as are high CD8/CD4 ratios
(7–9).
In addition to T cells, DCs have been identified to infiltrate
tumor tissue (10). DCs sample antigens and display them in an
MHC-dependent context to T cells in the lymph node in order
to initiate a potent anti-tumor T cell response. In blood, two
main DC subsets exist that can be divided into myeloid DCs
(mDCs) and plasmacytoid DCs (pDCs). Based on the expression
of surface markers, mDCs can be further subdivided into BDCA1+ and BDCA-3+ mDCs (11). There is much debate about
the existence of a third, CD16 expressing mDC subset (12–14).
Each DC subset has its own characteristics and function. Hence,
the DCs present in the tumor microenvironment determine the
nature of the generated T cell response (15). Tumor infiltrating
DCs have been identified in many cancer types (16), but their
correlation with patient outcome is unclear.
The tumor-suppressive microenvironment in ovarian cancer
inhibits the function of effector T cells. Tumor cells downregulate MHC molecules to escape detection by T cells (17).
These tumor cells should be recognized and eliminated by
natural killer (NK) cells (18). However, in ovarian cancer,
NK cells are enriched for the less cytotoxic CD56bright CD16−
phenotype (19). In general, the link between infiltration of
NK cells and patient survival is not yet clear. Furthermore,
tumor cells attract and expand immunosuppressive cells, such
as M2 macrophages and regulatory T cells (TRegs ) (20).
Depending on their activation, macrophages can acquire a M1
(classical activation) or M2 (alternative activation) phenotype.
Whereas M1 macrophages exert anti-tumorigenic functions, M2
macrophages promote tumor progression (21). Therefore, a high
M1/M2 ratio is associated with improved patient survival in
ovarian cancer. In contrast, a higher density of M2 macrophages
correlated with worse outcome (22). TRegs inhibit the function
of CD8+ T cells via cell-cell contact dependent mechanisms
and by secreting inhibitory cytokines, such as IL-10, thereby
limiting their tumor killing capacity (20). Tumor-infiltrating
TRegs are associated with worse patient outcome (23). The
immunosuppressive tumor microenvironment also promotes the
accumulation of immature DCs, which can induce tolerance
and expand the TReg pool (24). Thus, boosting the pre-existing
anti-tumor immune response by immunotherapy to overcome
the immunosuppressive mechanisms should be a promising
treatment strategy for ovarian cancer patients.
Immune infiltration into tumor tissue at baseline is an
important predictor for patient’s response to immunotherapy
(25, 26). Acquisition of tumor material can only be achieved
by invasive procedures. A prominent feature of advanced stage
HGSC is fluid accumulation (ascites) within the peritoneal cavity.
Ascites contains immune cells, such as macrophages, monocytes,
granulocytes, and lymphocytes and could be seen as a reflection
of the tumor microenvironment. The fluid can be obtained by
drainage, which is an easier and safer procedure. Therefore,
ascites could serve as liquid biopsy to assess the immune status
of ovarian cancer patients (27, 28). However, so far it remains
unclear whether immune cells in ascites can be correlated to
clinical patient outcome. To investigate whether the different DC
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subsets correlate to T cell subsets, and whether these immune
cells can be linked to patient survival and clinical characteristics,
we analyzed the ascites of 62 HGSC patients.

METHODS
Patient Material
This study was carried out in accordance with the
recommendations of the “Dutch Code of Conduct for
Responsible Use of Human Tissue,” established by the
Federation of Dutch Medical Scientific Societies (Federa).
Ascites is considered as waste material and, therefore, no written
informed consent is needed. The protocol was approved by
the “Commissie Mensgebonden Onderzoek” (CMO ArnhemNijmegen). Guidelines and regulations of the Radboudumc
for collection of human material were followed. Ascites was
collected from stage III or IV high-grade serous ovarian
cancer patients before start of the treatment. The outcome
of the cytoreductive surgery was defined as complete (no
macroscopically visible residual tumor), optimal (residual tumor
foci ≤1 cm) or suboptimal (residual tumor foci >1 cm). Staging
was based on the International Federation of Gynecology and
Obstetrics (FIGO) staging system. Data on adjuvant treatment,
CA-125 serum levels, recurrence and last date of follow-up were
collected. A good response to primary treatment was defined by a
normalized serum CA-125 level, a normal physical examination
and, if performed, a CT scan without evidence of recurrence.
Patients with recurrence within 6 months after completion of
chemotherapy were classified as having chemoresistant tumors.
Progression-free survival (PFS) was defined as period of time
(months) between last course of chemotherapy and recurrence.
Overall survival (OS) was defined as the period of time (months)
between the last course of chemotherapy and death or date of
last follow-up.

Isolation of Immune Cells From Ascites
Immune cells were isolated as described elsewhere (29). In
brief, ascites was filtered over a 100 µm cell strainer (352360,
Corning, Falcon R ) and centrifuged for 15 min at 1,500 rpm
and 4◦ C. The cell pellet was resuspended in phosphate buffered
saline (PBS). Mononuclear cells were isolated using gradient
centrifugation with LymphoprepTM (1114544, Axis-Shield).
Isolated immune cells were cryopreserved in a dimethyl
sulfoxide (DMSO, 06800001, WAK-Chemie)-containing
medium.

Flow Cytometry
Ascites-derived mononuclear cells were blocked for 10 min
with 50 µl PBA/2% FcR blocking reagent (130-090-532,
Miltenyi). Subsequently, cells were incubated for 30 min with
directly conjugated antibodies. The cells were washed with
PBA and analyzed. Different panels were used for immune cell
phenotyping. T cells were identified using antibodies against
CD3, CD4, and CD8. mDCs were identified using antibodies
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against CD45, CD14, CD16, CD19, BDCA-1 (CD1c), and BDCA3 (CD141). For pDCs, antibodies against CD123 and BDCA2 (CD303) were used. Immune checkpoint expression was
analyzed on CD3+ T cells and CD45- cells.

TABLE 1 | Clinicopathological characteristics of high-grade serous ovarian cancer
patients.
N (62)

%

64

(42–80)

III

52

84

IV

10

16

Median age (range)

Antibodies

FIGO STAGE

The following antibodies were used: CD3-FITC (1:25, 555339,
BD Pharmingen), CD3-BV510 (1:25, 563083, BD), CD4-APCCy7 (1:20, 300518, BioLegend), CD8-PerCP (1:20, 345774, BD),
CD14-APC-Cy7 (1:20, 557831, BD Pharmingen), CD16-PE-Cy7
(1:200, 335823, BD), CD19-PerCP (1:2.5, 345778, BD), CD40PE (1:10, IM19360U, Beckman), CD40-L-PE (1:10, IM2216U,
Beckman), CD45-V450 (1:50, 560367, BD), CD45-FITC (1:10,
130-080-202, Miltenyi Biotec), CD80-PE-Cy7 (1:50, 561135,
BD), CD86-PE (1:10, 555658, BD) CD123-FITC (1:10, 130-090897, Miltenyi Biotec), BDCA-1-PE (1:10, 130-090-508, Miltenyi
Biotec), BDCA-2-APC (1:10, 130-090-905, Miltenyi Biotec),
BDCA-3-APC (1:10, 130-090-907, Miltenyi Biotec), CTLA-4-PE
(1:5, 555853, BD), HLA-DR-BV510 (1:25, 563083, BD), ICOSPerCP-Cy5.5 (1:10, 562833, BD), ICOS-L-PerCP (1:5, FAB165C,
R&D Systems), PD-1-PerCP-Cy5.5 (1:10, 561273, BD), PD-L1PE-Cy7 (1:10, 558017, BD).

SURGERY
Primary cytoreduction

22

35

Secondary cytoreduction

39

63

No cytoreduction

1

2

OUTCOME SURGERY
Complete

26

42

Optimal (≤1 cm)

28

46

Suboptimal (>1 cm)

7

12

Taxol/Platinum

56

90

Non-taxol

5

8

No chemotherapy

1

2

Responder

38

63

Statistical Analysis

Non-responder

22

37

Comparisons between DC and T cell subsets were made using
Pearson’s r-test on Log-transformed data. The Mann-Whitney
U-test was used for comparisons between clinicopathological
characteristics and DC and T cell subset percentages.
Correlations between immune cell populations and clinical
characteristics were done using univariate Cox regression
analysis. Correlations between immune cell populations and
survival were analyzed using Cox regression and Kaplan-Meier
survival curves (log-rank test). All p-values were considered
significant when p < 0.05. SPSS 22.0 software was used for
statistical analyses.

IGO, Fédération Internationale de Gynécologie Obstétrique.

CHEMOTHERAPY

RESPONSE TO PRIMARY TREATMENT

patients. Median PFS and OS was 7 months (range 0–95) and 21
months (range 1–99), respectively.

mDCs, pDCs, and T Cells Are Present in
Ascites
DC and T cell subsets in ascites were analyzed using flow
cytometry. Due to limited cell numbers in some samples,
mDCs were measured in 56 samples and pDCs and T cells in
62 ascites samples. BDCA-1+ , BDCA-3+ , and CD16+ mDCs
were analyzed in the CD45+ CD14− cell population (Table 2,
Figure 1A). pDCs were identified by co-expression of CD123
and BDCA-2 (Figure 1B). BDCA-1+ and BDCA-3+ mDCs
were detected in 91% (51/56) and 96% (54/56) of ascites
samples, respectively. CD16+ mDCs and pDCs were present
in 100% (56/56 and 62/62) of patient samples. The median
percentage of the different DC subsets in ascites was 1.8%
for BDCA-1+ mDCs (range 0.0–21.2%), 0.9% for BDCA-3+
mDCs (range 0.0–4.9%), 2.8% for CD16+ mDCs (range 0.4–
21.4%), and 2.1% for pDCs (range 0.1–8.8%) (Figure 1D). T
cells were detected in 100% (62/62) of ascites samples. The
median percentage of T cell subsets in the CD3+ cell population
was 45.5% for CD4+ T cells (range 2.0–78.0%), containing
T helper cells and TRegs , and 33.0% for CD8+ cytotoxic T
cells (range 1.0–65.0%) (Figures 1C,E). The correlation between
DC and T cell subsets was investigated by calculating the
Pearson correlation coefficient. There was no correlation between
BDCA-1+ , BDCA-3+ , and CD16+ mDCs and the different
T cell subsets. In contrast, percentages of pDCs positively
correlated with higher percentages of CD4+ T cells (r = 0.348,
p = 0.048).

RESULTS
Patient Characteristics
Ascites from 62 ovarian cancer patients was collected prior to any
chemotherapy treatment via ascites drainage or during primary
surgery (Table 1). All patients were diagnosed with HGSC. Out
of 62 patients, 52 were diagnosed with FIGO stage III and 10 with
stage IV disease. The median age at diagnosis was 64 years (range
42–80 years). One patient was treated with chemotherapy only
and one patient underwent cytoreductive surgery only. Twenty
two patients underwent a primary debulking, followed by six
courses of adjuvant chemotherapy. The remaining 39 patients
received three courses of neo-adjuvant chemotherapy, followed
by interval debulking and another three courses of adjuvant
chemotherapy. Complete or optimal (≤1 cm residual tumor foci)
cytoreduction was achieved in 26 and 28 patients, respectively,
whereas 7 patients had a suboptimal (>1 cm residual tumor
foci) debulking. The majority of patients received combination
chemotherapy, consisting of taxol and platinum (cisplatin,
carboplatin), and six patients received carboplatin monotherapy.
A good response to primary treatment was observed in 38
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TABLE 2 | Markers used for the identification of mDCs, pDCs and T cells by flowcytometry.
Cell type

Markers

Function

BDCA-1+ mDCs

CD45+ CD14− BDCA-1+

Directing polarization of CD4+ T helper cells to Th1, Th2 or Th17 phenotype

BDCA-3+ mDCs

CD45+ CD14− BDCA-3+

Polarization of CD4+ T helper cells to Th1 phenotype; Cross-presentation of antigens
to CD8+ T cells

CD16+ mDCs

CD45+ CD14− CD16+

Antibody dependent cellular cytotoxicity;

pDCs

CD123+ BDCA-2+

Secretion of type I interferons; induction of T regulatory cells

CD4+ T cells

CD3+ CD4+

CD4+ T helper cells aid to initiate a proper immune response; CD4+ T regulatory
cells dampen the immune response

CD8+ T cells

CD3+ CD8+

Cytotoxic T cells; kill infected or cancerous cells

FIGURE 1 | T cell and DC subsets in ascites. DC en T cells subsets were measured in ascites of 62 high-grade serous ovarian cancer patients using flowcytometry.
(A) Gating strategy for myeloid dendritic cells. Lymphocytes were excluded based on FSC/SSC. BDCA-1+ , BDCA-3+ , and CD16+ mDCs were gated in the
CD45+ CD14− cell population. (B) pDCs were identified based on co-expression of BDCA-2 and CD123. (C) T cell gating strategy. CD4+ and CD8+ T cells were
gated in the CD3+ lymphocyte population. (D) Percentage of DC subsets in ascites. (E) Percentage of T cells in ascites. Red line indicates mean.

Trend Toward Improved PFS and OS for
Patients With High Percentages of CD16+
mDCs and Low Percentages of CD4+ T
Cells

PFS and OS Are Independent of the
Percentage of DC and T Cell Subsets in
Ascites
We did not find a significant difference in the percentage
of DC and T cell subsets between complete vs. incomplete
cytoreduction,
responders
vs.
non-responders,
and
chemosensitive vs. chemoresistant tumors (Table S1). Clinical
characteristics significantly correlated with patient outcome.
Patients with complete cytoreduction, a good response to
primary treatment and chemo sensitive primary tumors had
improved PFS (Figure 2A) and OS (Figure 3A, Table S2).
Furthermore, based on the median, patients were stratified
as having low or high percentages of immune cells. There
was no significant difference in PFS (Figures 2B,C) and OS
(Figures 3B,C) for patients with low or high percentages of DC
and T cell subsets in ascites, although we observed a trend toward
improved PFS and OS for patients having low percentages of
CD4+ T cells in ascites.
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Even though the percentage of DC and T cell subsets did not
significantly correlate with patient outcome, long PFS and OS
were more likely to occur in patients with a low percentage
of CD4+ T cells and a high percentage of CD16+ mDCs
(Table S3). For patients with a low percentage of CD4+ T cells,
the PFS rate at 18 months was 30.0% and the OS rate at 60
months was 17.0%, in contrast to 13.0 and 7.0%, respectively, for
patients with a high percentage of CD4+ T cells. Furthermore,
26.0% of patients with a high percentage of CD16+ mDCs
were free of recurrence after 18 months and 19.0% alive at 60
months, whereas the probability of PFS and OS for patients
with a low percentage of CD16+ mDCs was 19.0 and 7.0%,
respectively.
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FIGURE 2 | Kaplan-Meier curves for progression-free survival of HGSC patients. (A) Progression-free survival curves for clinical characteristics. (B) Progression-free
survival for patients stratified as having low or high percentages of immune cells in ascites. Cut-off values based on median. BDCA-1: 1.8%; BDCA-3: 0.9%; CD16:
2.8%; pDC: 2.1%; CD4: 45.5%; CD8: 33.0%; (C) Progression-free survival for patients stratified as having low or high CD4/CD8 ratios. Cut-off at 1.3, based on
population median. P-values for significant differences are given. P-values < 0.05 were considered significant.
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FIGURE 3 | Kaplan-Meier curves for overall survival of HGSC patients. (A) Overall survival curves for clinical characteristics. (B) Overall survival for patients stratified as
having low or high percentages of immune cells in ascites. Cut-off values based on median. BDCA-1: 1.8%; BDCA-3: 0.9%; CD16: 2.8%; pDC: 2.1%; CD4: 45.5%;
CD8: 33.0%; (C) Overall survival for patients stratified as having low or high CD4/CD8 ratios. Cut-off at 1.3, based on population median. P-values for significant
differences are given. P-values < 0.05 were considered significant.
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FIGURE 4 | Expression of MHC, co-stimulatory and co-inhibitory molecules on CD3+ T cells and non-immune cells in ascites. Flow cytometry gating of immune
checkpoint and MHC on (A) CD3+ positive cells and (C) CD45− cells. Gray line represents control; black line represents CD3+ T cells or CD45− cells. (B) CD3+ T
cells and (D) CD45− cells positive for co-stimulatory, co-inhibitory, and MHC molecules. Red lines indicate mean.

Ascites-Derived T Cells Are Positive for the
Inhibitory Checkpoint PD-1

CD80, whereas CD86 is only expressed by 5.4%. The ligand for
the ICOS receptor, ICOS-L, was present on 3.8% of non-immune
cells. CD40, which binds to CD40L, was detected on 22.4.0% and
HLA-ABC, important for antigen presentation to CD8+ T cells,
was detected on 44.1% of CD45− cells. On average, 48.8% of nonimmune cells were positive for the ligand for the co-inhibitory
molecule PD-1, PD-L1, ranging from 9.1 to 72.3%.

Since the percentage of CD4+ and CD8+ T cells was not
directly correlated to clinical characteristics of HGSC patients,
we investigated the activation status of ascites-derived T
cells. The expression of immune checkpoint markers was
investigated in 10 ascites samples, being 6 responders and
4 non-responders, of which enough cells were available for
further analysis. Checkpoint marker expression was analyzed on
CD3+ T cells (Figures 4A,B) and on the CD45− cell population
(Figures 4C,D).
The co-stimulatory molecule CD28 was detected on 81.6% of
T cells, whereas CD40L and ICOS were expressed on a minority
of cells, 4.8 and 8.1%, respectively. About 21.4% of the T cells were
positive for the activation marker HLA-DR. The co-inhibitory
molecule CTLA-4 was barely present on T cells. In contrast, the
mean of PD-1 expressing cells was 30.7%, ranging from 14 to
51.5% in the ascites samples.
We also analyzed the expression of the corresponding ligands
and receptors on the CD45− cell population in ascites. The
co-stimulatory molecule CD28 competes with the co-inhibitory
molecule CTLA-4 for binding to CD80 and CD86. About 32.0%
of non-immune cells expressed the co-stimulatory molecule

Frontiers in Immunology | www.frontiersin.org

DISCUSSION
The aim of this study was to investigate whether the main DC and
T cell subsets in ascites are correlated to clinical characteristics or
patient outcome. We detected DCs and T cells in a majority of
ascites samples. However, survival of ovarian cancer patients was
largely independent of the amount of these cells in ascites.
DC subsets were analyzed in the CD45+ CD14− cell
population. The rationale to study DCs is that each subset
has its own characteristics and functions. Whereas, BDCA-1+
mDCs direct the polarization of CD4+ T helper cells, BDCA3+ DCs are potent at cross-presenting antigens to CD8+ T
cells and, therefore, have an important role in inducing T
cell responses against tumor cells (11). There is much debate
about whether CD16+ mDCs are actual DCs or non-classical
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in contrast to our own findings. For example, Giuntoli et al.
showed that the ratio of CD4/CD8 T cells in ovarian cancer
ascites is correlated to patient outcome. They demonstrated that
patients with low CD4/8 ratios had improved survival (39), a
finding we could not confirm. In contrast, Lieber et al. found
no correlation of CD4+ or CD8+ T cells with patient outcome,
but identified memory T cells to confer survival advantage in
HGSC patients (40). Although not statistically significant, we
observed a trend toward improved outcome of patients with low
percentages of CD4+ T cells. The group of Bamias et al. found
that CD3+ CD56+ cells in ascites were associated with platinum
resistance (41), whereas we did not observe a correlation of
DC or T cell subsets with platinum resistance. Hoogstad-van
Evert et al. detected no association of CD3+ T cells with patient
outcome, but found NK cells in ovarian cancer ascites to be
correlated with improved survival (42). These studies used a
limited number of samples or were composed of a heterogeneous
patient population, including different epithelial ovarian cancer
subtypes and material from before and after therapy. In this
study, we tested the ascites of a well-defined group of patients,
all being chemotherapy naïve and with diagnosed advanced-stage
HGSC.
In summary, we showed that DC and T cell subsets in ascites,
in contrast to tumor infiltrating T cells, did not correlate with
clinical characteristics or survival of HGSC patients. Future
research needs to directly compare the immune infiltration in
ascites and primary tumor tissue to draw conclusions on the
immune environment in these two compartments. Furthermore,
research on ascites would benefit from lager patient cohorts,
as this would allow for more advanced statistical analysis.
This requires the systematic biobanking of ascites, which is
currently not done. Finally, homogenous patient cohorts are
crucial to reliably correlate immune cells in ascites with patient
outcome. This study serves as starting point for future research
investigating the immune infiltrate in ovarian cancer ascites.

monocytes. Nevertheless, these cells are potent in antibodydependent cellular cytotoxicity and induce T cell proliferation
and we observed a trend toward improved survival in patients
with high percentages of CD16+ mDCs (13). However, we did
not find a correlation between mDC subsets and CD4+ or
CD8+ T cells. pDCs have a strong pro-inflammatory function
by secreting type I IFNs in response to viral infections (11).
On the other hand, they produce indoleamine 2,3-dioxygenase
(IDO) and induce TRegs , thereby, dampening the immune system
(11, 20). We found a positive correlation between pDCs and
CD4+ T cells in ascites of HGSC patients. We additionally
observed a trend toward improved PFS and OS in patients with
low percentages of CD4+ T cells. Patients with a high percentage
of CD4+ T cells had worse clinical outcome, pointing toward
a regulatory phenotype of these cells. However, there was no
significant link between the percentage of DC and T cell subsets
in ascites and survival of HGSC patients. In contrast, clinical
characteristics, such as complete cytoreduction, good response to
primary treatment, and chemosensitivity correlated to improved
patient outcome.
Ascites is an immunosuppressive milieu, which could explain
why immune cells in ascites are not correlated to patient
outcome. We as well as others, showed that ascites interferes
with T cell function. This inhibition is mediated by various
factors, such as lipids, chemokines, and by the presence of
regulatory immune cells in ascites fluid (30–33). For example,
Landskron et al. characterized the T cell population in ascites and
peripheral blood of ovarian cancer patients. They demonstrated
that activated cytokine-secreting TRegs were enriched in ascites
(34). Furthermore, ascites contains high levels of IL-10, which
can stimulate the expansion of the TReg population and inhibits
CD8+ T cell function (35). Additionally, ascites affects the
polarization of macrophages. IL-6 and IL-10 in ascites promote
the differentiation of macrophages into the immunosuppressive
M2 phenotype, which stimulates tumor cell proliferation and
suppresses the effector functions of cytotoxic T cells (36, 37).
We also detected that 30% of the T cells in ovarian cancer
ascites were positive for PD-1. The ligand PD-L1 is present on
50% of the CD45− population, which contains tumor cells. The
PD-1/PD-L1 axis could be a mechanism that interferes with
the cytotoxic activity of CD8+ T cells in ascites. However, it
remains to be elucidated whether PD-1 expression is a marker
for exhaustion or activation. Next to T cells, ascites fluid may
also inhibit the function of DCs. Recently, ascites fluid was
shown to interfere with the activation of in vitro generated
monocyte-derived DCs. Ascites reduced the expression of the costimulatory molecule CD86 and decreased the T cell stimulatory
capacity (38). Hence, ovarian cancer ascites may effectively limit
the anti-tumor immune response and, therefore, ascites-derived
immune cells might not correlate with patient outcome. In the
future, it might be important to assess the activation status of DC
and T cell subsets in ovarian cancer ascites.
So far, only a few research groups have investigated the effect
of immune cells in ascites on the outcome of ovarian cancer
patients. These studies found contradicting results and are partly

Frontiers in Immunology | www.frontiersin.org

AUTHOR CONTRIBUTIONS
CW, TD-dB, and RY performed and analyzed immunological
experiments. PZ, LM, and AvA collected ascites and patient data.
CW wrote the manuscript. LM and ID designed and supervised
the study. All authors read and approved the final version of the
manuscript.

FUNDING
This work was supported by EU grant PROCROP (635122). ID
received a Vici grant from the Netherlands Organization for
Scientific Research (918.14.655).

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fimmu.
2018.03156/full#supplementary-material

8

January 2019 | Volume 9 | Article 3156

Wefers et al.

Immune Cells in Ascites

REFERENCES

21. Italiani P, Boraschi D. From monocytes to M1/M2 macrophages:
phenotypical vs. functional differentiation. Front Immunol. (2014) 5:514.
doi: 10.3389/fimmu.2014.00514
22. Yuan X, Zhang J, Li D, Mao Y, Mo F, Du W, Ma X. Prognostic
significance of tumor-associated macrophages in ovarian cancer: a metaanalysis. Gynecol Oncol. (2017) 147:181–7. doi: 10.1016/j.ygyno.2017.
07.007
23. Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P, Mottram P, et al.
Specific recruitment of regulatory T cells in ovarian carcinoma fosters
immune privilege and predicts reduced survival. Nat Med. (2004) 10:942–9.
doi: 10.1038/nm1093
24. Roncarolo MG, Levings MK, Traversari C. Differentiation of T
regulatory cells by immature dendritic cells. J Exp Med. (2001) 193:F5–9.
doi: 10.1084/jem.193.2.F5
25. Tumeh PC, Harview CL, Yearley JH, Shintaku IP, Taylor JM, Robert L, et al.
PD-1 blockade induces responses by inhibiting adaptive immune resistance.
Nature (2014) 515:568–71. doi: 10.1038/nature13954
26. Gajewski TF, Louahed J, Brichard VG. Gene signature in melanoma
associated with clinical activity: a potential clue to unlock cancer
immunotherapy. Cancer J. (2010) 16:399–403. doi: 10.1097/PPO.0b013e3181
eacbd8
27. Ahmed N, Stenvers KL. Getting to know ovarian cancer ascites: opportunities
for targeted therapy-based translational research. Front Oncol. (2013) 3:256.
doi: 10.3389/fonc.2013.00256
28. Kipps E, D.Tan SP, Kaye SB. Meeting the challenge of ascites in ovarian cancer:
new avenues for therapy and research. Nat Rev Cancer (2013) 13:273–82.
doi: 10.1038/nrc3432
29. Wefers C, Bakdash G, Moreno Martin M, Duiveman-de Boer T, Torensma R,
Massuger LF, et al. Isolation of mononuclear cell populations from ovarian
carcinoma ascites. Bio-protocol (2017) 7:e2219. doi: 10.21769/BioProtoc
.2219
30. Wefers C, Duiveman-de Boer T, Zusterzeel P, Massuger L, Fuchs D,
Torensma R, et al. Different lipid regulation in ovarian cancer: inhibition
of the immune system. Int J Mol Sci. (2018) 19:273. doi: 10.3390/ijms190
10273
31. Tran E, Nielsen JS, Wick DA, Ng AV, Johnson DS, Nesslinger NJ,
et al. Polyfunctional T-cell responses are disrupted by the ovarian
cancer ascites environment and only partially restored by clinically
relevant cytokines. PLOS ONE (2010) 5:e15625. doi: 10.1371/journal.pone.00
15625
32. Simpson-Abelson MR, Loyall JL, Lehman HK, Barnas JL, Minderman H,
O’Loughlin KL, et al. Human ovarian tumor ascites fluids rapidly and
reversibly inhibit T cell receptor-induced NF-kappaB and NFAT signaling in
tumor-associated T cells. Cancer Immun. (2013) 13:14.
33. Singel KL, Khan NH, Moysich KB, Odunsi K, Segal BH. Ovarian cancer ascites
induces a T cell suppressive phenotype in mature neutrophils: a potential
barrier to anti-tumor immunity. J Immunol. (2017) 198:(1 Suppl. )205.10.
34. Landskron J, Helland O, Torgersen KM, Aandahl EM, Gjertsen BT, Bjorge L,
et al. Activated regulatory and memory T-cells accumulate in malignant ascites
from ovarian carcinoma patients. Cancer Immunol Immunother. (2015)
64:337–47. doi: 10.1007/s00262-014-1636-6
35. Smith LK, Boukhaled GM, Condotta SA, Mazouz S, Guthmiller JJ, Vijay R,
et al. Interleukin-10 directly inhibits CD8+ T cell function by enhancing
N-glycan branching to decrease antigen sensitivity. Immunity (2018) 48:299–
312.e5. doi: 10.1016/j.immuni.2018.01.006
36. Noy R, Jeffrey Pollard W. Tumor-associated macrophages: from mechanisms
to therapy. Immunity (2014) 41:49–61. doi: 10.1016/j.immuni.2014.
06.010
37. Takaishi K, Komohara Y, Tashiro H, Ohtake H, Nakagawa T, Katabuchi
H, et al. Involvement of M2-polarized macrophages in the ascites from
advanced epithelial ovarian carcinoma in tumor progression via Stat3
activation. Cancer Sci. (2010) 101:2128–36. doi: 10.1111/j.1349-7006.2010.
01652.x
38. Brencicova E, Jagger AL, Evans HG, Georgouli M, Laios A, Attard
Montalto S, et al. Interleukin-10 and prostaglandin E2 have complementary
but distinct suppressive effects on Toll-like receptor-mediated dendritic
cell activation in ovarian carcinoma. PLOS ONE (2017) 12:e0175712.
doi: 10.1371/journal.pone.0175712

1. Reid BM, Permuth JB, Sellers TA. Epidemiology of ovarian cancer: a
review. Cancer Biol Med. (2017) 14:9–32. doi: 10.20892/j.issn.2095-3941.2016
.0084
2. Noone AM, Krapcho M, Miller D, Brest A, Yu M, Ruhl J, et al. SEER Cancer
Statistics Review, 1975-2015. Bethesda, MD:National Cancer Institute (2018).
3. Jayson GC, Kohn EC, Kitchener HC, Ledermann JA. Ovarian cancer. Lancet
(2014) 384:1376–88. doi: 10.1016/S0140-6736(13)62146-7
4. Salani R, Backes FJ, Fung MF, Holschneider CH, Parker LP, Bristow
RE, et al. Posttreatment surveillance and diagnosis of recurrence
in women with gynecologic malignancies: society of gynecologic
oncologists recommendations. Am J Obst Gynecol. (2011) 204:466–78.
doi: 10.1016/j.ajog.2011.03.008
5. Berek J, Taylor P, McGuire W, Smith LM, Schultes B, Nicodemus
CF. Oregovomab maintenance monoimmunotherapy does not improve
outcomes in advanced ovarian cancer. J Clin Oncol. (2009) 27:418–25.
doi: 10.1200/JCO.2008.17.8400
6. Wright JD, Chen L, Tergas AI, Patankar S, Burke WM, Hou JY, et al. Trends
in relative survival for ovarian cancer from 1975 to 2011. Obst Gynecol. (2015)
125:1345–52. doi: 10.1097/AOG.0000000000000854
7. Zhang L, Conejo-Garcia JR, Katsaros D, Gimotty PA, Massobrio M,
Regnani G, et al. Intratumoral T cells, recurrence, and survival in epithelial
ovarian cancer. N Eng J Med. (2003) 348:203–13. doi: 10.1056/NEJMoa
020177
8. Milne K, Köbel M, Kalloger SE, Barnes RO, Gao D, Gilks CB, et al. Systematic
analysis of immune infiltrates in high-grade serous ovarian cancer reveals
CD20, FoxP3 and TIA-1 as positive prognostic factors. PLOS ONE (2009)
4:e6412. doi: 10.1371/journal.pone.0006412
9. Sato E, Olson SH, Ahn J, Bundy B, Nishikawa H, Qian F, et al. Intraepithelial
CD8+ tumor-infiltrating lymphocytes and a high CD8+/regulatory T cell
ratio are associated with favorable prognosis in ovarian cancer. Proc Natl Acad
Sci USA. (2005) 102:18538–43. doi: 10.1073/pnas.0509182102
10. Tran Janco JM, Lamichhane P, Karyampudi L, Knutson KL. Tumorinfiltrating dendritic cells in cancer pathogenesis. J Immunol. (2015)
194:2985–91. doi: 10.4049/jimmunol.1403134
11. O’Keeffe M, Mok WH, Radford KJ. Human dendritic cell subsets and
function in health and disease. Cell Mol Life Sci. (2015) 72:4309–25.
doi: 10.1007/s00018-015-2005-0
12. Mittag D, Proietto AI, Loudovaris T, Mannering SI, Vremec D, Shortman
K, et al. Human dendritic cell subsets from spleen and blood are similar in
phenotype and function but modified by donor health status. J Immunol.
(2011) 186:6207–17. doi: 10.4049/jimmunol.1002632
13. Döbel T, Kunze A, Babatz J, Tränkner K, Ludwig A, Schmitz M, et al.
FcγRIII (CD16) equips immature 6-sulfo LacNAc–expressing dendritic cells
(slanDCs) with a unique capacity to handle IgG-complexed antigens. Blood
(2013) 121:3609–18. doi: 10.1182/blood-2012-08-447045
14. Randolph GJ, Sanchez-Schmitz G, Liebman RM, Schäkel K. The CD16+
(FcγRIII+) subset of human monocytes preferentially becomes migratory
dendritic cells in a model tissue setting. J Exp Med. (2002) 196:517–27.
doi: 10.1084/jem.20011608
15. Veglia F, Gabrilovich DI. Dendritic cells in cancer: the role revisited. Curr
Opin Immunol. (2017) 45:43–51. doi: 10.1016/j.coi.2017.01.002
16. Karthaus N, Torensma R, Tel J. Deciphering the message broadcast
by tumor-infiltrating dendritic cells. Am J Pathol. (2012) 181:733–42.
doi: 10.1016/j.ajpath.2012.05.012
17. Beatty GL, Gladney WL. Immune escape mechanisms as a guide
for cancer immunotherapy. Clin Cancer Res. (2015) 21:687–92.
doi: 10.1158/1078-0432.CCR-14-1860
18. Morvan MG, Lanier LL. NK cells and cancer: you can teach innate cells new
tricks. Nat Rev Cancer (2015) 16:7–19. doi: 10.1038/nrc.2015.5
19. Carlsten M, Norell H, Bryceson YT, Poschke I, Schedvins K, Ljunggren H-G,
et al. Primary human tumor cells expressing CD155 impair tumor targeting
by down-regulating DNAM-1 on NK cells. J Immunol. (2009) 183:4921–30.
doi: 10.4049/jimmunol.0901226
20. Yigit R, Massuger LF, Figdor CG, Torensma R. Ovarian cancer creates a
suppressive microenvironment to escape immune elimination. Gynecol Oncol.
(2010) 117:366–72. doi: 10.1016/j.ygyno.2010.01.019

Frontiers in Immunology | www.frontiersin.org

9

January 2019 | Volume 9 | Article 3156

Wefers et al.

Immune Cells in Ascites

39. Giuntoli RL II, Webb TJ, Zoso A, Rogers O, Diaz-Montes TP, Bristow RE, et al.
Ovarian cancer-associated ascites demonstrates altered immune environment:
implications for antitumor immunity. Anticancer Res. (2009) 29:2875–84.
40. Lieber S, Reinartz S, Raifer H, Finkernagel F, Dreyer T, Bronger H,
et al. Prognosis of ovarian cancer is associated with effector memory
CD8+ T cell accumulation in ascites, CXCL9 levels and activationtriggered signal transduction in T cells. OncoImmunology (2018) 7:e1424672.
doi: 10.1080/2162402X.2018.1424672
41. Bamias A, Tsiatas ML, Kafantari E, Liakou C, Rodolakis A, Voulgaris Z, et al.
Significant differences of lymphocytes isolated from ascites of patients with
ovarian cancer compared to blood and tumor lymphocytes. Association of
CD3+CD56+ cells with platinum resistance. Gynecol Oncol. (2007) 106:75–
81. doi: 10.1016/j.ygyno.2007.02.029
42. Hoogstad-van Evert JS, Maas RJ, van der Meer J, Cany J, van der Steen S,
Jansen JH, et al. Peritoneal NK cells are responsive to IL-15 and percentages

Frontiers in Immunology | www.frontiersin.org

are correlated with outcome in advanced ovarian cancer patients. Oncotarget
(2018) 9:34810–20. doi: 10.18632/oncotarget.26199
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2019 Wefers, Duiveman-de Boer, Yigit, Zusterzeel, van Altena,
Massuger and De Vries. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

10

January 2019 | Volume 9 | Article 3156

