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TIGIT blockade enhances functionality of peritoneal NK cells with altered expression 
of DNAM-1/TIGIT/CD96 checkpoint molecules in ovarian cancer
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ABSTRACT
Advanced ovarian cancer (OC) patients have a poor 5-year survival of only 28%, emphasizing the medical 
need for improved therapies. Adjuvant immunotherapy could be an attractive approach since OC is an 
immunogenic disease and the presence of tumor-infiltrating lymphocytes has shown to positively 
correlate with patient survival. Among these infiltrating lymphocytes are natural killer (NK) cells, key 
players involved in tumor targeting, initiated by signaling via activating and inhibitory receptors. Here, we 
investigated the role of the DNAM-1/TIGIT/CD96 axis in the anti-tumor response of NK cells toward OC. 
Ascites-derived NK cells from advanced OC patients showed lower expression of activating receptor 
DNAM-1 compared to healthy donor peripheral blood NK cells, while inhibitory receptor TIGIT and 
CD96 expression was equal or higher, respectively. This shift to a more inhibitory phenotype could also 
be induced in vitro by co-culturing healthy donor NK cells with OC tumor spheroids, and in vivo on 
intraperitoneally infused NK cells in SKOV-3 OC bearing NOD/SCID-IL2Rγnull (NSG) mice. Interestingly, 
TIGIT blockade enhanced degranulation and interferon gamma (IFNγ) production of healthy donor 
CD56dim NK cells in response to OC tumor cells, especially when DNAM-1/CD155 interactions were in 
place. Importantly, TIGIT blockade boosted functional responsiveness of CD56dim NK cells of OC patients 
with a baseline reactivity against SKOV-3 cells. Overall, our data show for the first time that checkpoint 
molecules TIGIT/DNAM-1/CD96 play an important role in NK cell responsiveness against OC, and provides 
rationale for incorporating TIGIT interference in NK cell-based immunotherapy in OC patients.
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Introduction

Patients with ovarian carcinoma (OC) are mostly diagnosed at 
advanced stage, as many women do not show clear symptoms 
at an early stage. This late detection of advanced disease is 
associated with poor prognosis and poor quality of life.1 

Current therapy for OC is debulking surgery combined with 
chemotherapy, yet the 5-year survival for advanced OC is only 
28%.2 Adjuvant immunotherapy could be a complementary 
approach since OC is considered to be an immunogenic dis
ease and the presence of tumor-infiltrating lymphocytes (TILs) 
positively correlates with survival.3 Several reports showed that 
prolonged survival associated mainly with the presence of 
CD8+ cytotoxic T cells, 4,5 yet it has also been described that 
CD103+ tumor-infiltrating NK cells often co-infiltrate with 
CD8+CD103+ T cells suggesting both T and NK cell involve
ment in anti-OC immune responses.6 Recently, we observed 
that a higher NK cell percentage within the ascitic lymphocyte 
fraction was correlated with enhanced survival of OC patients.5 

Furthermore, multiple studies have demonstrated that OC cells 

are susceptible to killing by activated NK cells.7–9 Hence, 
increasing NK cell immunity in OC patients by immunother
apeutic strategies could be an attractive strategy. Boosting 
peritoneal NK cell responses with IL-15 receptor-mediated 
stimulation and intraperitoneal NK cell adoptive transfer are 
being explored as therapeutic approaches in OC.10–12 However, 
intrinsic and adoptive NK cell antitumor immunity in OC 
patients can be attenuated by immunosuppressive cells and 
cytokines within the tumor microenvironment.13–16 

Identification of and interference with these immunosuppres
sive pathways may further improve the efficacy of NK cell- 
based immunotherapy.

NK cells are generally characterized according to their 
expression of CD56 and CD16 surface antigens in 
CD56dimCD16high and CD56brightCD16neg NK cells. 
According to the tissue type and the pathological conditions, 
the frequency and distribution of these NK cell populations 
may vary.17,18 Furthermore, cytokines and other soluble factors 
present in ascitic fluid of OC patients can have a strong effect 
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on the phenotype and distribution of different subsets of NK 
cells.19 For instance, transforming growth factor (TGF)-β 
exerts immune-suppressive action on NK cells and can par
tially convert healthy peripheral blood CD56dimCD16high NK 
cells to CD56brightCD16low/neg.19 Functionally, NK cells are 
regulated by the net balance of signals perceived by their 
activating and inhibiting receptors which enables NK cells to 
effectively kill target cells that have increased expression of 
stress-induced ligands or lack sufficient inhibitory signals, 
while maintaining self-tolerance.18,19 These NK cell receptors 
can be grouped in MHC class I-specific receptors versus non- 
MHC binding receptors. Important non-MHC binding activat
ing receptors on NK cells are DNAX Accessory Molecule-1 
(DNAM-1), NKG2D, and natural cytotoxicity receptors 
(NCRs), while inhibitory receptors including T cell immuno
globulin and ITIM domain (TIGIT) keep the NK cell response 
in check.20 TIGIT shares its ligands CD155 (or poliovirus 
receptor/PVR) and CD112 (or Nectin-2) with DNAM-1. 
CD96 (or TACTILE) also binds CD155, but in human NK 
cell signaling its function remains elusive. CD155 and CD112 
are mainly expressed by antigen-presenting cells (APCs), acti
vated T cells, fibroblasts, and endothelial cells in healthy 
tissues.21,22 Furthermore, CD112/CD155 are upregulated 
upon cellular stress and are therefore highly expressed on 
several types of cancer amongst which OC.23,24 CD112 binds 
to DNAM-1 but only weakly to TIGIT, while CD155 has high 
affinity for both TIGIT and DNAM-1.25–27 NK cell cytotoxicity 
is triggered by DNAM-1 crosslinking, resulting in Fyn- 
mediated phosphorylation of the cytoplasmic tyrosine 
residues.28 TIGIT signaling is mediated via immunoreceptor 
tyrosine-based inhibitory (ITIM) and immunoglobulin tail 
tyrosine (ITT)-like motifs, through which inhibitory signals 
are conducted that impair cytotoxicity, granule polarization, 
and cytokine secretion in NK cells.29,30 The DNAM-1/TIGIT/ 
CD96 axis on NK cells was recently elaborately reviewed by 
Sanchez-Correa et al. .31

DNAM-1 on NK cells is downregulated in most cancer 
types including OC, colon carcinoma, and acute myeloid leu
kemia (AML).32–35 Carlsten et al. showed that DNAM-1 is an 
important activating NK cell receptor in OC and that CD155 
expression on patient-derived OC tumor cells correlates with 
a reduction in DNAM-1 expression.34 Similarly, reduced 
expression of DNAM-1 on NK cells from AML patients was 
observed, which was negatively correlated with CD112 expres
sion on blasts.32 Moreover, NK cells expressing high levels of 
TIGIT were associated with poor survival in AML patients.36 

These TIGIThigh NK cells were found to be more susceptible to 
myeloid-derived suppressor cell (MDSC) inhibition compared 
to TIGITlow NK cells.37 Furthermore, TIGIT could be upregu
lated through recombinant human (rh)IL-15 stimulation, 
which was associated with lower IFNγ production.37,38 These 
studies underscore the importance of TIGIT as an important 
inhibitory receptor on NK cells with clinical impact, reflected 
by the promising efficacy of TIGIT blockade on NK cell reac
tivity in colon and breast cancer.39,40

In this report, we investigated the role of TIGIT in the 
functional impairment of NK cells in OC patients. We demon
strated that NK cells from healthy donors, as well as OC 
patients, exhibit high expression of TIGIT, while DNAM-1 is 

strongly reduced on ascites-derived NK cells from patients. 
Moreover, we showed that this DNAM-1 downregulation on 
NK cells is mediated by OC tumor cell exposure. Most impor
tantly, we showed augmented tumor reactivity of NK cells from 
both healthy donors and OC patients following TIGIT block
ade, thereby providing a rationale for incorporating TIGIT 
interference in NK cell-based immunotherapy in OC patients.

Methods

Patient samples

Malignant ascites fluid samples were collected after written 
informed consent at first surgery of patients with stage IIIc or 
IV high-grade serous papillary OC at the Radboud University 
Medical Center (Radboudumc). Study approval was given by 
the Regional Committee for Medical Research Ethics (CMO 
2018–4845) and performed according to the Code for Proper 
Secondary Use of Human Tissue (Dutch Federation of 
Biomedical Scientific Societies, www.federa.org). The progres
sion-free survival (PFS) and overall survival (OS) at time of 
analysis, CA-125 levels, and treatment status are shown for 
individual patients in Table 1. Ascites was filtered using 
a 100 µm filter, centrifuged, and cells were resuspended in 
phosphate-buffered saline (PBS). Subsequently, mononuclear 
cells were isolated using a Ficoll-Hypaque (1.077 g/mL; GE 
Healthcare, 17–1440–03) density gradient. For the benign con
trols, samples were collected at benign gynecological surgeries. 
The main indication for diagnostic laparoscopy was abdominal 
pain and samples were included only if pathological findings 
were absent. Detection of cysts, endometriosis, and adhesions 
at laparoscopy was exclusion criteria. All samples were cryo
preserved in dimethyl sulfoxide (DMSO)-containing medium 
and used after thawing.

NK cell isolations

Peripheral blood mononuclear cells (PBMCs) were obtained 
from healthy donor buffy coats (Sanquin Blood Bank, 
Nijmegen, the Netherlands) by density gradient Ficoll- 
Hypaque centrifugation. NK cells were isolated from PBMCs 
of healthy donors or cryopreserved ascites-derived mononuc
lear cells using a magnetic bead-based NK cell enrichment kit 
(StemCell Technologies, #19055) according to manufacturer’s 
instructions. Further purification of ascites-derived NK cells 
was performed via fluorescence-activated cell sorting (FACS) 
based on lymphocyte sized forward/side scatter using the FACS 
Aria (BD Bioscience) to eliminate any remaining tumor cells. 
All isolations resulted in ≥90% purity.

Cell culture

The OC cell lines SKOV-3 (RRID:CVCL_0532) and IGROV-1 
(RRID:CVCL_1304) were cultured in Roswell Park Memorial 
Institute medium 1640 (RPMI; Gibco, #11875091) supplemen
ted with 10% fetal calf serum (FCS; Integro), and OVCAR-3 
(RRID:CVCL_0465) was cultured with RPMI supplemented 
with 20% FCS and 1 µg/mL bovine albumin (Sigma, #I0516). 
K562 (RRID:CVCL_0004) was cultured in Iscove’s Modified 
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Dulbecco’s medium (IMDM; Gibco, #12440061) containing 
10% FCS. Cell lines were tested for mycoplasma contamination 
with MycoAlertTM Mycoplasma Detection Kit (Lonza, #LT07- 
418) every 6 months. All cell lines were cultured for 
a maximum of 3 months. SKOV-3 and K562 were purchased 
from the ATCC. IGROV-1 and OVCAR-3 were a kind gift 
from Prof. Dr. OC Boerman, Department of Nuclear Medicine, 
Radboud University Medical Center, Nijmegen, the 
Netherlands. Primary low-grade serous OC cell line ASC009 
was generated by NTRC in Oss, the Netherlands, from primary 
ascites material and a kind gift from Guido Zaman.

Multicellular tumor spheroids

OC tumor spheroids were generated by seeding 3 × 104 

(SKOV-3), 6 × 104 (IGROV-1), and 12 × 104 (OVCAR-3) 
cells/well in a volume of 100 µL/well of culture medium in 
96-well plates pre-coated with 1% agarose in Dulbecco’s 
Modified Eagle Medium/Nutrient Mixture F-12 medium 
(DMEM/F12; Invitrogen 11330–057, adjusted from 
Giannattasio et al. and Friedrich et al.41,42 Tumor spheroids 
were used for functional assays upon reaching a solid state at 
4 days after initial seeding. For phenotypical analysis, 26.000 
NK cells were seeded with concentrations of rhIL-15 ranging 
from 0.01 to 10 nM (Immunotools) and re-treated with the 
same rhIL-15 dose on day 3. After 7 days, spheres were har
vested, trypsinized with TrypLE™ Express (Thermofisher, 
#12605028) for 45 minutes, washed, and analyzed.

Ovarian cancer tissue

Tissue was transferred to DMEM/F12 medium (Invitrogen 
11330–057) supplemented with 10% FCS and 1% Penicillin- 
Streptomycin at 4°C. The next day, the tissue was mechanically 
minced using a scalpel and filtered through a 70 µm cell 
strainer to obtain a single-cell suspension. For phenotypical 
analysis, 50.000–100.000 NK cells and the same number of OC 
tissue cells were seeded with concentrations of rhIL-15 
(Immunotools, 11340158) ranging from 0.01 to 10 nM and re- 
supplemented with the same rhIL-15 dose on day 4. After 
7 days, suspension cells were harvested, washed, and analyzed.

Flow cytometry (FCM)

For phenotypical analysis, cells were incubated with antibodies 
in FCM buffer (PBS/0.5% bovine serum albumin) for 20 min at 
4°C. After washing, cells were resuspended in FCM buffer and 
analyzed on a Gallios flow cytometer (Beckman Coulter). The 
following fluorochrome-conjugated monoclonal antibodies 
and life/dead stains were used: DNAM-1-FITC (clone DX11, 
BD Bioscience, #559788), TIGIT-APC (clone 741182, R&D 
systems, #FAB7898A), CD96-BV421 (clone NK92.39, 
Biolegend, #338418), CD96-PE-Dazzle (clone NK92.39, 
Biolegend, #338414) CD19-FITC (clone HD37, DAKO, 
#F0768), CD3-ECD (clone UCHT1, Beckman coulter, 
#A07748), CD14-PECy7 (clone HCD14, Biolegend, #325618), 
CD56-BV510 (clone HCD56, Biolegend, #318340), CD45- 
AF700 (clone HI30, Biolegend, #304024), KLRG-1 FITC 
(clone REA261, Miltenyi Biotec, #130-103-640), LIGHT PE 

(clone 7–3(7), eBioscience, #12-2589-42), CD160 PE-Cy7 
(clone BY55, Biolegend, #341211), 4–1BB APC (clone 4B4-1, 
BD Bioscience, #220890), CD57 BV421 (clone NK-1, BD 
Bioscience, #563896, SIGLEC-9 FITC (clone REA492, 
Miltenyi Biotec, #130-107-607), SIGLEC-7 APC (clone 6–434, 
Biolegend, #339206), NKG2C PE (clone 134591.0, R&D 
Systems, #FAB138P), NKG2D PE-Cy7 (clone 1D11, 
Biolegend, 320812), NKp46 BV421 (clone 9E2, Biolegend, 
#331914), NKG2a APC (clone Z199, Beckman Coulter, 
#A60797), PD-1 BV421 (clone EH12.1, BD Bioscience, 
#562516), BTLA PE (clone J168-540, BD Bioscience, 
#558485), OX-40 PE-Cy7 (clone Ber-ACT35, Biolegend, 
#350011), 2B4 FITC (clone C1.7, Biolegend, #329506), CD112 
PE-Cy7 (clone TX31, Biolegend, #337414), CD155 BV421 
(clone SKII.4, Biolegend, 337631), fixable viability dye 
eFluor780 (eBiosciences, #65-0865-14) and 7-AAD (Sigma, 
#A9400-1 MG). All flow cytometric data were analyzed with 
Kaluza 2.1 software from Beckman Coulter.

NK cell activity assay

Isolated NK cells were plated in a flat bottom 96 wells plate 
(Corning Star) at 100.000 cells/well and cultured overnight in 
IMDM supplemented with 10% FCS in the presence of 1 nM 
rhIL-15 (Immunotools, 11340158). The next day, NK cells 
were co-cultured with OC cell lines SKOV-3, IGROV-1, 
OVCAR-3 or K562 target cells (100.000 cells per well for all 
cell lines) in the presence of 10 µg/ml anti-TIGIT hIgG1.3 FC 
silenced blocking antibody (Bristol-Myers Squibb), hIgG 1.3 
FC silenced isotype control (Bristol-Myers Squibb), anti- 
DNAM-1 (clone 11A8, Biolegend, #338302), anti-CD96 
(clone NK92.39, Biolegend, #338402) or hIgG1 (clone 
MOPC, BioXcell, BE0083). In addition, CD107a-PECy7 
(clone H4A3, Biolegend, #328618) and Brefeldin A (BD, 
#555029) were added to the culture. All conditions were per
formed in triplicate. After 4 h, cells were harvested and washed 
with PBS. After subsequent staining for CD56-APC (clone 
HCD56, Biolegend, #318310), CD45-AF700 and eFluor780 
for 20 minutes at 4°C, cells were intracellularly stained for 
IFNγ-FITC (clone B27, BD Bioscience, #554700) with fixa
tion/permeabilization buffer (eBioscience, #00-5123-43, 
#005223-56 and #00-8333-56) according to manufacturer’s 
instructions. Cells were analyzed on the Gallios flow cytometer.

In vivo SKOV-3 NK cell phenotype tumor model

All in vivo experiments were approved by the Radboudumc 
animal care and user committee (DEC 2015–123). Ten 
6–20 weeks old female NOD/SCID/IL2Rgnull (NSG) mice 
(Jackson laboratories), with an average weight of 25 g, were 
divided randomly into two groups. One group received an 
intraperitoneal (i.p.) infusion with 1.0 × 106 SKOV-3-GFP- 
Luc cells and the control group received a PBS injection. 
Bioluminescence imaging (BLI) was performed weekly until 
saturation. For this, mice were injected i.p. with 150 mg/kg 
D-luciferin (PerkinElmer 122796), anesthetized with isoflurane 
and after 10 min bioluminescence images were collected in an 
IVIS using the Living Image processing software. Regions of 
Interest (ROIs) were drawn around the abdominal area, and 
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measurements were automatically generated as integrated flux 
of photons (photons/s). After 49 days, all mice received i.p. 
peripheral blood NK cell infusion (3.8 × 106 cells/mouse) 
derived from a healthy donor. In addition, all mice received i. 
p. recombinant human rhIL-15 (2.5 µg/mouse, Immunotools, 
11340158) every 2 days. Fourteen days after NK cell infusion, 
mice were sacrificed and an abdominal lavage was performed 
with 8 mL PBS. NK cells from this lavage were used for NK cell 
activity assays and phenotyping.

In vivo SKOV-3 NK cell plus TIGIT blockade tumor model

Forty-five 6–20 weeks old female NOD/SCID/IL2Rgnull 
(NSG) mice (Jackson laboratories), with an average weight of 
24 g, were divided randomly into three groups. All groups 
received an intraperitoneal (i.p.) infusion with 0.2 × 106 

SKOV-3-GFP-Luc cells. BLI imaging was performed weekly 
as described above. After 4 days, two groups received an i.p. 
peripheral blood NK cell infusion (5.4 × 106 cells/mouse) 
derived from a healthy donor. In addition, all mice received i. 
p. recombinant human rhIL-15 (2.5 µg/mouse, Immunotools, 
11340158) every 2 days and weekly injections of nanogram. 
Mice receiving NK cells were also injected twice weekly with 
either isotype control B12-LALAPG Fc silenced antibodies 
(custom ordered, Evitrea) or anti-TIGIT hIgG1.3 Fc silenced 
blocking antibodies (Bristol-Myers Squibb). Control mice not 
receiving NK cells were also treated with isotype control B12- 
LALAPG Fc silenced antibodies. Thirty-three days after 
SKOV-3 tumor cell infusion, mice were sacrificed and an 
abdominal lavage was performed as described above. 
Harvested cells were quantified using Flow-Count 
Fluorospheres (Beckman Coulter, 7547053) according to man
ufacturer’s instructions. NK cells from this lavage were used for 
an NK cell activity assay.

StatisticsData analysis was conducted by Prism software 
(GraphPad, version 5.03 for Windows) and SPICE software 
(version 5). For normally distributed data the Student t-test 
(paired or unpaired) or One-way ANOVA (with or without 
repeated measure) was used where applicable as stated in the 
figure legends. Non-normally distributed data were tested with 
a Wilcoxon signed-rank test, Mann-Whitney test, Kruskal- 
Wallis or Friedman test where applicable as stated in the figure 
legends. For statistical comparison of SPICE pie charts, the 
built-in test in SPICE software was used, applying 
1,000,000 permutations. A p-value of <0.05 was considered 
statistically significant.

Results

Peritoneal NK cells of OC patients consist of multiple 
distinct CD56dim subpopulations which have reduced 
DNAM-1 expression

Flow cytometric analysis was performed on peritoneal NK cells 
from OC patients, peritoneal NK cells from patients with 
benign conditions, and peripheral blood NK cells from healthy 
donors to determine the DNAM-1, TIGIT, and CD96 expres
sion levels on CD56 positive NK cell subsets. For this, we 
analyzed CD56dim and CD56bright NK cells derived from ascites 

of high-grade serous OC patients (N = 9) and compared them 
to healthy donors (N = 10, Figures 1a-c). CD56dim and 
CD56bright NK cells were defined as shown in Supplemental 
fig S1A-E for malignant ascites of patients, healthy donor 
peripheral blood and benign peritoneal fluid. We confirmed 
that DNAM-1 expression was significantly reduced in both 
peritoneal CD56dim and CD56bright NK cells from OC patients 
(51.8% ± 23.4% and 64.1% ± 13.6%, respectively; Figure 1b) 
compared to healthy donor NK subsets (90.9% ± 7.7 and 91.8% 
± 7.4%, respectively; Figure 1b). Notably, TIGIT expression 
was similar for ascites-derived NK cells and healthy donor NK 
cells, with higher expression on CD56dim compared to 
CD56bright NK cells Figure 1b. Expression of CD96 was sig
nificantly higher in both CD56dim and CD56bright NK cell 
subsets in ascites (84.2% ± 9.3% and 95.1% ± 3.0%, respectively; 
Figure 1b) compared to healthy donor NK cells (44.1% ± 28.2% 
and 78.8% ± 13.6%, respectively; Figure 1b). In a separate 
experiment, we also assessed the phenotype of peritoneal 
fluid NK cells of benign patients and found intermediate 
DNAM-1 positivity in CD56dim and CD56bright NK cells 
(69.7% ± 25.8% and 62.4% ± 11.7%, respectively) as shown in 
Supplemental fig S1F. CD96, similarly to DNAM-1 was mod
erately positive in CD56dim and CD56bright NK cells in benign 
peritoneal fluid (50.7% ± 26.6% and 90.1% ± 8.7%, respec
tively). Unfortunately, TIGIT expression of benign patients 
could not be compared directly because of a different fluores
cence intensity of the antibody used in the two different stu
dies. These data reveal that the balance shifts toward higher 
expression of inhibitory receptor CD96 while activating recep
tor DNAM-1 is reduced on peritoneal NK cells of OC patients.

As expected in healthy donors we observed a clear distinction 
between CD56dim CD16high and CD56bright CD16neg NK cell 
subsets, but for peritoneal-derived NK cells, we found altered 
CD56 and CD16 expression patterns (Supplemental fig S1E). 
Based on a minimum of 100 events, three distinct populations of 
CD56dim NK cells were defined; i.e. CD56dim CD16high, CD56dim 

CD16low and CD56dim CD16neg NK cells, each having different 
expression patterns of DNAM-1, TIGIT and CD96 (Figure 1c, 
Supplemental fig S1G). In addition, we found the CD56bright 

CD16neg NK cell subset besides a small CD56bright population 
with low CD16 expression in some donors, which exhibit similar 
expression levels of DNAM-1, TIGIT, and CD96. The conven
tional CD56dim CD16high NK cells seemed similar in OC patients 
and healthy donors, but with slightly lower DNAM-1 expression 
and higher CD96 expression in OC. Interestingly, within the 
three ascites-derived CD56dim populations, DNAM-1 expression 
gradually decreased in parallel with decreasing CD16 expression 
Figure 1c. In contrast, CD96 expression significantly increased 
with loss of CD16 expression, while TIGIT expression remained 
unaltered and is exclusively expressed by the CD56dim popula
tions in malignant ascites. CD56dimCD16high NK cells from 
benign patients resemble healthy donor peripheral blood NK 
cells with a high percent of DNAM-1 and low percent CD96 
relative to malignant ascites-derived NK cells. However, 
CD56dim CD16low NK cells from benign peritoneal fluid have 
an equally low percent DNAM-1 and increased percent CD96 as 
observed in OC patients Figure 1c. To look at these co- 
expression profiles from a different angle, we performed SPICE 
analysis. This analysis demonstrated that healthy donor 
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b

d

c

Figure 1. NK cell phenotype of the DNAM-1/TIGIT/CD96 pathway in healthy donors and ovarian cancer patients. (a) DNAM-1, TIGIT and CD96 expression of healthy donor 
(HD) peripheral blood and OC patient ascites-derived CD56dim and CD56bright NK cells of a representative HD and OC patient, respectively. In grey the isotype control and in 
black the marker of interest are depicted. Numbers in the plot represent the median fluorescence intensity. (b) DNAM-1, TIGIT and CD96 expression on CD56dim and CD56bright 

NK cells of 10 HDs and 9 OC patients. Data is shown as mean+SEM. Kruskal-Wallis with Dunn’s Multiple Comparison Test was used for statistical analysis, * p < 0.05, ** p < 
0.01 and *** p < 0.001. (c) DNAM-1, TIGIT and CD96 expression in 5 NK subsets, defined by characteristic CD56 and CD16 expression patterns, of 11 benign peritoneal fluids 
(bottom three panels) and 9 malignant ascites (top three panels). Datapoints with less than 100 events are excluded from the graphs. For a detailed number of cells per 
datapoint refer to Supplemental fig 1G. Kruskal-Wallis with Dunn’s Multiple Comparison Test was used for statistical analysis, * p < 0.05, ** p < 0.01*** and p < 0.001. (d) Co- 
expression patterns were determined with SPICE software. The pies depict the average proportion of cells expressing DNAM-1, TIGIT and CD96, and the arcs indicate which 
receptors are expressed by the corresponding pies. Statistical differences were analyzed using the built-in statistical tool. *p < .05; n = 10 for HD and n=9 for OC patients.
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CD56dim NK cells had significantly different co-expression pat
terns of DNAM, TIGIT, and CD96 compared to the three 
ascites-derived CD56dim NK cell subsets as healthy donor NK 
cells expressed more DNAM-1 and less CD96 Figure 1d. Within 
the three different OC subsets, the CD56dim CD16high NK cells 
were significantly different from CD56dim CD16neg NK cells but 
not CD56dim CD16low NK cells which is mainly attributed by 
DNAM-1 expression which is high on CD56dim CD16high, inter
mediate on CD56dim CD16low and lowest on CD56dim CD16neg 

NK cells. As a result, CD56dim CD16neg OC derived NK cells 
showed an enlarged population with TIGIT/CD96 co-expression 
whereas the majority of CD16+ NK cells had more CD96/ 
DNAM-1 co-expression indicating that CD56dim CD16neg have 
a more inhibitory phenotype and CD56dim CD16high a more 
activatory phenotype these populations have a more inhibitory 
and activating phenotype, respectively.

Collectively, these data demonstrate that peritoneal NK cells in 
OC patients display an altered expression pattern of the DNAM-1/ 
TIGIT/CD96 axis compared to healthy donor NK cells that is 
indicative of a more inhibitory or exhausted phenotype.

Expression of DNAM-1/TIGIT/CD96 axis members on NK 
cells is increased upon rhIL-15 stimulation and shifts to 
a more inhibitory phenotype upon engagement with OC 
tumor cells

To further investigate the effect of OC cells on DNAM-1/TIGIT/ 
CD96 expression levels by NK cells, we co-cultured healthy 
donor NK cells for one week with OC spheroids, generated 
from the cell lines SKOV-3, IGROV-1, and OVCAR-3, in the 
presence of increasing rhIL-15 concentrations to support NK cell 
survival. DNAM-1, TIGIT, and CD96 expression levels were all 
upregulated on CD56dim NK cells by rhIL-15, in a dose- 
dependent manner Figure 2a. Stimulation with either of the 
OC spheroids resulted in a strong decrease of DNAM-1 expres
sion Figure 2a. In contrast, TIGIT and CD96 expression were 
not significantly affected by SKOV-3, IGROV-1, or OVCAR-3 
spheroids at lower rhIL-15 concentrations. However, with higher 
levels of rhIL-15, also a trend in reduced CD96 and TIGIT 
expression was observed in the presence of SKOV-3 and/or 
IGROV-1 spheroids. In a similar 2D model with primary ascites- 
derived cell line ASC009, we found comparable results Figure 2b. 
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Figure 2. DNAM-1, TIGIT and CD96 are dose-dependently upregulated by rhIL-15 and DNAM-1 is downregulated by OC tumor cells. (a) DNAM-1 (n = 8), TIGIT (n = 6) 
and CD96 (n = 5) expression on NK cells of healthy donors co-cultured with SKOV-3, IGROV-1 or OVCAR-3 spheroids and increasing rhIL-15 concentrations for 7 days. Data is 
shown as mean+SEM. One-Way ANOVA with Bonferroni correction was used for statistical analysis, * p < .05, ** p < .01 and *** p < .001. (b) DNAM-1, TIGIT and CD96 expression 
on healthy donor NK cells co-cultured with a patient-derived primary tumor cell line and increasing rhIL-15 concentrations for 7 days cultured in duplicate. (c) DNAM-1, TIGIT and 
CD96 expression on healthy donor NK cells co-cultured with patient-derived tumor cells and increasing rhIL-15 concentrations for 7 days cultured in duplicate.
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To validate these results with primary high-grade OC material 
from a patient, we made a cell suspension of a small piece of 
tumor tissue and performed a co-culture with healthy donor NK 
cells for one week in the presence of rhIL-15. Indeed, we found 
that DNAM-1 was strongly reduced in the presence of primary 
tumor cells Figure 2c. Also, TIGIT expression was somewhat 
decreased, but CD96 was not affected. In addition to DNAM-1, 
TIGIT, and CD96, we also looked at other NK cell checkpoint 
molecules but found no significant differences between NK cells 
cultured with or without spheroids (Supplemental fig S2A). 
There was a trend toward lower NKG2D expression, but this 
was not significant. We also visualized these expression patterns 
in SPICE and again no differences between NK cells cultured 
with or without spheroids were seen.

Next, we investigated whether engagement of NK cells with OC 
tumors in vivo also alters DNAM-1/TIGIT/CD96 expression 
levels. For this, SKOV-3 tumor-bearing NSG mice were infused 
intraperitoneally with healthy donor NK cells Figures 3a and b. 
rhIL-15 was given every other day to support NK cell persistence, 
and after 14 days NK cells were harvested by peritoneal lavage. 
Flow cytometry analysis showed that NK cells from SKOV-3 
bearing mice had significant lower DNAM-1 expression on both 
CD56dim and CD56bright NK cells compared to NK cells from non- 
tumor bearing control mice Figures 3c-D. TIGIT expression of 
CD56dim NK cells was not affected by in vivo exposure to SKOV-3 
tumors. Similarly to the in vitro OC spheroid model, rhIL-15 had 
a potent stimulatory effect on TIGIT expression as the ΔMFI 
(delta Median Fluorescence Intensity) was strongly increased 
at day 14 compared to day 0. DNAM-1 and CD96 levels were 
similar on the day of infusion and harvesting. To determine the 
functional implication of TIGIT expression in vivo on non- 
exposed and OC-exposed NK cells, we analyzed their reactivity 
at the single-cell level upon ex vivo re-stimulation with SKOV-3 
cells in the absence and presence of TIGIT blocking antibody 
Figures 3e-F. Interestingly, TIGIT blockade increased degranula
tion and IFNγ production activity of NK cells harvested from 
either SKOV-3 tumor-bearing mice or control mice Figures 3e- 
F. To assess, the importance of other checkpoint molecules besides 
DNAM-1 and TIGIT, we assessed expression levels of 4–1BB, 
CD57, 2B4, NKG2D, NKp46, LIGHT, CD160, BTLA, OX-40, 
PD-1, NKG2a, SIGLEC-7, SIGLEC-9, and KLRG-1: only KLRG- 
1 showed a decrease in the presence of tumor (Supplemental 
fig S2B).

Altogether, these data indicate that DNAM-1 and TIGIT are 
both upregulated by NK cells in response to rhIL-15 in a dose- 
dependent manner, while DNAM-1 expression is strongly 
decreased following exposure to OC cell line spheroids or 
patient-derived tumor cells.

TIGIT blockade effectively enhances degranulation and 
IFNγ production by OC-reactive CD56dim NK cells

We next analyzed the effects of TIGIT versus DNAM-1 blockade 
on NK cell responses against OC in more detail. First, we 
addressed this for healthy donor NK cells, as these cells appear 
more functional based on their phenotype and have higher 
DNAM-1 compared to ascites-derived NK cells Figure 1. Hereto, 
mononuclear cells (MNCs) or CD56-enriched cells (by negative 
selection) were rested overnight with low dose (1 nM) rhIL-15. 

This revealed that DNAM-1 is somewhat upregulated on CD56dim 

NK cells in the isolated fraction, while TIGIT was significantly 
enhanced only in CD56dim NK cells in the non-selected MNC 
situation (Supplemental fig S3A-B). Notably, CD96 was upregu
lated on both CD56dim and CD56bright NK cells in all tested 
conditions. Interestingly, malignant ascites-derived NK cells 
showed similar expression patterns as healthy donor NK cells 
(Supplemental fig S4A-C). As overnight resting of enriched NK 
cells in the presence of rhIL-15 did not affect TIGIT expression, we 
continued with 1 nM rhIL-15 for subsequent TIGIT blocking 
studies using the three different OC cell lines as targets. 
Unstimulated NK cells and rhIL-15 stimulated NK cells showed 
little to no degranulation and IFNγ production, whereas NK cells 
stimulated with K562 and rhIL-15 showed a strong response in 
both degranulation and IFNγ (Supplemental fig S5A). Fold change 
of CD107a and IFNγ response was calculated compared to tumor 
cell stimulation in the presence of rhIL-15. TIGIT blockade 
resulted in a 36% (± 16%) increase in degranulation and 31% (± 
14%) increase in IFNγ production against SKOV-3 by healthy 
donor CD56dim NK cells Figure 4a. In contrast, CD56bright NK 
cells did not respond to TIGIT blockade as these cells lack TIGIT 
expression (Supplemental fig S5B). As expected, DNAM-1 block
ade effectively inhibited the degranulation and IFNγ response of 
CD56dim Figure 4a and CD56bright (Supplemental fig S4A-B) NK 
cells toward SKOV-3. Simultaneous TIGIT and DNAM-1 co- 
blockade still impaired degranulation and IFNγ production by 
healthy donor NK cells, indicating that DNAM-1 triggering is 
more dominant in regulating OC-reactivity of NK cells 
(Supplemental fig S5C). Notably, single CD96 blockade, or co- 
blockade of CD96 with TIGIT or DNAM did not affect NK cell 
functionality. Similar results were found with the OC cell lines 
IGROV-1 and OVCAR-3 (Figure 4b and Supplemental fig S5D).

We observed that TIGIT blockade was most effective in 
improving NK cell reactivity against SKOV-3 and IGROV-1, 
but less prominent for the OVCAR-3 cell line. This correlated 
with CD155 expression but not CD112, as CD155 was absent 
on OVCAR-3 in contrast to high levels observed on both 
SKOV-3 and IGROV-1, while all three cell lines had medium 
to high expression of CD112 Table 2. To elucidate which 
TIGIT/DNAM-1 ligand, CD112, or CD155, is most dominant 
in NK cell reactivity against OC tumor cells, siRNA-treated 
SKOV-3 cells were used with substantially reduced CD112 or 
CD155 expression (Supplemental fig S6A). Decreased siRNA- 
mediated CD155 expression significantly lowered NK cell reac
tivity against SKOV-3 cells, whereas CD112 knockdown did 
not have a clear effect (Supplemental fig S6B-C).

Together, these data demonstrate that TIGIT blockade 
enhances degranulation and IFNγ production of healthy donor 
CD56dim NK cells in response to OC tumor cells, especially when 
appropriate DNAM-1/CD155 interactions are in place.

CD56dim NK cell functionality can be elevated by TIGIT 
blockade in an in vivo mouse model and in a subset of OC 
patients
Having demonstrated that healthy donor NK cell reactivity 
against OC tumor cells can be boosted by TIGIT blockade, 
we next investigated whether this effect was also apparent in 
more clinically relevant models. For this, SKOV-3 tumor- 
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Figure 3. SKOV-3 tumor-bearing mice have significantly reduced DNAM-1 expression in CD56dim and CD56bright NK cells. (a) Schematic overview of the mouse 
experiment. (b) Bioluminescence imaging (BLI) signal of the SKOV-3 tumor-bearing mice over time (n = 5). (c) Expression of DNAM-1, TIGIT and CD96 on CD56dim (left) 
and CD56bright (right) NK cells by flow cytometric measurement on day 0. The top graphs depict percentage positive cells and the bottom graphs depict ΔMFI. (d) 
Expression of DNAM-1, TIGIT and CD96 on intraperitoneal NK cells harvested 14 days after adoptive transfer in SKOV-3 tumor-bearing NSG mice and control mice. Day 0 
data is represented by dotted lines as a reference. The top graphs depict percentage positive cells and the bottom graphs depict ΔMFI. Cumulative data are shown (lines 
indicate mean, n = 5 per group). A One-Way ANOVA with Bonferroni correction was used for statistical analysis, * p < .05 and *** p < .001. (e) Representative plots are 
shown of CD107a and IFNγ expression by CD56dim NK cells after 4 h co-culture with SKOV-3 target cells, low dose rhIL-15 and TIGIT blockade or matching isotype control. 
(f) The percentage of CD107a and IFNγ expressing CD56dim NK cells are shown on day 0 and day 14. Day 14 results are pooled NK cells from 5 different mice from either 
tumor-bearing or control mice.
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bearing NSG mice were infused intraperitoneally with healthy 
donor NK cells and treated with TIGIT blockade or isotype 
control twice weekly Figure 5a. rhIL-15 support was given 
during the 4 weeks in which we acquired tumor load weekly 
by BLI. NK cell treated mice showed significantly less tumor 
load compared to no treatment (P < .05, Figure 5b). 
Importantly, NK cell treatment combined with TIGIT block
ade resulted in a stronger reduction in tumor load compared to 
no treatment (P < .001). The number of NK cells harvested 

at day 33 was similar for both groups Figure 5c. In addition, we 
performed a degranulation assay on NK cells harvested from 
each mouse and found that NK cells from mice that had been 
treated with TIGIT blockade had a significant higher capacity 
to degranulate and secreted more IFNγ compared to mice that 
received the isotype control Figure 5d. When NK cells from 
isotype control treated mice were re-stimulated with SKOV-3, 
subsequent ex vivo TIGIT blockade strongly enhanced their 
CD107a and IFNγ levels Figure 5e. DNAM-1 blockade and 
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Figure 4. CD56dim NK cell degranulation toward OC cell lines is boosted by TIGIT blockade and inhibited by DNAM-1 blockade. (a) Healthy donor CD56dim NK 
cells fold change for CD107a and IFNγ after 4 h stimulation with SKOV-3 target cells, low dose rhIL-15, and TIGIT, DNAM-1 and/or CD96 blockade or matching isotype 
controls. Fold change in CD107a and IFNγ expression on CD56dim cells following antibody treatment is calculated relatively to the condition with low dose rhIL-15 and 
4 h SKOV-3 stimulation only. Cumulative data are shown as mean+SEM (n = 6) (b) IGROV-1 and OVCAR-3 stimulation for 4 h in the presence of TIGIT and/or DNAM-1 
blockade or matching isotype controls. Fold change in CD107a and IFNγ expression on CD56dim cells following antibody treatment is calculated relatively to the 
condition with low dose rhIL-15 and 4 h IGROV-1 or OVCAR-3 stimulation only −3 (n = 6 for IGROV-1 and n = 6 for OVCAR). A One-Way repeated measure ANOVA with 
Bonferroni correction was used for statistical analysis, * p < .05, ** p < .01 and *** p < .001.
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DNAM-1/TIGIT co-blockade, resulted in a similar reduced 
degranulation capacity as we observed in our in vitro model.

Finally, we investigated TIGIT blockade in ascites-derived NK 
cells. For this, ascites samples were selected that were collected at 
diagnosis or first surgery of patients with stage III or IV high-grade 
serous papillary OC. Patient-derived CD56 positive NK cells were 
isolated and cultured overnight with low dose (1 nM) rhIL-15 and 
stimulated with K562 or OC target cells for 4 h. Though hetero
geneous, similar degranulation and IFNγ responses against K562 
were observed overall for ascites-derived and healthy donor 
CD56dim NK cells figure 5f. In contrast, ascites-derived NK cells 
from several OC patients showed impaired responsiveness to 
SKOV-3 as compared to healthy donors Figure 5g.

Based on the SKOV-3 degranulation response, patients were 
grouped in responders (≥10% CD107a+ CD56dim cells) and non- 
responders (<10% CD107a+ CD56dim cells; Figure 5g and Table 1). 
Next, we compared the response against K562 for both non- 
responders versus responders. Also here we noticed that CD56dim 

NK cells from non-responders exhibited impaired tumor responsive
ness, indicating a more general impairment of the NK cells in these 
particular patients (Supplemental fig S7A and B). Notably, TIGIT 
blockade was unable to rescue the NK functionality in these non- 
responders Figure 5h. Most importantly, TIGIT blockade of 
CD56dim NK cells in responders resulted in significantly enhanced 
degranulation and IFNγ production activity Figure 5h. Simultaneous 
blockade of TIGIT and DNAM-1 reversed this effect, and again 
inhibited the degranulation and IFNγ production by ascites-derived 
NK cells. This indicates that also in this setting DNAM-1 triggering is 
more dominant in NK-mediated targeting of OC tumor cells. 
Altogether, our data demonstrate that TIGIT blockade boosts func
tional responsiveness of CD56dim NK cells in patients with baseline 
reactivity against OC tumor cells.

Discussion

NK cells are regulated via activating and inhibitory receptors, and 
the net balance of these signals determines whether an NK cell will 
tolerate or kill a target cell.43,44 Due to this nature, NK cells have 
the ability to recognize and destruct tumor cells with increased 
expression of stress-induced activating ligands and a lack of inhi
bitory signals. Interestingly, many studies have demonstrated that 
OC cells are susceptible to killing by activated NK cells, 7–9 hinting 
that NK cell-based immunotherapy could be an attractive adjuvant 
treatment for OC patients. However, NK cell antitumor immunity 
in OC patients can be attenuated by immunosuppressive cells and 
cytokines within the tumor microenvironment.13–16 Here, we 
investigated the role of the DNAM-1/TIGIT/CD96 axis on NK 
cells in the context of OC. We found that peritoneal NK cells of OC 
patients consist of different CD56dim subpopulations with reduced 

DNAM-1 and high TIGIT and CD96 expression, which to a lesser 
extent can also be found for benign patient peritoneal fluid- 
derived NK cells. This shift to a more inhibitory phenotype 
could also be induced in vitro by co-culturing healthy donor NK 
cells with OC tumor spheroids and in vivo upon infusion into 
SKOV-3 OC bearing NSG mice. Other important NK cell recep
tors such as PD-1, NKG2a, and OX-40 were not affected by 
interaction with OC cells and spheroids. Interestingly, we were 
able to counteract DNAM-1 downregulation by adding rhIL-15 to 
the NK cell-tumor co-cultures, which resulted in a dose-response 
increase of DNAM-1, TIGIT, and CD96.

The5 subsets with different DNAM-1/TIGIT/CD96 expres
sion patterns detected in benign and malignant ascites can be 
induced by a number of factors. First, a study after hemato
poietic stem cell transplantation showed that cryopreserved 
peripheral blood-derived NK cells show a population of 
CD56dimCD16neg NK cells that decreases after time which 
was not observed with fresh cells.45 However, they could repli
cate this finding using fresh cells that were stored at room 
temperature for 24 h indicating a relationship between NK 
cell viability and this CD56dimCD16neg population. Other stu
dies have shown that TGF-β is able to convert a subset of 
CD56dim/brightCD16high NK cells to a CD56dim/brightCD16low/ 

neg phenotype.46,47 Additionally, TGF-β has been shown to 
downregulate DNAM-1 and increase CD96 expression on 
NK cells which is in agreement with our observations.46,48–50 

Since TGF-β is known to be present in ascites of OC patients 
this cytokine may play a role in the altered phenotype of the 
detected subsets. However, benign patients where the levels of 
TGF-β may be lower also showed a high frequency of 
CD56dimCD16neg NK cells. Additionally, CD96 levels on peri
toneal NK cells of benign patients appear similar to healthy 
donor peripheral blood NK cells. Therefore, other factors, such 
as NK cell activation status, NK cell viability, cytokine stimula
tion, and tumor cell interaction may be involved to the 
observed phenotypical alterations in peritoneal NK cells.

In order to functionally boost NK cell reactivity against OC 
cells, we tested TIGIT blockade. First, in healthy donors, we 
found that TIGIT blockade enhanced degranulation and 
IFNγ production of healthy donor CD56dim NK cells in 
response to OC tumor cells, especially when DNAM-1/ 
CD155 interactions were in place. In our models, CD96 
blockade did not improve nor hamper NK cell functionality, 
though we cannot exclude the possibility that the used CD96 
antibody clone and/or ex vivo model-related factors have 
impacted the results. Most interestingly, we observed that 
TIGIT blockade boosted functional responsiveness of 
CD56dim NK cells of OC patients with a baseline reactivity 
against SKOV-3 OC cells.

Table 2. Ovarian cancer (primary) cell line characteristics.

Cell line CD112 Expression (∆MFI±SD) CD155 Expression (∆MFI±SD)
SKOV-3 49.7 (±8.0) 1040 (±197)

IGROV-1 31.3 (±15.5) 1050 (±350)
OVCAR-3 24.7 (±15.3) 783 (±215)
ASC009 22.7 (±4.9) 1567 (±116)

CD112 and CD155 expression of ovarian cancer cell lines. SKOV-3, OVCAR-3, IGROV-1 and ASC009 were all acquired on three different time points. Data shown is the 
average ∆MFI with standard deviation.
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Figure 5. TIGIT blockade boosts functional responsiveness of CD56dim NK cells of OC patients with a baseline reactivity against SKOV-3 cells. (a) Schematic 
overview of the mouse experiment. (b) Bioluminescence imaging (BLI) signal of SKOV-3 tumor-bearing mice over time in “control”, “NK” only and “NK+TIGIT” blockade 
groups (n = 15 per group). (c) Total number of peritoneal NK cells harvested from “NK” only and “NK+TIGIT” blockade groups as measured by flow cytometry (average of 
bead and volume count cytoflex). (d) Percent CD107a (top graph) and IFNγ (bottom graph) from peritoneal NK cells harvested from “NK” only and “NK+TIGIT” groups 
which were re-stimulated ex-vivo with SKOV-3 for 4 h in the presence of low dose rhIL-15. (e) Percent CD107a (top graph) and IFNγ (bottom graph) from peritoneal NK 
cells harvested from “NK” only group re-stimulated with SKOV-3 in the presence of low dose rhIL-15 in combination with TIGIT, DNAM-1, TIGIT/DNAM-1 co-blockade or 
corresponding isotype control(s). (f-g) Percentage CD107a+ and IFNγ+ CD56dim NK cells upon overnight treatment with low dose rhIL-15 (1 nM) and subsequent 4 h 
stimulation with K562 (f) or SKOV-3 (g). Based on a cutoff of 10% CD107a expression on CD56dim NK cells co-cultured with SKOV-3 and rhIL-15 (without additional 
treatment) patients were subdivided in responder (≥10%) and non-responder (<10%) cohorts. Cumulative data of healthy donors (HD; n = 10) and ovarian cancer 
patients (Pt; n = 9) are shown with median. The Mann-Whitney test was used for statistical analysis, * p < .05. (h) CD56dim NK cells positive for CD107a and IFNγ after 4 h 
stimulation with SKOV-3 target cells, low dose rhIL-15 (1 nM), and TIGIT and/or DNAM-1 blockade or matching isotype controls. Cumulative data shown for SKOV-3 
responders only (lines indicate mean, n = 6). A One-Way ANOVA with Bonferroni correction was used for statistical analysis, * p < .05 and *** p < .001.
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Inhibitory phenotypes on NK cells, or on other cell types, 
are commonly described in the context of cancer as for exam
ple melanoma patients have an increased proportion of 
CD56dim CD16neg NK cells in tumor biopsies and their pre
valence negatively correlated with lytic ability.51 Our results 
suggest that these CD56dim CD16neg cells have a more inhibi
tory phenotype compared to CD56dim CD16high and CD16low 

NK cells as they had the lowest DNAM-1 levels, high TIGIT 
expression and the highest CD96 expression of the three 
CD56dim subsets in both OC patients and patients with benign 
conditions. CD96+ NK cells have recently been described to be 
functionally exhausted with impaired cytokine production 
which, together with DNAM-1 downregulation, supports that 
CD56dim CD16neg NK cells acquired a more inhibitory 
phenotype.50 CD96 was also strongly increased by NK cells in 
SKOV-3 OC bearing NSG mice indicating that, next to TIGIT, 
it may be an interesting target for future blocking studies in 
OC. Loss of CD16 in the CD56dim CD16neg and CD16low 

populations could be due to protein downregulation or CD16 
shedding after degranulation as a result of tumor cell contact 
since CD16 shedding is known to strongly correlate with 
increased CD107a expression.52,53 In turn, DNAM-1 also 
decreases upon tumor cell contact.34 Therefore, it is possible 
that CD56dim CD16high NK cells may become CD56dim 

CD16low and later CD56dim CD16neg during continuous OC 
tumor engagement but future studies will have to elucidate this 
phenomenon in more detail.

In our assays, we used rhIL-15 for NK cell survival and 
found that TIGIT and DNAM-1 expression was increased by 
rhIL-15 in a dose-dependent manner which is in accordance 
with literature .37,54,55 However, after co-incubation of healthy 
donor NK cells with OC tumor cell spheroids, DNAM-1 
expression was strongly reduced and levels were comparably 
low as ascites-derived NK cells of OC patients. This is in line 
with our previous results and other studies showing a reduced 
expression of DNAM-1 on NK cells in OC patients.34,35 We 
validated these findings in an in vivo model and found that 
DNAM-1 expression on adoptively transferred NK cells was 
reduced in SKOV-3 OC bearing mice compared to mice with
out tumor. In contrast, TIGIT was strongly upregulated in all 
mice due to rhIL-15 administration to boost NK cell persis
tence, which is in accordance with our in vitro data where we 
also found increased TIGIT levels upon rhIL-15 stimulation. 
Carlsten et al. showed that CD155 expression specifically 
reduces DNAM-1 on NK cells by demonstrating that a cell 
line overexpressing CD155 induced a DNAM-1 reduction 
whereas CD155 negative cells did not. In addition, they showed 
that CD155 expression on OC tumor cells from patients nega
tively correlates with NK cell DNAM-1 expression and that co- 
culture of NK cells and OC cell lines results in DNAM-1 
downregulation in a contact-dependent manner.9,34 These 
data fit with our findings but we did not find a correlation 
between CD155 expression and DNAM-1 downregulation, as 
OVCAR-3 which had the lowest CD155 expression, equally 
downregulated DNAM-1 compared to SKOV-3 and IGROV-1 
which had high CD155 expression levels. This suggests that, 
besides CD155, ligation with other ligands such as CD112 or 
other factors may also reduce DNAM-1 expression on NK 
cells. This is supported by a study in AML patients where 

blast CD112 expression was negatively correlated with 
DNAM-1 expression on NK cells.32

Our data show for the first time that TIGIT blockade can 
enhance NK cell responsiveness toward OC. A beneficial 
effect of TIGIT blockade on NK cells has already been demon
strated in colon cancer and breast cancer.39,40 We determined 
that in SKOV-3 tumor-bearing mice TIGIT blockade yielded 
more active NK cells compared to control NK cells that did 
not receive TIGIT blockade. Compared to untreated SKOV-3 
tumor-bearing mice, the tumor load was more significantly 
decreased in NK cell and TIGIT blockade treated mice com
pared to mice that only received NK cells. Similarly, we 
observed that TIGIT blockade was able to improve degranu
lation and IFNγ production activity of CD56dim NK cells from 
patients with an in vitro baseline response toward SKOV-3 
tumor cells. This supports that TIGIT blockade in OC could 
be a potential immunotherapy for patients with high-grade 
OC who are now faced with limited treatment options. Our 
cohort of OC patients was too small to find a correlation 
between clinical parameters and in vitro responders versus 
non-responders, but a subset of patients evidently showed 
strongly diminished NK cell reactivity toward OC cells (e.g. 
SKOV-3). However, these non-responders also showed an 
impaired response toward K562 target cells, which lack 
MHC-I expression and are thereby highly sensitive to NK 
cell attack. It would be interesting to determine the in vitro 
SKOV-3 response of OC patients in the ongoing clinical trial 
with TIGIT blockade (NCT03628677) and verify whether 
they observe a similar distribution of responders/non- 
responders and whether this correlates with clinical outcome 
of TIGIT blockade. Besides validating our findings it would 
also be intriguing to unravel the mechanisms underlying non- 
responsiveness of patient-derived NK cells. One possibility is 
that these NK cells have a strong inhibitory signature and 
express few activating receptors leading to an inability to 
respond to OC tumor cells which we currently investigate in 
a larger cohort. Another explanation could be that factors in 
ascitic fluid mediated such a strong inhibitory response that 
tumor exposure could not re-activate these NK cells. Notably, 
we found that TIGIT blockade alone was not sufficient to 
rescue these non-responding NK cells of OC patients. To 
further investigate the interactions within the DNAM-1/ 
TIGIT pathway we performed co-blockade experiments and 
observed a net inhibition of NK cell function. Therefore, we 
concluded that DNAM-1 is the dominant receptor within this 
checkpoint axis in our OC models. To obtain the highest 
clinical benefit of TIGIT blockade, probably DNAM-1 needs 
to be concomitantly upregulated. Accordingly, we demon
strated that TIGIT responsiveness was highest in non-tumor 
bearing mice, which can be attributed to higher DNAM-1 
expression, as compared to tumor-bearing mice. The impor
tance of the DNAM-1 receptor in the context of OC is under
scored by our previous study where we showed that OC 
patients with poor OS have lower DNAM-1 expression on 
ascites NK cells than patients with a better OS.35

Overall, our data show that checkpoint molecules 
TIGIT/DNAM-1 play an important role in NK cell respon
siveness against OC, and provides rationale for incorporat
ing TIGIT interference in NK cell-based immunotherapy in 
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OC patients. We demonstrate that DNAM-1 expression can 
be upregulated by rhIL-15 suggesting that TIGIT check
point blockade efficacy in OC patients may be optimal in 
combination with rhIL-15-based stimulation. TIGIT block
ade Is a highly appealing strategy to boost NK cell func
tionality as multiple ongoing clinical trials (NCT02794571, 
NCT03119428, NCT03563716, and NCT03628677) cur
rently investigate the safety, tolerability, and efficacy of 
TIGIT blockade in patients with advanced metastatic can
cers. Since NK cell-based transfer strategies have been 
shown safe without causing toxicity in multiple cancer 
types, NK cell adoptive transfer in combination with 
TIGIT blockade and rhIL-15 could be a promising immu
notherapeutic approach in OC patients.
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