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Abstract

	 The standard treatment for ovarian cancer is surgical debulking followed by platinum- taxane-based chemotherapy. 
Although most patients are initially responsive to this therapy, patients in advanced stages eventually relapse and die. New 
therapeutic approaches using immune checkpoint blockade (ICB) have been less promising in ovarian cancer compared to 
other tumor types, resulting in durable tumor regression in only a small subset of ovarian cancer patients. Because previous 
studies showed immunomodulatory effects following co-treatment with cisplatin and the thrombin inhibitor dabigatran 
etexilate (C/D) in a preclinical animal model of ovarian cancer, we explored to what extent this co-treatment may enhance 
the anti-tumor efficacy of ICB in the ID8 tumor model that is resistant to ICB. Whereas cisplatin or dabigatran treatment 
alone or co-treatment with cisplatin and anti-PD-1 monoclonal antibody (mAb) demonstrated little significant effect on tu-
mor spread, co-treatment with C/D with or without anti-PD-1 mAb significantly reduced ID8 tumor burden and increased 
peritoneal INF-γ producing CD8+ T-cells after only 2 weeks of treatment. Moreover, C/D cotreatment with ICB conferred a 
durable survival advantage over C/D or ICB alone.

	 The enhanced anti-tumor effect and survival with C/D co-treatment and ICB compared to that with C/D or ICB 
alone was accompanied by decreases in immunosuppressive M2- macrophages, decreases in pro-tumorigenic cytokines, and 
corresponding increases in tumor-infiltrating, IFN-γ-producing CD8+ T-cells. Our findings provide proof-of-concept evi-
dence that the addition of ICB with thrombin inhibition in frontline platinum-based chemotherapy may be a potential new 
therapeutic treatment combination for advanced ovarian cancer.
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Introduction

	 Although ovarian cancer accounts for only 3% of all 
cancer in women, it is the fifth leading cause of cancer-related 
deaths for women in the United States [1]. Patients typically 
present with advanced-stage disease, and they often initially re-
spond well to standard primary treatment with surgery and first-
line platinum and taxane-based chemotherapy. However, the 
majority of patients experience recurrence of their cancer within 
12-18 months and die of the disease [2]. Clearly, there is an ur-
gent need for new therapeutic strategies for treating ovarian can-
cer. An exciting new cancer immunotherapy approach is to block 
two key immune checkpoint pathways mediated by immuno-
suppressive co-signaling, the first via programmed cell death-1 
(PD-1) and programmed death ligand-1 (PD-L1) and the sec-
ond via CTL-associated antigen 4 (CTLA-4) and its ligands B7-1 
or B7-2 [3, 4]. The immune checkpoint proteins, CTLA-4 and 
PD-1, normally keep immune responses in check by preventing 
overly intense responses that might damage normal tissue. Tu-
mors can hijack these immune checkpoint proteins and use them 
to suppress immune responses. Blocking the activity of immune 
checkpoint proteins releases the “brakes” on the immune system, 
thus increasing its ability to destroy tumor cells. These new ICI 
treatments have led to dramatic tumor regressions in patients 
with some solid malignancies, including ovarian cancer [5,6]. 
Unfortunately, clinical studies have shown that the administra-
tion of inhibitors of CTLA-4, PD-1, and PD-L1 alone leads to 
durable tumor regression in only a subset of cancer patients [7, 
8]. In ovarian cancer patients treated with immune checkpoint 
blockade, symptomatic disease progression is common and of-
ten leads to early discontinuation of treatment [9]. Because tu-
mors employ multiple and non-overlapping immunosuppressive 
mechanisms that can mitigate the clinical benefit of immuno-
therapy such as immune checkpoint blockers, it is important to 
identify and block these resistance mechanisms.

	 The clinical association between cancer and thrombosis 
has been recognized for more than a century [10], and expres-
sion of coagulation factors and biomarkers of hemostatic system 
activation correlates strongly with poor prognosis for multiple 
cancer types [11-13]. Indeed, ovarian cancer is associated with 
a high risk of thrombotic events (20%) which sometimes can 
be exacerbated by treatment with standard chemotherapeutic 
agents [14-16]. The pro-thrombotic microenvironment in tu-
mors also directly promotes tumor growth and metastasis [17]. 
Thrombin is the primary effector protease of the coagulation 
cascade generated by the action of tissue factor and other coagu-

lation factors. The critical role of thrombin in promoting tumor 
progression reflects its many functions, including fibrin forma-
tion [18], platelet activation [19], activation of protease-activat-
ed receptor (PAR) signaling [20] and the proteolytic breakdown 
of the extracellular matrix. In addition to its role in generating 
fibrin to promote hemostasis, thrombin acts directly on multi-
ple effector cells of the immune system affecting both acute and 
chronic inflammatory processes [21, 22]. The ablation of PAR-1 
from the tumor microenvironment, but not the tumor, has been 
shown to dramatically reduce tumor growth and metastasis in 
multiple tumor models [23, 24], in part by reducing infiltration 
of M2-like macrophages into the tumor [23]. Thrombin-acti-
vated platelets release immunosuppressive cytokines including 
TGF-β that can inhibit natural killer cell activity, helping the 
tumor evade host immunosurveillance [25, 26]. Taken together, 
there is strong evidence that thrombin influences cancer patho-
genesis via multiple mechanisms, including the tumor immune 
response, with thrombin emerging as a target for novel therapies 
in cancer. Using the murine ID8 ovarian tumor model, we have 
shown that the thrombin inhibitor, dabigatran etexilate, signifi-
cantly enhances the anti-tumor efficacy of cisplatin in an immu-
nomodulatory way [27]. Dabigatran is an oral anticoagulant that 
is a direct thrombin inhibitor [28]. The anti-tumor effect of this 
co-treatment was significantly greater than the reduction in tu-
mor load from either cisplatin or dabigatran alone. The present 
investigation was designed to explore to what extent cisplatin 
and dabigatran co-treatment, that decreases the tumor infiltra-
tion of myeloid immunosuppressive cells, may enhance the ef-
ficacy of immune checkpoint inhibitors in a murine model of 
resistant ovarian cancer.

Methods
Animals
	 Female C57/Bl6 mice were obtained from Charles Riv-
ers/NCI. Protocols for the use of animals in these studies were 
reviewed and approved by the Institutional Animal Care and 
Use Committee of the Lankenau Institute for Medical Research 
in accordance with the current US Department of Agriculture, 
Department of Health and Human Service regulations and stan-
dards.

Cell Culture
	 Luciferase-expressing ID8 (ID8-luc) mouse ovarian 
carcinoma cells were kindly provided by Dr. Janet Sawicki of the 
Lankenau Institute of Medical Research. Cell line authentication 
and IMPACT tests were performed on these cells before use in 
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animal experiments. ID8-luc cells were cultured in DMEM sup-
plemented with 4% fetal bovine serum, 1x insulin/transferrin/
sodium selenite media supplement (Corning) and 1x Penicillin/
Streptomycin (Cellgro). The cells were freshly thawed from ear-
ly passage cells, cultured for no more than 2 months, and reg-
ularly checked by virtue of their morphologic features to avoid 
cross-contamination or misuse.

Murine ID8 Tumor Model
	 Female C57/Bl6 mice were intraperitoneally (i.p.) in-
jected with 2.0 x 106 ID8-luc cells. To monitor tumor growth and 
spread throughout the peritoneal cavity, mice were imaged for 
bioluminescence using an IVIS bioluminescence imager. Three 
weeks after ID8-luc cells were injected, anti-CTLA-4 therapy was 
started with 100 μg of anti-CTLA-4 antibody (clone 9D9, BioX-
Cell) injected i.p. every third day for a total of three injections. 
Four weeks after ID8-luc cells were injected, treatment with an-
ti-PD-1 antibody (clone RMP1-14, BioXCell, 200 µg, i.p.) was 
initiated with injections every other day for a total of five injec-
tions. All mice not receiving anti-CTLA-4 or anti-PD-1 anti-
bodies received corresponding doses of isotype control antibody 
(BioXCell). When tumor bioluminescence values were approx-
imately 5.0 x 105 photons/sec/cm2, treatments with cisplatin 
(1 mg/kg, i.p. once weekly) and dabigatran were initiated. Mice 
were dosed with dabigatran etexilate by oral gavage twice daily 
(80 mg/kg) Monday through Friday and placed on dabigatran 
etexilate chow (10 mg/g chow) over the weekends. For surviv-
al studies, mice were sacrificed after significant accumulations 
of ascites were observed in the mice or mice developed adverse 
effects such as slowed movement or an unkempt, disheveled ap-
pearance. Upon sacrifice, ascites fluid was collected, and a final 
bioluminescence value obtained by opening the peritoneal cavity 
and imaging it. A section of the peritoneal membrane with ID8 
tumors was collected for analysis by flow cytometry. Collected 
ascites were measured and centrifuged at 300 x g for 5 minutes to 
precipitate cells. The supernatant was frozen at - 80ºC for cyto-
kine analyses, and the cell pellets were analyzed by flow cytome-
try. 

Flow cytometry analysis
	 Ascites cell pellets were incubated with 5 ml of red cell 
lysis buffer (0.17 M Tris-HCL, 0.16 M NH4Cl) for 3 min. Cells 
were spun down and resuspended in FACS buffer (1.5% heat-in-
activated FBS in PBS). Peritoneal tumor samples were minced 
with scissors and then incubated with collagenase/liberase for 20 
min. Samples were spun down and resuspended in 5 ml of red 
cell lysis buffer for 3 min and then spun down and resuspended 

in FACS buffer. Equal numbers of viable cells were stained with 
the indicated antibodies (F4/80-PE-Cy7 (25-4801-82), CD8-PE-
Cy7 (25-0081-82), CD4-PE (12-0081-82), IFN-γ (17-7311-82), 
CD45-PE-Cy5 (15-0451-83) all from eBiosciences and CD206-
FITC (141704), Biolegend) for 1 h at 4° in the dark. Flow-cyto-
metric data were acquired on a BD FACSCanto II and analyzed 
using FACSDiva software (BD Biosciences). Viable cells were 
gated based on Fixable Viability Dye eflour 780 staining (Invitro-
gen).

Intracellular IFN-γ staining
	 Ascites cell pellets were incubated with 5 ml of red cell 
lysis buffer for 3 min and then equal numbers of cells (2.0 x 106) 
were resuspended in Iscove’s Modified Dulbecco’s culture media 
(Gibco) supplemented with 10% heat inactivated fetal calf serum, 
1% Glutamax (Gibco), 0.5% gentamycin and 50 µM 2- mercap-
toethanol. Cells were treated for 4 hours at 37ºC with ionomycin 
(500 ng/ml) and phorbol myristate acetate (PMA) (50 ng/ml) 
to stimulate activated T cells to produce IFN- γ in the presence 
of Brefeldin A (eBioscience) to block cytokine secretion. Cells 
were surface stained with PE-Cy7-conjugated anti-CD8α and 
PE-Cy5-conjugated anti-CD45 in the presence of Brefeldin A. 
Cells were fixed, permeabilized, and intracellularly stained with 
APC-conjugated anti-IFN-γ (eBioscience). Flow-cytometric 
data were acquired on a BD FACSCanto II and analyzed using 
FACSDiva software (BD Biosciences). Viable cells were gated 
based on Fixable Viability Dye eflour 780 staining.

Cytokine analyses
	 Ascites samples were spun at 300 g for 10 minutes to 
pellet cells. Ascites supernatants were collected and analyzed for 
tumor necrosis factor-alpha (TNF- α), monocyte chemoattrac-
tant protein-1 (MCP-1), IL-6, and IL-10 using the Mouse Inflam-
mation Cytometric Bead Array reagents (BD Biosciences, San 
Jose, CA) and TGF-β using the TGF-β flex set (BD Biosciences, 
San Jose, CA) and flow cytometry as per the manufacturer’s pro-
tocol.

Statistics
	 All in vivo experiments were carried out using multiple 
animals (n = 7-10 per experimental group) in 3 separate experi-
ments. All in vitro experiments were performed in at least tripli-
cate, and data compiled from 2-3 separate experiments. Analyses 
were done using a 1-way ANOVA with a Tukey test for multiple 
comparison correction.



  JScholar Publishers                  
 

J Cancer Res Therap Oncol 2020 | Vol 8: 102

 
4

	 Survival rates were analyzed using the Kaplan-Meier 
method and evaluated with the log- rank test with Bonferroni 
correction. For analyzing ID8 tumor spread over time, a lin-
ear mixed-effects model and a linear growth model were fit to 
assess the change in average radiant flux over time among the 
control and three treatment groups. The models contained the 
main effects of treatment over time and included the interaction 
between the main effects. Additionally, they were fit using a ran-
dom-intercept, which allowed each mouse to have a different 
baseline radiant flux at day 29. Due to the significant interaction, 
post-hoc tests were performed to identify significant differences 
among treatments, and all p-values were adjusted using a Bon-
ferroni correction. All tests were two-sided and the significance 
level was p ≤ 0.05.
 

Results
Administration of cisplatin and dabigatran decrease 
tumor burden and increase IFN-γ production in CD8+ 
T-cells during the early stages of tumor progression
	 We evaluated the effect of cisplatin or cisplatin/dab-
igatran etexilate (C/D) co-treatment with immune checkpoint 
blockade (ICB) on tumor progression and survival using the 
ID8 tumor model of ovarian cancer, given that the two thera-
pies modulate the immune response to cancer cells by different, 
and potentially, complementary mechanisms. Studies conducted 
using the ID8 model, a highly clinically relevant murine model 
of ICB-resistant ovarian cancer, have shown that treatment with 
anti-PD-1 monoclonal antibody (mAb) alone is ineffective in 
preventing peritoneal tumor growth [29]. At four weeks, daily 
treatment with C/D or vehicle control was initiated along with 
anti-PD-1 mAb or control isotype mAb. To evaluate tumor bur-
den and the immune response at an early time point during dis-
ease progression, mice were sacrificed after 2 weeks of treatment. 
The tumor growth of the luciferase-expressing ID8 tumor cells 
was measured by bioluminescence. Whereas treatment with cis-
platin, dabigatran, or anti- PD-1 mAb individually had no effect 
on overall tumor burden, co-treatment with cisplatin and dabig-
atran with or without anti-PD-1 mAb significantly reduced ID8 
tumor burden even after only 2 weeks of treatment (Figure 1A). 
Interestingly, only mice treated with cisplatin plus dabigatran 
had significantly higher levels of peritoneal INF-γ producing 
CD8+ T-cells compared to that in mice treated with vehicle con-
trol, anti-PD-1 mAb, dabigatran, or cisplatin alone (Figure 1B). 
Co-treatment of anti-PD-1 mAb with cisplatin did not increase 
the levels of peritoneal INF-γ producing CD8+ T-cells as did 
C/D co-treatment (Figure 1B). Because cisplatin treatment alone 
or co-treatment with cisplatin and anti-PD-1 mAb demonstrated 

a little significant effect on tumor spread and INF-γ producing 
CD8+ T-cells after both 2 and 4 weeks of treatment (Figure 1 and 
data not shown), C/D co-treatment was used in additional tumor 
experiments.

Co-treatment with dabigatran, cisplatin, and immune 
checkpoint inhibitors inhibit ID8 tumor growth and as-
cites development in vivo
	 To examine what effect co-treatment with C/D and 
ICB had on ID8 tumor progression as tumor burden increased, 
mice were injected with ID8-luc tumor cells and treated with 
C/D or C/D plus either anti-CTLA-4 or anti-PD-1 mAb and 
then sacrificed 10 weeks following tumor injection to allow for 
direct comparisons between treatment groups. Mono-therapy 
or cisplatin/anti-PD-1 co-treatment was not included due to a 
lack of effectiveness (data not shown, Figure 1A, B). Treatment 
with C/D either with or without anti-CTLA-4 or anti-PD-1 mAb 
significantly inhibited the progression of ID8-luc tumors (Fig-
ure 2A, D) compared to vehicle-treated control mice, with the 
slowest tumor progression in mice administered both C/D and 
ICB. The bioluminescence values for the control mice decreased 
at the final time point due to quenching of bioluminescence 
by the large volume of ascites in the control mice compared to 
mice in the treatment groups (Figure 2A, B). After 10 weeks of 
treatment, all treatment groups had a significantly lower tumor 
burden compared to control mice with final peritoneal biolu-
minescence measurements that were 18, 28, and 33-fold low-
er than control mice for the C/D only, C/D and anti-CTLA-4 
mAb co-treatment, and C/D and anti-PD-1 mAb co-treatment 
groups, respectively (Figure 2C). A closer look at the final perito-
neal bioluminescence of mice receiving C/D showed that the ad-
dition of anti-CTLA-4 mAb or anti-PD-1 mAb to the treatment 
schedule further reduced the final peritoneal tumor biolumines-
cence by 40% and 50%, respectively, compared to treatment with 
C/D alone (Figure 2C, inset).

	 A common feature of ovarian cancers is the devel-
opment of ascites, fluid accumulation in the peritoneal cavity 
containing a dynamic mixture of growth factors, immune cells 
and tumor cells [30]. Whereas treatment with C/D significantly 
reduced ascites accumulation by 3-fold, co-treatment with an-
ti-CTLA-4 or anti-PD-1 mAb resulted in 5 and 10-fold reduc-
tions in ascites volume, respectively (Figure 2B).
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Figure 1: Co-treatment with cisplatin and dabigatran etexilate reduces tumor burden early during tumor progression. Four weeks after mice 
were i.p. injected with 2.0 x 106 ID8-luc cells, all treatments were initiated. Anti-PD-1 antibodies (200 µg every two days, five doses total) were i.p. 
injected. Mice were injected i.p. with cisplatin (1 mg/kg) once weekly. Dabigatran etexilate was administered by oral gavage twice daily (80 mg/
kg) Monday through Friday, and mice were placed on chow supplemented with dabigatran etexilate (10 mg/g chow) over the weekends. (A) Final 
tumor loads of mice assessed by bioluminescence imaging of the opened peritoneal cavity six weeks after tumor injection (2 weeks of treatment 
with cisplatin and dabigatran). (B) Cells (2 x106) isolated from peritoneal lavages were treated for 4 h at 37ºC with ionomycin (500 ng/ml) and PMA 
(50 ng/ml) to stimulate activated T cells to produce IFN-γ in the presence of Brefeldin A to block cytokine secretion. Ascites cells were stained 
with anti- CD8α and anti-CD45 antibodies in the presence of Brefeldin A. Cells were then fixed, permeabilized, and intracellularly stained with an 
anti-IFN-γ antibody and analyzed by flow cytometry. n = 5 mice per group ± SEM; * = p<0.05 and # = p<0.01 compared to control vehicle-treated 
tumor-bearing mice.

Co-treatment with cisplatin and dabigatran plus anti-CTLA-4 
or anti-PD-1 antibodies shifts tumor-infiltrating leukocytes 
to a more anti-tumorigenic profile
	 The cellular component of the ascites in ID8-luc tu-
mor-bearing mice was analyzed for infiltrating leukocytes by 
flow cytometry. When mice were sacrificed 10 weeks following 
tumor injection, there was no difference in the total CD45+ im-
mune cells in the ascites between treatment groups. However, 
differences were observed in specific subpopulations of ascites 
leukocytes. In mice receiving C/D plus a checkpoint inhibitor, 
F4/80+ macrophages were significantly elevated compared to 
control mice or mice treated with C/D only (Figure 3A). In-
terestingly, when looking specifically at the pro-tumorigenic 
CD206+F4/80+ M2-like macrophages, all treatment groups saw 
significant reductions in M2 macrophages compared to vehi-
cle-treated control mice (Figure 3B). If CD206+F4/80+ M2-like 
macrophages are subtracted from the total F4/80+ macrophages, 
M1 pro-inflammatory macrophages can be identified. The in-
creased ratio of pro-inflammatory M1 macrophages to pro-tu-
morigenic CD206+F4/80+ M2-like macrophages indicates that 
the addition of either anti-CTLA-4 or anti-PD-1 mAb to C/D 
treatment dramatically shifts macrophages to a more pro-in-
flammatory, potentially anti-tumorigenic phenotype compared 

to control or C/D-treated mice (Figure 3C).	

	   To further study the cellular compartment of the as-
cites, we analyzed the ability of CD8+ T-cells in the ascites to 
produce IFN-γ, an immune stimulatory response of cytotoxic 
T-cells to specific antigens. Following stimulation with iono-
mycin and PMA, IFN-γ production by activated CD8+ T-cells 
was evaluated by flow cytometry. Whereas the overall number of 
CD8+ T-cells in the ascites of ID8-luc tumor-bearing mice did 
not change significantly with treatment (data not shown), ex vivo 
stimulation revealed that C/D treatment doubled the percent-
age of IFN-γ-producing CD8+ T-cells compared to that in con-
trol-treated mice (Figure 3D). The addition of either anti-CT-
LA-4 or anti-PD-1 therapy to C/D treatment further increased 
the percentage of IFN-γ-producing CD8+ T- cells, indicating 
greater activation of CD8+ T-cells in the ascites of mice treated 
with C/D and ICB (Figure 3D).

	 To further investigate the effect of ICB on the T-cell re-
sponse to ID8 ovarian cancer, we isolated tumor-infiltrating leu-
kocytes from tumors on the peritoneal membrane and analyzed 
them by flow cytometry. Treatment with C/D alone significantly 
increased the number of infiltrating CD8+ T-cells compared to 
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Figure 2: Inhibitory effects of cisplatin and dabigatran etexilate co-treatment plus either anti-CTLA-4 or anti-PD-1 therapy on ID8 tumor 
growth and malignant ascites accumulation. Mice were treated as described in Figure 1, apart from anti- CTLA-4 treated mice. Mice in the 
CTLA-4 groups received three doses of anti-CTLA-4 antibodies starting at week three after ID8 cell injection every third day for three doses. All 
mice were sacrificed after six weeks of treatment (10 weeks after tumor cell injection).(A) Representative quantification of ID8-luc tumor burden 
by bioluminescence imaging in living mice. (B) Ascites volume was determined upon sacrifice. (C) The final tumor loads were assessed by biolu-
minescence imaging of the opened peritoneal cavity. Insert is an enlarged figure of bioluminescence for mice treated with C/D ± immune check-
point inhibitors. (D) Representative quantification of ID8-luc tumor burden by bioluminescence imaging in living mice. Mice were sacrificed at 10 
weeks post tumor injection. n = 7-10 mice per group ± SEM; * = p<0.05 and # = p<0.01 compared to control vehicle-treated tumor-bearing mice.

that in control mice (Figure 3E). Co-treatment of C/D with an-
ti-CTLA-4 or anti-PD-1 mAb further increased the number of 
tumor-infiltrating CD8+ T-cells. Conversely, co-treatment with 
immune checkpoint inhibitors in addition to C/D dramatical-
ly reduced levels of CD4+ T-cells in both ascites (Supplemental 
Figure S1) and tumors (Figure 3F) suggesting that while immune 
checkpoint inhibition increases the number of CD8+ T-cells and 
the percentage of those CD8+ effector T-cells producing IFN-γ, 
the number of suppressive CD4+ T-cells, such as Tregs, may also 
be decreased.

Co-treatment with cisplatin and dabigatran and an-
ti-CTLA-4 or anti-PD-1 antibody decreases cytokines in 
the ascites
	 Tumors develop many mechanisms to evade immune 
responses including the secretion of inhibitory cytokines such as 
tumor growth factor β (TGF-β) and IL-10 in addition to inhib-
itor cell types such as M2 macrophages or Tregs [31]. Cell-free 
ascites from ID8 tumor-bearing mice was analyzed by cytokine 
bead arrays using flow cytometry. High levels of the cytokines, 
TNF-α, MCP-1, IL-6 and TGF-β, were observed in the ascites of 
untreated ID8 tumor-bearing mice (Figure 4). Treatment with 
C/D significantly reduced levels of TNF-α, MCP-1, IL-10, and 
TGF-β but not IL-6 (Figure 5). Co-treatment with C/D plus ei-
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Co-treatment with dabigatran etexilate, cisplatin, and an im-
mune checkpoint inhibitor confers a durable survival advan-
tage over immune checkpoint blockade alone
	 To determine if the changes observed in mice receiv-
ing co-treatment with C/D and ICB would confer a survival ad-
vantage over C/D or ICB alone, mice were treated as indicated 
in Figure 5A. Mice in the vehicle control group began to devel-
op ascites by week 9, surviving only until week 13 (Figure 5B). 
Treatment with only anti-CTLA-4 or anti-PD-1 mAb demon-
strated no survival effect, indicating that the ID8-luc tumors are 
resistant to immune checkpoint inhibition alone. Treatment with 
C/D alone significantly enhanced the survival of the mice until 
week 18, more than a month after mice in the control group or 
mice receiving ICB alone. However, the most dramatic survival 
effects were seen in mice receiving both ICB and C/D treatments. 
At week 18, 1/8 mice in the C/D plus anti-CTLA-4 group and 2/7 
mice in the C/D plus anti-PD-1 treatment group were still alive 
with low tumor bioluminescence. To determine how durable the 
response to treatment was, treatment with C/D was discontinued 
in these surviving mice. Tumor bioluminescence continued to 
be stable at very low levels for an additional 1-2 months in these 
surviving mice, with mice co-treated with C/D and anti-PD-1 
mAb surviving for up to three months following discontinuation 
of all treatment (Figure 5B). Overall, these results show that C/D 
co-treatment with ICB enhanced survival and anti-tumor effica-
cy that was also accompanied by decreases in immunosuppres-
sive M2-macrophages, decreases in pro-tumorigenic cytokines, 
and corresponding increases in CD8+ T-cell infiltration of ID8 
tumors and increased IFN-γ production. 

Discussion
	 Previously, we showed significantly greater anti-tumor 
efficacy with dabigatran etexilate and cisplatin co-treatment that 
was accompanied by a decrease in immunosuppressive myeloid 
cell populations and pro-tumorigenic cytokines as well as a con-
comitant increase in CD8+ effector T-cell activity in the tumor 
ascites [27]. Here we show that co-treatment with chemothera-
peutic cisplatin and the thrombin inhibitor dabigatran signifi-
cantly enhances the efficacy of ICB in a murine model of ovarian 
cancer that is resistant to ICB alone. Of particular significance 
was that approximately a third of the mice treated with C/D plus 

ther anti-CTLA-4 or anti-PD-1 mAb further lowered levels of 
TNF-α and MCP-1 compared to that in mice treated with C/D 
alone. However, only co-treatment with anti-PD-1 and C/D sig-
nificantly reduced levels of IL-6 in the ascites compared to con-
trol mice.

anti-PD-1 mAb survived, without treatment, for an addition-
al three months beyond the survival of mice treated with C/D 
alone.

	 Thrombin has the potential to directly modulate the im-
mune response to the developing tumor. The chronic pro-inflam-
matory state in the tumor microenvironment has been shown to 
induce thrombin expression [32, 33] mediated by the pro-tum-
origenic, pro-inflammatory cytokine IL-6 [34]. Thrombin sig-
nals through the PAR-1 receptor which is abundantly expressed 
in the tumor microenvironment including infiltrating immune 
cells [35]. Ablation of PAR-1 from the tumor microenvironment, 
but not the tumor, dramatically reduces tumor growth and me-
tastasis in multiple tumor models, in part by reducing the infil-
tration of M2-like macrophages into the tumor [23]. We have 
previously shown that ID8 tumor cells stimulated with thrombin 
secrete high levels of MCP-1 and that conditioned media from 
thrombin-treated ID8 tumor cells promotes the conversion of 
macrophages into an arginase-expressing M2-like phenotype 
[27]. In this study, we demonstrated that inhibition of thrombin 
with dabigatran etexilate in conjunction with administration of 
cisplatin significantly reduces levels of MCP-1 and M2 macro-
phages in the ascites of ID8 tumor-bearing mice, and these levels 
are further reduced following co-treatment with anti-CTLA-4 or 
anti-PD-1 mAb.

	 Gold standard treatment for women with ovarian can-
cer is surgical debulking followed by platinum-based chemother-
apy, such as cisplatin. Cisplatin kills cancer cells by cross-linking 
DNA and inhibiting mitotic cell division. It was originally be-
lieved that chemotherapy negatively impacted anti-tumor im-
munity in the host, but that dogma has been challenged by recent 
studies. Grabosch et.al. [36] recently demonstrated that the treat-
ment of epithelial ovarian cancers in vitro and in vivo with cispla-
tin increases tumor immunogenicity by causing novel mutations 
in the ovarian cancer cells, increasing antigen presentation, and 
stimulating the accumulation of cytotoxic CD8+ T-cells in ep-
ithelial ovarian tumors. Anti-PD-1 therapy tends to work best 
in “hot” tumors that have a high level of T-cell infiltration while 
increased immunogenicity of the tumor cells may give the im-
mune system a better target. We observed that tumor-infiltrating 
CD8+ T-cells were increased in C/D-treated mice compared to 
control mice. It is important to note that only C/D co-treatment, 
but not single treatment with cisplatin, dabigatran or anti-PD-1 
antibodies alone, increased IFN-γ -producing CD8+ T cells and 
decreased myeloid immunosuppressive cells in ID8 tumor-bear-
ing mice.
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Figure 3. Cisplatin and dabigatran etexilate co-treatment plus either anti-CTLA-4 or anti-PD-1 therapy increases cytotoxic T-cell IFN-γ 
production and decreases M2 macrophage levels in the ascites ID8-luc tumor-bearing mice. Upon sacrifice, ascites was removed from ID8 
tumor-bearing mice and spun at 300 g for 10 minutes to isolate the cellular component. (A-B) CD45+ ascites cells were stained and analyzed 
by flow cytometry for the percentage of the indicated leukocytes. (C) The ratio of pro-inflammatory M1 macrophages to pro-tumorigenic M2 
F4/80+CD206+ macrophages where M1 macrophages are [(total F4/80+ macrophages) – (F4/80+CD206+ M2 macrophages)]. (D) Ascites cells 
(2 x 106) were treated for 4 h at 37ºC with ionomycin (500 ng/ml) and PMA (50 ng/ml) to stimulate activated T cells to produce IFN-γ in the 
presence of Brefeldin A to block cytokine secretion. Ascites cells were stained with anti- CD8α and anti-CD45 antibodies in the presence of Brefel-
din A. Cells were then fixed, permeabilized, and intracellularly stained with an anti-IFN-γ antibody and analyzed by flow cytometry. (E-F) Upon 
sacrifice, ID8 tumors on the peritoneal wall of tumor-bearing mice were excised, digested and processed into a single cell suspension for analysis 
by flow cytometry. CD45+ cells were analyzed for the percentage of the indicated tumor-infiltrating leukocytes. n = 7-10 mice per group ± SEM; 
* = p<0.05 and # = p<0.01 compared to control vehicle-treated tumor-bearing mice or indicated groups.

	 Blockade of CTLA-4 is thought to primarily impact 
T-cell activation in the tumor microenvironment where CTLA-4 
expressing Tregs accumulate and can remove CD80 and CD86 
from the surface of antigen-presenting cells [37]. We observed 
that C/D treatment dramatically reduced CD4+ T-cells in both 
the ascites and tumors of ID8 tumor-bearing mice, potentially 
blunting the efficacy of anti-CTLA-4 immune checkpoint block-
ade. On the other hand, several aspects of PD-1 biology make 
PD-1 blockade an effective co-treatment with C/D. PD-1 ex-
pressing, tumor-infiltrating T-cells are inhibited by PD-L1 ex-
pressing tumor cells and other infiltrating leukocytes suggesting 
that anti- PD-1 therapy primarily boost the effector stage of the 

immune response [38]. C/D co-treatment increased intra-tu-
moral levels of CD8+ T-cells generating a “hotter” tumor for 
anti-PD-1 mAb therapy to stimulate. Although CD8+ T-cells 
can produce elevated levels of IFN-γ leading to up regulation of 
PD-L1 in tumor cells and PD-1 mediated suppression of CD8+ 

T-cell cytotoxicity, PD-1 blockade can reverse this possible effect 
of C/D co-treatment to enhance anti-tumor efficacy.

	 The present findings demonstrate that C/D co-treat-
ment significantly enhanced the anti-tumor efficacy of ICB in 
a murine model of ICB-resistant ovarian cancer by modulat-
ing multiple aspects of the immune response to tumor growth. 
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Figure 4. Cisplatin and dabigatran etexilate co-treatment plus either anti-CTLA-4 or anti-PD-1 therapy reduce levels of pro-tumorigenic 
cytokines in the ascites. Upon sacrifice, ascites were removed and spun at 300 g for 10 minutes to isolate the cell-free component of the ascites 
which was assayed for levels of TNF-α, MCP-1, IL-10, IL- 6, and TGF-β by Cytokine Bead Array. n = 7-10 mice per group ± SEM; * = p<0.05 and 
# = p<0.01 compared to control vehicle-treated tumor-bearing mice or indicated groups.

Figure 5: Co-treatment with cisplatin and dabigatran etexilate plus either anti- CTLA-4 or anti-PD-1 therapy confers a survival benefit in 
mice with ID8 ovarian tumors. (5A) Overall schematic of ID8 ovarian tumor survival experiments. Three weeks after mice were i.p. injected 
with 2.0 x 106 ID8-luc cells, administration of anti- CTLA-4 antibodies (100 µg every three days, three doses total) was initiated. At week 4, all 
other treatments were initiated. Anti-PD-1 antibodies (200 µg every two days, five doses total) were i.p. injected. Mice were injected i.p. with 
cisplatin (1 mg/kg) once weekly. Dabigatran etexilate was administered by oral gavage twice daily (80 mg/kg) Monday through Friday, and mice 
were placed on chow supplemented with dabigatran etexilate (10 mg/g chow) over the weekends. Treatment with cisplatin and dabigatran etexi-
late (C/D) was terminated at week 18.
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Figure 5B: Kaplan-Meier survival curves of ID8 tumor-bearing mice treated with vehicle, anti-CTLA-4 alone, anti-PD-1 alone, C/D with or 
without anti-CTLA-4, or C/D with or without anti-PD-1. n = 7-10 mice per group; * = p<0.05 and # = p<0.01 compared to control vehicle-treated 
tumor-bearing mice.

Only the combination of cisplatin treatment with the thrombin 
inhibitor dabigatran significantly increased CD8+ T-cell tumor 
infiltration while reducing the immunosuppressive microenvi-
ronment by decreasing levels of myeloid immunosuppressor 
cells and multiple immunosuppressive cytokines. The develop-
ment of new oral anticoagulants such as the thrombin inhibitor 
dabigatran offers several advantages over vitamin K antagonists 
and heparins in that it requires no monitoring has less bleeding 
risk, and a direct antidote is available [39]. Our findings provide 
proof-of-concept evidence that the addition C/D with ICB may 
be a potential new therapeutic treatment combination that fur-
ther harnesses the immune system for the treatment of advanced 
ovarian cancer.
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Supplementary Figure 1. Upon sacrifice, ascites was removed from ID8 tumor-bearing mice, and the cellular component was isolated.  (A-B) 
CD45+ ascites cells were gated and analyzed by flow cytometry for the percentage of the indicated CD8+ or CD4+ T-cells.  n = 7-10 mice per 
group ± SEM; * = p<0.05 and # = p<0.01 compared to control vehicle-treated tumor-bearing mice or indicated treatment groups.
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