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Intratumoral expression analysis reveals that OX40 and TIM-3
are prominently expressed and have variable associations
with clinical outcomes in high grade serous ovarian cancer
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Abstract. Patients with ovarian cancer exhibit low response
rates to anti-programmed cell death protein-1 (PD-1) based
therapies, despite ovarian tumors demonstrating measurable
immune responses. Therefore, the aim of the present study
was to comparatively examine expression of notable immune
co-stimulatory and co-inhibitory receptors in order identify
the most abundant receptors that could potentially serve
as therapeutic targets to enhance immunotherapy response
in high grade serous ovarian cancer (HGSOC). The Cancer
Genome Atlas (TCGA) was employed to compare levels of
various HGSOC and pan-cancer cohorts. To confirm these
findings at the protein level, immunofluorescence of select
receptors was performed in 29 HGSOC patient tissue samples.
TCGA and Kaplan Meier analysis was employed to determine
the association of highly expressed immune receptors with
clinical outcomes. TIM-3 and OX40 exhibited the highest
expression in HGSOC at both the gene and protein level, with
TIM-3 demonstrating highest levels on both CD8* and CD4*
T cell subsets. Pan-cancer analysis determined that TIM-3 and
0X40 levels were similar to those in immunotherapy-respon-
sive cancers, while PD-1 exhibited much lower expression in
HGSOC. Finally, OX40 was most strongly associated with
improved patient survival. Overall, the current study suggested
that TIM-3 and OX40 are frequently expressed intratumoral
immune receptors in HGSOC and thus represent promising
immune targets. Furthermore, the present analysis strongly
suggested that OX40 was significantly associated with a longer
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survival and could potentially be utilized as a prognostic factor
for improved patient outcomes in HGSOC.

Introduction

In the USA in 2022, there will be approximately 19,880 women
newly diagnosed with epithelial ovarian cancer (EOC) and
approximately 12,810 deaths attributed to this disease (1).
Unfortunately, the five-year survival rate for EOC is only
48% (2), with minimal improvement in survival in the last
30 years (3). This is due to the fact that many patients develop a
recurrence within 12-18 months of completion of their primary
treatment regimen, at which time the cancer is less responsive to
traditional platinum based-chemotherapeutics (4,5). In recent
years, there have been approvals of new targeted therapies
such as anti-angiogenic and poly (ADP-ribose) polymerase
(PARP) inhibitors that modestly improve progression-free
survival (PFS); however, neither have produced a substantial
overall survival (OS) benefit for patients (6-8). Currently, the
focus of EOC clinical trials is immune checkpoint inhibitors
that restore the anti-tumor function of CD8* T cells, such
as monoclonal antibodies targeting programmed cell death
protein-1 (PD-1) (9). While these PD-1 inhibitors have proven
to be successful in cancers such as melanoma, non-small
cell lung, and renal cell carcinoma, EOC clinical trials have
shown that only a small portion of patients (10-33%) respond
to anti-PD-1 therapy (10-12). Despite EOC patients exhibiting
low responses to anti-PD-1 based therapies, ovarian tumors
produce anti-tumor immune responses that can be detected in
ascites, peripheral blood, and tumors (13). In addition, it has
been well documented that higher intratumoral T cell numbers
correlate to a better clinical prognosis for EOC patients (14,15).
Therefore, there is a strong need for improved immunothera-
peutic approaches for this patient population.

In recent years, a plethora of pre-clinical in vivo studies
show that combinatorial targeting of alternative T cell co-recep-
tors in combination with PD-1 increases tumor immune
cell infiltration and improves survival in EOC patients (16).
However, there have been no studies comparing expression
levels of diverse intratumoral immune co-receptors in EOC
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tissue. The expression of different intratumoral immune
co-receptors in EOC is of particular importance, since one
potential reason that PD-1 based therapies have been unsuc-
cessful in EOC is because programmed death-ligand 1 (PD-L1)
often exhibits low expression in patient tumors, suggesting
that not all ovarian tumors utilize the PD-1 signaling pathway
to evade immune detection (17). To address this knowledge
deficit, we performed immunohistochemistry analysis of high
grade serous ovarian cancer (HGSOC) patient tissue along with
analysis of The Cancer Genome Atlas (TCGA) ovarian cancer
dataset to comprehensively examine intratumoral expression
of PD-1 and seven of the most commonly investigated immune
co-receptors in the field of oncology, which are summarized
in Table I (18-38). Therefore, this analysis provides a thorough
depiction of immune co-receptor composition in HGSOC for
the first time.

Materials and methods

Patient samples. Formalin-fixed, paraffin embedded (FFPE)
tumor blocks from 29 stage III, grade 3 serous EOC patients
were obtained from Women and Infants Hospital's Pathology
Department, under Institutional Review Board (IRB) approval.
Summarized patient data is presented in Table II. Specimen
processing and analysis of samples was performed with IRB
approval and in compliance with Women and Infant's IRB
HIPAA requirements. All patient tumor samples were repre-
sentative of patients' primary debulking, and thus naive to
therapy.

Immunofluorescence. FFPE human ovarian cancer tissue
slides were baked at two hours at 65°C. Slides were then
washed in xylene, 100% ethanol, 95% ethanol, 70% ethanol,
deoxygenated water, and FTA Hemagglutination Buffer.
Antigen retrieval was then performed using Antigen Retrieval
Solution (1X) (Vector Laboratories, H-3300) and heated to
95°C for 20 min. Slides were then blocked with 5% horse
serum in FTA Hemagglutination buffer and incubated
overnight in primary antibody at 4°C. Secondary antibody
was then applied to slides following incubation in the dark
at room temperature for one hour. Slides were washed
between each step using FTA Hemagglutination buffer and
cover-slipped with DAPI containing mounting medium
(Vector Laboratories, H-1200). A representative image of
immune receptor co-staining with DAPI can be seen in
Fig. S1. Primary antibodies were all used at a [1:50] dilution,
with vendor and catalog numbers as follows: CD8 (Origene
TA802079 and Abcam ab4055), CD4 (Origene, UM800010
and Abcam ab133616), PD-1 (Origene, UM870089), OX40
(Origene UM870166), BTLA (Origene, TA505536), CD137
(Abcam, ab232990), TIM-3 (Origene, TA807034), LAG-3
(Origene, TA807082). The secondary antibodies used were
either Anti-Rabbit IgG Dylight 488 or Anti-Mouse 1gG
Dylight 594 (Vector Laboratories, DI-1488 and DI-2594),
each at a 1:1,000 dilution.

Microscopy. Representative confocal images were acquired
with a Nikon Clsi confocal (Nikon Inc.) or a Nikon Eclipse Ti
Microscope (Nikon Inc.) using diode lasers 402, 488, and 561.
To obtain images for cell counting, ten randomly selected fields

per case were acquired with a Nikon Clsi confocal (Nikon
Inc.) or a Nikon Eclipse Ti Microscope (Nikon Inc.) using a
40X objective. Each wavelength was acquired separately and
an RGB image was created.

Image analysis.Image processing and analysis were performed
in Photoshop CS6 (Adobe) or GIMP image analysis software
(GIMP, Bremen, Germany). For each of the ten randomly
selected image fields, total numbers of positive immune cells
were counted. Single positive CD8*, CD4*, PD-1*, OX40*,
TIM-3*, LAG-3*, BTLA*, and CDI137* cells were counted,
as well as double positive CD8* and CD4* cells with each of
the six immune receptors. Where average T cell or immune
receptor levels are reported, the total number of positive
cells per field was averaged from each patient from the cohort
stained. Immune receptor and T cell counts for each patient
are summarized in Data S1.

The Cancer Genome Atlas (TCGA). The ovarian cancer
TCGA dataset with complete RNA-sequencing results
(n=378) from The Cancer Genome Atlas was obtained
using GenomicDataCommons (version 1.12.0) and RStudio
(R version 4.0.0) (39,40) which can be found at http://github.
com/Bioconductor/GenomicDataCommons. Fragments Per
Kilobase of transcript per Million mapped reads (FPKM)
values were obtained for PD-1, CTLA-4, ICOS, LAG-3,
BTLA, CD137, TIM-3, 0X40, PD-L1, OX40L, and Galectin-9.

cBioPortal. Survival outcomes and residual disease related to
mRNA expression (-log10) of either OX40, TIM-3, Galectin-9,
or PD-L1 were obtained from TCGA ovarian serous
cystadenocarcinoma cohort (Nature 2011) in cBioPortal
(https://cbioportal.org). Data was available for 316 samples.
Moreover, TCGA PanCancer Atlas Studies from cBioPortal
was employed to determine expression levels of PD-1, OX40,
and TIM-3 [mRNA expression RNA seq log2 (value+1)] in
breast (n=1082), cervical (n=294), ovarian (n=300), uterine
(n=527), clear cell renal cell carcinoma (n=510), papillary renal
cell carcinoma (n=283), lung adenocarcinoma (n=510), squa-
mous lung cancer (n=484), and melanoma (n=443) cohorts.

Kaplan-Meier plotter. The ovarian cancer Kaplan-
Meier Plotter (https://kmplot.com/analysis/index.
php?p=service&cancer=ovar),whichcompilesGene Expression
Omnibus (GEO) Series (GSE) and TCGA data for analysis (41),
was employed to determine the association between TIM-3
and OX40 expression with PFS and OS, using median expres-
sion as a cutoff.

Statistical analysis. Kaplan-Meier survival curve analysis
was used to compare survival in patients from our Women
and Infants Hospital cohort with high and low levels of
CD4* OX40* T cells in which the top and bottom quartiles of
expression delineated the groups. Mann Whitney U test was
employed to compare mean ranks of TIM-3, OX40, and PD-1
expression across various cancers as well as the %CD8* OX40*
populations in patients with low or high median CA125 levels
(U value and P-value reported). Two-tailed unpaired t-test was
used to determine significant differences in ligand expression of
OX40L, Galectin-9, and PD-L1, as well as expression of OX40,
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Table I. Commonly investigated immune receptors in the field of oncology.

Immune Cellular Phases in clinical
receptor expression (18) Main ligand(s) (18) Main Physiological roles development (18,22)
PD1 T cells, B cells, NK PD-L1 and PD-L2  Inhibits T cell proliferation (23) and both ~ FDA approved
(CD279) cells and tumor adaptive and innate immune responses (24). (pembrolizumab and
infiltrating lymphocytes Maintains immune tolerance (24) nivolumab)
CTLA-4 T cells B7-1 (CD80) Inhibits T cell proliferation, differentiation FDA approved
(CD152) B7-2 (CD286) and function (36) (ipilimumab)
BTLA cells, resting B cells, HVEM Inhibits T cell proliferation (19) Pre-clinical
(CD272) NK cells,macrophages, (TNFRSF14) Promotes CD8* T cell and T regulation
and dendritic cells cell differentiation (20,21)
CD137 Dendritic cells, CDI137L (4-1BBL) Induces T cell proliferation and survival via II ~ (solid  tumors,
(4-1BB) NK cells, adaptive/ production of INFy and IL-2 (25). NHL, NSCLC,RCC,
activated CD4* and Maintenance and memory of CD8* T HNCC and HCC)
CDS8*Tcellsand T cells (26)
regulation cells
LAG-3 T cells, B cells, MHC Class I and  Negatively regulated T cell activation I/II (solid tumors,
(CD223) NK cells and HLA class II and function (38) pancreatic and breast
dendritic cells FGL1 (37) Controls memory T cell expansion (28). melanoma)
Promotes tolerance on CD8* T cells (29).
Required for maximal suppressive T
regulation cell activity (27,29)
0X40 T cells OX40L (TNFSF4)  Enhances proliferation and survival of I (solid tumors,
(TNFRSF4 T cells, increasing effector molecule melanoma and
and CD134) expression and cytokine secretion (30,31). NSCLC)
Inhibits T regulation cell Function (30)
TIM-3 CDS8*/CD4* Galectin-9 (LGAL9) Mediates T cell exhaustion during chronic  I/II (advanced
(HAVCR2 cells, T regulation viral infections (32). Promotes MDSCs malignances and

and CD366) cells, Th17 cells

ICOS
(CD278)

and NK cells
Activated T cells (34)

ICOSL (34)

(33). Regulates function of

FOXP3*T regulation cells (33)

Enhances broad cytokine production to
enhance proliferation of effector and
regulatory T cell populations and promote

solid tumors)

I/II (advanced solid
tumors) (35)

memory cell development (35)

TIM-3, 0OX40L, Galectin-9, or PD-L1 according to survival and
residual disease outcomes. Statistical analyses were performed
in GraphPad Prism. P<0.05 was considered significant.

Results

Intratumoral composition of immune co-receptors in HGSOC.
Analysis of ovarian cancer TCGA data was performed
to compare mRNA levels (FKPM) of the top eight most
commonly studied immune receptors in EOC: PD-1, cytotoxic
T lymphocyte associated protein-4 (CTLA-4), T-cell immuno-
globin and mucin domain containing 3 (TIM-3), 0X40,CD137,
B and T lymphocyte attenuator (BTLA), and inducible T cell
co-stimulator (ICOS). The highest median transcript levels were
observed in TIM-3 (3.13) and OX40 (2.02), followed by LAG-3
(1.86). PD-1 demonstrated a median expression level of 0.54,
with all other immune co-receptors-CTLA-4, BTLA, CD137,
and ICOS-exhibiting transcript levels of =0.28 (Fig. 1A). To
confirm this data, immunohistochemistry was employed to

determine protein levels of select immune co-receptors in
a cohort of ten HGSOC patient tissues. Overall, there was a
strong concordance between TCGA mRNA expression and
protein expression by immunohistochemistry, with OX40 and
TIM-3 immune co-receptors demonstrating the highest median
expression (11.75 and 11.5 positive cells per field, respectively).
Furthermore, in agreement with TCGA mRNA expression,
PD-1, BTLA, and CD137 exhibited low intratumoral median
expression with <1.5 positive cells per field. Interestingly,
LAG-3" cell numbers did not correlate with TCGA mRNA
data, as immunohistochemical analysis revealed an average of
only 0.5 positive cells per field (Fig. 1B), which was corrobo-
rated with two different LAG-3 antibodies (data not shown). A
representative image of all co-receptors can be seen in Fig. 1C.

Characterization of TIM-3 and OX40 expression in helper
and cytotoxic T cell population. Next, since TIM-3 and OX40
were the most highly expressed immune co-receptors at both
the gene and protein level, an additional 19 HGSOC patient
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Table II. Patient clinical outcomes.

Patient Age at diagnosis CA125 HE4 Stage Grade Debulking PFS oS
number (years) pre-op pre-op (FIGO) (FIGO) status (months) (months)
1 80-84 >1,000 0-500 1ic 3 Optimal 36 96+
2 65-69 0-500 0-500 IC 3 Suboptimal 6 10
3 60-64 0-500 0-500 IC 3 Optimal 8 18
4 55-59 500-1,000 500-1,000 Ic 3 Suboptimal 18 55
5 60-64 0-500 >1,000 1A 3 Optimal 14 29
6 80-84 >1,000 500-1,000 1ic 3 Suboptimal 21 30
7 55-59 1,000 500-1,000 1ic 3 Optimal 23 78
8 80-84 >1,000 >1,000 IC 3 Suboptimal 38 84+
9 60-64 500-1,000 >1,000 IIIC 3 Optimal 10 66
10 75-79 0-500 0-500 IIc 3 Optimal 19 45
11 75-79 0-500 N/A 1Ic 3 Optimal 62 66+
12 70-74 >1,000 500-1,000 1Ic 3 Optimal 7 28
13 50-54 >1,000 0-500 1ic 3 Optimal 20 50
14 50-54 0-500 N/A IIC 3 Optimal 90+ 90+
15 65-69 >1,000 N/A IIC 3 Optimal 20 67+
16 55-59 0-500 N/A IC 3 Suboptimal 6 14
17 75-79 500-1,000 0-500 Ic 3 Optimal 67+ 67+
18 55-59 0-500 0-500 1Ic 3 Optimal 26 85+
19 65-69 >1,000 N/A 1ic 3 Suboptimal 7 15
20 70-74 >1,000 N/A IIC 3 Optimal 16 38
21 55-59 0-500 N/A IIC 3 Optimal 33 84
22 65-69 0-500 0-500 Ic 3 Optimal 45 49+
23 65-69 N/A N/A Ic 3 Optimal 4 6
24 50-54 0-500 0-500 [c 3 Optimal 93+ 93+
25 40-44 0-500 0-500 Ic 3 Optimal 84+ 84+
26 65-69 0-500 >1,000 IIC 3 Optimal 10 22
27 55-59 0-500 N/A IC 3 Optimal 100+ 100+
28 60-64 0-500 N/A 1IC 3 Optimal 72+ 72+
29 55-56 0-500 N/A [c 3 Suboptimal 62 64

CA125, cancer antigen 125; HE4, Human epididymis protein 4; PFS, progression free survival; OS, overall survival.

tissues were stained for OX40 and TIM-3 in both CD4* and
CD8* T cell populations via immunohistochemistry, for a total
of 29 tissues (Fig. 2A). Median levels of positive cells per field
were 31 for CD8" cells and 29.1 for CD4* cells (Fig. 2B). TIM-3
and OX40 demonstrated median average cells per field of
14.3 and 6.3, respectively (Fig. 2C). Examining co-expression
of TIM-3 and OX40 in both cytotoxic and helper T cell popu-
lations revealed that TIM-3 was present on 20.8% of CD8*
T cells, and 14.0% of CD4* T cells, while OX40 was expressed
on 8.9% of CD8* and 8.0% of CD4* T cells (Fig. 2D), estab-
lishing that TIM-3 was more highly expressed on both CD8*
and CD4"* subsets.

TIM-3 and OX40 expression across select cancer subtypes.
After examining the specific staining patterns of TIM-3 and
0X40 in helper and cytotoxic T cells, transcript expression of
both TIM-3 and OX40 along with PD-1 were compared across
a Pan Cancer TCGA cohort that included breast, gynecologic
malignancies, and immunotherapy responsive cancers such as

renal cell carcinoma (RCC), lung cancer, and melanoma. There
was no significant difference in TIM-3 expression between
ovarian cancer and melanoma (U=64916, P=0.5632), while a
significant lower expression was observed in ovarian cancer
compared to clear cell RCC (ccRCC) (U=17157, P<0.0001),
papillary RCC (pRCC) (U=18861, P<0.0001), lung adeno-
carcinoma (U=48751, P<0.0001), and squamous lung cancer
(U=65968, P=0.0314) (Fig. 3A). A similar trend was observed
with OX40 as transcript levels were not significantly different
between ovarian cancer and melanoma (U=64329, P=0.4601),
or squamous lung cancer (U=70892, P=0.5796) cohorts, while
exhibiting significantly lower levels (P<0.0001) compared
to ccRCC (U=35011) and lung adenocarcinoma (U=52535),
and higher levels compared to pRCC (U=16069) (Fig. 3B).
Finally, comparing PD-1 mRNA expression revealed signifi-
cantly lower expression (P<0.0001) in ovarian cancer cohorts
compared to melanoma (U=42864), ccRCC (U=41215),
lung adenocarcinoma (U=33339), and squamous lung
cancer (U=40306). No significant difference between PD-1
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Figure 1. Intratumoral composition of immune co-receptors in HGSOC. (A) Transcript expression (FKPM) of immune co-receptors in the TCGA ovarian
cancer cohort. (B) Number of positive immune co-receptors per field from immunohistochemical analysis of a ten-patient HGSOC cohort. (C) Representative
confocal images of positive immune co-receptor staining in patient tumors (magnification, x40). Arrows indicate positive cells. HGSOC, high-grade serious

ovarian cancer; TCGA, The Cancer Genome Atlas.

expression was observed between ovarian cancer and pRCC
cohorts (U=38942, P=0.084). Moreover, the ovarian cancer
cohort demonstrated the lowest median transcript expression
of PD-1 out of all cancers analyzed (Fig. 3C). These results
collectively suggest that OX40 and TIM-3 may represent more
clinically relevant immune co-receptors for immunotherapy
targeting than PD-1 in ovarian cancer.

TIM-3 and OX40 ligand expression. Ligand expression for
TIM-3 (Galectin-9), 0X40 (OX40L) and PD-1 (PD-L1) was
compared in the ovarian cancer TCGA cohort. Significantly
higher (P<0.001) transcript expression (FKPM) of Galectin-9
(22.16-fold) and OX40L (2.07-fold) was observed compared
to PD-L1 levels (Fig. 3D). In addition, when ligand levels
were stratified according to median OS, mean mRNA expres-
sion (-logl0 value) of OX40L was significantly (P=0.048)
elevated in patients with a shorter survival (Fig. 3E), while
TIM-3 (P=0.4873) and PD-L1 (P=0.2221) expression was not
significantly different when stratified by OS (Fig. 3F and G).
Therefore, as was observed for their co-receptor levels,
Galectin-9 and OX40L are more abundantly expressed than
PD-L1 in HGSOC.

Clinical outcomes related to TIM-3 and OX40 expression.
Next, we stratified TIM-3 and OX40 protein expression from
our immunohistochemical analysis by median patient PFS
and OS. No significant difference in expression between
short and long median survival groups was observed for
either receptor (Fig. S2A-D). This observation was confirmed
at the genomic level utilizing TCGA data (Fig. S2E-H). Upon
examining alternative survival cohorts from TCGA data, we
observed that transcript expression (-log 10) of OX40 was

2.16-fold higher (P=0.0010) in patients who were living vs.
deceased. Similarly, median TIM-3 levels were higher in
living patients than deceased patients, however this associa-
tion did not reach significance (P=0.1841) (Fig. 4A and B).
Furthermore, comparing patients with a short (5-10 months)
and an exceptionally long (>45 months) PFS, we saw that
0X40 was significantly higher (P=0.0134) in patients with a
longer PFS (Fig. 4C). While TIM-3 levels were also elevated
in patients with a longer PFS, this trend was not signifi-
cant (P=0.3271) (Fig. 4D). Moreover, Kaplan-Meier curve
analysis from our immunohistochemical data demonstrated
that higher levels of OX40 in CD4* T cells was associ-
ated with an improved OS (HR=0.2351 [0.07489-0.7372],
P=0.0078) (Fig. 4E) and PFS (HR=0.1892 [0.06546-0.5467],
P-value=0.0021) (Fig. 4F). TCGA analysis was again applied
to compare OX40 and TIM-3 expression when stratified
according to residual disease outcomes following debulking
surgery. TIM-3 levels were significantly higher in patients
who exhibited >20 mm residual disease than in patients with
no macroscopic disease (P=0.0471) (Fig. 4G). In contrast,
there was no significant difference in OX40 levels between
the cohorts with >20 mm residual disease vs. no macroscopic
disease (P=0.3493) (Fig. 4H). Finally, as CA-125 is routinely
used as a serum diagnostic marker in conjunction with
radiology to detect ovarian disease, we sought to determine
how OX40 expression related to these pre-operative levels.
Our immunohistochemical data revealed a significantly
higher percentage of OX40* CD8* cells in patients with
higher median preoperative CA-125 levels (U=55, P=0.0345)
(Fig. 41), with no significant relationships detected between
CA-125 and OX40* cells alone or OX40* CD4" cells (data
not shown).
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Figure 2. TIM-3 and OX40 expression in cytotoxic and helper T cell populations. (A) Representative confocal images of the double immunofluorescence
staining of TIM-3 or OX40 with CD8 or CD4 from a 29-patient cohort (magnification, x40). Arrows indicate double-positive cells. (B) Number of CD8* and
CD4* T cells per field. (C) Number of TIM-3* and OX40* cells per field. (D) Average percentages of TIM-3 and OX40 positive CD8* and CD4* T cells.

Lastly, we employed Kaplan-Meier survival curve
analysis to examine the relationship between TIM-3 and
0X40 and survival using TCGA and GSE data. Higher
0X40 expression was significantly associated with a
longer OS [HR=0.78 (0.64-0.97), P=0.022], but not PFS
[HR=0.97 (0.8-1.17), P=0.73] in stage III grade 3 patients
(Fig. 5A and B). Once restricting expression according to
debulking status, it was discovered that while increased
0X40 expression was not associated with improved OS or
PFS in patients that were optimally debulked, in suboptimally
debulked patients a significant association with improved
OS [HR=0.58 (0.42-0.82), P=0.0.0015], and not PFS
[HR=0.83 (0.61-1.13), P=0.24] was identified. (Fig. 5C-F).

Conversely, no relationship was detected between TIM-3
expression and survival outcomes in stage 111, grade 3 ovarian
cancer patients (Fig. 5G-L). Taken as a whole, these survival
analyses identified that high OX40 expression is most signifi-
cantly and consistently associated with improved patient
survival.

Discussion

This comparative analysis revealed that TIM-3 and OX40
are two prominently expressed immune co-receptors in
HGSOC, and consistently more highly expressed than PD-1
at the RNA and protein level. Furthermore, specific levels of
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Figure 3. Comparative ligand expression and pan-cancer analysis for TIM-3 and OX40. TCGA Pan Cancer Atlas Cohort was employed to examine mRNA
expression [log2(value+1)] of (A) TIM-3 (B) OX40 and (C) PD-1 across select cancer subtypes. (D) Galectin-9, OX40L and PD-L1 average transcript expres-
sion (FKPM) from the TCGA ovarian cancer cohort. TCGA ovarian cancer cohort analysis of (E) OX40L (F) PD-L1 and (G) Galectin-9 mRNA expression
(-log10) stratified by median overall survival. "P<0.005 as indicated. NS, not significant; TCGA, The Cancer Genome Atlas; ccRCC, clear cell renal cell
carcinoma; pRCC, papillary renal cell carcinoma; PD-1, programmed cell death protein-1.

both co-receptors were characterized in helper and cytotoxic
T cell populations, revealing higher expression of TIM-3 in
CD4* and CD8* T cells. While this T cell expression analysis
was limited due to a small sample size, it will be necessary
to verify these findings in a larger patient cohort, as well
as expand our analyses to regulatory T cell populations.
Nevertheless, to the best of our knowledge, there has been
only one comprehensive intratumoral immune profiling paper
in HGSOC. Radestad er al similarly discovered high levels of
TIM-3 in CD4* and CD8* populations and additionally found
that that highest degree of co-expression out of all immune
receptors analyzed existed on TIM-3* PD-1* CD8* T cells (42).
The naturally high expression of TIM-3, along with its high
degree of co-expression with PD-1 indicates that TIM-3 could
be an efficacious combinatorial partner to anti-PD-1 therapy.
Moreover, a study by Fucikova et al found that TIM-3 was
highly expressed on CD8* populations, with PD-1* TIM-3*
CD8* T cells exhibiting all hallmarks of functional exhaustion
and correlating with poor clinical outcomes in HGSOC (43).
Conversely, neither CTLA-4, LAG-3, or the PD-1/PD-L1
axis alone were found to contribute to clinically meaningful
immunosuppression, suggesting that TIM-3 might play a
pivotal role in suppressing immune responses in HGSOC (43).
Hence, the high degree of expression exhibited by TIM-3 in
HGSOC discovered by our group and others coupled with its

high degree of co-expression with PD-1 suggests that it may
represent a viable treatment modality to increase ovarian
cancer patient response to PD-1 based therapy.

Our data revealed that while TIM-3 exhibited higher
levels on both helper and cytotoxic T cell populations, OX40
was most significantly associated with longer patient survival.
Using ovarian cancer TCGA and GSE data, we found that
higher OX40 transcript levels are consistently associated
with a significantly longer survival. Furthermore, OX40's
ligand, OX40L was found to be significantly associated with
improved survival. Finally, our original data suggests that
intratumoral co-expression of CD4 and OX40 is significantly
associated with improved HGSOC patient PFS and OS.
Interestingly, a study by Ramser ez al reported that levels
of OX40 in ovarian cancer patient pre-treatment biopsies
significantly correlated to chemosensitivity. In addition,
patients who exhibited an increase in intratumoral OX40
expression within recurrent biopsies had improved recur-
rence free survival (RFS) (44). These studies corroborate our
data showing that increased OX40 expression is associated
with improved patient clinical outcomes both in the upfront
and recurrent treatment setting, suggesting OX40's utility as
a prognostic factor for improved survival in HGSOC. In order
to validate these results, a large prospective cohort should be
initiated in addition to further investigations that examine
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Figure 4. Clinical outcomes associated with TIM-3 and OX40 expression. TCGA ovarian cancer cohort analysis of mRNA expression (-log10) in (A) OX40 and
(B) TIM-3 stratified according to living vs. deceased patients. Transcript expression (-log10) of (C) OX40 and (D) TIM-3 in patients with a low progression-free
survival (5-10 months) and high (>45 months) from the TCGA ovarian cancer cohort. Kaplan-Meier survival curve analysis comparing (E) overall and
(F) progression-free survival of upper and lower quartile expression of CD4* OX40* T cells from Women and Infants Hospital's immunohistochemical data
in 29 patients with HGSOC. Log-rank hazard ratios and P-values are reported, with 95% confidence intervals in parentheses. mRNA expression (-logl0) of
(G) TIM-3 and (H) OX40 grouped according to no macroscopic disease and >20 mm of disease from the TCGA ovarian cancer dataset. (I) % OX40* CD8*
T cells stratified according to median CA125 preoperative levels obtained from immunohistochemical staining in 29 HGSOC tumors. "P<0.005 as indicated.
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Figure 5. Kaplan-Meier survival curve analysis of TIM-3 and OX40. Kaplan-Meier survival analysis was performed using The Cancer Genoma Atlas and
Expression Omnibus Series data in patients with serous stage 111, grade 3 ovarian cancer. Kaplan-Meier curves were generated to determine the associa-
tion of OX40 with (A) progression-free survival, (B) overall survival, (C) progression-free survival (optimal debulking sub-cohort), (D) overall survival
(optimal debulking sub-cohort), (E) progression-free survival (suboptimal debulking sub-cohort) and (F) overall survival (suboptimal debulking sub-cohort).
Kaplan-Meier curves were generated depicting the association of TIM-3 with (G) progression-free survival, (H) overall survival, (I) progression-free survival
(optimal debulking sub-cohort), (J) overall survival (optimal debulking sub-cohort), (K) progression-free survival (suboptimal debulking sub-cohort), and
(L) overall survival (suboptimal debulking sub-cohort). Median expression of either OX40 or TIM-3 was used to delineate ‘low’ vs. ‘high’ expressing groups.
Log-rank hazard ratios and P-values are reported, with 95% confidence intervals in parentheses.

if OX40 expression can be detected through non-invasive
sampling to increase clinical utility of this potential immune
prognostic marker.

There have been limited pre-clinical studies performed
that have explored the efficacy of targeting either TIM-3 or
0X40 with a PD-1 inhibitor. A study by Guo et al reported
that targeting OX40 and PD-1 in combination significantly
reduced murine tumor growth, increased levels of helper
and cytotoxic T cells, promoted interferon-gamma (IFNy)
secretion, and decreased levels of regulatory T cells (T,,)
and myeloid-derived suppressor cells (MDSCs) (45).
Furthermore, an in vitro study that targeted TIM-3 and PD-1
in combination demonstrated an increase in the production
of granzyme B, INFy, and perforin in cytotoxic T cells, while
inhibition of each immune receptor alone produced no such

effects (43). In recent years, several early clinical trials have
been initiated examining monoclonal antibodies against
0X40 and TIM-3 in combination with anti-PD-1 based
inhibitors. An OX40 agonist (PF-04518600) has been inves-
tigated in combination with the PD-1 inhibitor avelumab in
a phase 2 triple negative breast cancer trial (NCT-3971407)
and a phase 1b/2 trial in solid tumors that includes a
platinum resistant ovarian cancer cohort (NCT02554812).
Furthermore, a phase 1 trial evaluating a hexavalent OX40
agonist (INBR-X-106) in combination with another PD-1
inhibitor, pembrolizumab, in advanced or metastatic solid
tumors has also been initiated (NCT041987). There is one
TIM-3 inhibitor (TSR-022) currently being investigating in
clinical trials. A phase 1 trial evaluating TSR-022 in combi-
nation with nivolumab (anti-PD-1 monoclonal antibody)
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in solid tumors (NCT02817633), as well as a phase 2 trial
in melanoma in addition to the PD-1 inhibitor dostarlimab
(NCTO04139902) have commenced. Ultimately, results from
these early clinical trial studies will provide insight into the
effectiveness of OX40 and TIM-3 based immunotherapies.

This study represents an intratumoral expression analysis
of several of the most commonly studied immune receptors
in EOC, which identified TIM-3 and OX40 as having the
highest distribution of expression. Therefore, these receptors
represent potential therapeutic targets that in combination with
current PD-1 based inhibitors could improve patient response
to immunotherapy. Furthermore, our analyses suggest that
0X40 is most significantly associated with improved survival
compared to TIM-3, and may serve as a prognostic immune
factor for improved outcomes in HGSOC.
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