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Abstract

Purpose Prostaglandin-mediated inflammatory reactions play a major role in different cancers. Recently, it has been observed
that prostaglandin E2-receptor 3 (EP3) might be an independent prognostic factor for overall survival in cervical and endo-
metrial cancer. The role of EP3 expression in ovarian cancer is currently unknown.

Methods EP3 expression was analyzed by immunohistochemistry in 156 patient samples using the IR-scoring system.
Expression levels were correlated with clinical and pathological parameters and with overall survival (OS) to assess for
prognostic relevance. Data analysis was performed using Spearman’s correlations, Kruskal-Wallis test and Kaplan—Meier
estimates.

Results EP3 expression was significantly higher in clear-cell carcinoma (p <0.001) compared to the other histological sub-
types. No further correlations with clinical parameters could be found. EP3 expression correlated significantly with FSH-
receptor expression (p <0.001), galectin-1 expression in the tumor (p =0.012) and with cytoplasmatic TA-MUCI expression
(p=0.001). None of these parameters showed significant correlation with OS. In the TA-MUCI negative subgroup, EP3
negative patients showed significantly longer OS (median OS: 102 months vs. 34 months in EP3 positive patients, p =0.035),
while EP3 did not appear to have prognostic relevance in the TA-MUC1-positive subgroup.

Conclusion The potential prognostic relevance of EP3 expression for OS in TA-MUCI negative patients might reflect an
interplay between the COX and the MUC1 pathway, as it has been shown that MUCI1 could induce COX2 expression. Our
findings support the importance of the prostanoid signaling in TA-MUCI negative ovarian cancer; however, future studies
are necessary to characterize specific pathways and possible interactions.
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Introduction

Ovarian cancer is one of the five most frequent cancer deaths
among women and the most lethal gynecological malig-
nancy (Siegel et al. 2019). Relative five-year survival is less
than 45% for patients with ovarian cancer (EOC) (Baldwin
et al. 2012). Main reasons for impaired prognosis are insuffi-
cient screening methods, detection in advanced tumor stage,
and ultimately resistance to chemotherapy over the clinical
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course. Recommended therapy consists of cytoreductive
surgery and platinum-based chemotherapy combined with
antiangiogenics or PARP inhibitors. Residual disease after
initial debulking surgery is the most reliable prognostic fac-
tor, while further clinical and pathological prognostic fac-
tors include the international federation of gynecology and
obstetrics (FIGO) stage, ascites volume, patient age, and
histological subtype (du Bois et al. 2009; Aletti et al. 2006;
Vergote et al. 2001; Dembo et al. 1990). However, widely
accepted prognostic markers are missing. EOC are classified
as serous, mucinous, endometrioid, and clear-cell histology,
being distinguished in terms of phenotype, molecular back-
ground, and etiology (Kossai et al. 2018).

Numerous factors are currently investigated due
to the urgent need of developing a useful prognos-
tic factor in ovarian cancer. Studied factors include
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carbohydrate-binding proteins such as the subgroup of
galectins (Chetry et al. 2018; Schulz et al. 2018; Schulz
et al. 2017) or mucins (Hou et al. 2017; Heublein et al.
2019), and the expression of specific subtypes of these
proteins has been linked to an impact on prognosis in ovar-
ian cancer.

In various cancer subtypes, the role of prostaglandins
and its receptors has come into focus of research during
the last years. The EP3 receptor is one of the four identi-
fied receptors that mediate the effects of prostaglandin E2
(PGE2) (Sugimoto and Narumiya 2007). PGE2 is known
as a key mediator in inflammatory and anaphylactic pro-
cesses, but has also a pivotal role in tumor development
and progression (Williams et al. 1999). Consequently,
the prostaglandin-signaling cascade including the role of
prostaglandin receptors are increasingly investigated in
the context of different malignancies. The prostaglandin
synthesis from arachidonic acid is driven by cyclooxyge-
nase (COX) enzymes. Two different isoforms of the COX
enzyme exist: whereas COX-1 is expressed constitutively,
the COX-2 expression is inducible by various stimuli
(Reader et al. 2011), among others by inflammation. How-
ever, a COX-2 overexpression and consecutive elevation
of PGE2 levels has also been shown in various tumors
such as colon, prostate, or lung cancer (Tsujii et al. 1997;
Wang and Dubois 2010), but also in gynecological malig-
nancies such as endometrial (Zhu et al. 2018) and cervi-
cal (Heidegger et al. 2017) cancer. Trials using COX-2
inhibitors such as celecoxib for the prevention and treat-
ment of cancers have shown promising results, supporting
the evidence of the importance of the COX-PGE2 axis
in carcinogenesis (Bertagnolli et al. 2006; Harris 2009).
However, the clinical use of coxibes is limited due to their
rare, but serious cardiovascular side effects (Bertagnolli
et al. 2006; Howe 2007). The role of the specific PGE2
receptors EP1-4 might be tumor and cell-type specific.
The EP3 receptor exists in various isoforms, generated by
alternative mRNA splicing, which might be partly causal
for the divergent effects described in the previous studies
(Reader et al. 2011). Recently, it has been shown that the
EP3 receptor is an independent negative prognostic factor
in gynecological malignancies (Zhu et al. 2018; Heidegger
et al. 2017), EP3 expression levels correlated with tumor
stages as well as clinical outcome. Similarly, EP3 antago-
nism reduced the proliferation and migration of endome-
trial carcinoma cells (Zhu et al. 2018).

This study now aimed to elucidate the role of EP3
receptor expression in ovarian cancer. It evaluates the EP3
expression in ovarian cancer, its association to clinical and
pathological parameters and to overall survival, aiming
to find a prognostic and potentially targetable marker in
ovarian cancer.
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Methods
Patients and specimens

Tissue samples of 156 consecutive patients who underwent
surgery for EOC at the Department of Obstetrics and Gyne-
cology, Ludwig-Maximillian’s-University Munich from
1990 to 2002, were analyzed in this study. Various patho-
logical parameters were already determined in this collec-
tive in the previous studies (Heublein et al. 2019), which
allowed correlation analysis of newly established markers.
Clinical data were obtained from the patient’s charts and fol-
low-up data from the Munich Cancer Registry. All samples
had been formalin-fixated and paraffin-embedded (FFPE).
Patients with benign or borderline tumors were excluded
and no patient had neoadjuvant chemotherapy. Specialized
pathologists for EOC examined and classified the samples
for histological subtypes: serous (n=110), endometrioid
(n=21), clear cell (n=12), and mucinous (n=13). The
serous ovarian cancer samples were divided into low and
high grading. Endometrioid ovarian cancer was graded
according to G1-G3. For the mucinous carcinoma, there is
no WHO classification; however, the subtype is often clas-
sified into G1-G3. The clear-cell cancer was always catego-
rized as G3. Staging was performed using FIGO (WHO)
classification: I (n=35), Il (n=10,) III (n=103), and IV
(n=3). Data on lymph node involvement in 95 cases NO
(n=43), N1 (n=52). Data on distant metastasis was avail-
able in nine cases M0 (n=3), M1 (n=6).

Ethical approval

This study was approved by the Ethics Committee of
the Ludwig-Maximilians-University, Munich, Germany
(approval number 227-09 and 18-392). All tissue samples
used for this study were obtained from material from the
archives of the Department of Obstetrics and Gynecology,
University Hospital, LMU Munich, Munich, Germany,
initially used for pathological diagnostics. The diagnostic
procedures were completed before the current study was
performed. During the analysis, the observers were fully
blinded for patients’ data.

Immunohistochemistry

Immunohistochemistry was performed as previously described
(Zhu et al. 2018; Heidegger et al. 2017; Semmlinger et al.
2018). Placental tissue (Ye et al. 2018) was used for posi-
tive and negative controls. Tissue microarrays of ovarian
cancer samples of paraffin-embedded and formalin-fixed
tissues after epitope retrieval were stained with primary
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anti-EP3-antibodies (polyclonal rabbit IgG, Abcam, Cam-
bridge, UK). Detection was performed via polymer method
(ZytoChem Plus HRP Polymer System mouse/rabbit, Zytomed
Systems Berlin, Germany) and the chromogen diaminobenzi-
dine (Dako, Hamburg, Germany). A well-established immune-
reactivity scoring system (IR score, IRS or Remmele score)
was employed to quantify immunostaining in a semi-quantita-
tive manner using a Leitz (Wetzlar, Germany) microscope. The
IRS multiplies the intensity of the staining (0=no, 1 =weak,
2=moderate, 3 =strong staining) with the percentage of posi-
tive cells (O=no staining, 1 =< 10% positive cells, 2=11-50%
positive cells, 3 >50% positive cells).

Staining evaluation

Cut-off points for the IR scores for the EP3 staining, the Galec-
tin-1 staining in the tumor, the cytoplasmatic Gatipotuzumab
staining, and the FSH-receptor expression were selected con-
sidering the distribution pattern of IR scores in the collective.
Therefore, the RUC curve was drawn which is considered as
one of the most reliable methods for cut-off point selection.
In this context, the ROC curve is a plot representing sensi-
tivity on the y-axis and (1-specificity) on x-axis. Dian et al.
(2013) Consecutively Youden index, defined as the maximum
(sensitivity + specificity-1) Ledermann et al. (2017), was used
to find the optimal cut-off maximizing the sum of sensitivity
and specificity. The EP3 expression was regarded as nega-
tive with an IR score 0-1 and as positive with an IRS> 1.
The cytoplasmatic Gatipotuzumab expression was regarded
as negative with an IRS 0 and as positive with IRS > 0. The
FSH-receptor expression was regarded as low with an IRS 0-1
and as high with IRS > 1. The Galectin-1 staining in the tumor
was regarded as low with IRS 0—4 and as high with IRS > 4.

Statistics

IBM SPSS Statistics 25 was used for statistical analyses
(PASW Statistic, SPSS Inc., IBM, IL, USA). Correlations
between findings of immunohistochemically staining were
calculated using Spearman’s analysis. Survival times were
analyzed by Kaplan—-Meier (log-rank) estimates. p val-
ues <0.05 were considered as statistically significant. Fig-
ures were designed with SPSS 25 and Microsoft Power Point
2016.

Results

EP3 expression correlates with clinical
and pathological data

Clinicopathologic characteristics of the analyzed ovar-
ian cancer patients are listed in Table 1. EP3 staining was

observed in 148 cases (95%). Median (range) immunoreac-
tivity scores (IRS) for EP3 were 2 (0,12). An IRS >2 was
determined as cutoff for positive EP3 expression via ROC-
curve analysis (methods).

When comparing EP3 expression between the different
histological subtypes (Fig. 1a—d), the highest IR scores were
detected for clear-cell histology (median IRS=11 with a
range from 6 to 12; p <0.001).

Furthermore, correlation between EP3 and clinicopatho-
logical data such as grading (low vs. high grade in serous
carcinoma), G1-G3 in the other histology, affected lymph
nodes (pN), distant metastasis (pM), and FIGO classification

Table 1 Clinicopathologic characteristics of the ovarian cancer
patients

Clinicopathologic parameters N Percentage (%)
Histology

Serous 110 70.5
Clear cell 12 7.7
Endometrioid 21 13.5
Mucinous 13 8.3
Lymph node

pNX 61 39.1
pNO 43 27.6
pN1 52 333
Distant Metastasis

pMO/X 150 96.2
pM1 6 3.8
Grading

Serous

Low 24 23.0
High 80 77.0
Endometrioid

Gl 6 31.6
G2 5 26.3
G3 8 42.1
Mucinous

Gl 6 50.0
G2 6 50.0
G3 0 0
Clear cell

G3 9 100
FIGO

1 35 23.1
1I 10 6.6
1 103 68.2
v 3 2.0
Age

<60 years 83 53.2
> 60 years 73 46.8
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were analyzed. No significant differences for these param-
eters and EP3 expression were noted (Table 2).

EP3 expression was also compared to other pathologi-
cal parameters that are currently investigated concerning
their prognostic relevance in ovarian cancer. Significant
correlations were found to the cytoplasmatic expression of
tumor-associated mucin-1 (TA-MUC1), which is reflected
by cytoplasmatic Gatipotuzumab staining, to the FSH-recep-
tor expression and to the galectin-1 expression in the tumor.

Cytoplasmatic TA-MUCT staining could be performed in
143 cases (92%, in the other cases TA-MUCI staining was
not successful for technical reasons); however, 74 patients
were TA-MUCI negative. For survival analysis, patients
were grouped in TA-MUCI positive and negative cases. In
the TA-MUCI positive patients (n=60), the median IRS
was 1. A strong correlation of cytoplasmatic TA-MUCI1
expression and EP3 expression was detected (cc=0.276,
p=0.001).

FSH-receptor staining could be performed in 149 cases
(95%) with a median IRS of 3. For survival analyses, an

Table 2 Correlation between EP3 expression and clinical data

Variables p Correlation
coefficient
Histological subtypes 0.577 —0.046
Grading serous 0.092 -0.170
Grading mucinous, clear cell, 0.06 0.300
endometrioid
FIGO 0.288 0.089
pN 0.102 0.172
pM 0,901 -0,049

IRS >2 was considered as high expression due to cut-off
determination via ROC-curve analysis. The FSH-receptor
staining correlated strongly with the EP3 receptor expression
(cc=0.418, p<0.001).

Galectin-1 staining in the tumor could be performed in
151 cases (97%) with a median IRS of 4. For survival analy-
sis, an IRS >5 was considered as high expression due to

cel

lc

v

Fig. 1 EP3 expression in different ovarian cancer subtypes
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cut-off determination via ROC-curve analysis. The galec-
tin-1 staining in the tumor also correlated with the EP3
receptor expression (cc = —0.209, p = 0.012) (Table 3)

Negative EP3 expression in the subgroup
without cytoplasmatic TA-MUC1 expression
is associated with improved overall survival

In the overall cohort, patients with a positive EP3 expres-
sion showed an impaired OS (median OS 37 months vs.
60 months in EP3 negative patients, Fig. 2a), although this
difference was not statistically significant (p =0.134). The
presence of cytoplasmatic TA-MUCI expression alone also
did not significantly influence OS (median OS 35 months
vs. 45 months in patients without cytoplasmatic TA-MUCI
expression, p=0.87, Fig. 2b). Similarly, high FSH-receptor
expression (median OS 35 months vs. 52 months in FSH-
receptor low-expressing patients, p =0.495, Fig. 2¢) or high
galectin-1 expression in the tumor (median OS 45 months
vs. 38 months in patients with low galectin-1 expression in
the tumor, p = 0.961, Fig. 2d) did not significantly influ-
ence OS.

Due to the correlation between the EP3 expression with
the cytoplasmatic TA-MUCI expression (reflected by cyto-
plasmatic Gatipotuzumab staining), with the FSH-receptor
expression and the galectin-1 expression in the tumor, the
prognostic relevance of the EP3 expression dependent on the
expression of the other proteins was analyzed.

In the TA-MUCI1 (Gatipotuzumab) negative subgroup
(n="74), EP3-negative patients showed a significantly
improved OS (median OS 102 months vs. 34 months in

Table 3 Correlation analysis

Staining EP3 receptor TA-MUC 1 FSHreceptor Galectin-1
cytoplasm tumor

EP3 receptor

cc 1.000 0.276 0.418 —-0.209

p . 0.001 <0.001 0.012

n 148 135 143 143
TA-MUC 1 cytoplasm

cc 0.276 1.000 -0.059 0.206

4 0.001 . 0.497 0.015

n 135 143 136 138
FSH receptor

cc 0.418 —0.059 1.000 -0.120

)4 <0.001 0.497 . 0.148

n 143 136 149 147
Galectin-1 tumor

cc -0.209 0.206 —0.120 1.000

p 0.012 0.015 0.148

n 143 138 147 151

EP3 positive patients, p = 0.035). In the TA-MUCI posi-
tive subgroup (n = 60), negative EP3-expression did not
have a prognostic effect on OS (median OS 35 months vs.
37 months in EP3 positive patients, p=0.99, Fig. 3).

The absence of EP3 receptor expression did not show
prognostic relevance for OS neither in the FSH-receptor high
expressing subgroup (n = 115, median OS 44 months vs.
35 months in EP3 positive patients, p = 0.36), nor in the
FSH-receptor low-expressing subgroup (n = 27, median OS
83 months vs. 52 months in EP3 positive patients, p=0.44,
supplementary Fig. 1).

Similarly, the EP3 receptor did not show significant
prognostic relevance for OS dependent on the galectin-1
expression in the tumor: in the subgroup with high galec-
tin-1 expression in the tumor, EP3 negative patients showed
prolonged OS (n=48, median OS 63 months vs. 33 months
in EP3 positive patients, p=0.115, supplementary Fig. 2);
however, this prolongation was not significant. In the galec-
tin-1 low-expressing subgroup, EP3 negative patients did
not show improved OS (n=94, median OS 38 months vs.
41 months in EP3 positive patients, p=0.435, supplemen-
tary Fig. 2).

Discussion

In the present study, we examined the expression of EP3 in
different histological types of ovarian cancer (serous, clear
cell, endometrioid, and mucinous) and its association with
clinicopathological data and overall survival. Immunohisto-
chemical evaluation of EP3 correlated with ovarian cancer
histology with the highest expression in clear-cell carci-
noma. Furthermore, we could detect a correlation between
EP3 and FSH-receptor as well as with galectin-1 without a
significant correlation with overall survival. The gonado-
tropin receptors LH and FSH play a well-known important
role in ovarian cancer carcinogenesis (Zhuandi et al. 2018;
Perales-Puchalt et al. 2017; Emons et al. 1990). The func-
tional interplay between EP3 and these factors is not under-
stood so far. The previous analyses showed that FSH via its
receptor stimulates PGE2 and hereby potentially influences
EP3 expression in human ovary (Niringiyumukiza et al.
2018). The putative functional association between EP3 and
FSH receptors as well as galectin-1 has to be elucidated in
future investigations.

Our study shows that positive EP3 expression was a
negative prognostic factor in ovarian cancer that lacks cyto-
plasmatic expression of tumor-associated epithelial mucin
1 (MUC1). TA-MUCI1 expression was detected by Gatipo-
tuzumab staining; Gatipotuzumab is an antibody that detects
a tumor-specific epitope of MUC1 (TA-MUC1). MUCI is
expressed in most carcinomas, including ovarian cancer
(Dian et al. 2013), with a changed cellular distribution
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during malignant transformation. TA-MUC1 can be detected
in the cytoplasm and on the cell surface due to receptor shut-
tling. There have been different aims to target MUC]1 in tar-
geted therapies for ovarian cancers. Gatipotuzumab is one
of the antibodies evaluated for targeted therapies, although
the effect as monotherapy for maintenance treatment did not
significantly impact the clinical course (Ledermann et al.
2017; Dian et al. 2013).

Increased cytoplasmatic expression of MUC]1 has been
associated with impaired prognosis in cancer patients (Mat-
sumura et al. 2002) and elevated cytoplasmatic Gatipotu-
zumab-staining levels were detected in high-grade ovarian
carcinomas (Dian et al. 2013). Tumors with high MUC1
expression do also show high levels of COX-2 and PGE2
(Tinder et al. 2008; Nath et al. 2015). Furthermore, a mouse
model of pancreatic ductal adenocarcinoma overexpressing
MUCI1 was attributed with celecoxib resistance, a specific
COX-2 inhibitor (Mukherjee et al. 2009). This suggests a
correlation of MUC1 expression with the COX-PGE2-axis, a
pathway with a known important role in cancer development
and progression. In pancreatic cancer, MUC1 was identified
to induce COX-2 expression via colocalization with NFkB,
translocation to the nucleus and binding to the COX-2 pro-
motor region (Nath et al. 2015). Therefore, MUC1-positive
tumors seem to be able to induce COX-2 and cause high
PGE2 levels. In our study, the TA-MUCI1 positive subgroup
was the subgroup, where we could not show a negative prog-
nostic effect of EP3-receptor expression. We speculate that
the EP3-driven pathway might be less important in MUC1-
positive tumors with high endogenous production of PGE2
via COX-2 induction. In MUCI negative tumors with less
endogenous PGE2 production, the EP3-driven pathway
might be more relevant.

The role of the COX overexpression in ovarian cancer
has been addressed in various studies; however, results were
not consistent so far. Ovarian carcinomas show increased
COX-2 expression with a correlation of the COX-2 increase
to the tumor stage (Rask et al. 2006). In high-grade advanced
serous ovarian carcinoma, elevated COX-2 expression corre-
lated with tumor proliferation and angiogenesis (Ali-Fehmi
et al. 2005). Ovarian cancer patients with COX-2 overex-
pression showed significantly impaired survival in the uni-
variate, but not in the multivariate analysis (Ali-Fehmi et al.
2005). Treatment of ovarian cancer cells lines with NSAIDs
and COXibs resulted in increased apoptosis (Rodriguez-Bur-
ford et al. 2002). PGE2 induced by COX-2 overexpression
could stimulate myeloid-derived suppressor cells to migrate
to ovarian cancer ascites. Myeloid-derived suppressor cells
can inhibit T cells, and this might allow ovarian cancer cells
to escape immune surveillance (Obermajer et al. 2011).

However, a clear mechanism and a pathway how COX-2
overexpression and elevated PGE2 affect ovarian cancer are
not revealed yet. We suggest that an EP3-related pathway

might be predominantly relevant in MUCI negative tumors
without endogenous driven COX-2 induction. Further stud-
ies targeting COX-2 or directly the EP3 receptor with antag-
onists in MUCI negative tumors will have to clarify these
correlations.
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