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Abstract: Prostaglandins, especially prostaglandin E2 (PGE2), and COX-2 play an important role in carcinogenesis of 
many tumors including bladder cancer (BCA). The PGE2 receptors EP1-4 regulate tumor cell growth, invasion and 
migration in different tumor entities but EP expression in BCA remains to be determined. In the present study we 
examined the expression of EP1-4 in non-muscle invasive bladder cancer (NMIBC), muscle invasive bladder cancer 
(MIBC) and normal urothelial tissue (NU) using immunohistochemistry. Nuclear and cytoplasmic EP1-4 expression 
was correlated with clinicopathological parameters and survival of BCA patients. EP1, EP2 and EP3 were significant-
ly less expressed in the cytoplasm und nucleus of NMIBC and MIBC than in NU; EP4 cytoplasmic staining in MIBC 
was significantly higher compared to NU. The cytoplasmic staining was significantly more abundant in MIBC than in 
NMIBC in all investigated receptors except EP2. The level of EP staining in NMIBC was correlated with staging and 
grading, especially cytoplasmic EP1. Nuclear staining of EP1 was an independent predictor of BCA recurrence-free 
survival in NMIBC patients. EP receptors are dysregulated in BCA. The increase of EP1 may be used as prognostic 
parameter in NMIBC patients and its dysregulation could be targeted by specific EP1 inhibitors.
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Introduction

In 2014, there are 74,690 new cases of urinary 
bladder cancer (BCA) and 15,580 BCA deaths 
expected in the USA; thus BCA is the most com-
mon malignancy of the urinary tract [1]. Major 
problems for non-muscle-invasive bladder can-
cer (NMIBC) include recurrence and progres-
sion to muscle-invasive bladder cancer (MIBC). 
Risk factors associated with progression to 
MIBC include the depth of invasion of the lami-
na propria, simultaneous presence of carcino-
ma in situ (CIS), tumor grade and size, multiple 
tumors and recurrence of NMIBC [2]. For MIBC 
patients, lymph node metastasis, tumor stage 
and grade, lymphovascular involvement and 
histological features are main predictors of out-
come; in addition time from diagnosis to sur-
gery, patient age and sex contribute to patients 
prognosis [2]. Some promising molecular mark-
ers [i.e. cathepsin E, Plk1 (polo-like kinase 1), 

maspin, survivin, ezrin membrane expression, 
FGFR3 (fibroblast growth factor receptor 3) 
mutation status] [3-5] of prognostic value have 
been described, but none of them is used in 
daily routine to predict the risk of recurrence/
progression and accordingly to optimize the 
clinical management of BCA patients. 

COX (cyclooxygenase), the key enzyme in pros-
taglandin synthesis from arachidonic acid, 
exists in two isoforms, COX-1 and COX-2. COX-1 
is constitutively expressed in many organs, 
whereas COX-2 is induced by a variety of media-
tors including inflammatory cytokines, hor-
mones, growth factors and tumor promoters 
[6]. PGE2 (prostaglandin E2), a lipid compound 
and the end product of eicosanoid synthesis by 
both isoforms of COX, has many physiological 
effects such as stimulating cell proliferation, 
motility and tumor angiogenesis, while inhibit-
ing apoptosis and immune surveillance [6]. 
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from various tumor entities including breast, 
colon and kidney cancer [13, 22, 25, 26]. 
Pharmacological manipulation of EP receptors 
may be feasible: an EP1 antagonist was protec-
tive against colon, breast and skin cancer [31-
33], and an EP4 antagonist reduced tumor 
growth, angiogenesis and metastasis in a 
breast cancer model [17].

Both, prostaglandins and COX-2 play an impor-
tant role in the carcinogenesis of many tumors 
including BCA [7]. Non-selective (indomethacin) 
and selective (celecoxib) COX inhibitors have 
been shown to act antineoplastic [8, 9]. 
However, long-term inhibition of COX-2 increas-
es the risk of cardiovascular events [10]. The 
PGE2 receptors EP1-4 (also termed PTGER1-4) 

have been considered as alternative phar-
macological target [11].

PGE2 binds with different affinities to four 
receptors (EP1-4), which belong to a family 
of seven transmembrane G protein cou- 
pled rhodopsin-type receptors, with distinct 
signal-transduction properties [12]. The 
effects of PGE2 on cell growth depend on 
receptor-ligand affinity, ligand concentra-
tion, as well as target cell EP receptor 
expression [13]. EP receptors are localized 
on many different cells including tumor 
cells, stromal cells and immune effector 
cells. There are also perinuclear and/or 
nuclear localized EP receptors which influ-
ence the cell differently, probably by post-
translational modifications [14] and yet 
undefined, different signaling pathways 
[15].

Even though the four EP receptors have 
structural and sequence similarities, they 
are linked to different, but interacting intra-
cellular signaling pathways [15]. The EP1 
receptor is coupled to Gq protein and 
upregulates the level of intracellular Ca2+ 
through phospholipase C and phosphati-
dylinositide 3-kinase (PI3K) [16]. EP2 and 
EP4 are coupled to a stimulatory G protein 
(Gs), activating adenylate cyclase, resulting 
in an increase in cAMP (cyclic adenosine 
monophosphate), followed by protein ki- 
nase A (PKA) activity [17]. EP3, which is 
mainly coupled to Gαi protein, decreases 
the formation of intracellular cAMP [18]. 
Furthermore, alternative splice products of 
EP3 have stimulatory and inhibitory effects 
on adenylate cyclase [19].

EP1-4 receptors are dysregulated in many 
human malignancies [16, 20-27], and its 
expression levels may indicate prognosis of 
patients (nuclear EP1 expression: breast 
cancer [28, 29]; EP4: upper urinary tract 
cancer [30]). They are involved in invasion, 
migration, and growth of carcinoma cells 

Table 1. Clinicopathological characteristics of patients 
with non-muscle invasive bladder cancer (NMIBC), 
muscle invasive bladder cancer (MIBC) and normal 
urothelium (NU)

NMIBC (%) MIBC (%) NU (%)
n=186 n=210 n=51

Sex
    Male 150 (80.6) 153 (72.9) 29 (56.9)
    Female 36 (19.4) 57 (27.1) 22 (43.1)
Smoking status
    Current 43 (23.1) 60 (28.6) 1 (2)
    Never 78 (41.9) 60 (28.6) 5 (9.8)
    Former 9 (4.8) 9 (4.3) 6 (11.8)
    Unknown 55 (29.6) 81 (38.6) 45 (88.2)
Tumor stage
    Ta 101 (54.3) 0 n.a.
    Tis 33 (17.7) 0 n.a.
    T1 52 (28.0) 0 n.a.
    T2 0 77 (36.7) n.a.
    T3 0 96 (45.7) n.a.
    T4 0 37 (17.6) n.a.
Grading
    G1 62 (33.3) 1 (0.5) n.a.
    G2 71 (38.7) 59 (28.1) n.a.
    G3 49 (26.3) 147 (70) n.a.
    G4 1 (0.5) 1 (0.5) n.a.
    n.a. 2 (1)
Lymph node metastasis
    pN0 160 (86) 103 (59) n.a.
    pN+ 1 (0.5) 69 (32.9) n.a.
    pNx 38 (18.1) n.a.
Distant metastasis
    M0 150 (80.6) 119 (56.7) n.a.
    M1 0 (0) 5 (2.4) n.a.
    n.a. 36 (19.4) 86 (41.0) n.a.
Age
    Mean 67.01 67.72 65.96
    Median 67 69 66
    Range 30-92 38-94 43-84
Abbreviations: NMIBC=non-muscle invasive bladder cancer; 
MIBC=muscle invasive bladder cancer; NU=normal urothelium; 
n.a.=not applicable.
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So far, EP receptor expression in BCA remains 
unknown. We therefore studied the expression 
of nuclear and cytoplasmic EP1-4 using tissue 
microarrays in 186 NMIBC and 210 MIBC spec-
imens as well as 51 normal urothelial tissue 
samples to explore the role of EP receptors in 
BCA. 

Patients and methods

Patients

We prepared tissue microarrays (TMAs) with 
samples of NMIBC (n=186) and MIBC (n=210) 
from formalin-fixed, paraffin-embedded tissue 
specimens (Table 1 for clinicopathological 
characteristics). Histologically confirmed nor-
mal urothelium (NU) (n=51) was obtained from 
patients undergoing surgery for BCA. A repre-
sentative image of the tumor was achieved by 
aligning three tissue cores per patient using a 
manual device (Lika Electronic, Varré, Italy). 
The tumor tissues were chosen from the archi-
val files of the Department of Pathology at the 
University Hospital Bonn based on tissue avail-
ability and were not selected according to pre-
operative or prognostic factors. The specimens 
were obtained from patients undergoing trans-
urethral resection of the bladder (TURB; NMIBC, 
n=162; MIBC n=24) or radical cystectomy (RC; 
NMIBC, n=36; MIBC, n=174) at the Department 
of Urology at the University Hospital Bonn and 
the Waldkrankenhaus Bad Godesberg between 
1988 and 2012. All cases were reviewed by an 
experienced pathologist (D.G.). Stage and 
grade were assigned according to the WHO 
classification from 1977. Follow-up information 
was available for 321 patients (81%): 103 
NMIBC-patients suffered from disease recur-
rence and 7 died from BCA during a mean 
(median; range) follow-up period of 69 (55; 
0-233) months. For patients with MIBC the 
mean (median, range) follow-up period was 28 
(9; 0-172) months; 87 patients developed 
metastases and cancer-related deaths oc- 
curred in 53 patients. The study was approved 
by the ethic committee of the University 
Hospital Bonn (ethic vote 330/11).

Immunohistochemistry

Immunohistochemistry was carried out as 
described by Oll et al [34]. Paraffin sections, 5 
µm thick, were cut from the TMA block and 
transferred onto slides for staining. After depa-
raffinization with xylene and rehydration with 

isopropyl alcohol, the slides were placed in tar-
get retrieval solution (10 mM citrate buffer, pH 
6.0) and boiled for 20 min using a microwave. 
After cooling for 30 min and exchanging citrate 
buffer against running tap water for 15 min, the 
endogenous peroxidase activity was blocked by 
treatment with 3% H2O2 for 10 min. The slides 
were incubated in Tris-buffered saline for 5 
min. Then, EP1 (dilution 1:2000; Cayman 
Chemical; Ann Arbor, MI, USA; Item No. 101740; 
Lot No. 0419161-1); EP2 (dilution 1:100; 
Cayman Chemical; Ann Arbor, MI, USA; Item No. 
101750; Lot No. 0434213-1); EP3 (dilution 
1:100; Cayman Chemical; Ann Arbor, MI, USA; 
Item No. 101760; Lot No. 0424527-1), and EP4 
(dilution 1:100; Cayman Chemical; Ann Arbor, 
MI, USA; Item No. 101775; Lot No. 0415476-1) 
antibodies were applied overnight at 4°C. 
Immunohistochemical staining was visualized 
using Dako Envision+ System-HRP staining 
technique (Dako No. K4002; Glostrup, Den- 
mark). After incubated for 30 min with the sec-
ondary antibody at room temperature, the per-
oxidase was developed with aminoethylcarba-
zole (AEC) system (Dako No. K696). The slides 
were finally counterstained with hematoxylin 
and mounted. Identical TMAs with rabbit immu-
noglobulin (dilution 1:3750; Dako No. X0936; 
Glostrup, Denmark) were used as negative con-
trols. The slides were scanned using the 
Panoramic Midi (3D HISTECH Kft, Budapest, 
Hungary), and high resolution images were vir-
tually evaluated using the Panoramic Viewer 
(Version 1.15.2; 3DHistech Ltd.).

The immunostaining results were recorded 
semiquantitatively, blinded to clinical outcome 
and evaluating cytoplasm and nucleus sepa-
rately. The percentage of urothelial cells show-
ing nuclear or cytoplasmic staining was esti-
mated individually for each core and scaled: 0, 
no positive cells; 1, 1-25% positive cells; 2, 
26-50% positive cells; 3, 51-75% positive cells; 
and 4, 76-100% positive cells. These scores 
were multiplied with an intensity scale (0, nega-
tive; 1, weak; 2, moderate; and 3, intensive 
staining). The results were presented as the 
mean of the three core samples. Multiple posi-
tive controls (liver, colon, skin and renal tissue) 
were included in each tissue microarray.

Statistical analysis

The Mann-Whitney U test was used to evaluate 
differences between the clinicopathological 
variables and each EP receptor. The EP recep-
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tors were correlated with using the Spearman’s 
rank correlation coefficient. The Kaplan-Meier 
method was used to calculate survival func-
tions, and the significance was evaluated using 
the log-rank statistic. Cut-offs for a staining 
score of 6 turned out to be the best discrimina-
tor for both bladder-cancer progression and 

survival. Univariate and multivariate survival 
analyses were done using the Cox proportional 
hazard regression model. P values lower 0.05 
were considered to show statistical signifi-
cance; all tests were two-sided. Statistical anal-
yses were performed using IBM® SPSS® 
Statistics v21.

Figure 1. Representative photographs of EP1-4 and rabbit immunoglobulin in a sample of NU, NMIBC, MIBC. Cores 
represent the most frequent staining intensity of each antibody in the cytoplasm as well as the nucleus. Original x5, 
insets x40.
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Results

Levels of cytoplasmic as well as nuclear stain-
ing of EP1, EP2 and EP3 are different in NU tis-
sue and BCA tissue

EP1-3 expression was observed in the cyto-
plasm and nucleus. EP4 nuclear staining was 
virtually undetectable in all samples (Figure 1 
for representative photographs). Using the 
Mann-Whitney U Test we analyzed whether 
EP1-4 expression was different in NU and BCA 
tissue. EP1, EP2 and EP3 were significantly 
less present in the cytoplasm und nucleus of 
NMIBC and MIBC than in NU, whereas cytoplas-
mic staining of EP4 in MIBC compared to NU 
was significantly higher. The cytoplasmic stain-
ing was significantly more abundant in MIBC 
than in NMIBC in all investigated receptors 
except EP2 (p=0.120). On the contrary, the 

nuclear staining decreased from NMIBC to 
MIBC in all receptors except for EP4 (not detect-
ed in any BCA sample). See Table 2 and Figure 
2. Nuclear and cytoplasmic expression of EP1, 
EP2 and EP3 was highly correlated to each 
other (p<0.001).

EP expression is correlated with advanced 
stage and grade in BCA patients, and predicts 
patients outcome following surgery 

The EP expression level in NMIBC was correlat-
ed with staging and grading: For example, cyto-
plasmic EP1 expression increased with the pT 
stage in NMBIC (pTa vs pT1, p=0.001; pTa vs 
pTis, p<0.001) and grading (G1 vs G2, p=0.002; 
G1 vs G3, p<0.001; G2 vs G3, p=0.040). 
Furthermore, EP2 in the cytoplasm was incre- 
ased in pT1 compared to pTa and pTis (pTa vs 
pT1, p=0.001; pTis vs pT1, p<0.001). In con-

Table 2. Levels of staining of prostaglandin receptors EP1-4 are different in NU, NMIBC and MIBC 
determined using the Mann-Whitney U test

EP1 (c) EP1 (n) EP2 (c) EP2 (n) EP3 (c) EP3 (n) EP4 (c)
NU vs BCA <0.001*↓ <0.001*↓ <0.001*↓ <0.001*↓ 0.001*↓ <0.001*↓ 0.914
NU vs NMIBC 0.003*↓ <0.001*↓ <0.001*↓ <0.001*↓ 0.009*↓ <0.001*↓ 0.117
NU vs MIBC <0.001*↓ <0.001*↓ <0.001*↓ <0.001*↓ <0.001*↓ <0.001*↓ 0.037*↑
NMIBC vs MIBC <0.001*↑ 0.071 0.120 0.004*↓ 0.010*↑ 0.015*↓ <0.001*↑
*↑indicates positive correlation, *↓indicates negative correlation; Abbreviations: NU=normal urothelium; BCA=bladder cancer; 
NMIBC=non-muscle invasive bladder cancer; MIBC=muscle invasive  bladder cancer; (c)=cytoplasmic; (n)=nuclear; significant 
values are shown in bold.

Table 3. Differences between EP1-4 expression for different pathological stages and grades in pa-
tients with NMIBC and MIBC

EP1 (c) EP1 (n) EP2 (c) EP2 (n) EP3 (c) EP3 (n) EP4 (c)
NMIBC
    pTa vs pT1 0.001*↑ 0.004*↑ 0.001*↑ <0.001*↑ 0.237 0.192 0.102
    pTa vs pTis <0.001*↑ 0.182 0.038*↓ 0.516 0.614 0.751 0.053
    pTis vs pTa 0.266 0.368 <0.001*↑ 0.001*↑ 0.690 0.262 0.245
    G1 vs G2 0.002*↑ 0.685 0.238 0.745 0.078 0.252 0.010↑
    G1 vs G3 <0.001*↑ 0.067 0.055 0.354 0.388 0.894 0.004↑
    G2 vs G3 0.040*↑ 0.147 0.006*↓ 0.459 0.670 0.387 0.400
MIBC
    pT2 vs pT3 0.156 <0.001*↓ 0.980 <0.001*↓ 0.062 <0.001*↓ 0.025*↑
    pT2 vs pT4 0.348 0.029*↓ 0.947 <0.001*↓ 0.689 0.001*↓ 0.855
    pT3 vs pT4 0.791 0.054 0.972 0.128 0.027*↑ 0.640 0.031*↓
    pN0 vs pN+ 0.001*↑ 0.433 0.089 0.103 0.601 0.115 0.005*↑
    cM0 vs cM+ 0.058 0.673 0.126 0.904 0.271 0.561 0.140
    G2 vs G3 0.351 0.674 0.891 0.611 0.496 0.819 0.019*↑
*↑indicates positive correlation, *↓indicates negative correlation; Abbreviations: NMIBC=non-muscle invasive bladder cancer; 
MIBC=muscle invasive bladder cancer; (c)=cytoplasmic; (n)=nuclear; significant values are shown in bold.
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Figure 2. Distribution of the level of staining intensity in patients with NU, NMIBC and MIBC separated in nuclear and cytoplasmic staining.
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trast, pT stage in MIBC patients was negatively 
correlated with EP1 (pT2 vs pT3, p<0.001; pT2 
vs pT4, p=0.029), EP2 (pT2 vs pT3, p<0.001; 
pT2 vs pT4, p<0.001) and EP3 (pT2 vs pT3, 
p<0.001; pT2 vs pT4, p=0.001) nuclear expres-
sion. See Table 3 for a detailed summary.

In addition, we used Cox proportional hazard 
models to evaluate whether EP expression pre-
dicts patients’ outcome: Increased nuclear 
expression of EP1 (p=0.028, hazard ratio [HR] 
1.075) and decreased cytoplasmic expression 
of EP2 (p=0.019, HR 0.873) were correlated to 
recurrence-free survival. Nuclear EP1 expres-
sion was also predictive for cancer recurrence 
(p=0.020, HR 1.083) in a multivariate analysis 

(Table 4; Figure 3). EP expression was not cor-
related to cancer specific survival in NMIBC 
patients. Higher cytoplasmic EP1 levels were 
correlated to cancer specific mortality in a uni-
variate analysis (p=0.027, HR 1.142; Figure 3), 
but lost its predictive value in a multivariate 
model including pT stage, lymph node metasta-
sis and metastasis (p=0.167, HR 1.150). EP1-4 
expression was not associated with recurrence-
free survival in MIBC patients; see Table 5.

Discussion

BCA is a highly immunogenic malignancy and 
inflammation is a critical component of tumor 
progression [35]. A preoperative systemic 

Table 4. Cox proportional hazard analysis of EP1-4 and pathological features in correlation to cancer-
specific survival (CSS) and bladder-cancer recurrence in patients with NMIBC

Recurrence-free  
survival univariate analysis CSS univariate analysis Recurrence-free  

survival multivariate analysis

p SE HR (95% CI) p SE HR (95% CI) p SE HR (95% CI)
EP1 (c) 0.374 0.045 0.961 (0.897-1.050) 0.741 0.180 0.942 (0.663-1.340)
EP1 (n) 0.028 0.033 1.075 (1.008-1.146) 0.331 0.112 1.115 (0.895-1.388) 0.020 0.034 1.083 (1.012-1.157)
EP2 (c) 0.019 0.058 0.873 (0.780-0.978) 0.585 0.220 0.887 (0.576-1.365) 0.111 0.068 0.897 (0.786-1.025)
EP2 (n) 0.955 0.054 0.997 (0.897-1.108) 0.245 0.385 0.639 (0.300-1.359)
EP3 (c) 0.231 0.054 0.937 (0.842-1.042) 0.729 0.200 0.933 (0.631-1.380)
EP3 (n) 0.394 0.050 0.958 (0.869-1.057) 0.870 0.167 1.028 (0.741-1.424)
EP4 (c) 0.381 0.034 0.970 (0.907-1.038) 0.842 0.118 0.977 (0.775-1.232)
pTstage 0.289 0.116 0.884 (0.704-1.110) 0.689 0.456 0.833 (0.341-2.037)
Grade 0.715 0.133 1.050 (0.809-1.361) 0.350 0.502 1.598 (0.598-4.271)
Abbreviations: CSS=cancer-specific survival; (c)=cytoplasmic; (n)=nuclear; p = p-value, SE=standard error, HR=hazard ratio; significant values are 
shown in bold.

Figure 3. Kaplan-Meier estimates of A) cytoplasmic EP1 expression for the prediction of cancer-specific survival in 
patients with MIBC (log rank p=0.002) and B) nuclear EP1 expression for the prediction of recurrence-free survival 
in patients with NMIBC (log rank p=0.001). EP1 Expression was grouped into low (staining score ≤ 6) and high 
(staining score > 6).
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inflammatory response is an independent pre-
dictor of poor cancer specific survival in 
patients with BCA [36]. Prostaglandins play a 
prominent role in inflammatory processes, and 
the expression of COX-2 is associated with BCA 
progression [7]. So far, knowledge about EP 
receptors in urothelial cancer is limited to upper 
urinary tract cancer [30, 37], and we thus deter-
mined systematically EP1-4 expression in NU, 
NMIBC and MIBC tissue.

The expression of cytoplasmic and nuclear 
EP1-4 was decreased in BCA compared to NU. 
Furthermore, we observed lower levels of cyto-
plasmic EP1, EP3 and EP4 levels in MIBC com-
pared to NMIBC, whereas nuclear EP3 was 
somewhat increased in NMIBC. This finding 
indicates a cumulative alteration of EP expres-
sion during BCA carcinogenesis. In a former 
study on urothelial cancer of the upper urinary 
tract, Miyata et al. did not investigate EP expres-
sion in normal urothelial tissue [37]. In other 
tumor entities, the expression of EP receptors 
was mostly increased in tumor samples: Shoji 
et. al. were able to show that EP1 mRNA were 
increased in colon cancer tissue [21]. EP2 is 
required for mammary epithelial hyperplasia 
and EP2 overexpression in mammary tumor 
leads to increased VEGF (vascular endothelial 
growth factor) production, a factor associated 
to carcinogenesis [22, 23]. Furthermore, EP2 
deficiency significantly decreases the growth, 
angiogenesis, and pulmonary metastasis of 
mammary tumors produced in mice [24]. 
Contrarily to these findings, Gustaffson et al 
[20] and Shoji et al [21] found the expression of 
EP2 mRNA to be significantly higher in normal 

colon tissue compared with tumor tissue. EP4 
receptor protein expression was increased in 
colorectal cancer as well as adenomas com-
pared to normal colonic epithelium using immu-
nohistochemistry [25]. Furthermore, EP4 pro-
tein expression increased in malignant compa- 
red with benign human kidney cells [26]. Addi- 
tionally, EP4 is upregulated in castration-resis-
tant hormone-naive prostate cancer [27]. 

Even though EP levels were lower in tumor, we 
observed an increase of EP expression in 
patients with poor prognostic clinicopathologi-
cal parameters: in NMIBC patients’ EP1 and 
EP2 expression was correlated with advanced 
pT-stage and less differentiated tumors. In 
MIBC patients nuclear EP1-4 expression was 
also negatively correlated with advanced path-
ological stage. Most importantly, high nuclear 
EP1 expression was an independent predictor 
of recurrence-free survival, so a marker of poor 
prognosis, following TURB in NMIBC patients. In 
addition, cytoplasmic EP2 was associated with 
disease recurrence predicting good prognosis 
in NMIBC patients and cytoplasmic EP1 was 
associated with cancer-specific survival, as a 
marker of poor prognosis in MIBC patients, 
although both markers lost its significance in 
the multivariate analysis. Interestingly, Miyata 
et al. found that co-expression of COX-2 and 
EP4 was associated with patients’ survival fol-
lowing nephroureterectomy for upper urinary 
tract urothelial cancer, whereas EP4 alone was 
not predictive for survival [30]. Upregulation of 
EP receptors was also determined as poor 
prognostic parameter in other tumor entities. 
Gustaffson et al., for example, showed that sig-

Table 5. Cox proportional hazard analysis of EP1-4 and pathological features in correlation to cancer-
specific survival (CSS) and bladder-cancer recurrence in patients with MIBC

Recurrence-free survival univariate 
analysis CSS univariate analysis CSS multivariate analysis

p SE HR (95% CI) p SE HR (95% CI) p SE HR (95% CI)
EP1 (c) 0.325 0.053 1.054 (0.950-1.169) 0.027 0.060 1.142 (1.015-1.286) 0.167 0.101 1.150 (0.943-1.403)

EP1 (n) 0.154 0.040 1.059 (0.979-1.147) 0.110 0.052 1.087 (0.981-1.203)

EP2 (c) 0.171 0.060 0.922 (0.820-1.036) 0.331 0.076 0.929 (0.800-1.078)

EP2 (n) 0.390 0.081 0.933 (0.796-1.093) 0.404 0.106 0.915 (0.743-1.127)

EP3 (c) 0.660 0.046 0.980 (0.895-1.073) 0.945 0.060 0.996 (0.885-1.120)

EP3 (n) 0.950 0.067 0.996 (0.872-1.137) 0.595 0.086 1.047 (0.884-1.240)

EP4 (c) 0.868 0.047 0.992 (0.904-1.086) 0.475 0.061 1.044 (0.927-1.176)

pTstage 0.076 0.050 1.092 (0.991-1.205) 0.022 0.065 1.160 (1.022-1.318) 0.017 0.091 1.242 (1.040-1.483)

Grade 0.539 0.226 0.870 (0.559-1.355) 0.068 0.338 1.853 (0.955-3.598)

pNstage 0.396 0.131 1.118 (0.864-1.447) 0.049 0.153 1.351 (1.002-1.823) 0.896 0.212 1.028 (0.679-1.557)

cMstage 0.236 1.022 3.355 (0.453-24.858) 0.000 0.561 9.879 (3.250-29.972) 0.001 0.697 9.421 (2.406-36.899)
Abbreviations: CSS=cancer-specific survival; (c)=cytoplasmic; (n)=nuclear; P=p-value; SE=standard error; HR=hazard ratio; significant values are shown in bold.
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naling via EP1-4 subtype receptors in colorectal 
cancer, particularly EP2, could predict poor sur-
vival [20]. Controversially, Thorat et al. reported 
that nuclear expression of EP1 correlates with 
good prognosis marker like node negative sta-
tus and progesterone receptor expression in 
breast cancer [28]. Similar results were seen in 
a study by Ma et al. who determined that nucle-
ar EP1 expression in invasive ductal carcino-
mas correlates with improved survival com-
pared to women with no nuclear EP1 expression 
[29]. Earlier studies provided evidence that EP 
receptors promote invasion, migration and cell 
growth [13, 22, 25, 26]. A number of pro-tumor-
igenic pathways have been identified. The 
induction of epithelial growth factors like 
amphiregulin in mammary cells by an EP2-
specific agonist is one of them [22]. Additionally, 
renal cell invasion takes place through a path-
way that encompasses EP4 and small GTPase 
Rap (guanosine triposphate) [26]. Moreover, 
PGE2 can inhibit apoptosis induced by stauro-
sporine or anti-FAS antibody [13], to name only 
a few. The EP receptors are specifically pharma-
cologically targetable: EP1 (colon, breast and 
skin cancer [31-33]) and EP4 (breast cancer 
[17]) inhibition inhibited cancer growth.

Several limitations should be acknowledged: 
NU tissue was obtained from patients with BCA 
undergoing RC as collection of NU tissue from 
healthy individuals is for ethical reasons unfea-
sible. According to the cancer field effect it is 
not definitively possible to exclude molecular 
abnormalities in this normal tissue [38]. 
However, the significant differences of EP 
expression in BCA and NU tissue do not sup-
port a bias due to the cancer field effect. MIBC 
tissue was obtained from TURB as well as from 
RC specimen because residual tumor after 
TURB may be marginal and the TURB specimen 
seemed histologically better suitable for TMA 
construction in some cases; however, we did 
not observe differences in MIBC tissue from RC 
and TURB specimen (data not shown).

Conclusion

In conclusion, EP1 expression is predictive of 
BCA recurrence in NMIBC and cancer-specific 
survival in MIBC patients. Thus, its analysis 
may be helpful for the identification of patients 
benefitting from adjuvant therapy. Furthermore, 
targeting EP1 could be a novel pharmacological 
approach for BCA patients.
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