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Abstract
Purpose  Prostaglandin-mediated inflammatory reactions play a major role in different cancers. Prostaglandin E2-receptor 
3 (EP3) expression correlates with FIGO stages in cervical cancer and has been shown to be an independent prognostic fac-
tor for overall survival. EP3 expression levels in cervical intraepithelial neoplasia (CIN) as the precursor lesion of cervical 
cancer are currently unknown.
Methods  EP3 expression was analyzed by immunohistochemistry in 124 patient samples (CIN 1–3 and healthy controls) 
using the IR-scoring system. Expression levels were correlated with clinical outcome to assess for prognostic relevance in 
patients with CIN 2. Data analysis was performed using Kruskal–Wallis and Mann–Whitney U test.
Results  EP3 expression levels significantly correlated with different grades of cervical dysplasia. Median EP3-IRS in healthy 
cervical tissue was 12 (n = 13) compared to 9 in CIN 1 (n = 38; p = 0.031 vs. healthy control), 6 in CIN 2 (n = 45; p < 0.001 
vs. CIN 1) and 4 in CIN 3 (n = 28, p = 0.008 vs. CIN 2). The percentage of EP3 expressing cells in CIN 2 lesions was sig-
nificantly lower in progressive than in regressive cases (mean percentage of EP3 positive cells in progress: 3.8%, n = 18; in 
regress: 9.3%, n = 20; p = 0.040).
Conclusion  EP3 expression significantly decreases with higher grades of cervical intraepithelial neoplasia—which is in line 
with published IR scores in cervical cancer patients—and seems to be a prognostic marker for regression or progression of 
CIN 2 lesions. Our findings support the importance of the prostanoid pathway in cervical cancer and could help to identify 
targets for future therapies.
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Introduction

Cervical cancer represents the second most common malig-
nancy in women worldwide. Per year about half a million 
women are diagnosed, with more than 250,000 women still 
die from this disease (Torre et al. 2015). Incidence of cervi-
cal cancer has dramatically dropped after introduction of Pap 
smear screening. The goal of this screening was the detec-
tion of cervical intraepithelial neoplasia (CIN) as a direct 
precursor lesion of cervical cancer. CIN lesions are catego-
rized in three grades (CIN 1–3) according to the amount of 
epithelium involved in dysplastic changes. Main risk factor 
for the development of cervical intraepithelial neoplasia, 
as well as cervical cancer is the persistence of high-grade 
human papillomavirus (HPV) infection. CIN 1 lesions are 
considered to be transient effects of HPV infection and 
typically have a high likelihood of spontaneous regression 
(Brummer et al. 2006; Cox et al. 2003; Moscicki et al. 2004; 
Trimble et al. 2005). Therefore, a watchful waiting strategy 
is justified in most cases which is in accordance to interna-
tional guidelines (Jordan et al. 2009; Massad et al. 2013). 
In contrast, CIN 3 lesions have a significant risk of progres-
sion to invasive cervical cancer and are, therefore, surgically 
managed by conisation. Management of patients with CIN 
2 lesions is currently discussed controversially (Wilkinson 
et al. 2015). According to the widely used Bethesda clas-
sification and the Lower Anogenital Squamous Terminol-
ogy Project, CIN 2 and CIN 3 lesions are both classified 
as high-grade dysplasia, and therefore, both require surgi-
cal management (Darragh et al. 2012). However, growing 
evidence supports the idea of a more CIN 1 like appear-
ance of CIN 2 lesions, which could justify a conservative 
approach at least in certain patient populations, e.g. young 
patients of childbearing age (Kolben et al. 2017). Benefit 
of a non-surgical management would be the prevention of 
pregnancy-associated risks like preterm labour and cervical 
insufficiency, which is a typical complication occurring in 
patients after cervical conisation (Arbyn et al. 2008; Jin et al. 
2014; Kyrgiou et al. 2006). However, there is no established 
prognostic biomarker that enables the prediction of progres-
sion or regression in patients with CIN 2 lesions.

The prostaglandin E2-receptor EP3 has been shown to be 
an independent negative prognostic factor in cervical cancer 
patients. Expression levels correlate with tumor stage as well 
as clinical outcome (Heidegger et al. 2017). We, therefore, 
hypothesized that EP3 receptor expression levels could be 
associated with different grades of cervical intraepithelial 
neoplasia lesions and moreover could help to predict regres-
sion or progression in patients with CIN 2 to avoid surgery 
with its associated complications in these patients.

Methods

Tissue samples

Cervical tissue (n = 140) of patients treated between 2002 
and 2014 in the Department of Gynecology and Obstetrics, 
Ludwig-Maximilians-University of Munich, Germany was 
collected. Successful EP3-staining could be obtained in 
124 cases; patients had either no dysplasia (n = 13), CIN 1 
(n = 38), CIN 2 (n = 45) or CIN 3 (n = 28). Diagnosis as well 
as grade of dysplasia were confirmed by a second patholo-
gist. Only patients who had a follow-up visit with either 
histologically confirmed progress (n = 23) or regress (n = 22) 
were selected for CIN 2 samples. Median follow-up interval 
was 5 months (range 1–27 months). All CIN patients were 
tested positive for high-risk HPV (Hybrid capture 2, Qiagen) 
on their first visit. Tissue analyzed within this study had ini-
tially been collected for routine histopathological diagnostics 
and all diagnostic procedures had been completed. Patient 
data were fully pseudonymized and analyses were performed 
according to the standards set in the declaration of Helsinki 
1975 and its amendment of Seoul, 2008. Informed consent 
was obtained prior to study participation. Study design was 
approved by the Ethics Committee of the Ludwig-Maximil-
ians-University (Munich, Germany).

Immunohistochemistry

Cervical tissue samples were paraffin-embedded and immu-
nohistochemistry was performed as previously described 
(Heidegger et al. 2017; Semmlinger et al. 2018). Samples 
of metastatic ovarian cancer tissues were used for positive 
and negative (without antibody) control. Samples were 
stained with primary anti-EP3-antibodies (polyclonal rab-
bit IgG, Abcam, Cambridge, UK) and detected via poly-
mer-method (ZytoChem Plus HRP Polymer System mouse/
rabbit, Zytomed Systems Berlin, Germany) and the chromo-
gen diaminobenzidine (Dako, Hamburg, Germany). A well-
established immune-reactivity scoring system (IR-score, IRS 
or Remmele score) was employed to quantify immunostain-
ing in a semi-quantitative manner using a Leitz (Wetzlar, 
Germany) microscope. The IRS multiplies the intensity of 
the staining (0 = no, 1 = weak, 2 = moderate, 3 = strong stain-
ing) with the percentage of positive cells (0 = no staining, 
1 ≤ 10% positive cells, 2 = 11–50% positive cells, 3 ≥ 50% 
positive cells). In CIN 2 samples, the absolute percentage 
of EP3 expressing cells was determined separately. The 
researcher analyzing the percentage of EP3 expressing cells 
in CIN2 was blinded regarding progressive vs. regressive 
course of the disease.
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Statistical analysis

Statistical analysis was performed using SPSS 25 (PASW 
Statistic, SPSS Inc., IBM, IL, USA). Comparative analy-
sis of EP3 expression between healthy cervical tissue and 
the different grades of cervical dysplasia was performed 
using the nonparametric Kruskal–Wallis rank-sum test 
and Mann–Whitney U test. p values ≤ 0.05 were consid-
ered as statistically significant. Figures were designed 
with SPSS 25 and Microsoft Power Point 2016.

Results

EP3 is expressed in healthy cervical tissue and in all 
grades of cervical dysplasia

EP3 expression could be shown in healthy cervical tissue 
and in all grades of cervical dysplasia. In Fig. 1, examples 
of EP3 staining in cervical dysplasia (a) compared to EP3 
staining in healthy cervical tissue (b), positive (c) and 
negative (d) controls are shown.

EP3 expression decreases with increasing grade 
of cervical dysplasia

To examine differences in EP3 expression, we compared 
EP3-IR-scores between the groups of cervical tissue sam-
ples as displayed in Fig. 2. EP3 expression decreased sig-
nificantly with increasing grade of cervical dysplasia; this 
difference was statistically significant comparing each grade 
of dysplasia to the next higher one. While healthy cervical 
tissue showed a median IRS of 12, median EP3-IRS was 
9 in CIN 1 (Mann–Whitney U test vs. healthy controls: 
p = 0.031), but only 6 in CIN 2 (Mann–Whitney U test vs. 
CIN1: p < 0.001) and CIN 3 showed a median EP3-IRS of 
only 4 (Mann–Whitney U test vs. CIN 2: p = 0.008). EP3-
IR-scores are shown in Fig. 2a, exemplary stainings for all 
grades of CIN are shown in Fig. 2b–e.

Percentage of EP3 positive cells is lower in CIN 
2 lesions which show progressive course 
of the disease

To evaluate if EP3 expression might be a prognostic factor 
of progressive or regressive course in cervical dysplasia, 
we compared EP3 expression between CIN 2 cases with 
histologically confirmed regress or progress. We could not 
show a statistically significant difference of IR-scores of 

Fig. 1   EP3-staining in cervical 
tissue and controls. Exemplary 
images of immunohistochemi-
cal EP3 staining in cervical 
dysplasia (a) as well as EP3 
staining in healthy cervical 
tissue (b), positive control of 
ovarian cancer metastasis in the 
colon (c) and negative control 
of serum without antibody on 
ovarian cancer metastasis in the 
colon (d) are shown

a cervical dysplasia b healthy cervical tissue

c positive control d negative control
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EP3 expression between regressive and progressive CIN 2 
cases (in both groups: median-IRS 6. Mann–Whitney U test, 
p = 0.195, data not shown). However, the mean percentage 

of cells stained positive for EP3 differed significantly in both 
groups: While 9.3% of cells of CIN 2 samples with regres-
sive disease showed positive EP3 staining, only 3.8% of cells 

Fig. 2   EP3-expression in 
healthy cervical tissue and 
cervical dysplasia. Boxplots 
of EP3-IR-scores in healthy 
controls of cervical tissue, in 
CIN 1, CIN 2 and CIN 3 are 
shown (a). Number of samples 
analyzed in each group (n) and 
median values of EP3-IR-score 
are displayed in the table below 
the graph. Exemplary images 
of immunohistochemical EP3 
staining in healthy controls (b), 
CIN 1 (c), CIN 2 (d) and CIN 3 
(e) are shown below the table

a

e CIN 3 (IRS 4)d CIN 2 (IRS 6)

c CIN 1 (IRS 9)b healthy control (IRS 12) 
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were positive for EP3 in progressive CIN 2 cases (Fig. 3, 
Mann–Whitney U test, p = 0.04).

Discussion

The aim of this study was to analyze EP3 receptor expres-
sion in patients with cervical dysplasia and to correlate the 
expression levels with the clinical course in patients with 
CIN 2 lesions. Interestingly, we were able to demonstrate 
that all grades of cervical intraepithelial neoplasia show sig-
nificantly different levels of EP3 expression. Even more, sig-
nificantly lower numbers of EP3 positive cells were shown 
in CIN 2 lesions which showed progression compared to 
regression.

EP3 has been shown to be associated with tumor stage, 
as well as prognosis in cervical cancer patients (Heidegger 
et al. 2017). Median IR score of cervical cancer patients was 
observed to be 2.75, which is in line with our results that 
show decreasing median IR scores with higher grades of 
dysplasia (healthy cervical tissue = 12, CIN 1 = 9, CIN 2 = 6, 
CIN 3 = 4). As in the group of CIN 2 lesions, the percent-
age of EP3 expressing cells is lower in cases that later show 
progressive disease, the loss of EP3 expression might be a 
step towards a higher grade of dysplasia and towards tumo-
rigenesis. However, in cervical cancer patients, higher IRS 

levels correlated with poor clinical outcome, which could 
imply that EP3 has different roles in tumorigenesis and pro-
gression of established tumors.

The EP3 receptor is one of four identified EP receptors 
that mediate the effects of prostaglandin E2 (PGE2). Pros-
tanoids are important mediators in inflammatory and ana-
phylactic reactions. In addition, they have been shown to 
promote tumor growth by inhibition of apoptosis, suppres-
sion of immune function, and promotion of angiogenesis 
(Amano et al. 2003; Wang and Dubois 2010). Consequently, 
prostaglandin and its receptors are increasingly investigated 
in the context of different malignancies including cervical 
cancer (Muller 2004; Sales et al. 2001). Prostaglandins are 
metabolites of arachidonic acid synthesized by the enzyme 
cyclooxygenase (COX). Two isoforms of this enzyme 
exist: COX-1 is expressed constitutively in various tissues, 
whereas COX-2 is only transiently upregulated in inflam-
mation and various tumors like pancreatic, lung, bladder, 
colon, or prostate cancer (Tsujii et  al. 1997; Wang and 
Dubois 2010).

COX-2 inhibitors like celecoxib have been evaluated 
in clinical trials for prevention and treatment of tumors 
(Bertagnolli et  al. 2006; Harris 2009). So far, three 
clinical trials using COX-2 inhibitors have been pub-
lished in patients with cervical intraepithelial neoplasia. 
Whereas two of them showed promising results in terms 

Fig. 3   Percentage of EP3 posi-
tive cells in CIN 2 lesions with 
progress or regress. Boxplots 
of percentages of EP3 positive 
cells in CIN 2 lesions with 
histologically confirmed regres-
sive (left) or progressive (right) 
disease are shown. Number of 
samples analyzed in each group 
(n) and mean percentage of EP3 
positive cells are displayed in 
the table below the graph
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of increased regression rates of high-grade CIN lesions 
compared to the placebo arm, the third study was not able 
to confirm these effects (Farley et al. 2006; Hefler et al. 
2006; Rader et al. 2017). According to the authors, lack 
of effectiveness in this study might have been attributed 
to the fact that a lower dose of celecoxib was applied than 
had been originally planned. This was due to safety con-
cerns as it had been observed that selective COX-2 inhibi-
tors caused rare, but serious cardiovascular complications 
(Rader et al. 2017; Strand 2007).

Targeting prostaglandin receptors like EP3 might rep-
resent a promising alternative option for chemoprevention 
and treatment as the EP3 receptor has been shown to be 
associated with carcinogenesis, malignant aggressiveness, 
and poor outcome in several cancer types (Semmlinger 
et al. 2018; Yano et al. 2002). However, there are also 
studies that demonstrate anti-tumorigenic effects of EP3 
receptor upregulation (Huang et al. 2013; Kashiwagi et al. 
2013; Shoji et al. 2004). These discrepancies might be 
attributed to the existence of various EP3 isoforms but 
need to be explored further, before EP3 targeting can be 
successfully applied in cancer therapy.

In conclusion, we could show that EP3 expression is 
significantly different in all grades of cervical intraepi-
thelial neoplasia, which suggests that EP3 plays a relevant 
role in carcinogenesis of cervical cancer. The amount of 
EP3 expressing cells in CIN 2 lesions seems to be a marker 
for progression or regression of CIN 2. Therefore, EP3 
expression might be an additional factor to help in the 
decision process regarding the eligibility for non-surgical 
treatment of a patient with a CIN 2 lesion. Conservative 
management of selected CIN 2 lesions would help prevent-
ing over-therapy and the pregnancy-associated complica-
tions of conisation in patients of childbearing-age.
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