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INTRODUCTION
Endometriosis has a relatively high prevalence in 

women, being characterized by the presence of  ectopic 
endometrium in a multitude of  possible locations and by 
association with infertility.

The correlation between endometriosis and cancers 
is strongly supported by epidemiological factors, such as 
common risk factors (early menarche, short menstrual 
cycles, nulliparity, and late menopause) and shared 
protective factors (oral contraceptives, multiparity, tubal 
ligation, and hysterectomy) [1]. Two possible mechanisms 
have been considered: either direct transformation of  
the endometriotic implants or either shared precursor 
mechanisms and/or risk factors, followed by divergent 
molecular pathways [2, 3].

The association of  these two conditions has 
been early identified as endometriosis-associated 
ovarian carcinoma [4] and later on has been named 
endometriosis-related ovarian neoplasm (ERON or 
EON) [5, 6] or endometriosis-associated ovarian 
carcinoma (EOC or EAOC) [7, 8], mostly manifested 
as endometrioid carcinoma, clear cell carcinoma, sero-
mucinous borderline tumor, müllerian adenosarcoma, 
and endometrioid stromal sarcoma. 

Most of  these tumors (70%) are developing 
during the first 10 years of  endometriosis diagnosis, 
being associated in a majority of  cases (60%) with an 
intermediary stage of  atypical endometriosis [8].

Moreover, considering the intrinsic invasive and 
metastatic ability of  endometriosis, its behavior has a 
high similitude with that of  malignancies [9].

This strong association between the two diseases 
led to the investigation of  their possible shared molecular 
patterns/pathways. Furthermore, by identification of  
some key molecules involved in their pathogenesis, 
the validity of  endometriosis etiopathogenical theories 
might be evaluated.

Estrogen is recognized as a stimulator of  ovarian 
cell proliferation, of  malignant cells mobility, and of  
inhibition of  intercellular adhesion [10, 11]. Although 
it has been already shown that estrogen receptor (ER) 
and progesterone receptor (PR) are mediating the 
action of  steroid hormones on both endometriosis 
and endometrioid EOC, the correlation between ER or 
PR expression and clinical outcome has been recently 
reported in ovarian cancer [11, 12]. 

p53 alteration represents one of  the molecular 
events of  the transformation of  endometriosis into 
carcinomas [13].

Ki-67 expression is strictly correlated to cell 
proliferation, being used in different neoplastic lesions 
to assess their growth [14], including endometriosis and 
EOC.

In this context, our study objective has been 
the evaluation of  selected immunohistochemical 
markers expression (ER, PR, p53, and Ki-67) in both 
endometriosis and EOC as an attempt to identify 
common pattern of  expression, in support of  similar 
molecular pathway involved in their pathogenesis. 
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MATERIAL AND METHODS

Our study has included a retrospective component 
which involved the information provided by clinical files, 
along with histopathological investigations of  the surgical 
specimens (ovariectomy, adnexectomy, and hysterectomy 
with adnexectomy) obtained from patients diagnosed 
with endometriosis and endometriosis-associated ovarian 
carcinomas. The routine paraffin-embedded hematoxylin-
eosine and immunohistochemical stainings, using a panel 
of  antibodies, have been performed. 

The material comprised 19 cases of  EOC suspected 
by clinical and ultrasound findings, and histopathologically 
confirmed on surgical specimens, during 2013-2016. The 
patients’ informed consent has been obtained in all cases.

The following data have been assessed: tumor size, 
histological type, ovarian capsule invasion, TNM and 
FIGO staging. 

The antibodies used in immunohistochemical 
analysis and their dilutions are illustrated in Table 1.

The qualitative interpretation, followed by 
semiquantitative evaluation of  the immunohistochemical 
reactions have been achieved, using the appropriate 
scores available in literature.

The processing of  statistical data has been 
performed by using the SPSS v. 19.0 program (IBM 
SPSS Statistics). Continuous variables were expressed as: 
mean and standard deviation and categorical variables as 
number (%). The association level between the expression 
of  studied markers and clinicopathological characteristics 
has been done using specific non-parametric tests (Chi-
square test or Fisher’s exact test). Student’s t-test or 
Wilcoxon rank-sum tests have been used for continuous 
variables. Significant correlation has been considered at 
p <0.05.

RESULTS

The patients’ average age has been 59.10±8.66 
years, with a median age of  57 years. All patients were 
menopausal at the time of  the diagnosis and only 2 
patients were nulliparous. The histological types have 
been: endometrioid (8 cases) and non-endometrioid 
(clear cell, high-grade serous, and mixed types – 11 cases). 

The distribution of  FIGO stages was the following: 
early- localized (stage I – 4 cases), regional (stage II – 6 
cases), and advanced (stage III – 8 cases and stage IV – 
1 case). The tumors have been classified, according to 
TNM system, into: T1 – 5 cases, T2 – 6 cases, and T3 – 8 
cases. Lymphadenectomy has been performed in 8 cases, 
revealing N0 – 5 cases and N1 – 3 cases. Histological 
grades have been: G1 – 1 case, G2 – 6 cases, and G3 – 12 
cases.

The immunohistochemical staining in the study 
group has been analyzed according to the specific criteria 
for each marker, as following:

ER and PR analysis used a score based on 
positivity index (PI) added to staining intensity (SI) [15], 
considering PI (% positive cells): 0 – none; 1<1/100; 
2=1/100-1/10; 3>1/10-1/3; 4>1/3-2/3; 5>2/3 and 
SI: 0-absent; 1=weak; 2=moderate; 3=strong. The total 
score (TS) ranged in 0-8 interval and has been considered 
as positive if  >2. 

ER and PR expressions (Figs. 1-3) have been 
quantified in ovarian endometriosis and independently 
in epithelial and stroma of  EOC and compared with 
clinicopathological characteristics (tables 2-5). Stromal 
ER expression in EOC was considered as positive when 
at least one cell presented a nuclear brown staining, and 
ranged between 0 and 60 positive cells, in the assessed 
areas.

ER cutoff  score value has been considered as 4 (≤4 
negative and low 0-4, >4 high 5-8).

Stromal PR expression in EOC was considered 
positive when at least one cell presented a nuclear brown 
staining, and ranged between 0 and 70 positive cells in the 
assessed areas.

PR cutoff  score value was considered as 4 (≤4 
negative and low 0-4, >4 high 5-8).

p53 immunohistochemical staining quantification 
used a score based on positivity index (PI) added to 
staining intensity (SI) [16], where PI (% positive cells) 
was: 1=1-25%; 2=26-50%; 3=51-75%; 4=76-100%, and 
SI was: 0-absent; 1-weak; 2-strong.

p53 cutoff  score value was considered as 6 (<6 
negative and low, ≥ 6 high) and its expression (Fig. 4) 
has been compared with different clinicopathological 
variables (table 6).

Ki-67 immunohistochemical staining quantification 
used a score based on positivity index (PI) [17], where 
PI (% positive cells) was: negative-absent; weak≤10%; 
moderate=10-40%; strong>40%.

Ki-67 expression was very low (1-2%) in 5 cases and 
absent in 14 cases, in endometriotic areas. Ki-67 values 
ranged between 3 and 75 cells, in EOC (Figs. 5 and 6). If  
Ki-67 index <10, cases were considered as having a low 
mitotic activity, if  Ki-67 index values ranged between 10-
30, cases were considered as having a moderate mitotic 
activity, and if  Ki-67 index >30, cases were considered 
as having a high proliferative activity. Ki-67 index has 
been also compared with different clinicopathological 

Table 1. 
Antibodies used in immunohistochemical assay
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variables (table 7).

Table 2. 
ER epithelial tumor cells expression according to 

different clinicopathological variables

Table 3. 
ER stromal tumor cells expression according to 

different clinicopathological variables

Table 4. 
PR epithelial tumor cells expression according to 

different clinicopathological variables

Table 5. 
PR stromal tumor cells expression according to 

different clinicopathological variables
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Fig.1
ER nuclear expression in endometrioid EOC (x10)

Fig.2
ER nuclear expression in non-endometrioid EOC 

(x20)

Fig.3
PR nuclear expression in endometrioid EOC (x 10)

Table 6. 
p53 tumor cells expression according to different 

clinicopathological variables

Table 7. 
Ki-67 tumor cells expression according to different 

clinicopathological variables
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DISCUSSIONS

Since its identification, the hypothesis of  
endometriosis’ intrinsic capacity of  malignant 
transformation has been launched [18], with an estimated 
low frequency of  0.7-1.6% [19]. However, endometriosis 
is a disease characterized by many intrinsic neoplastic 
attributes and, considering its invasive and metastatic 
abilities, endometriosis behavior resembles that of  
malignancies [9].

This has been attributed to two possible mechanisms: 
either the endometriotic implants are suffering a direct 
transformation, or either both processes have a common 
precursor mechanisms and/or predisposing factors, 
subsequently registering divergent evolutive pathways [2, 
3].

As a highlight of  the correlation between these two 
diseases, different terms have been introduced in literature, 
exhibiting a large spectrum of  pathologic entities. EOC 
may be classified according to the histology findings into 
three types: with evident transition from endometriosis 
to carcinoma, both entities within the same ovary but 
without evident transition, and ovarian carcinomas with 
concomitant pelvic endometriosis [1]. Our cases have 
been selected to comply with the first type.

Numerous studies have been trying to identify 
a common molecular pattern between endometriosis 
and ovarian carcinomas associated with endometriosis. 
Additionally, the understanding of  the mechanisms 
involved in these diseases has a preventive role for ovarian 
malignancies, in risk populational groups. Moreover, 
based on genomic, transcriptomic, and proteomic profiles, 
by correlating the genetic mechanisms corresponding 
to transition from normal to malignant transformation 
of  endometriosis, new therapeutic algorithms may be 
achieved.

In this context, numerous studies have been focusing 
on the identification of  a common molecular pattern of  
these two diseases. Consequently, by the investigation of  
key molecules involved in endometriosis and EOC, one 
or more etiopathogenical mechanisms could be validated. 

Ovarian ECs and CCCs are associated to 
endometriosis as a precursor lesion in 20-40% and 40-
55%, respectively [20]. As prevalence, these carcinomas 
are associated to 5-10% of  endometriosis cases, with an 
intermediary stage of  atypical endometriosis identified in 
0.7-1.6% of  cases, with a predilection in those with a long 
pre-existent history of  the disease [20].  

Some authors have launched the hypothesis of  
micromedium influence, or of  the ferrous concentration 
from endometriotic cysts, by persistence of  oxidative 
stress ferrous-induced, with consecutive alteration of  
DNA and frequent genic mutations, both in endometriosis 
and EOC, such as PTEN, ARID1, PIK3CA, along with 
heterozygosity loss [20]. 

As hormonal-driven disease, endometriosis 
pathogenesis is characterized by increased local estrogen 
levels, with high ER-β/ER-α ratio that leads to a reduced 
PR expression [21, 22]. Moreover, a low PR-B/A ratio 

Fig.4
Strong p53 nuclear expression in endometrioid 

EOC (x 10)

Fig.5
Ki-67 nuclear expression in endometrioid EOC 

(x 10)

Fig.6
Ki-67 nuclear expression in endometrioid EOC 

(x 40)
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and PR-B immunoreactivity have been demonstrated 
in endometriosis [23], suggestive of  an alteration of  
endometrial responsivity to progesterone and the 
persistence of  proliferative profile, with an increased ER 
expression in endometriosis [24]. 

ER expression is high in ovarian carcinomas, mainly 
in serous and endometrioid types ≥80%, while PR is 
mostly highly expressed in endometrioid carcinomas 
(72%), decreasing to 30-50% in serous type [25], unlike 
endometrial carcinomas, in which ER and PR expressions 
are obviously higher in endometrioid type, than in serous 
histological variant [26]. Clear cell carcinomas have a low 
expression of  steroid receptors (13% for ER and 6% 
for PR) [25], possibly due to a shift to to sex-hormone 
independent receptors, similar to the mechanism 
identified in endometrium [27, 28].

In our study group, ER score in tumor cells was 
high in majority of  cases (78.94%), with a strong nuclear 
expression, supporting the role of  hormone mediation 
in pathogenesis of  ovarian malignancies. ER epithelial 
expression was also high in endometriosis, but large 
variations of  expression were registered. These could 
be related to one isoform expression, as high levels of  
ERβ, associated with low ERα expression are reported 
[24, 29], as a probable consequence of  compliance with 
the physiological changes in the eutopic endometrium.

There are reports of  91% ER overexpression 
in endometrioid EOCs compared to 8% in clear cell 
EOCs [13] and also a negative association between ER 
positivity and advanced stages has been demonstrated 
in endometrioid ovarian carcinoma [11, 30, 31]. Due to 
the fact that clear cell ovarian carcinomas do not usually 
express steroid receptors positivity, the characteristic loss 
of  ER expression in this histological type represents the 
carcinogenic event which separates ovarian carcinomas 
in estrogen-dependent and estrogen-independent tumors 
[32]. Furthermore, ER lost expression in ovarian clear cell 
carcinomas in comparison to its maintained expression 
in endometriosis and endometrioid EOC has suggested 
its late intervention in carcinogenesis [33]. Although 
we expected an agreement with literature findings, no 
significant difference in ER expression in tumor cells 
between endometrioid and non-endometrioid carcinomas 
or between more differentiated and poorly differentiated 
histological types or between early stage and late FIGO 
stage has been detected in our study group. These 
differences are possibly related to our limited group of  
study or to our choice of  the cutoff  value.  

ER score in stromal cells was high in more than 
half  of  cases (57.89%) supporting the role of  hormone 
mediation in pathogenesis of  ovarian malignancies and 
the important role of  stroma in carcinogenesis. 

ER stromal expression in endometriosis has been 
significantly lower when compared to tumor stroma 
(p=0.001), possibly as an indicator of  a less responsive 
component to hormonal stimulation, or by a reduced 
expression of  one of  the two ER isoforms. 

There was no significant difference in ER 
expression in stromal cells between endometrioid and 
non-endometrioid carcinomas, nor between more 
differentiated and poorly differentiated histological types, 
nor between early stage and late FIGO stage in our study 
group, although a stromal involvement is attested by the 
frequent staining of  its component cells.

PR score in epithelial cells was high in approximate 
half  of  the cases (52.63%) supporting a less important 
role of  progesterone when compared to estrogen in 
pathogenesis of  ovarian malignancies, or, according to 
literature over-expression of  PR-B in aggressive ovarian 
carcinomas, similar to its endometrial counterpart 
expression [34].

PR epithelial expression in endometriosis has not 
been significantly lower when compared to tumor stroma 
(p=0.807), possibly as an indicator of  a less responsive 
component to progesterone stimulation, in both 
instances, in agreement with the concept of  progesterone 
resistance by increased ER-β binding to PR promoter, 
resulting in inhibition of  estradiol-dependent paracrine 
induction of  PR expression [35].

There was no significant difference in PR 
expression in epithelial cells between endometrioid and 
non-endometrioid carcinomas, although literature data 
highlight the favorable PR expression in endometrioid 
types, without peritoneal metastases, being correlated to 
inhibition of  tumoral cell proliferation and of  metastases 
development [11, 30, 32].

There was no significant difference in PR 
expression in epithelial cells between early stage and late 
FIGO stage in our study group. Significant differences 
were registered between PR epithelial expression in more 
differentiated and poorly differentiated histological types 
(p=0.027), demonstrating a negative correlation between 
PR expression and advanced stages, thus suggesting a 
partial protective role of  progesterone in carcinogenesis.

PR score in stromal cells was positive in more than 
half  of  the cases (57.89%) supporting a less important 
role of  this progesterone when compared to estrogen 
in pathogenesis of  ovarian malignancies, or, according 
to literature of  unbalanced estrogen stimulation in both 
endometriosis and EOCs.

PR stromal expression in endometriosis has been 
significantly lower when compared to tumor stroma 
(p=0.000), possibly as an indicator of  unbalanced 
estrogen stimulation as being involved in the 
pathogenesis of  endometriosis but less involved in its 
malignant development. The weaker PR expression 
found in both epithelial and stromal endometriotic 
cells may exhibit the features sometimes encountered in 
endometriosis without EOC, where the early loss of  PR 
expression has been attributed to early gene alterations 
preceeding morphological atypia, as an important 
immunohistochemical marker in monitoring the risk of  
malignant transformation of  endometriosis [36]. 
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There was no significant difference in PR expression in 
stromal cells between endometrioid and non-endometrioid 
carcinomas, or between early stage and late FIGO stage in our 
study group. Significant differences were registered between 
PR stromal expression in more differentiated and poorly 
differentiated histological types (p=0.005), demonstrating a 
negative correlation between PR expression and advanced 
stages, suggesting a partial protective role of  progesterone in 
carcinogenesis, similar to that of  the epithelial component. 

p53 is a tumor suppressor gene which is mutated both 
in endometriosis and in ovarian carcinomas [37], mainly 
in endometrioid EOC [38], supporting divergence in their 
carcinogenesis pathways and different prognosis [39, 40].

According to WHO recommendations, mutated or 
aberrant p53 is characterized either by a strong nuclear 
expression in >60% of  tumor cells, either by lack of  staining 
(expressed in <5% of  tumor cells) [25]. Our score, based on 
two variables, corresponded to this recommendation. 

p53 expression score in tumor cells was high in more than 
half  of  the cases (52.63%) in our study group, supporting the 
role of  this mutated protein in cell proliferation. According to 
literature, p53 is losing its expression in premalignant lesions 
and in low grade carcinomas, while high grade carcinomas, 
similar to endometrial location, may have common features 
with type II ovarian tumors [41]. A recent concept of  ovarian 
carcinogenesis has emerged [42] in which the origin of  
serous ovarian carcinomas is fallopian tube epithelium and 
ovarian endometrioid and clear cell carcinomas arise from 
endometrial epithelial and stromal implants and our findings 
are in agreement with this concept.

p53 expression in endometriosis has been significantly 
lower when compared to tumor tissue (p=0.003), as an 
indicator of  less aggressive behavior of  endometriosis 
compared to its malignant counterpart or an early role of  p53 
in the malignant transformation of  endometriosis. Literature 
data are in agreement with our findings [16, 43, 44].

There was a significant difference in p53 expression in 
tumor cells between endometrioid and non-endometrioid 
carcinomas (p=0.040), corresponding to a better prognosis 
associated to endometrioid ovarian carcinomas compared to 
more aggressive types (clear cell, high-grade serous). These 
findings are consistent with the data revealed by a study in 
which p53 alterations were found especially in high-grade 
ovarian clear cell carcinomas, irrespective of  their association 
with endometriosis [45]. In a larger study group, of  79 cases, 
p53 was over-expressed in 24% of  endometrioid EOCs, in 
a similar manner to serous EOCs (24%), but much lesser in 
clear cell EOCs [13]. These data are different from the main 
features of  ovarian tumors without associated endometriosis, 
in which mutated p53 is highly suggestive of  high-grade 
serous carcinoma (approximate 93%), compared to just 
12% in clear cell carcinomas and only 11% in endometrioid 
carcinomas [25].

There was also a significant difference of  p53 expression 
between early stage and late FIGO stage in our study group 
(p=0.037), corresponding to literature data [16]. 

No significant differences were registered between p53 

expression in more differentiated and poorly 
differentiated histological types, suggesting a more 
important involvement of  tumor type than of  its degree of  
differentiation in tumor behavior determination.

Ki-67 is a nuclear marker of  cell cycle, being absent in 
G0 cellular stage, and consequently studied for the evaluation 
of  the proliferation status of  different types of  tumors 
[14]. Supplementary, its expression has been proposed as a 
predictor of  endometriosis development [46].

Ki-67 index in tumor cells was low in more than 
half  of  the cases (57.89%) but even lower or absent in 
endometriosis, as an indicator of  less proliferation activity 
in the pathogenesis of  endometriosis compared to its 
malignant counterpart [47]. According to literature, Ki-67 
has a lower expression in endometriosis than in proliferative 
endometrium [45; 47, 48] and in ovarian endometriosis 
compared to non-ovarian endometriosis [49], while it is high 
in type II ovarian tumors. 

There was no significant difference in Ki-67 expression 
in tumor cells between endometrioid and non-endometrioid 
carcinomas, or between early stage and late FIGO stage, 
or between grades of  differentiation in our study group, 
corresponding to a relative low proliferation rate in 
comparison with type II ovarian tumors.

CONCLUSIONS 

The altered expression of  steroid receptors in ovarian 
endometriotic tissue and EOC are involved in malignant 
transformation and progression.

P53 is contributing to endometriosis pathogenesis and 
EOC progression. EOCs are associated with low Ki-67 index 
compared to more aggressive types of  tumors, supporting 
the latest hypothesis of  ovarian carcinomas origin.

Immunohistochemical expression of  ER, PR, and p53 
corroborated with clinicopathological features support the 
mechanism of  endometriosis transition to EOC, provide 
tools for prognosis evaluation, and open new perspectives 
of  therapy for these types of  tumors.
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