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Abstract

Endometriosis (EMs) is a benign disease characterized by the presence of endometrial tissue outside the uterine cavity. EMs associated
with ovarian cancer (OC) has a relative low incidence (5% to 10%), sometimes with evidence of a transition stage through atypical EMs
(1.6% cases). We have assessed 135 consecutive patients with either EMs or OC and, out of them, our study reports on four cases of ovarian
EMs and OC: two cases with endometrioid OC and two cases with high-grade serous OC (HGSOC). Cases with EMs and HGSOC are
extremely rarely reported in the literature — we could find not more than 30 cases. The main objective of our research was to observe the
possible similarities between EMs and OC. Secondly, we analyzed the differences between EMs associated with endometrioid OC and
EMs associated with HGSOC. We evaluated them in terms of clinical status (age, stages of EMs and OC) and immunohistochemical (IHC)
expression of estrogen receptor (ER), progesterone receptor (PR), Ki67, p53, p16, Wilms’ tumor 1 (WT1), cluster of differentiation (CD) 34
and CD10 immunomarkers — we could not find in the literature all these markers assessed, in the same time, to such samples. Our results
indicated that there are no similarities between EMs and OC and no atypical EMs was identified in our cases. We recorded higher values of
ER expression in EMs associated with HGSOC than in EMs associated with endometrioid OC. Higher values of ER expression were also
recorded in OC than in endometriotic foci. There were no differences in proliferative rate of endometriotic foci associated with endometrioid
OC, compared to EMs associated with HGSOC. An aberrant IHC expression for p53 protein and p16 protein was noted only in HGSOC.
Also, a positive immunostaining for Wilms’ tumor 1 (WT1) was identified only in HGSOC. Higher values of microvessel density were recorded
in OC but not in endometriotic foci. We concluded that there were no similarities between EMs and OC for the cases included in our study,
but we noticed differences in terms of Ki67 index and also between hormonal receptors expression in EMs associated with HGSOC,
comparing with EMs associated with endometrioid OCs. These results may represent a “brick” for future researches on the less understood
EMs associated with type Il of OCs, especially with HGSOC. Identifying the best marker, which can predict the risk of developing OC for
the patients with EMs, may lead to discover new specific therapeutic agents and, therefore, a better, tailored, therapy.
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[5]. Even if EMs is categorized as a benign lesion, it still
carries worrisome clinical and morphological features like

=& Introduction

Endometriosis (EMs) is a benign disease characterized
by the presence of endometrial tissue outside the uterine
cavity [1]. In terms of location of the lesions, ovarian
endometriomas are the most frequently found, even if
there are also other sites involved — like peritoneal, cervical,
Caesarean (C)-section scar or rectovaginal space [2]. It is
frequently related to pain [3, 4]. The severity of the disease
is most frequently assessed upon American Society of
Fertility and Sterility (ASFS) classification (stages of EMs)

the capacity to invade and to destroy the surrounding
tissue and it is associated with an increased risk for
malignancy in the adjacent region [6]. Malignant lesions
associated with endometriotic foci have been frequently
reported in the literature, ovary being the most involved
one [1]. Heaps et al. (1990) found that from 205 cases
with EMs and cancer, the ovary was the primary site in
79% of the cases [7]. Different authors report a 5% to
10% of EMs cases associated with ovarian cancer (OC),
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in some of them with evidence of a transition stage through
atypical EMs — in up to 1.6% of cases (mainly with
architectural atypia) [8, 9]. EMs-associated OCs (EAOCs)
are classified in three categories according to Van Gorp
et al. (2004): category A consists of OC characterized by
contiguity with an ovarian endometriotic focus; category
B includes all OC without a transition zone but with the
same laterality for EMs; category C is represented by all
OC and other non-ovarian endometriotic foci [10, 11].
The most frequent morphological subtypes of ovarian
tumors associated with EMs are those included in type I
category of Kurman’s molecular classification of OC
[endometrioid, clear cell, mucinous, transitional cell,
borderline and low-grade serous carcinoma (LGSC)] [12].
Ovarian tumors included in type II category (high-grade
serous carcinoma, undifferentiated carcinoma and malignant
mixed mesodermal tumors) are rarely associated with EMs
[6].

In the present research, we intended to investigate the
relationship between ovarian EMs and concomitant OC
in four cases identified (two with endometrioid OC and
the other two with serous OC), through ancillary study.
Our main objective is to determine whether there is any
association between ovarian EMs and concomitant OC.
Our secondary objective consisted in determine if there
are differences between EMs associated with different
morphological types of OC. For this reason, we immuno-
histochemically assessed the following immunomarkers:
estrogen receptor (ER), progesterone receptor (PR), Ki67,
p53, pl6, cluster of differentiation (CD) 34 and Wilms’
tumor 1 (WTT1). In addition, we immunohistochemically
assessed the expression of CD10, a well-known immuno-
marker of normal endometrial stroma [13], to prove the
existence of endometrial stroma in endometriotic foci [14].

All of these immunomarkers play a specific role for
both EMs and cancer. The impact of hormone receptors
(ER, PR) over endometrial-type tissue and ovarian paren-
chyma has been intensely investigated and it was proved
that their expression is important not only in the normal
functionality of the endometrium or of the ovary, but also
in the processes of EMs and cancer development [15,
16]. Higher levels of hormonal expression are exhibited
in ectopic endometrial tissue, comparing with normal
endometrium [15] and also in OCs [16]. An imbalance
of their expression can lead to a different result and they
must always be evaluated taking into consideration the
pattern of the immunohistochemical (IHC) staining and
hormonal status.

Anti-Ki67 antibody is an important immunomarker
which helps to evaluate the cells proliferation rate [13].
The development and growth rate of a neoplastic process
and its aggressivity can be evaluated through THC
assessment of the Ki67 labeling index [17].

Disruption of the cellular apoptosis is an important
mechanism in promoting and progression towards a malig-
nant lesion. The p53 protein (a tumor-suppressor factor)
and the pl6 protein [a cyclin-dependent kinase (CDK)
inhibitory protein] have both an extremely important
role in controlling cell cycle and their expressions are
frequently altered in carcinoma [18, 19]. In our study,
we chose to immunohistochemically investigate their
expressions in EMs in order to see if there is a similar

biological behavior as in OC. For the same reason, we
also decided to study in our cases the IHC expression of
WT1 immunomarker, a transcription factor protein which
plays an important role in the cell cycle and apoptosis,
among other important functions [20]. WT1 is considered
to be a tumor-associated antigen as p53 [20] and is
frequently express in serous OC [18, 21].

Angiogenesis or neovascularization represents an
important mechanism not only for developing and growing
of a malignant tumor, but also for EMs to invade and to
persist in the host tissue. This process is a complex one
and is characterized by the growth of new vessels from
preexisting ones. It can be evaluated through a semi-
quantitative method — microvessel density (MVD). In our
study, we established MVD by the IHC assessment of
CD34 immunomarker, a transmembrane phosphoglyco-
protein, which is a pan-endothelial marker for endothelial
cells and correlates well with angiogenesis in tissues [13].

Reviewing databases regarding EMs and EAOC, we
found no more than 30 cases of serous OC associated
with EMs reported [6, 11, 22-24]. More, we did not find
any articles studying the expression of all above-mentioned
immunomarkers in patients with EMs and/or OC. Our
study could bring new insights on the possible associations
between clinical, morphological features and molecular
changes of EMs and, possibly related, OC.

= Patients, Materials and Methods

In our retrospective study, we screened all patients
surgically treated and pathologically confirmed in the
Sf. Apostol Andrei Emergency County Hospital, Constanta,
Romania, with either EMs (ovarian, peritoneal, cervical
and C-section scar) between 2015 and 2017 or OC, between
2013 and 2017. From 135 patients with either EMs or with
OC, we identified four of them with both concomitant
ipsilateral ovarian EMs and OC. These cases were assessed
in terms of a panel of clinical-morphological features:
age, social status, parity, menopausal status, symptoms
at hospital admission, endometrial phase, stage of EMs,
morphological type of OC according to the World
Health Organization (WHO) Histological Classification
for ovarian tumors [21], grade and stage of OC based on
International Federation of Gynecology and Obstetrics
(FIGO) criteria [25]. A written informed consent was
available from all patients included in our study.

All cases were reevaluated and representative samples
were selected for immunohistochemistry. A manual method
of IHC staining was performed on 4 pm-thick sections of
formalin-fixed, paraffin-embedded tissue blocks of cases
included in the present study. After the epitope retrieval,
tissue sections were incubated with the following primary
antibodies from Biocare Medical (ready-to-use): anti-
CD10 (mouse monoclonal, 56C6 clone), anti-ER (rabbit
monoclonal, SP1 clone), anti-PR (rabbit monoclonal, SP2
clone), anti-CD34 (mouse monoclonal, QBEnd10 clone),
anti-Ki67 (rabbit monoclonal, SP6 clone), anti-p53 (mouse
monoclonal, DO-7 clone), anti-p16™** (mouse monoclonal,
G175-405 clone) and anti-WT1 (mouse monoclonal, BC.6F-
H2 clone). The protocol of immunostaining provided by
the manufacturer was followed for each of them. We used
3,3’-Diaminobenzidine (DAB) as chromogen, with brown
staining. Sections were finally counterstained with Mayer’s
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Hematoxylin. As a positive tissue control, it was used
tonsil for CD10 and CD34, normal breast tissue for ER
and PR, colon carcinoma sample for p53, mesothelioma
sample for WT1 and normal testis for p16.

IHC assessment

The presence of endometrial-type of stroma in the EMs
was highlighted by a positive membrane immunostaining
of stromal cell for CD10 [14]. Expression of hormone
receptors was evaluated using H-score (a semi-quantitative
method), which implies evaluation both of the intensity
score (none — 0, weak — 1, moderate — 2, strong — 3) and
percentage of cells stained on nuclear level. The H-score
formula is 3 x percentage of strongly staining nuclei + 2
x percentage of moderately staining nuclei + percentage
of weakly staining nuclei, giving a range of 0 to 300 and
the cut-off value is 1% (<1% of cells is considered a
negative expression) [26]. IHC assessment of endometriotic
foci for hormone receptors was done in both epithelial
and stromal cells. A positive IHC reaction for Ki67 was
considered when a nuclear brown staining was present.
Assessment of the proliferation rate in the endometriotic
foci and OCs was done based on Ki67 index and categorized
as follows: negative — <1%; very low >1% — <5%; low
>5% — <10%; moderate >10% — <40%; strong — >40%
[16, 27]. Nuclear expression of p53 protein was evaluated
for its intensity and distribution: a normal expression known
as “wild type” was considered for weakly and focal brown
nuclear staining; an altered expression can be either “null
type” (no nuclear staining) or “overexpression type” (strong
and moderate nuclear staining in more than 75% of epithelial
cells) [20, 28]. The anti-p16™** antibody is normally
expressed on nuclei and some cytoplasmic staining. For an
abnormal p16 protein expression, there are two patterns,
similar to p53 expression: absent or overexpressed (“block”
expression) [29]. WT1 expression was considered positive
if a nuclear and/or cytoplasmic intense brown staining was
identified in more than 75% of the epithelial cells [20].

CD34 immunostaining was considered positive if a
distinctive brown color was present in the membrane of
the endothelial cells. The angiogenesis process was further
manually analyzed by mean MVD (MVD,c.,), which was
calculated as mean vessels/mm?’ (%400; field size 0.5 mm’;
Nikon E200 microscope) [30]. The counting was done
under high-power field (HPF) by evaluating three “hot spot”
areas (areas with more density of vessels first detected
by scrolling the entire section with a low-power view).
We included both cluster of marked endothelial cells with
a lumen (blood vessels) and single cells with a positive
reaction for CD34 [30].

= Results
Clinical and pathological features

The screening process resulted in 70 patients with OC
(eight stage I and 62 stages II-1V), 61 patients with EMs
(40 patients — stage I, 13 patients — stage II and eight
patients — stage III) and four patients with concomitant
ovarian EMs and OC. In the present study, we focused
our research on the four patients identified with both
ovarian EMs and epithelial OC: endometrioid type —
two cases (Figure 1) and serous OC type, high-grade

(HGSOC) — two cases (Figure 2). All four cases had
stage | EMs.

In terms of age, three patients were in the fertile period,
in the proliferative phase and one patient was during
menopause. The two patients with endometrioid OCs and
EMs had ages between 3040 years. In the group with
serous OC, one patient was between 40—50 years old and
the other between 50—60 years old. None of the patients
received treatment for EMs before the diagnosis of EMs
and OC. One of the patients was treated for infertility.

All patients were admitted to the hospital for pelvic
pain and they were all from a rural environment. The
patients with endometrioid carcinomas were diagnosed
with earlier stages of cancer (stage I) than those with
serous carcinomas, who were with more advanced stages
(one stage II and one stage III). None of the patients
expressed a difference in EMs ASE'S stage. Morphologically,
no atypical cytological or architectural EMs features were
identified in endometriotic foci. Based on Van Gorp et
al. (2004) classification regarding the association of OC
and presence of endometriotic foci, we could include one
case in category A, one case in category B and the last
two in category C [10, 30].

IHC assessment

Assessment of hormonal receptors (ER, PR) was
performed in both glandular and stromal compartment of
endometriotic foci and OC. The highest value for H-score
obtained in EMs cases associated with endometrioid OC
was ER — 55 in the epithelial glandular cells and 90 in
stromal cells; PR — 45 in the epithelial glandular cells and
25 for stromal cells. The maximum value for H-score
observed in EMs cases associated with HGSOC was ER
— 220 in the epithelial glandular cells and 182 in stromal
cells; PR — 60 in the epithelial glandular cells and 40 for
stromal cells. The maximum value of H-score recorded in
the endometrioid OC: ER — 190 in the malignant epithelial
cells and 50 in the stromal cells; PR — 225 in the malignant
epithelial cells and 30 in the stromal cells. In HGSOC, we
noticed high values for ER, up to 255 in the malignant
epithelial cells and 85 in the stromal cells; PR expression
was positive, up to 75 value for H-score of the epithelial
tumor cells and negative in the stromal cells.

Assessment of Ki67 index of the epithelial component
revealed a strong immunoreaction for both types of EAOCs,
up to 75% for endometrioid OC cases and up to 90% for
HGSOC cases. A negative result was observed for the
stromal cells of OCs. In the glandular component of
endometriotic foci, a low or very low Ki67 index and a
negative index was obtained for the stromal component
of all of the endometriotic foci.

An altered IHC p53 expression was observed only
in HGSOCs (“overexpression type”) and non-altered
p53 expression (“wild type” pattern) was identified in
endometrioid OC and in endometriotic foci. A positive
immunostaining for anti-p16™<* antibody (“block” pattern)
and a positive expression for WT1 immunomarker was
noticed only in HGSOCs, negative results being observed
in endometrioid OC and endometriotic foci.

Assessment of the angiogenesis through MVD,caq
revealed higher values in OC (up to 125/mm? for HGSOC
and up to 110/mm* for endometrioid OC) than those
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observed in the endometriotic foci (up to 37/mm? for
EMs associated with endometrioid OC and 51/mm” for
EMs associated with HGSOC).

& Discussions

OC and two with serous OC). The morphological diagnosis
of EMs was proved by their positivity to CD10 immuno-
marker in the stromal cells of EMs [14]. Patients with
EMs and endometrioid OC were younger and they were
diagnosed in earlier stages of cancer, meanwhile the

ones with EMs and serous OC were older and they were
diagnosed in more advanced stages.

In our cases, most of EAOCs were unilateral, in
concordance with other reports, which also emphasized
the frequency of unilaterality for EAOC [14]. OCs without
EMs are usually bilateral and they are associated with
ascites [14]. On the other hand, the frequency of EAOCs
could be underestimated because endometriotic foci might
be destroyed by malignant cells proliferation or it can
remain only a minor residual component. It is difficult or
even impossible to detect it, especially for those advanced
stages of OCs [11]. With the previously mentioned limitation
due to the number of cases, we could not observe a more
frequent association of EMs with endometrioid OC, as
described by other authors [41].

We do not have enough data to comment on patients’
age, previous treatment, symptoms or geographical origin.
However, we could exclude uterine-originated pain or
contractions [31-33], other ovarian pathologies [34, 35],
ovarian surgery [36], infertility or infertility-related painful
side effects [37, 38]. Nor were any of these related to the
purpose of the study.

EMs is a benign, chronic inflammatory, sex hormone-
influenced disease, which can cause pain, infertility and
even progression towards malignancy [7, 39, 40]. Despite
numerous studies on EMs, its pathogenesis still has
unclarities and the transition or association with cancer
is not yet completely understood [8].

In the present study, we focused our research on four
cases of EMs associated with OC (two with endometrioid
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Figure 1 — Morphological and immunohistochemical features of EMs associated with endometrioid OC: (1) Morphological
features of endometriotic focus (HE staining, x40); (B) A CD10-positive immunostaining for the stromal cells of EMs
(IHC, %40); (C) Focally positive nuclear immunostaining for ER in both epithelial and stromal compartment of EMs
(IHC, x100); (D) Focally positive nuclear immunostaining for PR in both epithelial and stromal compartment of EMs
(IHC, x100); (E) Focally positive immunostaining for Ki67 in epithelial and stromal compartment of EMs (IHC, x100);
(F) Positive immunostaining for CD34 highlighting the vessels in endometriotic focus (IHC, x40); (G) Morphological
features of endometrioid OC with adjacent endometrioma (HE staining, x40; inset — scanned image); (H) Intense and
diffusely positive nuclear immunostaining for PR in endometrioid OC (IHC, x40); (I) Intense and diffusely positive
nuclear immunostaining for Ki67 in endometrioid OC (IHC, x40); (J) Normal immunoreaction (“wild type”) of anti-
P53 antibody in the endometrioid OC (IHC, x100); (K) Normal immunostaining for p16™** (weak and focally positive
membranous and cytoplasmic immunostaining of the epithelial cells) in the endometrioid OC (IHC, x100); (L) Positive
immunostaining for anti-CD34 antibody highlighting the vessels in the stroma of endometrioid OC (IHC, x40). CD:
Cluster of differentiation; EMs: Endometriosis; ER: Estrogen receptor; HE: Hematoxylin—Eosin; IHC: Immunohisto-
chemistry; OC: Ovarian carcinoma; PR: Progesterone receptor.
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Figure 2 — Morphological and immunohistochemical features of a high-grade serous papillary OC and EMs on the

contralateral ovary: (A) Morphological features of endometriotic focus (HE staining, x40); (B) CD10 immunostaining
of the stromal cells in endometriotic focus (IHC, x40); (C) Intense and diffusely positive nuclear immunostaining for
ER in both epithelial and stromal compartment of EMs (IHC, x100); (D) Moderate and focally positive nuclear immuno-
staining for PR in both epithelial and stromal compartment of endometriotic focus (IHC, x100); (E) Negative immuno-
staining for Ki67 in both epithelial and stromal compartment of endometriotic focus (IHC, x100); (F) Positive immuno-
staining for CD34 highlighting the microvessels inside the stroma of endometriotic focus (IHC, x40); (G) Morphological
features of HGSOC (HE staining, ¥40); (H) Intense and diffusely positive nuclear immunostaining for ER in HGSOC
(IHC, x100); (I) Intense and diffusely positive nuclear immunostaining for anti-Ki67 antibody in HGSOC (IHC, x100);
(J) Altered p53 expression with “overexpression type” immunostaining of the malignant epithelial cells in HGSOC
(IHC, x100); (K) Intense and diffusely positive membranous and cytoplasmic immunostaining for anti-p16™** antibody
(“block expression”) in HGSOC (IHC, %200); (L) Positive immunoreaction for anti-CD34 antibody highlighting the
microvessels inside the stroma of HGSOC (IHC, %40). CD: Cluster of differentiation; EMs: Endometriosis; ER: Estrogen
receptor; HE: Hematoxylin—Eosin; HGSOC: High-grade serous ovarian carcinoma; IHC: Immunohistochemistry;

OC: Ovarian carcinoma; PR: Progesterone receptor.

Hormone receptors are very important in the patho-
genesis of both EMs and OCs. The research of Aghajanova
et al. (2010) proved that PR functionality is impaired in
EMs with persistence of proliferative state [42]. In all our
cases, we also observed that the levels of ER expression
in the EMs were slightly higher than PR expression for
both compartments of EMs, in concordance with reported
data [42]. We noticed that the levels of ER expression in
OCs were higher than those observed in endometriotic
foci. This proves the important role which ER plays in
carcinogenesis. In addition, we recorded higher levels of
ER expression, for both components, in EMs associated
with HGSOC than the ones in EMs associated with
endometrioid OC. This result may imply a specific role
for ER in the carcinogenesis process for HGSOC associated
with EMs. We could not conclude whether it was statis-
tically significant, due to the low number of patients
included in our study. Further researches are required to
demonstrate its role. Comparing the levels of hormonal
receptors expression in the OCs, we noticed high levels of

ER expression in the malignant epithelial cells for both
types of OCs, superior to those observed in EMs epithelial
cells — as it was previously reported [6].

PR expressed high levels only in endometrioid OCs
(mostly in the epithelial cells) and not in HGSOC. Even
if there are studies which report that ER were positive in
up to 91% of endometrioid OC and negative for serous OC
[43], our results agree with recent reports which noted
higher levels of ER also in HGSOC and lower levels for
PR [21, 43]. In addition, the present study is in concordance
with the research of Sieh ef al. (2013), which affirmed
that the proportion of OCs that stained positive for PR
was the highest in endometrioid OC (67%) and LGSC
(58%), intermediate in cases with high-grade serous
carcinoma (31%), and lowest in patients with mucinous
carcinoma (17%) and clear-cell carcinoma (8%) [44].

Evaluation of hormonal receptors’ expression in OCs
is important because it was proved that positive expression
of PR and/or ER is related with an improved overall
survival for endometrioid OC [36]. They influence not
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only the epithelial cells but also the stromal cells and their
local metabolism must be well understood. Therefore,
their expression must be further analyzed.

The Ki67 immunomarker reflects the cell proliferation
and dissemination activity. When its expression is increased,
cells become independent and can influence the surrounding
tissues. This explains the modified anatomy with important
adhesions in advanced stages of EMs [45]. According to
some authors, Ki67 expression is directly related with the
severity (stage) of EMs [27, 46], but not all the studies
reached the same conclusion [45]. There are researchers
who suggest that Ki67 expression is also correlated with
the size of the endometriotic cyst, in addition to stage of
EMs [47]. In our cases, we did not observe any clinical
difference in the severity or size of the EMs throughout
the presented cases. Therefore, we could observe no
association of the Ki67 expression with the severity or size
of the EMs. Our results are in concordance with previous
studies, which proved that glandular proliferation index
in EMs is higher during the proliferative phase than the
stroma Ki67 index [48]. As it was expected, we recorded
a high Ki67 labeling index in all EAOC (epithelial cells),
both types. This corresponds with the fact that Ki67 index
is considered as an aggressiveness prognostic marker [17].
We did not observe significant changes of Ki67 index
in EMs associated with endometrioid OC versus EMs
associated with HGSOC. There were no differences in
terms of neoplasia grade, even if some authors found
an important association between EMs and low-grade
carcinoma, but not with high-grade carcinomas [49]. This
can also be because we report a small number of cases.
It can also be due to the unavailability of endometriotic
tissue in the more advanced cancer cases — and, as we
have reported previously, in this article, most of the
screened patients in our study were with an advanced
disease.

Last edition of WHO presented molecular studies which
were done in the last two decades and that led to a new
dualistic classification of epithelial OCs, characterized by
different morphological types with specific molecular
changes and different prognosis [21]. Types I of OC
usually are low-grade tumors with slow progression. They
are associated with a good prognosis if they are diagnosed
in first stages, and represent almost 10% of deaths caused
by epithelial OC [12]. One of the most important molecular
features is the lack of tumor protein 53 (7P53) mutations,
having a “wild type” pattern on IHC assessment [21]. The
study of Scarfone ef al. (2014) proved that EMs-associated
endometrioid OC is different from the endometrioid
carcinoma which is not associated with EMs [8]. It was
concluded that EMs is associated with a high risk of
developing epithelial OC, especially endometrioid and
clear-cell OC (CCOC), included in type I of OCs. [8].
Nowadays, EMs is considered to be a precursor lesion of
OC included in type I tumors, which also encompasses
LGSC, mucinous carcinoma and Brenner tumors [12].
In the present research, we identified two cases with EMs
associated with endometrioid carcinoma, according to
the hypothesis of EMs as a precursor for OC [10].

Type II of OC usually includes high-grade tumors,
mostly HGSOC, frequently diagnosed in advanced stages,
with a high proliferative activity and with a poor prognosis

[12, 21]. The most important molecular alteration consists
in mutations of 7P53, which produce an aberrant p53
protein, immunohistochemically expressed by either “over-
expression”, which correspond to missense mutations or
“null type” expression, which reflects a nonsense mutation
[21]. Its precursor lesion is considered to be serous tubal
intraepithelial carcinomas (STICs), identified in 50-60%
of cases with HGSOC [45]. Even if EMs is not considered
to be a precursor of the type Il OC, still there are few
cases with EMs and HGSOC reported in literature [11,
24, 50]. Our study reports another two cases.

In our study, the morphology of EMs associated with
EAOC does not show atypia, but there are authors who
report, in up to 42% of EAOC, a transition point through
atypical EMs [23]. This was firstly defined by LaGrenade
& Silverberg (1988) as cytological criteria (large and
hyperchromatic nuclei, tufting, pluristratification, eosino-
philic cytoplasm) and/or architectural criteria (glandular
hyperplasia and complex structural glands) [51]. Over-
expression of p53 is frequently encountered in atypical
EMs and p53 immunomarker was proposed to be used
to identify those cases with premalignant potential [52].
Akahane et al. (2007) observed p53 mutations only in
four cases out of 13 with EMs and CCOC and no p53
mutations in patients with solitary EMs or EMs associated
with endometrioid cancer [53]. They concluded that there
are genetic alterations which can induce p53 mutations
in EMs and transform it in CCOC [53]. On the other
hand, the study of Sang ef al. (2019) suggested that the
expression rate of p53 in EMs is reduced comparing
with its expression in the normal endometrium, in which
the greatest expression is observed during the secretory
phase [19]. These results suggest that apoptosis is reduced
in EMs and plays a synergic role together with other
factors in its pathogenesis [19]. In the present study,
IHC assessment of anti-p53 antibody did not identified
mutations in both endometriotic foci and in endometrioid
OCs cases. Only HGSOC presented an aberrant p53 protein,
in concordance with data from literature [12].

Cell cycle is also negatively influenced by pl16 tumor
suppressor protein, which is encoded by CDK inhibitor
2A (CDKN24), located on chromosome 9p21.3 [54]. Its
role is to slow down the progression of cell cycle from
G1 phase to S phase [19]. A “block” expression for p16
represents the hallmark for human papillomavirus (HPV)-
associated uterine cervical neoplasm. Usually, p16™**
immunomarker is used to identify HPV-related neoplasm
[55]. OCs is not related to HPV infections but different
alterations of G1/S phase are frequent [54]. Its “block”
expression is identified in 60% to 80% of HGSOCs [18,
21] and, in conjunction with p53 expression, it can be
used to differentiate it from LGSOCs and other OCs
included in type I category, as in the last ones there
are lower rates of expression (0-14%) [18, 21]. We also
obtained an aberrant p16 protein expression in our HGSOC
cases, in concordance with the literature [18, 21]. Even
if in the present study, we observed a normal p16 protein
expression in endometriotic foci, Sang et al. (2019)
reported, on 30 cases of ovarian EMs, that pl16 protein
expression plays an important role in the pathogenesis of
EMs and it is positively correlated with p53 expression
[19]. They recorded lower rate of expression for pl16 in
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EMs comparative with normal endometrium (10% versus
31.03%) [19].

WTT1 is the most sensitive and specific immunomarker
for serous type tumors and it is frequently used in
differential diagnosis of serous OCs (100% positive for
LGSOCs and up to 98% positive for HGSOCs) and other
morphological subtypes (negative expression for CCOC
and mucinous OC and 4% positive for endometrioid OC)
[18, 21]. WTI expression on endometriotic foci is very
rarely reported. From our knowledge, there is only one
study who evaluated WT1 expression on EMs associated
with endometrioid OC [13] and none on EMs associated
with serous OC. In the present research, a WT1-positive
expression was obtained in HGSOCs cases but its expression
was negative in endometrioid OC and in endometriotic
foci, according to literature [18, 21]. Its role in predicting a
preneoplastic alterations in endometriotic foci depends on
its evaluation on a higher number of cases.

Microenvironment of EMs and OCs plays an important
role in developing and progression of these lesions. There
is an entire constellation of factors involved in patho-
genesis of EMs represented by cellular factors (stromal
fibroblast, endothelial cells, endometrial epithelial cells
and inflammatory cells), steroid hormones or metabolic
products like iron [56]. There are different interactions
between all of them and, through complex pathways, which
are not fully depicted, malignancy appears in some cases.
A special attention has been paid to the vascularization
of EMs, which include processes like angiogenesis
(developing of new blood vessels from pre-existing one),
vasculogenesis (de novo developing of blood vessels from
circulating endothelial progenitor cells) and inosculation
(interconnection of blood vessels) [57]. Angiogenesis is
essential in both EMs and in OCs and its quantification
can be evaluated by assessing MVD [56, 58]. Ruscito ef al.
(2018) reported that MVD has a prognostic value in OC
and it is a predictor of tumor growth and suggested that
anti-angiotherapy can be useful [59]. Similarly to other
authors, we noted higher values for MVD in EAOC
comparing with EMs and no differences between EMs
associated with endometrioid OC, and that associated with
HGSOC [59, 60]. On the other hand, it was proved that
there are also higher values between eutopic endometrium
associated with EMs in comparing with normal endo-
metrium, mostly in late secretory phase [58]. Considering
these facts, anti-angiotherapy can be applied also to treat
EMs but supplementary studies and clinical trials are
needed.

& Conclusions

Our study could not observe a more frequent association
of EMs with endometrioid OC, as described by other
authors, but it represents a step forward on the less
understood EMs associated with type II of OCs, especially
with HGSOC. Cases with EMs associated with HGSOC
are extremely rare in the literature — and we have added
two more in this group. We did not identify any similarities
between EMs and OCs from the morphologically and
IHC point of view. As for the differences in-between
EMs (depending on their OC association), we recorded
higher levels of ER expression, for both epithelial and
stromal components, in EMs associated with HGSOC

comparing with EMs associated with endometrioid OC.
This result may imply a specific role for ER in the carcino-
genesis process for HGSOC associated with EMs. Our
observations may represent a brick for future researches.
If huge breakthroughs have been done in depicting the
pathogenesis which links EMs with type I OC, supple-
mentary molecular and proteomics research is necessary to
unravel the mechanism(s) of this rare but more aggressive
association between EMs and type II OC. Identifying
the best marker which can predict the risk of developing
OC for the patients with EMs may lead to discover new
specific therapeutic agents and therefore a better, tailored
therapy.
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