
Introduction

Endometriosis is defined as the growth of endometrial

epithelium and stroma outside of the uterine cavity and in-

vokes a chronic inflammatory reaction [1]. The incidence

of endometriosis in women with ovarian cancer is 8-30%.

Ovarian carcinoma arising in endometriosis is encountered

in 0.3-1.0% of the general population. In all ovarian can-

cers, the most common types are serous, mucinous, en-

dometrioid, and clear cell type, respectively. The first

criteria is classifying a tumor as endometriosis associated

ovarian carcinoma (EAOC) is the coexistence of benign

and malignant tissue within the same organ [1, 2]. Recently,

studies with sectioning and extensively examining the fim-

briated end (SEE-FIM) protocol showed that most of the

familial ovarian cancer originated from the fimbrial end of

the fallopian tube [3]. 

Endometriosis shares several similarities with malignant

disease, such as reduced apoptosis, implantation of en-

dometrial cells into adjacent organs, and recurrence [1, 2]

However, the important difference between two disease are

stromal CD10/NEP expression in endometriosis and

amount and type of chronic inflammatory reaction [4, 5].

For more than two decades, there were many studies about

the effects of vitamin D on cancer and endometriosis. Poly-

morphism in vitamin D binding protein was demonstrated

as a genetic risk factor in the pathogenesis of endometrio-

sis. GC*2 allele overexpression affects the scavenger func-

tion of macrophages and promotes the survival and

implantation of ectopic endometrial tissues in the peritoneal

cavity, while there is not any effect on the macrophage-me-

diated inflammatory response [6-8].

The hypothesis of the study is that calcium binding pro-

tein (CBP) calretinin and CD10/NEP expression pattern are

different in endometriosis than normal ovarian physiolog-

ical conditions and changed expression pattern related with

the disease.

Materials and Methods

A total of 259 endometriosis cases from the surgical pathology

files of the author at the Osmangazi University Hospital from Jan-

uary 2010 to February 2016 were evaluated. Among them, 169

cases were nonneoplastic, 66 cases were associated with malign

neoplasms, and 24 cases were associated with benign ovarian tu-

mors. Fallopian tubes were sampled with classical methods be-

tween January 2010 to November 2013. After this date all of the

fallopian tubes were examined according to SEE-FIM protocol

including intramural tuba portion. All of the pathologic lesions of
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Summary

Background: Endometriosis associated ovarian carcinoma (EAOC) is rare. An important similarity between endometriosis and ovar-

ian cancer is seeding of the cells to peritoneum by fimbrial end of the fallopian tube. Only difference between two diseases are CD10

and calretinin expression patterns. Calretinin and CD10 expression patterns of normal ovary and endometriosis were researched in this
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group, and six tubal endometriosis cases in benign tumor group. Focal segmental calretinin expression “calretinin signature” in tubal

epithelium was detected 11.3% (6/53) of non-neoplastic tubal endometriosis cases and three in six of the cases in benign tumor group.

Focal calretinin expression in tubal and/or tumoral epithelium was observed 41.6% (10/24) of the cases with EAOC group. Conclusion:
After applying sectioning and extensively examining the fimbriated end (SEE-FIM) protocol, detection of occult or usual type en-

dometriosis in tuba increased. This study showed that calretinin signature in the fimbrial end of tuba is not a reactive lesion.
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fallopian tubes and immunohistochemical study results recorded

to the reports. There were 41 EAOCs, 23 endometrial carcinomas,

one metastatic carcinoma to ovary, and one cervical carcinoma.

The EAOCs included 15 high-grade serous carcinomas (five cases

originated from fallopian tube), eight high-grade endometrioid

carcinomas (four cases originated from fallopian tube), two clear

cell carcinomas (one localized paraovarian region), two mucinous

carcinomas, two mixed epithelial carcinomas, two non-invasive

micropapillary serous carcinomas, one granulosa cell tumor with

endometrioid carcinoma, one endometrioid carcinoma arising in

yolk sac tumor, and eight atypical proliferative tumors (five mu-

cinous, two endometrioid, and one serous). One of the atypical

proliferative mucinous neoplasm is associated with endometrial

stromal sarcoma with glandular differentiation. The endometrial

carcinoma group included one clear cell carcinoma, one en-

dometrioid carcinoma with squamous differentiation associated

with tubal fimbrial end involvement, one associated with breast

carcinoma, and 20 endometrioid carcinomas. The benign ovarian

neoplasms included seven mucinous cyst adenomas, eight serous

cyst adenomas, five mature cystic teratomas, two leiomyomas,

one fibroma, and one benign Brenner tumor.

The tissue specimens were formalin fixed and paraffin embed-

ded and were subsequently sectioned at four-µm thickness. The

immunohistochemical studies were performed using a standard

procedure on an automated immunostainer. Liquid rabbit mono-

clonal calretinin (SP 65) and CD10 (SP 67) were used as primary

antigens. Appropriate positive control procedures were performed

with satisfactory staining in the whole study. The primary anti-

body was replaced PBS as a negative control. Diaminobenzidine

was used as chromogen. Finally, the sections were counterstained

with Mayer’s hematoxylin, and then dehydrated, cleared, and

mounted. According to the records, CD10 were applied to 82 tis-

sue samples and calretinin were applied to 83 tissue samples.

Pearson chi square statistic was used for data analysis.

Results 

The recorded changes in endometriosis included decidual

reaction, mucinous, ciliated or secretory changes, and cal-

cifications. Nuclear atypia and/or hyperplastic changes and

adenoid metaplasia were also recorded.

The stroma of endometriosis stained weak to strong by

CD10. In a few cases, focal epithelial staining were also

observed. One occult endometriosis was not stained with

CD10 but expressed calretinin. One case was not stained

by both markers. Ribbon-like dark brown calretinin ex-

pression was observed around the corpus luteum and small

follicles. Linear intermittent dark brown calretinin expres-

sion was observed around cystic corpus luteum, simple

serous or mucinous cyst.

Moderate to strong calretinin expression was observed in

stroma; macrophages showed weak to moderate staining.

Calretinin staining highlighted adenoid metaplasia and pro-

liferative changing in endometriotic focus by staining them

dark brown. Epithelial calretinin expression was detected in

ten of 169 non-neoplastic cases. One occult endometriosis

was not stained by calretinin but expressed CD10. How-

ever, segmental tubal calretinin expression was observed

in epithelium of both fimbrial end and other segments (Fig-

ure 1). Calretinin expression was not observed in eight out

of 53 cases in non-neoplastic group. CD10 staining was not

observed in four out of 66 cases in non-neoplastic group.

A total of 76 fallopian tube endometriosis were detected.

Fallopian tube sampling was made by classical method in

33 cases and by SEE-FIM in 43 cases. There was no sig-

nificant difference according to number of tubal en-

dometriosis between two groups (p > 0.05). Of the 76

fallopian tube endometriosis, 48 cases were in non-neo-

plastic group, six cases were in benign neoplasm group, and

22 cases were in malign neoplasm group. There was no sta-

tistically significant difference among these groups (p >
0.05). Tubal epithelium showed focal segmental calretinin

expression in 19 cases. Of these cases, six cases were in

non-neoplastic group, three cases in benign neoplasm group

(Figures 1 and 2), and ten cases in malign neoplasm group

(one case endometrial carcinoma, nine cases EAOC). This

staining was named as “calretinin signature”. In one case of

low-grade ovarian mucinous carcinoma having calretinin

signature in fallopian tube epithelium, also showed elevated

Kİ-67 index and atypia (Figure 3). In EAOC group there

were focal calretinin staining also detected in tumoral tis-

sue nearby fallopian tube (Figure 4). A total of eight serous

tubal intraepithelial lesion were detected in the same pe-

riod by SEE-FIM protocol, but there was no serous tubal in-

traepithelial lesion in the study group.

Discussion

Immunohistochemically, endometriosis express selective

estrogen receptor modulator CK19, anti-apoptotic proteins,

survivin, matrix metalloproteases, CD10, and CBPs such

as PGP9.5, calbindin, calretinin, parvalbumin [1, 4, 7, 9-

11]. 

CD10 is a 95 to 100 kDa membrane bound metallopep-

Figure 1. — Thin fimbrial ends showing focal calretinin expres-

sion. There is segmental calretinin expression in this tuba (muci-

nous cyst adenoma case).
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tidase also known as common acute lymphoblastic

leukemia antigen, neutral endopeptidase (NEP), neprilysin,

and enkephalinase. CD10/NEP cleaves a variety of active

peptides in the central nervous system, lung, male and fe-

male genital tract, intestine, as well as epithelial cells, fi-

broblasts and neutrophils. A large number of active

peptides included in insulin β chain, the endogenous opi-

oid pentapeptides, met-and leu-enkephalin, dynorphins,

bradykinin, angiotensin I and angiotensin II, substance P

(Leu-Met-OH), oxytocin, chemotactic peptide f met-leu-

phe, interleukin 1 β, luteinizing hormone-releasing hor-

mone, and gastrin were reported to be substrates of NEP in

vitro [12, 13]. 

Calretinin is a 29 kDa CBP. Its function is thought to be

to buffer intracellular calcium. One alpha, 25 dihydroxyvi-

tamin D3 upregulates CBPs. Ovarian surface epithelium,

stromal and thecal cells, follicular cysts, corpora lutea and

rete ovary, and stromal cells of secretory endometrium

show strong calretinin expression [14]. The present study

and the other studies on CBPs showed that their important

role to form corpus albicans from cystic corpus luteum and

CBPs, prevent evolving endometriosis and other causes of

female infertility in healthy women [7, 15].

In normal cyclic endometrium c-Jun protein plays an im-

portant role in proliferation and apoptosis of glandular ep-

ithelial cells. The persistent stromal expression of c-Jun

protein and progesterone receptor prevent stromal cells en-

tering into apoptosis during the late secretory phase [16].

Reno et al. [17]. demonstrated that UV irradiation resulted

in sustained activation of c-Jun. Expression and activity of

c-jun may function as tumor suppressors in the en-

dometrium. It was demonstrated that c-Jun mRNA expres-

sion was increased in endometriosis; however miR-29c was

downregulated (or increased fold change) in endometrio-

sis [18]. In cancer cells ID1, (Inhibitor of differentia-

tion/DNA binding 1) and c-Jun. c-Fos was correlated with

poor survival [19].

Normal fallopian tube epithelium does not express cal-

retinin. Calretinin and/or PAX8 expression of ovarian cor-

tical inclusion cysts and their role on progression EAOC

were also reported [20, 21]. The present study showed that

tubal endometriosis incidence is higher if fallopian tube

sampling was done according to SEE-FIM protocol. Posi-

tive staining of adenoid metaplasias, macrophages, den-

dritic cells in endometriosis, and acquired segmental

calretinin expression of fimbrial end/or fallopian tube ep-

ithelium “calretinin signature” nearby endometriosis, play

important pathogenetic roles in the development and main-

tenance of disease by changing nuclear polarization and en-

Figure 2. — Calretinin signature of the fimbrial end and en-

dometriosis (benign Brenner tumor case).

Figure 3. — Calretinin signature with atypia and elevated Ki-67

index (not shown) in a case of low-grade ovarian mucinous neo-

plasm.

Figure 4. — Calretinin signature among the mesothelial cells

nearby tubal fimbria in a case of advanced stage high-grade serous

tubal carcinoma (p53 is negative).
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hancing transepithelial resistance, and promote ovarian car-

cinogenesis. Ovarian surface epithelium does not express

actin bundling protein fascin [22-24]. In ovarian carcinoma

progression, TCF/β-catenin pathway is rarely activated

[25]. Beste et al. [5] showed the role of c-Jun regulated

macrophage activation and cytokine signature in en-

dometriosis. Focal calretinin expression had been shown in

14 of 65 epithelial ovarian carcinomas [14].

Algorithm of EAOC may be summarized as follows:

epigenetic factors result in transcriptional factor switch

such as GATA 6 and CDX2 by gene methylation [12, 13,

25, 26]. Macrophage activation and chronic inflammation

of fallopian tube, and peritoneal fluid resulted in “consen-

sus signature” of 13 elevated cytokines [5]. Sarcoplasmic

reticulum calcium uptake is mediated by a Ca

2+

-ATPase

(SERCA2a). S100, calreticulin, and the histidine rich Ca-

binding protein are regulators of SERCA activity [27].

This causes enhanced gene transcription of histidine-rich

calcium binding protein in fallopian tube epithelium [28,

29] and post-transcriptional silencing of c-Jun by miRNA

may be downregulated in fallopian tube epithelium, and

these transforming events promote evolving EAOC by

seeding transformed cells to peritoneum. This hypothesis

may explain why there is no serous tubal intraepithelial le-

sion in the study group, while there were nine fallopian

tube carcinomas in this study. Further studies are neces-

sary for evaluation Dicer 1 enzyme [30], miRNA levels

and their targets [18], and effects of enhanced histidine-

rich calcium binding protein ”calretinin signature” on co-

agulative activity in EAOC [29], because histidine-rich

CBP containing transformed tubal peritoneal cells may

cause recurrences.
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