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1. INTRODUCTION

Primary ovarian carcinomas represent more than 90% of malignant ovarian tumours (1),
3% of women carcinomas and the fifth cause of death for tumours in women. Malignant
epithelial tumours (carcinomas) represent a heterogeneous group of distinct diseases,
that are different in terms of epidemiological and genetic risk factors, precursor lesions,
patterns of spread, and molecular events during oncogenesis, response to chemotherapy,
and prognosis. Although the hypothesis of their development from a “neometaplasia” of
superficial ovarian mesothelium cannot be excluded (1), recent investigations have
demonstrated that a substantial number of cancers, traditionally thought to be primary
ovarian tumors (particularly serous, endometrioid, and clear-cell carcinomas), originate
in the fallopian tube and the endometrium and involve the ovary secondarily. According
to this recent hypothesis, endometrioid ovarian carcinoma and clear-cell carcinoma

originate from endometriosic cysts situated inside the ovaries.

Endometriosis is a complex benign and oestrogen-dependent disease, characterized by
ectopic implants of endometrial tissue that induces a chronic inflammatory reaction. (2-
3) Ectopic implants are especially detected in pelvis, affecting ovaries, peritoneum,
utero-sacral ligaments, Douglas pouch and recto-vaginal septum; extra-pelvic findings
are infrequent. Ovarian localization of endometriosis is found in 17-44% of
endometriosis patients. (4) Endometriosis affects 5-10% of premenstrual women, but
this percentage arises up to 17% of infertile women e 40-60% in patients suffering from

dysmenorrhea (5) (6)

The possible transformation of endometriosic tissue in ovarian carcinoma has been
postulated almost 100 years ago, the first author was Sampson in 1925. (7) It is
estimated that the risk of developing endometriosis is doubles in endometriosis patients
compared to the general population. (8) Nowadays several studies have been published
on the definition of endometriosis as a risk factor for ovarian carcinoma and this
hypothesis has been confirmed by several histological and molecular evidences.

Moreover both endometriosis and endometrioid ovarian cancer share the same risk



factors, such as early menarche, late menopause and nulliparity, and the same protective
factors, such as tubal sterilization, hysterectomy, multiparity and oral contraception. (9)
(10) Moreover they have common features, such as invasivity, neoangiogenesis,
apoptosis reduction, local and at distance invasion and recurrence. (11) Genomic
alterations represent an important risk factor for the development of this disease: some
of these are in common both for endometriosis and for ovarian carcinoma, others are
essential for the malignant transformation. Thus, although the correlation between
endometriosis and ovarian carcinoma is clear, the exact mechanism through which the
malignant transformation takes place is still not yet well established. Further studies are

necessary to explain it.

The Unfolded Protein Response (UPR) is the response of the endoplasmic reticulum to
external stress (12) and it is activated by the accumulation of unfolded or misfolded
proteins inside the lumen. Recent studies have demonstrated the role of UPR in the
neoplastic transformation process, since it determines the cellular survival in a hypoxic
environment. This effect is mediated by the reduction of pro-apoptotic signaling,
cellular metabolism modification and neo-angiogenesis. UPR activation can support
cellular survival or cell apoptosis, in dependence of the milieu. Its activation in

neoplastic cells plays a protective role against cellular death, that follows ER stress.

The aim of this study is to analyze the expression profile of UPR genes in endometrioid
ovarian carcinoma and to evaluate its possible involvement in the neoplastic progression

of endometriosis.



1.1 EPITHELIAL OVARIAN TUMORS

1.1.1 INCIDENCE AND EPIDEMIOLOGY

The estimated number of new ovarian cancer cases in Europe in 2012 was 65 538 with
42 704 deaths (14). Incidence rate varies worldwide, being the highest in northern
European countries. In the USA, there were 22.280 new diagnoses and 14.240 deaths
from this neoplasm. (15). Ovarian cancer is the fifth most common type of cancer in
women and the fourth most common cause of cancer death in women. The estimated
lifetime risk for a woman developing ovarian cancer is about 1 in 54.

It affects mainly old, postmenopausal women, with median age at the time of the
diagnosis at 63 years old (16). The exact cause of ovarian cancer is still yet unknown,
but many efforts have been done to identify associated risk factors. Main contribute to
develop ovarian cancer is related to woman’s reproductive history.

Increasing risk factors are the following: nulliparity, older age (>35 years) at pregnancy
and first birth, early menarche, late menopause, postmenopausal hormone therapy,
pelvic inflammatory disease and ovarian stimulation for in vitro fertilization (especially
it can increase the risk of developing borderline epithelial tumors).

Protective factors are instead: multiparity, younger age at pregnancy and first birth (<25
years), use of the oral contraceptive pill, tubal ligation, breastfeeding and suppression of
ovulation. All of these risk factors point to ovulation being correlated with the
development of ovarian cancer. Further risk factors are obesity and possibly the use of
talcum powder.

Family history (primarly patients having 2 or more first-degree relatives with ovarian
cancer) plays a very important role in the development of ovarian cancer. Risk of
ovarian cancer is more than doubled in women with a positive family history, compared
to women with no family history. However, an identifiable genetic mutation, e.g. the
known susceptibility genes BRCA 1 and BRCA 2 accounts for only 10% of ovarian

cancer cases. An inherited BRCA 1 mutation confers a 15%-45% lifetime risk of



developing ovarian cancer and <85% risk of developing breast cancer. A BRCA 2
mutation increases the lifetime risk of ovarian cancer to 10%-20% and breast cancer
risk of <85%. It has been demonstrated that women BRCA1 and BRCA2 mutated or
members of families affected by Lynch Syndrome are shown to develop ovarian cancer

~10 years earlier than women with non-hereditary ovarian cancer. Criteria to refer a

patient affected by ovarian carcinoma for genetic testing are still not yet clear in
literature and recommendation is made on the basis of a family history and ethnic
background. It is however important to identify BRCA mutations, since it determines a

different surgical and follow up management.

RISK FACTORS PROTECTIVE FACTORS
Family history of cancer Breast feading for at least 18 months
Genetic Syndromes Multiparous women

Early menarche, late menopause Late menarche, early menopause

Hormonal therapy with oestrogens for | Oral contraceptives

at least 5 years

Nulliparous women Hysterectomy
High fat diet Low fat diet
Endometriosis Tube ligature

Table 1: Main risk and protective factors for developing of ovarian cancer




1.1.2 PATHOLOGY

Ovarian neoplasms consist of several histopathologic entities, the major one being

represented by cancer of epithelial origin (~90%). The World Health Organization

recognizes the following distinct subtypes (17):

Brenner Tumors

« Serous cystadenoma Benign « Brenner tumor Benign

* Serous adenofibroma Benign « Borderline Brenner tumor/atypical Borderline

* Serous surface papilloma Benign proliferative mucinous tumor

. Serqus bgrderlme tumor/atypical Borderline « Malignant Brenner tumor Malignant
proliferative serous tumor -

* Serous borderline tumor- Carcinoma in-situ/ Seromucinous Tumeors .
micropapillary variant/non-invasive grade lll intraepithelial * Ser ystad Benign
low-grade serous carcinoma neoplasia * Seromucinous adenofibroma Benign

* Low-grade serous Malignant « Seromucinous borderline tumor/atypical | Borderline

* High-grade serous Malig proliferative endometrioid tumor

* Seromucinous carcinoma Malignant

* Mucinous cystadenoma Benign Undifferentiated carcinoma Malignant

* Mucinous adenofibroma Benign

* Mucinous borderline tumor/atypical Borderline L. .
proliferative mucinous tumor * Low-grade endometrioid stromal sarcoma | Malignant

« Mucinous carcinoma Mali * High-grade end trioid stromal sarcoma | Malignant

+ Endometriotic cyst Benign * Adenosarcoma Malignant

* Endometriotic cystadenoma Benign « Carcinosarcoma Malignant

« Endometriotic adenofibroma Benign

* Endometrioid borderline tumor/atypical | Borderline
proliferative endometrioid tumor

* End ioid carci Malig

« Clear cell cystadenoma Benign

« Clear cell adenofibroma Benign

« Clear cell borderline tumor/atypical Borderline
proliferative endometrioid tumor

* Clear cell carcinoma Malignant e

Figure 1: WHO Histologic Classification in the NCCN Guidelines for Ovarian Cancer Histopathologies. Epithelial

ovarian tumors (85-95%)

+ Dysgerminoma Malignant + Adenoma of rete ovarii Benign
« Fibroma Benign * Yolk sac tumor Malignant * Adenocarcinoma of rete ovarii | Malignant
« Cellular fibroma Borderline « Embryonal carcinoma Malignant * Wolffian tumor Borderline
« Thecoma Benign « Non-gestational choriocarcinoma | Malignant * Small cell carcinoma, Malignant
 Luteinized th iated Benign * Mature teratoma Benign . gypﬁ;callcl:aem.c type
with sclerosing peritonitis + Immature teratoma Malignant mall ce e y
* Fibrosarcoma Malignant * Mixed germ cell tumor Malignant . Wi’l’;s tumor Malignant
+ Sclerosing stromal tumor Benign Monodermal Teratoma & Somatic- « Paraganglioma Borderline
+ Signet-ring stromal tumor Benign " « Solid p dopapillary neopl Borderline
. Micrt?cystic stromal tumor Benfgn « Struma ovarii, benign Benign Mesothelial Tumors
* Leydig cell tumor Benign « Struma ovarii, malignant Malignant « Adenomatoid tumor Benign
. SterO[d cell tumor . .B.BEIQH « Carcinoid Aali « M helioma ig
* Steroid cell tumor, 1t » Strumal carcinoid Borderline | [soft Tissue Tumors
Sex Cord-Stromal Tumors: » Mucinous carcinoid Malignant « Myxoma Benign
* Neuroectodermal-type tumors * Others
* Adult granulosa cell tumor Malignant * Sebaceous tumors i :
« Juvenile granulosa cell tumor Borderline » Sebaceous adenoma Benign « Follicle cyst
« Sertoli cell tumor Borderline » Sebaceous carcinoma Malignant « Corpus luteum cyst
« Sex cord tumor with annular Borderline * Other rare monodermal teratomas « Large solitary luteinized follicle
bul * Carci cyst
» Squamous cell carcinoma Malignant * Hyperreactio luteinalis
« Sertoli-Leydig cell tumors » Others . gregna?;:ly Iu(etlam_a
» Well differentiated Benign Germ Cell- Sex Cord-Stromal Tumors « Sircemsl hperinecoals
» Moderately differentiated Borderline * Gonadoblastoma, including Borderline . Fibromato{;is
0 With heterologous elements | Borderline gonadobl; with mali it « Massive oedema
» Poorly differentiated Malignant germ cell tumor « Leydig cell hyperplasia
0 With h logous el iali * Mixed germ cell- sex cord-stromal | Borderline « Others
» Retiform Borderline tumor, ified Lymphoid and Myeloid Tumors
O With heterologous elements | Borderline .
+ Sex cord-stromal tumors, NOS Borderline . Iﬁ{zfnh;:’y“ga:ma Malignant
* Myeloid

1Reproduced with permission from Kurman RJ, Carcangiu ML, Herrington CS, Young RH. World Health
Organization Classification of Tumours of the Female Reproductive Organs. IARC, Lyon, 2014.
2Borderline= Unspecified, borderline, or uncertain behavior.

Figure 2: WHO Histologic Classification in the NCCN Guidelines for Ovarian Cancer Histopathologies. Sex cord-

stromal tumors (5-8%), Germ cells tumors (3%) and metastatic tumors (3%)



Clinical trials have demonstrated that different histology is related to different clinical,
pathological and prognostic features, thus determining a different therapeutic approach
(18). Grade is an additional prognostic factor and is assigned (from 1 to 3) depending on
the following tumor characteristics: architectural features, mitotic counts and nuclear
atypia. (19). There is no single universally accepted grading system. Some use a two-
tier staging (20). Because of the complexity of this subclassification, that has important
impact on the therapeutic management, an expert in gynecological pathology is

required.

Molecular pathogenesis

Ovarian cancer is nowadays recognized as a heterogeneous group of neoplasm, and
many efforts have been done in the last few years to understand the initiating molecular
events underlying the different tumor subtypes, in order to better characterize the
mechanism of cancer development, the natural behavior and prognosis. According to
recent morphological, immunohistochemical and molecular genetic achievements, a
dualistic model of epithelial ovarian carcinogenesis has been more than a decade ago
proposed. (21). It divides epithelial ovarian cancer (EOC) into two categories.

Type 1 cancers include low-grade serous, endometrioid, mucinous, clear-cell and
malignant Brenner tumors and are characterized by low-grade and clinical indolence.
Main molecular features for these tumors are: mutations of KRAS, BRAF, ERBB2,
PTEN, PIK3CA and ARIDI1A and a relatively genetical stability.

These mutations occur early in the evolution of type 1 ovarian tumors and are also
observed in borderline tumors and endometriosis. A stepwise sequence of tumor
development is now well recognized from benign precursor extraovarian lesions (e.g.
borderline tumor) to malignant lesions in type 1 cancer.

Clinically, they are generally indolent and confined to the ovary at presentation (stage
I), thus having a better prognosis.

Type 2 cancers include high-grade serous, high-grade endometrioid, malignant mixed

mesodermal tumors and undifferentiated tumors. Main molecular features for these



tumors are: TP53 mutations (97% of high-grade serous cancers were associated with a
TP53 mutation) and BRCA1/2 mutation (22).

No clinical precursor lesion has been demonstrated for type 2 cancers. In recent years,
accumulating evidence has shown that the majority of high-grade serous ovarian and
peritoneal tumors originate in the fimbria of the fallopian tube (serous tubal
intraepithelial carcinoma) (23, 24). These malignant cells then metastatise to the ovaries
and the peritoneal cavity.

Clinically, type 2 cancers are aggressive and present in advanced stage (stage II-IV),
being responsible for 90% of ovarian cancer deaths.

As far as it concerns endometrioid tumors, which are the topic of this thesis, there are
two different entities. Low-grade endometrioid tumors are characterized by deregulation
of PI3K/PTEN signaling (15-20% of cases) and deregulation of Wtn/f3-catenin signaling
(15-40% of cases), whereas TP53 mutations are not present. Inactivation of PTEN and
activation of PIK3CA can lead to activation of the phosphatidylinositol3-kinase
signaling pathway. Mutations of KRAS and BRAF are reported in less than 7% of
cases. Microsatellite instability (loss of h(MLH1, hMSH2, mutS, MSH6 and PSM?2) has
also been reported in up to 20% of cases. Conversely, high-grade endometrioid tumors
are lacked Wnt/B-catenin or PI3K/PTEN signaling pathway defects and frequently
present TP53 mutations, making this tumor more similar to poorly differentiated serous
carcinoma (HGSC). Thus, in few cases a high-grade endometrioid carcinoma develops
from a low-grade endometrioid carcinoma, but more frequently they represent
disctinctive tumors. (21).

Endometrioid tumors are usually more likely to be early stage (stage 1) and low grade.
They represent ~10% of ovarian cancers.

At a molecular level, it is well estabilished in literature that endometrioid carcinoma
shares the same genetic features with endometriosis, such as mutation of ARIDIA (a
tumor suppressor gene involved in cheratin remodeling) and deletion of PTEN, thus
being endometriotic cysts (endometriomas) the origin of tumorigenesis. Moreover, the
same molecular abnormalities have been observed in endometrium from endometriosis
patients, suggesting the hypothesis that these changes permit the endometrial tissue to

implant, survive and invade ovarian and peritoneal tissue (25).



This hypothesis is also supported by the evidence that tubal ligation determine a
protective effect for endometrioid carcinoma of the ovary.

At present, molecular classification is at greatest interest, since emerging molecular
genetic findings determine not only a more detailed characterization of the different
subtypes of ovarian cancer, but also the possibility of early diagnosis and new target
therapies.

The purpose of leately and future researches in ovarian cancer field is to detect tumors
when they are still confined to the ovaries, in order to better assess the risk and to

provide immediate therapy, that can reduce the high mortality of this disease. (26)

Ovarian

Epithelial
Cancer

epithelium

e
A2
o
Fallopian ™

Figure 3: The revised dualistic model in the pathogenesis of ovarian epithelial cancer. The areas in
individual histotypes reflect their relative prevalence. The inner cirle indicates the likely cell of origin
of the different type I and type Il neoplasms. The molecular pathway alterations that characterize each
tumor subtype are summarized in the square boxes.
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Features Type I Type II

Stage Frequently early stage Almost always advanced stage
Tumor grade Low grade*? High grade
Proliferative activity Generally low Always high
Ascites Rare Common
Response to chemotherapy Fair Good (but recur later)
Early detection Possible Challenging
Progression Slow and indolent Rapid and aggressive
Overall clinical outcome Good Poor
Risk factors Endometriosis Lifetime ovulation cycles; BRCA germline mutations
Origin See Morphologic and Molecular Mostly tubal
Features of Precursor Lesions
Precursors Atypical proliferative (borderline) tumors Mostly STICs
Chromosomal instability Low High
TP53 mutation Infrequent Almost always
Homologous recombination repair Rarely defective Frequently defective
Actionable mutations Can be present Rare

Table 2: Clinicopathologic and molecular features of Type I and Type Il Ovarian Carcinomas
*Clear cell carcinoma is not graded, but many consider the tumor as high-grade.
+Occasional progression to high grade can be observed.

BRCA, breast cancer,; STIC, serous tubal intraepithelial carcinoma



1.1.3 DIAGNOSIS

Ovarian cancer is difficult to diagnose at early stage, when it is confined to ovaries,
since it is predominantly asymptomatic or pauci-simptomatic. In fact, more than 70% of
patients present with advanced disease, when symptoms are most commonly seen.
Symptoms suggestive of ovarian cancer include: abdominal or pelvic pain, bloating,
constipation, diarrhea, urinary frequency, vaginal bleeding, difficulty eating and fatigue.
Physicians should be suspicious especially when these symptoms are new and frequent
(> 12 day/month). In advanced ovarian cancer, ascites and abdominal masses lead to
increased abdominal girth, nausea, anorexia, dyspepsia and early satiety. Respiratory
symptoms may be developed when the disease extents across the diaphragm to the
pleural cavities, producing pleural effusions. Clinical trials suggest that screening test
based on symptoms are neither sensitive nor specific enough to diagnose early stage
disease.

Thus, laboratory signs have been searched in order to help diagnosis. The first one is
cancer antigen CA 125: it is elevated only in about 50% of patients with the
International Federation of Gynecology and Obstetrics (FIGO) stage I disease, whereas
it arises 85% of patients with advanced disease. Its utility to detect early disease is
therefore questionable. Moreover is not specific for ovarian cancer and raised CA 125
levels may be found in non gynecological malignancies (e.g. breast, lung, colon and
pancreatic cancer) and benign disease (e.g. endometriosis, pelvic inflammatory disease
and ovarian cysts). Measurement of serum carcinoembryonic antigen (CEA) and CA
19-9 levels are required when it is unclear whether an ovarian mass is of
gastrointestinal origin, or a primary mucinous ovarian tumor. Similarly, in these
situations, colonoscopy and/or gastroscopy are sometimes considered, particularly when
CA 125/CEA ratio is <25.

As far as it concerns image investigations, transvaginal and abdominal ultrasounds
represent the first choice, since they allow the visualization and characterization of
ovarian structures, thus improving the differentiation of malignant versus benign
conditions, using noninvasive procedures. Anyway the preoperative assessment of an

adnexal mass remains a major challenge for the gynecologist and several efforts have



been done to determine the most important variables to predict the likelihood of
malignancy. The accurate characterization before any surgery on ovarian pathology is
mandatory, in order to provide the proper treatment, because new treatment options are
useful only if the preoperative diagnosis is correct. For example the prognosis worsens
if during the operation, a cyst (that has been wrongly considered benign preoperatively)
is broken, thus spreading malignant cells into the abdomen. The International Ovarian
Tumor Analysis (IOTA) group produced some simple rules to standardize the
ultrasound description of adnexal pathology. (27). Malignant feature, suggestive of
ovarian cancer, are represented by: the presence of irregular multilocular solid tumor
with largest diameter >100 mm, irregular solid tumor, presence of ascites, >4 papillary
structures and very strong blood flow (color score 4). Conversely unilocular cyst,
presence of solid components where the largest solid component has a diameter <7mm,
presence of acoustic shadows, smooth multilocular tumor with largest diameter < 100

mm, no blood flow (color score 1) are predictive of a benign tumor.

Features for predicting a benign tumor (B-features) Features for predicting a malignant tumor (M-features)

B1 | Unilocular ‘ M1 | lIrregular solid tumor =
B2 Prgsence of solid compopents where the largest | M2 Presence of ascites

solid component has a diameter < 7mm i
B3 Presence of acoustic shadows a M3 2 4 papillary structures @
B4 Smooth multilocular tumor with largest M4 Irregular multilocular solid tumor with largest

diameter < 100 mm : diometer 2 100 mm
B85 No blood flow (color score 1) . M5 Very strong blood flow (color score 4) @

Figure 4: Schematic representation of ultrasound feature for predicting benign or malignant tumors

If we compare 1) CA125 alone, 2) ultrasound with CA125 and 3) ultrasound alone, we
can conclude that screening is in fact not effective, because the tumors with either an
increased CA-125 level or an abnormal transvaginal ultrasound or both are mostly of
patients with high stage ovarian cancer. Furthermore CA125 does not increase the
detection of cancer over ultrasound alone and ultrasound results superior to CA125

alone (28).



Computed tomography (CT) scans are routinely used to determine the extent of disease
and to aid in surgical planning. Imaging of the chest with CT or chest X-ray should be
done to look for pleural effusions and disease above the diaphragm. A pleural effusion
cannot be regarded as malignant and indicative of FIGO stage IV disease without
confirmation of positive cytology. Magnetic resonance imaging (MRI) scans do not

form part of routine investigations.

1.1.4 STAGING AND RISK ASSESSMENT

Ovarian cancer is classified primarily as stages I to IV using the FIGO (International
Federation of Gynecology and Obstetrics) system. The new FIGO staging guidelines
will combine staging for Fallopian tube carcinoma and ovarian cancer and will be
effective on 1% January 2017. FIGO staging is necessary, because it represents, together
with the tumor grading, the most powerful indicator of prognosis. It is defined during
the operation, but also preoperative assessment with cross-sectional imaging (CT or
MRI) is essential as it guides surgery and the pathway of intervention. Primary surgery
remains the most common and preferred approach, but where this is deemed not
feasible, an image-guided or laparoscopic biopsy should be carried out.

Staging
International Federation of Gynecology and Obstetrics (FIGO)
FIGO Guidelines: Staging Classification for Cancer of the Ovary, Fallopian Tube, and Peritoneum

FIGO TNM FIGO TNM
I ™ Tumor confined to ovaries or Fallopian tube(s) n T1/T2-N1 Tumor involves 1 or both ovaries or Falloplan tubes or

- . primary peritoneal cancer, with cy ly or h lly
IA T1a  Tumor limited to 1 ovary (capsule intact) or confirmed spread to the peritoneum outside the pelvis and/

Fallopian tube; no tumor on ovarian or Fallopian

tube surface; no malignant cells in the ascites or

peritoneal washings NA1 Positive retroperitoneal lymph nodes only (cytologically or
histologically proven):

or metastasis to the retroperitoneal lymph nodes

1B T1b Tumorl limited to both ovaries (cagsules intact)'or 1IA1(i) Metastasis up to 10 mm in greatest dimension
Fallopian tubes; no tumor on ovarian or Fallopian A1 (ii) Metastasis more than 10 mm in greatest dimension
tube surface; no malignant cells in the ascites or
peritoneal washings IIA2  T3a2-NO/N1 Microscopic extrapelvic (above the pelvic brim) peritoneal
involvement with or without positive retroperitoneal lymph nodes
IC Tumor limited to 1 or both ovaries or Fallopian
tubes, with any of the following: s T3b-NO/N1 Macroscopic peritoneal metastasis beyond the pelvis up to
IC1 T1c1  Surgical spill 2 cm in greatest dimension, with or without metastasis to the
IC2 T1c2 Capsule ruptured before surgery or tumor on retroperitoneal lymph nodes
ovarian or Fallopian tube surface . § . .
IC3  T1c3 Malignant cells in the ascites or peritoneal IIC  T3c-NO/N1 Macroscopic peritoneal metastasis beyond the pelvis more than
washings 2 cm in greatest dimension, with or without metastasis to the

retroperitoneal lymph nodes (includes extension of tumor to

. . . capsule of liver and spleen without parenchymal involvement of
L} T2 Tumor involves 1 or both ovaries or Fallopian either organ)

tubes with pelvic extension (below pelvic brim)
or primary peritoneal cancer

v Any T, Distant i ing peritoneal
1A T2a Extension and/or implants on uterus and/or any N, M1
Fallopian tubes and/or ovaries IVA Pleural effusion with positive cytology
1B T2b Extension to other pelvic intraperitoneal tissues IVB Parenchymal metastases and metastases to extra-abdominal

organs (including inguinal lymph nodes and lymph nodes outside
of the abdominal cavity)

Reprinted with permission: Prat J, FIGO Committee on Gynecologic Oncology. Staging classification for cancer of the ovary, Fallopian tube, and peritoneum. Int
J Gynaecol Obstet 2014; 124(1):1-5.

Figure 5: International Federetaion of Gynecology and Obstetrics (FIGO) staging of ovarian tumors



1.1.5 TREATMENT PLAN

Surgical management of early primary disease

Once early stage primary disease is diagnosed preoperatively, it should be submitted to
appropriate surgical staging and cytoreduction. Initial surgery should include: peritoneal
washings, ideally taken before manipulation of the tumor, bilateral salpingo-
oophorectomy, hysterectomy, multiple peritoneal biopsies of all abdominal fields, at
least infracolic omentectomy, appendectomy in case of mucinous histology and pelvic
and para-aortic lymph node dissection up to the renal veins. This surgery allows
adequate staging, in order to provide prognostic information and to define whether
chemotherapy is needed.

In case of an incidental diagnosis of early stage primary disease, the intraoperative
pathologic evaluation with frozen sections is suggested, in order to identify a malignant
epithelial cancer and perform adequate surgical staging, without the need for a second
operative procedure.

Surgical staging is mandatory for ovarian carcinoma, because it has been demonstrated
that it can uncover occult advanced disease: Cass et al. showed that, in 96 patients with
grade 3 tumors and gross disease confined to one ovary, 15% had microscopically
positive lymph nodes (29)

As far as it concerns lymphadenectomy, a trend for improved progression-free survival
(PF) and overall survival (OS) has been observed in patients undergoing this procedure,
if compared to the control group, but the difference is not of statistic significance. (30)
(31

Thus, there are data showing upstaging with lymphadenectomy and other data showing
that lymphadenectomy does not affect overall survival. However omentectomy and
multiple biopsies of peritoneum (the most common sites of peritorneal implants) may
upstage patients in approximately 30% of cases and may affect prognosis. Bulky lymph

nodes should be resected in an effort to remove all visible residual disease.

1A



When young women are affected by early stage disease and/or good-risk tumors and
wish to preserve fertility, fertility-sparing surgery could be considered in early-stage
disease. It consists of unilateral salpingo-oophorectomy, preserving the uterus and
contralateral ovary. Comprehesive surgical staging should be performed to rule out
occult higher stage disease.

For patients with stage IA or stage IC with unilateral ovarian involvement and favorable
histology (mucinous, serous, endometrioid or mixed histology and grade 1 or 2), risk of
recurrence seems to be related to higher incidence of extra ovarian spread observed in
grade 3 tumors, rather than to a higher relapse rate in the preserved ovary (32). Thus,
organ-preserving surgery is adequate in these patients, but only in combination with
complete surgical staging, that includes a lymphadenectomy to exclude more advanced
disease. Therefore, these patients should be carefully informed about their prognosis to
enable them to make a personalized and thorough choice.

In advanced epithelial ovarian cancer, the aim is complete cytoreduction of all
macroscopic visible disease, since this has been shown to be associated with a
significantly increased OS and PFS (33-35). It includes: aspiration of ascites or
peritoneal lavage, hysterectomy and bilateral salpingo-oophorectomy, all involved
omentum shoud be removed, suspicious and/or enlarged nodes shoud be resected, if
possible, bilateral pelvic and para-aortic lymph node dissection is recommended for
those patients with tumor nodules, outside the pelvis, of 2 cm or less. Optimal
cytoreduction is defined as less than 1 cm residual disease or resection of all visible
disease. Thus, the more complete the debulking, the better the outcomes. It has been
shown that residual tumor is a more powerful prognostic determinant than FIGO stage;
A secondary interval debulking surgery after primary surgery with suboptimal
cytoreduction and three cycles of chemotherapy has demonstrated improved survival in
the European Organization for Research and Treatment of Cancer (EORTC) trial (34),
but was not confirmed by another trial conducted by the Gynecological Oncology
Group (GOG) (36).

A ‘second look’ diagnostic laparoscopy or laparotomy after completion of treatment to
assess intraperitoneal status is obsolete and should not be carried out, as its impact on

survival has never been demonstrated.
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In relapsed epithelial ovarian cancer, surgical cytoreduction is still debated. In literature,
it has been shown that it determines a survival advantage only if one can achieve
complete tumor resection (37, 38). Survival improves in patients with complete
resection at first surgery, good performance status and no ascites. According to the
European trial DESKTOP III [NCT01166737] and GOG 213 [NCT00565851], two
prospective multi-center randomized trials evaluating, the value of surgery to improve
palliation at later relapse is less clear. The largest multi-center retrospective analysis on
tertiary cytoreduction (39) showed that residual tumors maintain a positive effect on
survival even in the tertiary setting of epithelial ovarian cancer, reducing the impact of
other well-established negative prognostic predictors of survival such as ascites,

advanced FIGO stage and peritoneal carcinomatosis.

Adjuvant Chemotherapy

In patients with early-stage ovarian cancer, platinum-based adjuvant chemotherapy
determines a better OS [hazard ratio (HR) 0.71; 95% confidence interval (CI) 0.53—
0.93] and PFS (HR 0.67; 95% CI 0.53-0.84) than management based on observation
(40). This benefit is particularly confirmed in those patients at higher risk of recurrence
(stage 1B/C grade 2/3, any grade 3 or clear-cell histology) (41). The optimal duration of
treatment is discussed, since it has been proved that patients treated with three cycles
therapy have no significant difference in terms of PFS and OS if compared to patients
treated with six cycles therapy and receive significantly lower toxicity (42). It is not
demonstrated that the addition of paclitaxel to carboplatin is superior, thus it is rational
to consider single-agent carboplatin in case of intermediate and high-risk stage I
disease.

In these cases, it is suggested to use a combination of paclitaxel and carboplatin, both

administered intravenously every 3 weeks, for six cycles (43-45).
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Targeted therapy

As it is explained above, the management of ovarian cancer is based on radical surgery
and chemotherapy, but does not take in consideration the pathogenetic differences
between type I and type Il carcinomas, as they are described in the “dualistic model”.
Nevertheless, this therapy has not substantially improved overall survival in > 50 years.
Therefore new therapeutic strategies are required, to directly target the molecular
pathways that are implicated in carcinogenesis. This could also help to develop
screening, through the use of a panel of genes commonly mutated in ovarian
carcinomas.

Type I tumors are effectively treated by removal of the affected ovary, since they
mostly present when they are confined to the ovary. When they present at a more
advanced stage and chemotherapy is required, usually they present chemoresistancy,
since they have a slow proliferative activity. In this case, target therapy could be
oriented towards the specific genetic mutations mentioned above, for example with
molecules like kinase inhibitors. Another possible therapeutic strategy is the use of
immune checkpoint inhibitors, since type I tmuors produce several neo-antigens that
determine tumor-infiltrating lymphocites.

Type II tumors, conversely, are initially chemosensitive, but soon develop
chemoresistancy. Studying mechanisms that lead to chemoresistancy can develop new
therapeutic strategies. In this case, the goal of target therapy would be to find specific
biomarkers for early detection of the tumor, when therapy will likely be more effective.

(26)

Evaluating the response to treatment

Response to treatment can be evaluated both with CA125 measurement and using CT

scan.

CA125 is a useful marker of persisting disease, since it is related to advanced disease.
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CT scan, performed at the beginning and in the middle of chemotherapy treatment, is
able to detect residual of disease.

The disease is considered “partially-responsive” to front line treatment in case: a)
CA125 does not reach the normal range before the end of chemotherapy, b) residual

disease is visualized at CT.
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1.1.6 FOLLOW-UP

Follow up comprises clinical examination and CA125 measurement and is usually
scheduled as follows: every 3 moths for 2 years, then every 6 months in the fourth and
fifth year or until progression occurs.

Serum CA125 progressive serial evaluation is the criteria that has been in the recent
past clinically used to assess the relapse of disease. Two separate measurements one
week apart are required. (46)

Actually, CA125 shows its highest utility during chemotherapy in order to evaluate the
response to treatment, but its role after the completion of treatment is debated, since it
does not determine a change in treatment.

There are studies in literature (47) showing that anticipating the beginning of second-
line chemotherapy, based on CA125 elevation, not only determines no OS advantage,
but also a decreased quality life and higher toxicity.

Thus, in clinical practice sever physicians no longer measure CA125 as part of the
follow-up and decide the reintroduction of chemotherapy based on the appearance of
symptoms rather than on the rising of CA125. The results of ongoing trials will
determine whether surgery for relapse improves survival.

At last, imaging modality (CT scan and PET-CT) is used to detect disease relapse and

possible additional sites of disease, in order to select patients for secondary debulking

surgery. (48)
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1.2 ENDOMETRIOSIS AND OVARIAN CARCINOMA ASSOCIATED
TO ENDOMETRIOSIS

1.2.1 ENDOMETRIOSIS

Endometriosis is a complex benign and oestrogen-dependent disease, characterized by
ectopic implants of endometrial tissue that induces a chronic inflammatory reaction. (2,

3)

Ectopic implants are especially detected in pelvis, affecting ovaries, peritoneum, utero-
sacral ligaments, Douglas pouch and recto-vaginal septum; extra-pelvic findings are
infrequent. Ovarian localization of endometriosis is found in 17-44% of endometriosis

patients. (4)

Endometriosis affects 5-10% of premenstrual women, but this percentage arises up to

17% of infertile women e 40-60% in patients suffering from dysmenorrhea (5, 6)

Among endometriosis patients, 50% suffer from major pelvic pain and 40-50% present

with fertility problems. (49)

However the impact of endometriosis, according to recent studies (50, 51) is high in
terms of productivity loss and decreased health-related quality of life, making it similar

to other chronic diseases (diabetes, Crohn’s disease, rheumatoid arthritis).

It is most commonly diagnosed in 30-40 years old women, whereas it is uncommon

under 20 years old.
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Pathogenic theories

It is important to consider peritoneal endometriosis, ovarian endometriosis and recto-

vaginal endometriosis as three different entities of pelvic endometriosis (52)

Peritoneal endometriosis is characterized by red peritoneal lesions, similar to eutopic
endometrial tissue, suggesting that they represent the first phase of the primary
implantation of endometrial glands and stroma. The colour turns from red to blue when
an inflammatory reaction takes place in the implantation site, and from blue to white

during the following fibrosis .

Recto-vaginal septum endometriosis is characterized by endometrial nodules, that have
to be considered as adenomyomas, composed by smooth muscle cells with active
glandular epithelium and slight stroma. Immunohistochemical analysis shows that these
lesions are slightly differentiated and have no hormonal dependence, meaning that they

are strongly related to Mullerian mesodermal epithelium.

Etiology is still yet unknown; the main risk factors are early menarche and late
menopause. Three different theories have been postulated to explain the pathogenesis of
ovarian endometriosis: the first one suggests that endometriomas originate from the
retrograde menstruation through fallopian tubes, with consequent accumulation of
menstrual debris in the ovarian surface and invagination of the cortex (Hughesdon and

Brosen). (53, 54)

Donnez instead supports the hypothesis of invagination of the celomatic metaplasia of
invaginated epithelial inclusions (5). According to Nezhat endometrioma results from

the transformation of a functional cyst in endometriosis (55)

In endometriosis patients, pathogenesis seems to be related to immune system
alterations with high production of cytokines, growth factors and angiogenetic products,

thus determining attachment, growth and neoangiogenesis of endometrial tissue.
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Several studies have demonstrated the impairment in the inflammation genes expression

(56, 57)

Mainly involved molecular systems are those of adhesion molecules and proteoglycans,
that play a central role in determining the anchorage of epithelial cells to basal
membrane e of stromal cells to interstitial matrix, respectively. After adhesion of
endometriosis cells to basal membrane, metalloproteinase system results hyper-

activated (61), determining extracellular matrix degradation.

Furthermore a reduced activity of natural killer cells has been demonstrated, thus
reducing immune response. It suggests that in endometriosis patients, macrophage have

a poor capability of cleaning the pelvis from menstrual debris.

Recently an increasing production on pro-inflammatory cytokines, such as TNF-alpha,

IL-8 and IL-10 has been detected (59).

Other involved systems are: aromatases, bleeding-associated endometrial factors,
hepatocyte growth factor, 17 beta-hydroxysteroid dehydrogenasis (60), HoxA-10 and

HoxA-11, leukemia inhibitory factor and progesterone receptors.

Diagnosis

Diagnosis is made through the identification of endometriosis during laparoscopic

surgery and confirmed by histological analysis (61).

In 20-25% of cases it is asymptomatic and is diagnosed during a laparoscopy performed

for unexplained infertility or for other indications. (62)

In the ovaries, endometriosis can be superficial or deep: superficial endometriosis is
characterized by small nodular or micro cystic foci, that can be dark red or blue or

black, of hard consistency. Conversely deep endometriosis is made of cavity filled with
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black blood, that can reach 15 cm diameter: they have thick wall and a dense haematic

content, that have made them called “chocolate cysts”.

Peritoneal endometriosis appears with nodular or micro cystic lesions, surrounded by

areas of scar retraction (62).

American Fertility Society divides endometriosis in four stages: minimal (stage I), mild

(stage II), moderate (stage I1I) and severe (stage V).

STAGE | (MINIMAL) STAGE Ii (MILD) STAGE Ill (MODERATE)

PERITONEUM PERITONEUM
Superficial endo - 1-3cm -2 Deep endo - >3m -6
R OVARY R OVARY
Superficialendo - <1ecm -1 Superficialendo - <1cm -1
Fitmy adhesions - <3 -1 Filmy adhesions - <3 -1
TOTAL POINTS "4  LOVARY Deep endo - 1-3cm =18
Superficial endo - <ficm -1 TOTAL POINTS 26
TOTAL POINTS 9
STAGE Ill (MODERATE) STAGE IV (SEVERE) STAGE IV (SEVERE)

Dense adhesions - <§

Dense adhesions ~ < i TOTAL POINTS
L OVARY Dense adhesions — > § -16
Deep endo -<icm -4 L OVARY
Dense adhesions ~ < —=4 2 Deep endo ~1-3cm -16
TOTAL POINTS 3  Pointassignment changed to 16 Dense adhesions ->§  -16
Point assignment doubled TOTAL POINTS 114

Figure 6: Representation of American Fertility Society of endometriosis stages
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REVISED AMERICAN SOCIETY FOR REPRODUCTIVE MEDICINE CLASSIFICATION OF
ENDOMETRIOSIS 1985

Patient’s Name Date:
Stage | (Minimal} 1-5 Laparoscopy Laparotomy Photography
Stage Il (Mild) 6-15 Recommended Treatment
Stage Il (Moderate) 16-40
Stage IV (Severe) >40
Total Prognosis
g ENDOMETRIOSIS <lem 1-3cm >3cm
=
2 Superficial 1 2 4
& Deep 2 4 6
R Superficial 1 2 4
< Deep 4 16 20
é L Superficial 1 2 4
Deep 4 16 20
POSTERIOR CULDESAC Partial Complete
OBLITERATION 4 40
ADHESIONS < 1/3 Enclosure 1/3-2/3 Enclosure > 2/3 Enclosure
> R Filmy 1 2 4
s Dense 4 8 16
© L Filmy 1 2 4
Dense 4 8 16
R Filmy 1 2 4
H Dense 4 8 16
e L Filmy 1 2 4
Dense 4* 8* 16

*If the fimbriated end of the fallopian tube is completely enclosed, change the point assignment to 16.

Figure 7: American Society for Reproductive Medicine (ASRM) classification of endometriosis

A T B C
Septum Ligg sacrout Rektum/Sigma
rectovaginale Beckenwand
Scheide
RevE 1A ; R RevE 1B RevE 1C
‘ LI} y °
<1cm <1cm <1cm
RevE 2A E s S RevE 2B f ReVE 2C
o O - ‘
4 1-3cm 1-3cm ‘
1-3cm ]
RevE 3A C \ , RevE3B| RevE 3B |
» o ‘ .'
>3cm >3cm >3cm ‘

Figure 8: Enzian score, a morphologically descriptive classification of deep infiltrating endometriosis
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Therapy

The purpose of endometriosis management is alleviating pain associated to the disease,
treating infertility and reducing implants.

The choice of the right treatment is personalized and depends on age, desire for
pregnancy, severity of symptoms, position and extent of the lesions.

This can be achieved surgically or medically, although in most women a combination of
both treatments is required. Long-term medical treatment is usually needed in most

women.

Current medical treatments are based on two mechanisms of action: anti-inflammatory
and hormonal. (63) Non-steroidal anti-inflammatory drugs (NSAIDs) are used
commonly in women with dysmenorrhea, although there is not enough evidence to
admit that they are effective in the treatment of endometriosis related pain, and there is

lack of evidence to recommend one NSAID among the others. (64)

Hormonally active drugs act by blocking the ovarian function and creating a more stable
hormonal environment. (63) Hormonal drugs currently used for the treatment of pain
associated to endometriosis are hormonal contraceptives, progestogens and anti-
progestogens, gonadotropin releasing hormone (GnRH) agonists and antagonists, and

aromatase inhibitors. (65)

Hormonal contraceptives reduce pain associated to endometriosis, by oral, transdermal,
or vaginal administration. (66-68) Progestogens (medroxyprogesterone acetate, oral or
depot, dienogest, cyproterone acetate, norethisterone acetate, danazol, levonorgestrel
intrauterine device) and anti-progestogens (gestrinone) are also recommended to reduce
endometriosis-associated pain. (65, 69-71) GnRH agonists, with and without add-back
therapy, are effective in the relief of endometriosis-associated pain, but can be
associated with severe side effects. (72) There is insufficient evidence to recommend

one among the others, as all hormonal drugs have shown efficacy in the treatment of
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pain associated to endometriosis. Clinical decision should take into consideration side

effects, patient preferences, efficacy, costs, and availability. (65)

All the drugs with proven efficacy in the treatment of pain associated to endometriosis
are hormonal drugs and have a contraceptive action. Endometriosis mainly affects
women in their reproductive age; hence, these treatments can be inconvenient in the
case of gestational desire. There is a need for new medications, effective in the
treatment of pain, with an acceptable side effects profile, suitable for long-term use,
with no contraceptive effect, and safe to use in the early pregnancy.

Among new hormonal drugs, the only ones approved for use in the treatment of pain
associated to endometriosis are aromatase inhibitors. They seem to be effective in the
relief of pain, and their use is recommended for hormonal treatment in women who do
not respond to other treatments.

GnRH antagonists are still under study, with currently active Phase III RCT. They are
expected to be as effective as GnRH agonists, but with easier administration.

More number of randomized trials should be developed in order to confirm SPRMs’

efficacy and long-term safety. (73)

Nevertheless, surgical therapy has a predominant role, compared to medical therapy,
since it allows the definitive removal of lesions and reduces the risk of relapse.
Moreover it allows the treatment of associated lesions, such as adhesions, that

determines the anatomic alterations that worsen symptoms of pain and infertility.

It is offered when ovarian lesions are of large size or rapidly increasing , when there is a
desire for pregnancy and when painful symptoms do not regress after medical therapy.

Surgical excision of deep endometriosis is mandatory in presence of symptomatic
bowel stenosis, ureteral stenosis with secondary hydronephrosis, and when hormonal

treatments fail.
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Surgical approach can be both laparoscopic and laparotomic. Thanks to laparoscopy, it
is possible to diagnose, stage and treat the disease in one only step, and nowadays

represents the gold standard for treatment.
In severe stages (III and IV), the laparotomic surgery allows an accurate research and

evaluation of the extent of the disease in the abdominal and pelvic organs.
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1.2.2 ENDOMETRIOSIS-ASSOCIATED OVARIAN CARCINOMA

The association between endometriosis and development of ovarian carcinoma has been
long ago postulated. In 1925 Sampson (7) was first to describe the malignant evolution
of endometriosis, proposing the following criteria for diagnosing: 1) coexistence of
carcinoma and endometriosis within the same ovary, 2) a similar histological pattern
and 3) exclusion of a second malignant tumor elsewhere. In 1953 Scott (74) added one

other condition: the presence of benign endometriosis contiguous to the tumor.

Since then, several observations of the coexistence of endometriosis and cancer have
been published. One study concerning endometriosis patients from 1969 to 1986
showed an overall relative cancer risk of 1.2 and relative risks for breast cancer, ovarian

cancer and non-Hodgkin’s lymphoma to be 1.3, 1.9 and 1.8, respectively. (75, 76)

Despite being itself a benign lesion, endometriosis has several features in common with
invasive cancer and it has been shown that endometriosis patients are at a higher risk of
undergoing malignant transformation and of developing epithelial ovarian carcinoma

(EOC), especially when endometriosis is located to the ovaries. (77)

Though this is well established in literature, still there is a lack of understanding of the
exact carcinogenic pathways by which endometriosis associated ovarian carcinoma

(EAOC) develops.

Several pathways have been studied, such as those involved in oxidative stress,

inflammation and hyper-oestrogenism. (78)

Risk factors of developing ovarian cancer for endometriosis patients were identified in:
young age at the time of the diagnosis and duration of the disease. Adenomiosys,
instead, did not seem to be related to an increased risk of ovarian cancer. Hysterectomy

seemed to be a protective factor. (79)

Several efforts have been done to find a possible intermediate lesion that links

endometriosis to cancer. Atypical endometriosis is assumed as the most likely one,
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since almost 60-80% of endometriosis associated ovarian cancer develops in presence
of histologically demonstrated atypical ovarian endometriosis. (80) (81) Endometriosis
is thus suggested to be in fact a premalignant condition. A summary of more recent

cohort studies showed a standardized incidence ratio around 2 (82).

“Endometriosis-associated ovarian carcinoma” (EAOC) defines the following
situations: 1) presence of ovarian cancer associated to endometriosis in the same ovary,
2) presence of cancer in one ovary and endometriosis in second ovary, 3) presence of
ovarian cancer and pelvic endometriosis. Clear cell and endometrioid cancer are most

main types. (83, 84)

Histological and clinical significant differences between EAOC patients and non-
endometriosis-associated ovarian cancer have been demonstrated (85): the former has
endometrioid or clear cell histology, is diagnosed earlier and has a better prognosis than

the latter. (86)

However, the question of endometriosis being a prognostic factor for cancer survival is
not clear. On one hand, some studies found no definitive association between the
presence of endometriosis and survival (87). On the other hand, a large Swedish study
found significantly better survival in women with endometriosis than for all
malignancies combined. In the cases of breast and ovarian cancer, this survival was

even more pronounced (88)

The underlying mechanism is probably related to estrogen stimulation, tissue damage
related to repeated heavy menstruation, which result in molecular pathway changes. But
no marker has been proved, so far, to be suitable for diagnosis and as a target for

treatment.

Therefore, several molecular pathways have been studied in order to recognize the one

responsible for malignant transformation of endometriosis.

Many hypothesize that changes in the expression of tumor suppressor genes and

oncogenes occurring in the eutopic endometrium might lead to overgrowth of
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endometrial foci outside the uterus (89, 90)

Loss of heterozygosity on p16 (Ink4), gut-associated lymphatic tissue (GALT), and p53
occurs are demonstrated in endometriosis. Activation of mutated K-ras gene is another
important step in both genesis and progression of ovarian cancer. Alternation of p53
gene caused aberrant regulation of the H-ras protooncogene (91). Using a murine model
of mutationally activated K-ras gene, it was demonstrated that these animals develop
both endometrial lesions and the ovarian tissue. The following mutation blocking the
expression of PTEN caused ovarian cancer (92). K-ras mutation may promote

carcinogenesis of endometriosis leading to ovarian clear cell carcinoma (93).

Mutations in ARIDIA and PIK3CA were first described in numerous cases of ovarian
clear cell carcinoma, but later also in precursor endometriosis tissues. In addition,
PTEN-PIK3CA-mTOR pathway was strongly implicated by finding PIK3CA mutation
in up to 46% clear cell ovarian cancer (94). PIK3CA mutation is considered to be an
early event in the development of endometriosis-associated ovarian clear cell

adenocarcinoma.

The sequence of events leading from normal eutopic endometrium to endometriosis and

subsequent ovarian cancer still remains hypothetic (95).

Some studies suggested that a histologically normal endometrium may bear genetic
damage caused by iron-dependent oxidative stress (96). Some authors suggested that
suppression of pre-apoptotic gene Bax and/or up-regulation of anti-apoptotic gene Bcl-2

can be involved in endometriosis and malignancies (97).

Genetic instability might lead to both endometriosis and ovarian cancer. It can include
deactivation of some tumor-suppressing genes, changes in activity of enzymes involved
in DNA repairs or mutations in genes such as GALT and GSTM. Similarly, mutations
in tumor suppressive gene PTEN was often found both in endometric and cancer tissues
(98). In addition, c-erbB-2 and p53 genes have been found to associate with
endometriosis-related ovarian cancer (99). The recent study showed that endometriotic

lesions have mutations in cancer-related genes such as PTEN, KRAS, p53, and ARIDIA
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(100, 101).

In addition, inflammatory angiogenesis is implicated both in endometriosis and in
EAOCs. Genetic polymorphisms of several genes have been demonstrated, especially
involving intercellular cell adhesion molecule-1, interleukin (IL)-6 and IL-10
promoters, tumor necrosis factor-alpha, and nuclear transcription factor-xB (102). There
are further studies and tests in literature concerning genetic factors such as loss of
heterozygosity, K-ras, P53, and PTEN mutations or hepatocyte nuclear factor-1p (103).
Genes involved in endometriosis and endometriosis-associated cancer appear to be
those from the 1p36 region (104). The link between the endometriosis-associated
ovarian carcinogenesis and oxidative stress-induced has also been tested (105). Biology
aspects of ovarian cancer in endometriosis are summarized in the study of Mandai et al

(106).

Understanding the mechanisms underlying this complex pathogenesis will help to better
assess the risk of endometriosis to develop in ovarian cancer and to improve the

therapeutic strategy both in endometriosis and in ovarian cancer.
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Figure 9: Proposed development of low-grade endoemtrioid and clear cell carcinoma. Endometrial
tissue, by a process of retrograde menstruation, implants on the ovarian surface to form an endometriotic
cyst from which a low-grade endometrioid or clear cell carcinoma can develop. EMC: low-grade
endometrioid carcinoma of the ovary;, CCC: clear cell carcinoma of the ovary
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1.3 ENDOPLASMIC RETICULUM STRESS

The endoplasmic reticulum (ER) is an organelle responsible for homeostasis of
intracellular calcium, for membrane lipids biosynthesis, folding and transport of
proteins. Protein folding is a mechanism, which is extremely sensitive to cellular
environment alterations. Changes in Ca2 + levels, changes in redox state, increased
protein synthesis, pathogenic and inflammatory stimuli can all alter protein folding.
When cellular environment changes, misfolded proteins accumulate and form
aggregates that are toxic to cells: this condition is defined as “ER stress". The Unfolded
Protein Response (UPR) is the system by which the ER responds to stress and is
activated by the accumulation of misfolded proteins (107). UPR is a

Evolutionary conserved cytoprotective response that allows cells to adapt to ER stress.
The activation of the UPR involves transient attenuation of protein synthesis, increased
protein trafficking through the ER, increased protein folding and transport, activation of
pathways involved in protein degradation (ERAD — ER Associated degradation). If
these adaptive mechanisms are unable to solve the problem, the cells go through
apoptotic pathway.

The activation of this pathway occurs not only in normal cells, but also in cancer cells.
When misfolded proteins accumulate in the ER lumen, two key events are necessary for
activation of UPR: first, these misfolded protein aggregates bind and sequester the
chaperone BIP (immunoglobulin heavy chain binding protein), also known as Grp78
(107). Secondly, the consequent reduced levels of Grp78 is a clear pathway activation
signal that induces the transcription of BIP, as well as other genes coding for
chaperones (107, 108). This response takes place via the activation of three
transmembrane receptors:

* Pancreatic ER kinase (PERK)

* Activating Transcription Factor 6 (ATF6)

* Inositol-Requirng Enzyme 1 (IRE1).
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Figure 10: Graphic representation of molecular pathways
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transcription factor that induce apoptosis ER-stress-mediated, both in vivo and in vitro
(111). CHOP transcription is inhibited in the initial phases of the UPR activation, while
it i1s induced when the stress become chronic. Therefore, under stress conditions, PERK
i1s immediately activated and is function is to try to prevent cell damage and promote
survival. If stress persists, ATF4 induces transcription of CHOP that induces

programmed cell death (112).

1.3.2 ATF6
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1.3.3 IRE1
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block and increase of chaperone synthesis.

In addition, XBP1 overexpression induces many genes involved in the secretory
pathway and determines the expansion of the ER. However IREla activation is
attenuated in case of chronic stress, through a mechanism not fully established (117,
118). In addition to this mechanism, which promotes cell survival, IRE1 can also have a

pro-apoptotic role by JNK74 kinase activation.

1.3.4 GRP78

Under normal conditions, the receptors (PERK, ATF6, IRE1) remain inactive through
binding with the chaperone Glucose Regulated Protein 78 (Grp78). In stress conditions,
Grp78 dissociates from them and determines the activation, inducing UPR. In the first

instance there is the activation of PERK and ATF6 that try to reduce the stress.
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Subsequently, the activation of IRE1 appears to have a crucial role in setting up pro-
apoptotic signals. If the ER stress persists, PERK and IREIl pathways converge,
enhancing their pro-apoptotic effect, mediated by CHOP and JNK60.

1.3.5 HERPUD 2

The process of destruction of misfolded proteins takes place in the cytosol, through the
activation of ER-associated degradation (ERAD), that is responsible for degradation by
the proteasome of misfolded protein of the endoplasmic reticulum (ER), that are there
retro-traslocated. ERAD machinery is strictly associated with UPR: this mechanism of
protein degradation helps cells to adapt to proteotoxic stress in the ER and therefore is
critical for the life and death decision in cells under stress.

The product of gene HERPUD 2, protein Herp2, is implicated in several aspects of the
endoplasmic reticulum stress response, since it is involved both in UPR and in ERAD,
two pathways that are strictly connected one each other.

Herp is regulated by two of the branches of the UPR pathway: PERK mediated and
IRE1/ATF6 mediated (119) as previously seen; Herp is involved in the retrotraslocation
of proteins that takes place during ERAD formation (120). In those cells in which Herp
expression is inhibited, the misfolded proteins are trapped into the ER: this event
induces UPR activation. ER stress increases the production of UPR proteins, but also
chaperonine and Herp expression (121-123).

Herp proteins family is therefore involved either before and after the UPR pathway.
Thus, to test this pathway ,we decided to test the HERP family proteins.

In particular, literature shows that Herp-1 is inducible by ER stress, while Herp-2 is a
constitutive expressed protein.

The gene that encodes for the protein is called HERPUD-2.

Recent computational analysis done in other disease models hypothesised that
HERPUD expression is regulated by long non-coding RNA (IncRNA): in detail this
regulation mechanism could involve the action of a long non-coding RNA, the

XLOC 006043 (124). For this reason this IncRNA has been tested.
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1.3.6 UPR IN CANCER

UPR activation has been found in many human diseases and in mouse models. Cell
death is the physiological consequence of chronic stress of the ER, and is the key of the
pathogenesis of many diseases, including metabolic diseases, inflammation,
neurodegenerative diseases and cancer (107).

In particular, as far as it concerns cancer cells, they are characterized by rapid growth,
that determines the development of an hypoxic microenvironment and the need of
angiogenesis for the insufficient vascularization. Moreover, cancer cells are stimulated
to produce large amount of proteins in a short time, therefore they are very dependent
on the correct function of UPR system. UPR is also important in tumor pathology: it is
indeed necessary for cancer cell growth in a hypoxic environment. The inactivation of
PERK pathway, impairs cell survival in hypoxia (125). PERK also promotes the
proliferation and growth of cancer cells, limiting the DNA damage from oxidative
stress, through ATF4 (126). Thus, the PERK signaling cascade, phosphorylated elF2a,
ATF4 is essential for cancer proliferation.

The activation of UPR in cancer cells is due to intrinsic and extrinsic factors (127). The
hyper-activation of oncogenes (such as HRAS, MYC, BRCA1 and PTEN) and the loss
of tumor suppressor function, increases the synthesis and translocation of proteins in the
endoplasmic reticulum, due to the high metabolic demand during neoplastic
transformation (128-130). Consequently UPR pathway is activated to increase the
protein folding capacity. In addition, the activation of UPR is required to promote the
expansion of the ER for division and transmission to the cells during mitosis (131). In
addition, the hostile environment caused by the rapid proliferation of tumor cells,
determines a strong endoplasmic reticulum stress of cancer cells, which results in
activation of UPR. In solid tumors, there is a hypoxic environment and a lack of
nutrients, such as glucose, due to the rapid growth of the mass and thus poor

vascularization.
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» PERK pathway in carcinogenesis
PERK/phosphorylated elFo/ATF4 pathway plays a key role in cancer cell survival. The
inactivation of PERK, alter the possibility of cell survival hypoxic environment (125).
PERK also promotes cell proliferation by limiting, through ATF4, DNA oxidative
damage. The function of CHOP in oncogenesis is to date unknown, however it is
repeatedly confirmed that the induction of CHOP in response to a prolonged ER stress,
causes pre-malignant cell death, and prevent neoplastic progression (127). CHOP
deletion increases the incidence of malignant lung tumors in mouse models KRAS-

induced, suggesting an oncosuppressive role of CHOP (132).

> ATF6 pathway in carcinogenesis

The main ATF6 target is Grp78/BIP activation, which plays an important role in protein
folding and assembly, in regulating Ca2 + levels in the ER and controlling the
activation of transmembrane sensors of stress (127). It has been shown that Grp78/BIP
activation in cancer cells protects them from apoptosis and from immune response
(133). By contrast Grp78/BIP suppression inhibits tumor cell growth, metastases
progression and development, both in vivo and in vitro (134, 135). Furthermore
Grp78/BIP may be considered a marker of cell malignancy: in normal conditions is
localized exclusively in ER, while in malignant cells, where it is hyper-expressed, can
also be detected on the cell surface. In various tumor sites, such as lung, bladder,
stomach and breast, overexpression of Grp78/BIP confers resistance to
chemotherapeutic agents, as well as its suppression sensitizes cancer cells to

pharmacological treatment (136).

> IRE1a pathway in carcinogenesis

IREla - XBP1 pathway is also important for cell survival and tumor growth in hypoxic
environment, because it induces the transcription of proangiogenic factors, such as
vascular and endothelial growth factors (127). In a glioma mouse model, IREla
inhibition reduces of tumor growth, angiogenesis and blood perfusion (138). XBPI

deletion reduces the tumor formation, and increase cell sensitivity to hypoxia (139). On
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the other hand, there are studies that demonstrate an oncosuppressive role of
IREo/XBP1 pathway: in many human tumors was found IRE1a mutations (140), some
of which result in a loss of kinase and endoribonucleasic function (141). In addition, the

loss of XBP1 function promotes oncogenesis (142).

» GRP78 in carcinogenesis
In several tumors, a higher expression of GRP78 has been shown, such as hepatocellular
carcinoma, gliomas, prostate and gastric cancer. (143-145, 135)
It allows tumor progression (146) (147), and determines therapy resistance (148).
Since it is expressed in the cellular surface, it can suitably been considered as a target
for cancer therapy, offering the possibility to use specific antibodies, as it has been

studied in some tumor models. (149) (150)
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2. MATERIALS AND METHODS

2.1 STUDY DESIGN

The study was performed using different histological samples: endometrioid carcinoma
of the ovary, healthy ovary, endometriosis cysts, eutopic endometrium from
endometriosis patients and healthy endometrium. The ovarian tissues derived from
histological samples prepared for diagnostic purposes: the study analyzed the
endometrioid carcinoma of the ovary as well as the healthy contralateral ovary from the
same patient as control. Two kinds of samples were collected from patients with
endometriosis: one from the eutopic endometrial tissue and the other from ectopic
endometrial tissue, also called the endometriosis cysts. The control group consists of
endometrial samples of patients subjected to hysteroscopy for diagnostic investigations
related to other pathologies (polyps, fibroids).
From all the samples RNA was extracted and cDNA synthesis was performed by
reverse transcription. cDNA was used for quantitative gene expression assays, made by
Real Time PCR, analyzing genes belonging to the UPR pathway:

* ATF6 (Activating Transcription Factor 6)
GRP78 (Glucose Regulated Protein 78)
* CHOP (DNA damage-inducible transcript 3)
* XBPIs (spliced X-box binding protein 1)
* HERPUDI (Homocysteine Inducible ER Protein With Ubiquitin Like Domain

1)
* HERPUD 2 (HERPUD family member 2)

2.2 SUBJECT RECRUITMENT CRITERIA AND COLLECTION OF SAMPLES
Subjects participating at the study were recruited at the Obstetrics and Gynaecology

Department of the Polytechnic University of Marche, Maternal and Child Hospital

Salesi (Ancona).
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Samples were divided into three groups: endometriosis patients (n = 6), healthy patients
(n = 6) patients with ovarian endometrioid carcinoma (n = 6).

For each group inclusion, exclusion criteria and sampling method were summarised in

Table 3.

Endometriosis
patients

Healthy Patients
(endometrial tissue)

Patients with
endometrioid
carcinoma of the ovary

Patients undergoing
laparoscopic surgery for
endometrial cysts removal

Patients in childbearing age
undergoing laparoscopy (for
infertility or ovarian cysts

Patients undergoing surgical
removal of bilateral ovarian
with histological diagnosis of

Inclusion  with moderate/severe different from unilateral endometrioid
criteria endometriosis diagnosis. endometriosis), where the carcinoma of the ovary .
Non pregnancy at the presence of endometriosis is  Not pregnancy at the time of
time of surgery ruled out by laparoscopic surgery
inspection and histology
Hormonal therapy within Menopause Tumor presence in the
3 months before surgery Taking medications contralateral ovary.
Taking medications Patients suffering from
Patients suffering from hypertension , diabetes
hypertension, diabetes mellitus, kidney disease ,
Exclusion melli?us, .kidney disease, protei.nuria s car.diovascul.ar,
.. proteinuria, hepatic, endocrine (thyroid ,
criteria cardiovascular, hepatic, PRL , PCOS) and metabolic
endocrine (thyroid, PRL, disorders.
PCOS) and metabolic Presence of infection
disorders Diagnosis of adenomyosis
Advanced age has been through sonografy
Smoking and alcohol ruled out
Collection of a cysts Collection of scrap of Histological preparations
portion after laparoscopic ~ endometrial tissue after from patients with
removal, after pelvis resectoscopic hysteroscopy  endometroid ovarian
peritoneal surfaces or after biopsy using Novak  carcinoma were selected and
inspection to check the cannula. Endometrial tissue  provided by the Section of
presence of any peritoneal  sample has been taken in Anatomic Pathology
implants. Tissue stored at  the proliferative phase. (Department of Biomedical
-80°C. Tissue stocked in nitrogen Sciences and Public Health)
Collection of scrap of and immediately stored at -  of the Polytechnic University
Sampling endometrial. tissue after 80° C. of Mar.che (Apcona). 8-10 10
resectoscopic UM thick sections from
method hysteroscopy or after paraffin-embedded tissue,
biopsy using Novak prepared for diagnostic

cannula. Tissue stocked in
nitrogen and immediately
stored at -80° C.

purposes were used for the
study.

From each patient it was
collected two types of tissue:
samples from endometrioid
carcinoma of the ovary and
healthy contralateral ovarian
tissue.

Table 3: Inclusion, exclusion criteria and sampling method used for each sample group
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2.3 ENDOMETRIAL FROZEN SAMPLE PREPARATION

Total RNA extraction

Purification of total RNA from cells was performed in the endometrial tissue (<30mg)
using SV Total RNA Isolation System kit (Promega), using diethyl pyrocarbonate
(DEPC) treated equipment.

In order to isolate RNA, 4 steps are essentials: tissue lysis, nucleoprotein complexes
denaturation, endogene ribonucleasis inactivation (RNAse) and DNA and protein
contaminants removal.

The SV Total RNA Isolation System combine the disruptive and protective properties
of guanidine thiocynate (GTC) and B-mercaptoethanol to inactivate the ribonuclease
present in cell extracts. GTC, in association with SDS, acts to disrupt nucleoprotein
complexes, allowing the RNA to be released into solution and isolated free of protein.
Dilution of cell extracts in the presence of high concentrations of GTC cause selective
precipitation of cellular proteins to occur, while RNA remains in solution. RNA is then
bound to the silica surface of the glass fibers found in the Spin Basket. DNAse
treatment digest contaminating genomic DNA. The total RNA is finally eluted with
nuclease-free water.

Quantity and purity of the total RNA obtained from the purification was tested reading
the absorbance at 260 nm and 260/230 and 260/280 ratio, using Nanodrop instrument.
We can summarize the protocol as it follows: the tissue, 30 mg, is lysed, adding to the
sample 175 ul RNA lysis buffer and 350 pl di RNA dilution Buffer, and incubated at
70°C for 30 minutes. It is centrifuged for 10 minutes at 12.000-14.000 xg. In order to
wash the product of lysis, 200 pl of ethanol 95% are added and are transferred in spin
column assembly. One other centrifuge at 12.000-14.000 xg for 1 minute is done. Then,
the liquid is eliminated from the spin basket and 600 pul of RNA wash solution are
added, with another centrifuge at 12.000-14.000 xg for 1 minute. 50 ul of DNAse
buffer, composed by 40ul yellow core buffer, Sul 0.09M MnCl2 and 5Sul di DNase I
enzyme, are added to the membrane of the spin basket and they are incubated for 15

minutes at 20-25°C. 200 ul of DNase Stop Solution are added and centrifuged at
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12.000-14.000 xg for 1 minute. 600 pl of RNA Wash solution (with ethanol) are added
and centrifuged at 12.000-14.000 xg for 1 minute. This is repeated once again, adding
250 ul RNA Wash solution (with ethanol), and centrifuged at 12.000-14.000 xg for 1
minute. Finally, 100 pl Water of Nuclease-Free, are added to every column ad
centrifuged at 12.000-14.000 xg for 1 minute. The flowthrough, that contains purified
RNA, is taken. RNA is conserved at -70°C.

In every phase of RNA purification protocol, test tubes and pipette tips were used after
treatment with dietil-pirocarbonate (DEPC). This treatment is necessary for RNAse

inactivation.

Hamogenize samples (tmsues,
cultured cells or white blood cells)
in ANA Lysis Buffer (RLA).

Transfer to fresh tube and add RNA
Ditwtion Buffer (ROA); mix and centrifuge,

Transfer to fresh ube;
add 95% Etxanol and mix

Transfer 10 Spin Colwmn.

R

Place Spin
In Collection Tube.

Spin
Centrifuge for one minute

Wash with RNA
Wash Solution (RWA)

DiNase Treatment

Add DMase

Stap Solutlen (DSA)
Centrifuge for one minute

13

Wash 2X with
RNA Wash Solutlon (RWA)

Elute RNA into
Eltion Tube.

C&ﬂ)
1
|
i

Total time: 80-70 minsaes

Figure 16: Schematic representation of SV Total RNA isolation system
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C-DNA Synthesis

Retro-transcription is the mechanism through which ¢cDNA is produced from RNA.
This reaction is made using reverse transcriptase, an enzyme that is able to generate
complementary DNA (cDNA) from an RNA template. DNA polimerases allow the
progress of polymerase reaction of a polinucleotidic chain, complementary to a single
DNA strand, used as a template. The enzyme -catalyzes the formation of a
phosphodiester bond between 3’OH group of deoxyribose of the last nucleotide to the
phosphate at 5° = 3’. For the reverse transcription reaction, several kinds of primer can
be used: oligo(dT) primers, random primers or gene-specific primers. In this case,
random primers were used. These primers are not selective and pair to every RNA
molecule present, included the ones that do not contain poly(A) tail, and can be used for
long inverse transcripts.

RNA was quantified and retro-transcribed to c-DNA using ImProm-II ™ Reverse
Transcription System kit (Promega) using 2 pg RNA and random hexamers primes
(P(n)6 (Promega). The optimized reaction buffer and the reverse transcriptase provided
in the kit enable cDNA synthesis Volumes of the reaction used is 20ul. The
heteroduplex cDNA/RNA formed was then directly amplified by PCR. Briefly 2ul of
random primers were added to the 2ug of total RNA purified as a total volume of 12,2
ul of solution. The samples were then heated at 70°C for 5 min and then let cool on ice
for another 5 min. Then the reaction mix with 5 ul M-MLV 5X BUFFER, 1 ul M- MLV
RT (stock 200 units/uL), 0,6 pl Recombinant RNasin Ribonuclease Inhibitor (stock 40
units/pul), 1,25 10 mM dNTP Mix and water nuclease-free was added to the samples
and incubated 1 hour at 37°C. The c-DNA obtained was stored at -20°C for further

analysis.

2.4 PARAFFIN EMBEDDED OVARIAN TISSUE SAMPLES
PREPARATION

Total RNA extraction

a7



Total RNA from paraffin embedded ovarian tissues is isolated using the specific kit
PureLink ™ FFPE Total RNA Isolation Kit (Life Technologies) that specifically purifies
RNA from paraffin-embedded tissues without the use of chemical solvents for
deparaffinization. Paraffin is removed from tissue sections through heat and a specific
dissolution buffer (melting buffer). This method uses heat instead of organic solvents
for deparaffinization and preserves RNA from degradation, improving the quality of
RNA for the retrotranscription. Tissue is then separated from melted paraffin through
centrifugation and digested with proteinase K. Tissue is this way lysed and the
extrapolated RNA selectively binds to a membrane, composed by silica fibers inside the
columns, spin cartridge. Impurities are removed through a series of washes with wash
buffer. Total RNA that is obtained is separated from columns and suspended again in
RNA-free water.

The protocol can briefly be summarized as follows: 6-8 sections of 10 um thickness
embedded tissue are deparaffinized, adding to the test tube 300 ul melting buffer and
incubated at 72°C. The tissue is lysed, adding 20 pl proteinase K and incubated at 60°C
for 2 hours. It is centrifuged for 1 minute at 12.000-14.000 xg and the lysed tissue is
taken. To the lysate, 400 pl of binding buffer and 800 pl of ethanol 100% are added.
The solution is transferred to a spin cartridge and is centrifuged at 800 xg for 1 minute.
Contaminants are removed through 3 washing cycles with 500 pl of wash buffer.
Purified RNA is separated from the columns, adding 50 pl of RNA-free water at 65°C,
and incubated for 1 minute, centrifuging the spin cartridge at 12.000-14.000 xg for 1
minute. Purified RNA is quantified and used for retrotranscription and c-DNA

synthesis.
In every phase of RNA purification protocol, test tubes and pipette tips were used after

treatment with dietil-pirocarbonate (DEPC). This treatment is necessary for RNAse

inactivation.
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Figure 17: Schematic representation of Purelink FFPE total RNA isolation kit system
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C-DNA Synthesis

Total RNA was quantified and purity of the preparation was tested using Nanodrop.
Reverse transcription (RT) to cDNA was performed using Advanced iScript cDNA
synthesis kit for RT- gPCR (Biorad ). This specific kit for real time PCR amplification
has got a wider activity range than traditional retrotrascription kits. Initial RNA
concentration can thus be lower than in classic retrotrascription Kkits.

The reaction of reverse transcription is carried out by preparing a reaction mixture
containing ~ 1 pug of RNA, 4 ul of 5x iScript advanced reaction mix and 1 pl of iScript
advanced reverse trascriptase and nuclease-free water, in order to obtaine a 20 ul
maximum volume. The reaction is run in a thermocycler, using the following protocol:
30 minutes at 42°C for retrotrascription and 5 minutes at 85°C for retrotrascriptase

inactivrion. cDNA obtained can be conserved at -20°C.

Pre-amplification of paraffin embedded ovarian samples

As the RNA obtained from paraffin embedded samples is typically very fragmented, the
amplification reaction by real time PCR has generally a low efficiency. To avoid that,
cDNA was pre-amplified using SSO advanced Preamp Supermix (Bio-Rad) in
conjunction with a pool of primers of target genes.

This mix contains everything that is necessary for the pre-amplification: hot-start DNA
polymerase, dNTPs and salts. Final reaction has a total volume of 50 ul and contains 5
ul of retrotrascription product, 25 pl of supermix, 5 pl of a pool of target genes primers
at a final concentration of 2.5 uM and 15 pl of nuclease-free water. The reaction is
made as follows: 3 minutes at 95°C for polymerase activation and DNA denaturation,
15 seconds at 95°C for denaturation, 4 minutes at 58°C for annealing and extension.
The two last steps are repeated for 10 cycles. The reaction products obtained are used

for next analyses.
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2.5 PCR ANALYSIS OF SYNTHESIZED cDNA

PCR (Polymerase Chain Reaction) is a DNA amplification, that allows producing a big
amount of specific DNA copies. DNA polymerase is the enzyme that is used for this
purpose, being Taq polymerase the most used one. This enzyme uses one single strand
DNA as a template, in order to synthesize the new complementary strand. Single strand
DNA template are produced after denaturation of the double helix, using high
temperature. In order to begin the synthesis, DNA polymerase needs one primer, that,
pairing with the single strand, produces a double strand area.

Amplification reaction takes place inside a thermocycler, that is programmed in order to
change the different temperatures, as required, in different phases of the cycle. Number
of cycles depends on target DNA concentration and, in every cycle, the number of
amplified DNA copies doubles.

The amplification reaction uses the following reagents: 5 pl Buffer, 0.5uIDNA(~60ng),
2 wl Foward primer, 2 pl Reverse primer, 0.5 pl Taq (My tag DNA polymerase mix) and
12 ul H20.

After mixing these elements with the DNA that we want to amplify, eppendorfs are
situated inside the thermocycler. Amplification reaction is divided in several cycles:
first, denaturation phase of 2 minutes at 94°C in order to separate DNA in its two single
strands; then 25 cycles with a denaturation phase at 94°C for one minute, an annealing
phase at 60°C for one minute, where DNA primers pair themselves and and extension
phase at 72°C for two minutes, when DNA polymerase links to DNA, where the
primers are situated, and synthesize the corresponding strand of each primer. The
reaction ends with a final extension phase at 72°C for five minutes.

In order to visualize the amplified DNA, agarose gel electrophoresis is performed.
Electrophoresis is the motion of dispersed particles relative to a fluid under the
influence of a spatially uniform electric field and it separates charged molecules,
because of their different charge. Agarose gel is a gel made of agarose, a polysaccharide
coming from a seaweed. In order to prepare it: Agarose 2% is dissolved, making it
boiling, ina TBE 5X tampon, diluted in water. Once the solution is dissolved and is

limpid, Ethidium Bromide is added, this is a chemical that intercalates DNA and makes
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it visible under UV light. It is poured in a plastic bowl, and as soon as it is solid, the
bowl is immersed in the electrophoretic field and covered by the tampon. Samples are

placed in the field and electrophoresis begins.

2.6 GENE EXPRESSION ANALYSIS BY REAL TIME PCR

Real-time Polymerase Chain Reaction (PCR) is a technique that allows the
simultaneous amplification and quantification of DNA template, monitoring the
progress of the PCR as it occurs, in real time, and not at its end, as in conventional PCR.
It analyzes the fluorescent intensity that is spread from the amplification product, during
DNA polymerase. During amplification, the fluorophores situated inside the samples
emit a specific fluorescence, that is detected by a CCD camera, which acquires the
emission spectrum of every sample, converting the fluorescence variation in a real-time
representation of the amplification.

DNA quantity of each sample is calculated determining the threshold cycle (CT). In
real-time PCR reactions the threshold cycle (Ct) is the crucial point to analyse: this is
the first PCR cycle where amplification of a target gene is first detected by fluorescence
emission. The higher is the amount of ¢c-DNA in the reaction, the sooner it will be
possible to see an increase in fluorescence. Quantitative qPCR has been performed
using SYBRr green technology. The SYBR Green is a fluorescent molecule that binds to
the minor groove of the double DNA helix, emitting fluorescence. At the beginning of
amplification cycle, the fluorescence signal is very low, since the DNA is denaturated
and SYBR Green molecules are free. In elongation phase, the fluorescence increases,
this corresponds with an increase of copy number of double-stranded amplicon. The
reaction curve is represented by a sigmoid curve where the fluorescence intensity is
expressed as a function of the number of cycles.

The analysis was made using SsoAdvanced™ SYBR® Green supermix (Bio-Rad), in a
CFX96 thermo cycler (Bio-Rad). The reaction conditions are summarised below:

. 95°C for 30 seconds

. 40 cycles with:
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. 95°C for 30 seconds

. 60°C for 30 seconds.

gPCR has been run in the thermo cycler CFX96 (Bio-Rad). Melting curves were
analysed after the reaction to assess the specificity of the amplification products. The

relative expression of the different gene transcripts is calculated using the AACt method

AACt for statistical

and converted as ratio of relative expression using the formula 2
analysis. All data are normalized according to the expression of the endogenous

reference gene, 3-phosfate dehydrogenase glyceraldehyde (GADPH).

Moreover, data coming from healthy endometrial tissue, eutopic and ectopic
endometrium from endometriosis patients, endometriotic cyst and ovarian carcinoma

are normalized with healthy ovarian tissue control data.

Primers used for the study were designed using Primer 3 software. Primer sequences are
listed below:

ATF6 fw: TTCCTCCACCTCCTTGTCAG; rv: ACCCATCCTCGAAGTTCATGA
CHOP fw: TGTTAAAGATGAGCGGGTGG; rev: TGCTTTCAGGTGTGGTGATG
GRP78 fw: TGCCTACCAAGAAGTCTCAGA; rv: ACGAGGAGCAGGAGGAATTC
XBP-1 fw: CTGAGTCCGCAGCAGGTG; rev: CCAAGTTGTCCAGAATGCCC
HERPUD-1 fw: ATGTACCTGCATCACGTTGG:; rev:
TGGGGTCCTGATTTACAACGT

HERPUD-2 fw: GCTGCTTCTTGAACTGGACC; rv:
AGTCTGCCCGAATACACCAA
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2.7 STATISTICAL ANALYSIS

Statistical analysis was performed, using the software Graphpad Prism 5 and a t - test,

testing the statistical differences, between data means from healthy patients (CTRL) and

groups of patients with endometriosis (Ectopic and Eutopic) and patient with

endometrioid carcinoma of the ovary (CA).

The results are expressed as fold change of expression mean =+ standard deviation in the

pathological tissues compared to control tissue (CTRL), setting 1 as a reference value of

the control.

The degree of significance is defined by the value of the resulting p: the data are

significantly different if the value of p < 0.05; the degree of significance increases with

decreasing value of p.

P values are significant at p < 0.05 = *, p < 0.01 = ** p < 0.001 = *** p < 0.0001 =

koK skok

ENDOMETRIO ENDOMETRIOSI | EUTOPICO | OVAIO SANO | CARCINOMA
SANO OVAIO
mean 4,94 5,14 4,56 7,47 5,34
median 4,355 4,963 4,237 7,75 6,01
ST DEV 0,62 1,02 0,63 2,35 2,01
mean 6,49 5,92 6,03 5,52 7,25
median 5,983 5,845 5,896 5,68 7,29
ST DEV 0,86 1,05 0,62 1,07 1,64
mean 1,50 2,15 1,67 6,02 5,10
median 1,098 2,467 1,987 5,85 5,06
ST DEV 0,38 0,74 0,41 1,32 1,16
mean 5,39 6,33 5,10 8,39 9,41
median 5,43 6,569 5,32 7,86 9,27
ST DEV 1,8 0,75 0,81 0,95 0,82

Table 4: Summary of results
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3. RESULTS AND DISCUSSION

The analysis of the results is divided into two principal parts: in the first one, we
analyze the expression of UPR pathway genes in the endometrioid ovarian carcinoma.
In the second part, we compare it to the genetic activation profile of healthy

endometrial, eutopic and ectopic, tissue in endometriosis patients.

3.1 GENE EXPRESSION ANALYSIS OF UPR GENES IN
ENDOMETRIOID CARCINOMA OF THE OVARY
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Graphic 1: Expression of the UPR genes in healthy ovarian tissue (CTRL) and in ovarian endometrioid
carcinoma (CA). The results are expressed as fold change of expression mean + standard deviation in the
pathological tissues compared to control tissue (CTRL), setting 1 as a reference value of the control. The
degree of significance is defined by the value of the resulting p: the data are significantly different if the
value of p < 0.05; the degree of significance increases with decreasing value of p. p values are significant
atp <0.05=% p<0.01 =** p<0.001 =*** p <(0.0001 = ****
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The results summarized in Graphic 1 show the expression profiles of UPR genes
analyzed in two different types of tissue, healthy ovary (CTRL) and ovarian carcinoma
(CA).
In detail, in endometrioid ovarian carcinoma, compared to healthy tissue, there is:

* anincreased expression of GRP78 and ATF6

* marked reduction of CHOP and XBP1s expression.
That means that we found an altered expression profile of UPR genes in endometrioid
carcinoma of the ovary, compared with healthy controlateral ovary. The simultaneous

increase of GRP78 and ATF6 in cancer samples is in line with literature.

» Indeed, GRP78 represents the main target of ATF6 activation and plays an
important role in protein folding and assembly, in the regulation of ER Ca2 +
levels, and finally in the control of stress transmembrane sensors activation
(139) Several studies indicate that, among the different over expressed proteins
following UPR activation, GRP78 plays a crucial role in tumor proliferation,
survival, metastasis and resistance to a wide variety of therapies (136), and its
induction in tumor cells protects them from apoptosis and from the organism

immune response. (151, 152) (133)

» The reduction of CHOP represents also an important data: although its function
in oncogenesis has not been clearly established yet, many studies show that
CHOP induction in response to a prolonged ER stress, causes apoptosis of pre-
malignant cells, thus preventing the tumor progression. In KRAS-induced
mouse models, CHOP deletion increases the incidence of malignant lung
tumors, suggesting its oncosuppressive role (132) Therefore reduced CHOP
expression, observed in endometrioid ovarian carcinoma, is reasonable, as the
reduction of apoptosis is a prerequisite for the malignant transformation and

tumor progression.

» The role of XBP1s in neoplastic transformation has not been fully elucidated yet

and literature is controversial. Some studies highlight the importance of the
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IRE1/XBP1 axis for cell survival and growth in hypoxic environment (153).
Fujimoto et al. demonstrate that XBP1 depletion reduces tumor formation,
increasing the sensitivity of cells to hypoxia; however, in this work, increase of
XBP1s expression was not found in all colorectal adenocarcinoma samples
analyzed (139). On the other hand, other studies show a oncosuppressive role of
IREa-XBP1 axis: it was detected in many human tumor types, mutations of
IREla, some of which result in a loss of kinase and/or endo-ribonucleasic
activity (141). These mutations may be responsible for XBP1 splicing inhibition
and consequently a reduction of XBPls. Moreover, in a mouse model of
intestinal cancer, shows that the loss of XBP1 function promotes tumorigenesis
(142). In addition, a recent study on cervical cancer shows that strengthening
IRE1a/XBP1 pathway through a molecule called RITA [reactivation of p53 and
Induction of Tumor cell Apoptosis] increases the rate of apoptosis, giving the
tumor a greater response to radiotherapy (154). Thus the XBP1s decreasing,
detected in endometrioid cancer samples, compared to healthy ovary samples, is

in line with a big part of the literature.

3.2 COMPARISON OF UPR GENE EXPRESSION AMONG
ENDOMETRIOID OVARIAN CARCINOMA, ENDOMETRIOSIC CYST
AND ENDOMETRIAL TISSUE FROM ENDOMETRIOSIS PATIENTS
AND HEALTHY WOMEN

The aim of this second part of the study is to verify UPR expression profile in healthy
endometrial tissues, in eutopic endometrial tissue of endometriosis patients and in
endometrial cysts, comparing them with healthy and neoplastic ovarian tissue, in order
to analyze any differences in term of expression of UPR genes.

The rationale of this study comes from data demonstrating the importance of UPR in
oncogenesis. Hence this analysis may contribute to a better definition of a pathogenic

correlation between endometriosis and endometrioid carcinoma of the ovary. The
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possible activation of genes related to UPR pathway may have a role in neoplastic

transformation process from endometriosis.

a) First of all, we compared UPR pathway genes expression in healthy ovarian

tissue (CTRL) and healthy endometrial tissue (ENDOM-CTRL).
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Graphic 2: Expression of the UPR genes in healthy ovarian tissue (CTRL), healthy endometrium
(ENDOM-CTRL), and eutopic endometrium of patients with endometriosis (EUTOPIC). The results are
expressed as fold change of expression mean =+ standard deviation in the pathological tissues compared to
control tissue (CTRL), setting 1 as a reference value of the control. The degree of significance is defined
by the value of the resulting p: the data are significantly different if the value of p < 0.05; the degree of
significance increases with decreasing value of p. p values are significant at p < 0.05=*, p <0.01 =**,p
<0.001 = *** p <0.0001 = ****

The comparison between healthy ovarian tissue and healthy endometrial tissue
groups shows that, except form CHOP, all the other analyzed genes (ATF6,
GRP78, XBP1) have a higher degree of expression in endometrial tissues
compared to the ovarian tissues (Graphic 2). These data suggest a greater basal
UPR activation in endometrial tissue compared to the ovarian tissue.

A so different expression profile between healthy endometrial tissues and

ovarian tissues may be due to an innate diversity of the analyzed tissues, but also
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to the difference in age of the patients recruited for this study. The endometrial
samples collected were taken in women of childbearing age, therefore constantly
subjected to hormonal stimulation by estrogen and progesterone. Hormones,
according to the phase of the menstrual cycle, cause proliferation and later
maturation of endometrial cells in a secretory way. It is therefore well known
that UPR is constitutively active in cells with secretory functions, such as
endometrial cells. For example, XBP1 overexpression induces several genes
involved in the secretory pathway and in the endoplasmic reticulum expansion
(155). Moreover XBP1 is a transcription factor regulated by estrogen (E2):
literature shows that its transcription is stimulated by activation of the estrogen
receptor ERa, in endometrial carcinoma and breast carcinoma estrogen receptor-
positive models (156).

Instead the ovarian tissue analyzed comes from menopausal women, with mean
age 65 years. At this age, the ovaries are not affected anymore by hormonal
stimuli and are usually in a quiescent functional phase, always showing a certain

degree of atrophy.

We next compared the healthy ovarian tissue (CTRL) with endometrium of
endometriosis patients (EUTOPIC). The graphic (Graphic 2) shows that:
* ATF6, GRP78 and XBPIls expression is markedly increased in both
endometrial tissues (healthy and eutopic from endometriosis patients),
compared to ovarian healthy control.
* On the other hand CHOP expression tends to shrink in healthy
endometrium, compared to healthy ovary.
From this analysis, there are no substantial differences in the expression of UPR
genes, between healthy endometrium and endometriosis patients eutopic
endometrium.
The rationale behind the comparison of healthy tissues with the eutopic
endometrium of endometriosis patients comes from few evidences that
demonstrated alterations in this tissue. This may suggest that it behaves

differently from a healthy patient endometrial tissue.
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At a molecular level there is an abnormal expression of certain genes: the most
affected systems are: aromatases, endometrial bleeding-associated factors,
hepatocyte growth factor, 17-beta- hydroxysteroid dehydrogenase, Hoxha-10
and Hoxha-11, integrin, leukemia inhibitory factor, metalloproteinases and
progesterone receptors (REF). In addition, microsatellite analysis highlights in
endometriosis a loss of heterozygosity in p16, GALT and p5350 (REF). The p53
mutations leads to proto-oncogene H-RASS51 instability (REF). From this
analysis, there are no substantial differences in the expression of UPR genes,
between healthy endometrial tissue and eutopic endometrial tissue of

endometriosis patients.

The next step of the analysis was the comparison between healthy ovarian tissue
(CTRL), healthy endometrium (ENDOM-CTRL), endometriosic cyst
(ENDOMETRIOSIS) and endometrioid ovarian carcinoma (CA).
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Graphic 3: Expression of the UPR genes in healthy ovarian tissue (CTRL), healthy endometrium
(ENDOM-CTRL), endometriosis (ENDOMETRIOSIS) and endometrioid ovarian carcinaoma (CA). The
results are expressed as fold change of expression mean =+ standard deviation in the pathological tissues
compared to control tissue (CTRL), setting 1 as a reference value of the control. The degree of
significance is defined by the value of the resulting p: the data are significantly different if the value of p
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< 0.05; the degree of significance increases with decreasing value of p. p values are significant at p < 0.05
=* p<0.01 =** p<0.001 =*** p <0.0001 = ****

The graphic (Graphic 3) shows:

a marked and simultaneous increased expression of ATF6 in healthy
endometrium, endometriosic cyst and endometrioid ovarian carcinoma,
if compared to healthy ovarian tissue;

in addition there is an increased expression of GRP78 in all endometrial
tissues and ovarian cancer (ENDOM-CTRL, ENDOMETRIOSIS, CA),
compared with CTRL;

on the other hand there is a reduction of CHOP, which is not statistically
significant in endometrial tissues (ENDOM-CTRL,
ENDOMETRIOSIS), while it is significant in CA, compared with
CTRL;

XBP1s has a high expression in endometrial tissues (ENDOM-CTRL,
ENDOMETRIOSIS) and a marked reduction in CA, compared to
CTRL.

» Interestingly ATF6 expression in ovarian cancer is quite comparable to the

healthy endometrium and endometriosis tissues. From this data, we can

speculate that there is a resemblance between endometrioid ovarian carcinoma

and endometrial tissue, supporting the hypothesis that endometrioid ovarian

carcinoma originates from the endometrium distributed in the pelvic area.

However ATF6 does not increase enough in carcinoma compared to endometrial

tissues, so it is not possible to define it as a marker of neoplastic transformation.

In a similar manner to ATF6, GRP78 expression increases in all tissues from

endometrial origin, although in a less linear way.

» Conversely, CHOP expression tends to decrease in endometrial tissues and is

further reduced in ovarian cancer. This is in line with the pro-apoptotic role
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CHOP, demonstrated in different tumor models, and discussed in detail
previously.

However when comparing endometriosis and healthy endometrial tissue, it is
possible to show a slight increase in CHOP expression, which might suggest an
increased rate of apoptosis, something opposite to what occurs in endometriosis
disease, characterized by an hyperproliferation of cells. From this evidence, it is
important to remind that CHOP mRNA half-life is short, and it is therefore
necessary to promote cell death, an increase of CHOP by far more high level

than what found here (157)

As previously described, XBP1s is widely expressed in the healthy endometrial
tissue; instead it is reduced in endometrioid ovarian carcinoma. Analyzing its
expression in endometriosis, it’s possible to highlight that, despite being
significantly higher than in the healthy ovary, it is reduced compared to the
healthy endometrium.

It is well known that, when endoplasmic reticulum stress occurs, IREI is
activated and determines the splicing of XBP1: this leads to the formation of the
active form XBPls, the form analyzed here. However, under chronic stress
conditions, IREa-XBP1 signal tents to attenuate (117) (118), through a not
clearly yet established mechanism, but that could possibly involve
dephosphorylation, ubiquitinilation and degradation mechanisms (158). In case
that signal does not weaken, the prolonged activation of IREla results in
apoptosis. In addition, Niederreiter et al (2013), demonstrated how a XBP1 gene
ipomorfism confers an increased genetic risk of developing inflammatory bowel
disease and adenomatous polyposis of the colon, thus leading to cacerogenesis.
This study unexpectedly defines XBP1 as an oncosuppressor (142). In the same
study, in murine XBP1 knockout mice model, it was demonstrated an increasing
of IL-6 and IL-11 expression, that promotes tumor transformation via STAT-3
(151). On the other hand, it was previously described a progressive IL-6
expression increasing in endometriosis and endometrioid carcinoma that

correlates with the progression of the disease (159). Moreover, there are
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evidences that IL-11 regulates cell proliferation, adhesion and migration in
endometrial carcinoma via STAT-3 (160).

Our study shows a gradual reduction of XBP1 expression in endometriosis,
characterized by intense inflammation, and endometrioid ovarian carcinoma,
thus strengthening the hypothesis of XBP1 as a marker of neoplastic
transformation. Conclusively XBP1s has a high basic expression in healthy
endometrium, being a secretive tissue, then gradually decreases in endometriosis
and to a higher degree, in ovarian carcinoma. It is therefore important to further
investigate its potential oncosuppressive role, considering that its reduction has

been previously shown in other tumor models.

We next considered the possible pathway of UPR control upstream and we
decided to test the genes HERPUD1 and HERPUD2 (Homocysteine - inducible,
Endoplasmic Reticulum stress - inducible, Ubiquitin-like Domain member 1 and
member 2 respectively). Herp has been suggested to improve ER-folding,
decrease ER protein load, and participate in ER-associated degradation (ERAD)
of proteins (161)
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Graphic 4: Expression of HERPUDI and HERPUD2 in healthy ovarian tissue (CTRL), healthy
endometrium (ENDOM-CTRL), endometriosis (ENDOMETRIOSIS) and endometrioid ovarian
carcinaoma (CA). The results are expressed as fold change of expression mean + standard deviation in
the pathological tissues compared to control tissue (CTRL), setting 1 as a reference value of the control.
The degree of significance is defined by the value of the resulting p: the data are significantly different if
the value of p < 0.05; the degree of significance increases with decreasing value of p. p values are
significant at p < 0.05=*, p <0.01 = **, p <0.001 = *** p <0.0001 = ****,
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Our results show a higher expression of HERPUD2 in healthy endometrium and
in endometrium from endometriosis patients, if compared to healthy ovary. This
can be read as an intrinsic characteristic of endometrial tissue, characterized by
proliferation and need of protein degradation in its secretive status. Conversely,
we could not demonstrate any significant difference in its expression in
endometrioid ovarian carcinoma, which means that it is does not have a role as a
tumoral transformation factor.

As far as it concerns Herpud 1, we could not see any difference in its expression

in the different tissues that we analyzed.
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4. CONCLUSIONS

In summary, the results of this study show some relevant data.

This is the first study to analyze the UPR pathway in the endometrioid ovarian
carcinoma.

We started analyzing the different expression of UPR pathway in endometrioid ovarian
carcinoma compared to healthy ovary and we demonstrated an altered UPR gene
expression in patients affected by endometrioid ovarian carcinoma, compared to healthy
ovary.

In particular, of great interest is the higher expression of ATF6 and GRP78 in the
ovarian carcinoma, as it is confirmed in several studies in literature, which show the
hyper-expression of these two genes in tumors (162, 163)

As a second step, we decided to analyze the UPR pathway genetic expression in the
endometrioid ovarian carcinoma compared to the endometrium of healthy patients and
of endometriosis patients. The rationale is that, in literature, it has been demonstrated a
possible development of the endometrioid ovarian carcinoma from endometrial tissue,
situated inside the pelvis, in patients affected by endometriosis. (106). Neverthless, the
exact link between endometriosis and ovarian carcinoma is yet to be estabilished. Our
aim was, thus, to verify if this malignant evolution of endometriosis in endometrioid
ovarian cancer can be explained by an altered expression of genes belonging to UPR
pathway and if this can represent a carcinogenic pathway that links endometriosis to
ovarian carcinoma.

First, our results show that the expression of ATF6 and GRP78 in the ovarian
carcinoma is similar to the healthy endometrium and ectopic endometrium of
endometriosis patients (endometriomas). This can support the hypothesis that
endometrioid carcinoma cells originate from endometrial tissue.

Secondly, no difference in their expression is demonstrated between healthy
endometrium and eutopic and ectopic endometrium from endometriosis patients. This

means that that this pathway can not explain the impaired inflammatory environment
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that determines the development of ectopic implants in the pelvis of endometriosis
patients, that is instead explained elsewhere (164) (56)

Finally, the evidence that ATF6 and GRP78 do not increase in the ovarian carcinoma
compared to endometriosis does not allow us to consider these two genes as directly
involved in neoplastic transformation. Therefore they cannot be considered as markers
of neoplastic progression from endometriosis to endometrioid ovarian carcinoma.
Nevertheless, it is important to underline the different expression of CHOP and XBP1s.
The reduction of CHOP in endometriosis and, even more significantly, in ovarian
carcinoma, both characterized by reduction of apoptosis, confirms its pro-apoptotic role.
Conversely, XBP1 is hyper-expressed in endometrial tissues, that are secretive tissues,
and is reduced in endometriosis and, even more considerably, in the ovarian carcinoma.
Our study shows a gradual reduction of XBP1 expression in endometriosis,
characterized by intense inflammation, and endometrioid ovarian carcinoma, thus
strengthening the hypothesis of XBP1 as a marker of neoplastic transformation.
Conclusively XBP1s has a high basic expression in healthy endometrium, being a
secretive tissue, then gradually decreases in endometriosis and to a higher degree, in
ovarian carcinoma. It is therefore important to deepen its possible oncosuppressive role,
since its reduction has been already studied in some tumoral models (142).

In conclusion, it should be pointed out that the UPR genes expression in tumors is
regulated both by extrinsic factors, such as the hypoxic tumor microenvironment or lack
of nutrients such as glucose, and by intrinsic factors inside cells. Several pathways are
implicated in the progression from endometriosis to endometrioid carcinoma of the
ovary: p53, KRAS, PTEN and CTNNBI. p53 and KRAS are directly related
respectively to the expression of XBPls and CHOP, that appear to have tumor
suppressive roles (132) (142) (137). CHOP and XBP1 reduction could then be
consequent to disequilibrium between oncogenes and tumor suppressor genes and may
represent an important step for apoptosis reduction and thus tumor progression.

Normal cells exposed to high levels of stress have an activated UPR that is an apoptosis
mediator; on the other hand, in cancer cells, a slight activation of the UPR determines
cell survival. In detail, UPR stimulates the production of molecular chaperones,

important protein folders, and of other proteins therefore fundamental for a correct
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growth and cell division. In the absence of chaperones, cells, including cancer ones,
could not divide. For this reason, some elements of the UPR system could represent
useful targets in cancer treatment. Indeed some drugs directed against them are already
in pre-clinical phases of study, for example the monoclonal antibody PAT-SM6 targets
surface GRP78 and has been studied as a novel immunotherapeutic intervention in
refractory Multiple Myeloma with extramedullary involvement (165). Understanding
these mechanisms could represent an important step, for a better definition of cancer

pathogenesis, and also in the future, for the development of customized therapies.
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