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ABSTRACT

QOvarian cancer 15 the most frequent cause of death among all cancers of female
gemital tract In Pakistan 1t accounts for 3 9% after breast and uterus cancers in adult
females Scarce data 1s available regarding epidemiology, chinical presentation and
genetic rsk faclors of ovanan cancer in Pakistan The aim of the present study was to
assess the relative frequencies of mayor classes and histological subtypes of ovanan
cancer and to evaluate the association between risk of ovanan cancer and 397T>C
(rs2234693) and 351A>G (1s9340799) single nucleotide polymorphisms 1n Pakistani
population We analyzed the relative frequencies and patterns of ovanan cancer
through clinical nformation of 186 patients The relative frequencies of major
ovarian cancer classes were surface epithelial tumors (82 3%, 153/186) followed by
germ cell wmors (13 4%, 25/186) and sex-cord stromal tumors (4 3%, 8/186) The
most frequent malignant subtype evaluated was ‘serous cystadenocarcinoma’ {41 9%,
31/74) followed by ‘mucinous cystadenocarcinoma’ (17 6% 13/74) and “germ ccll
tumors” (8 1%, 6/74) The most common benign tumor was “serous cystadenoma’
{47 06%, 48/102) followed by ‘mucinous cystadenoma’ (22 55%, 23/102) and malture
cystic teratoma (18 63%. 19/102) We analyzed the distribution of genotypes and
frequency of alleles of the ESRI polymorphisms in 79 women with ovarian cancer
and 46 negative controls Both polymorphisms were genotyped by polymerase chain
reaction-restriction fragment length polymorphism (PCR-RILP) We didn’t find any
significant difference n the distribution of genotypes and allele frequencics of
397T>C and 351A>G single nucleotide polymorphisms between cases and negative
controls (P>0 05) Frequency of the homozygous polymorphic genotype ‘GG’ of
351 A>G polymorphism has observed to be very less in our population In the present
study we demonstrated an insignificant association between the ESR/ gene Pyull and
Xbal polymorphisms and risk of ovanan cancer n Pakistan| population owevel, a
study needs to be performed on large sample size and further investigations are
required for the confirmation and to determine whether the findings are gencralizable

to othcr populauions
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CHAPTER 1 INTRODUCTION

1.1. Ovarian Cancer

Ovarian cancer ranks as the seventh most frequently occurring cancer among women
worldwide (18" most common cancer on the whole) and eighth common cause of
death from cancer (Ferlay ef al, 2014). The etiology of ovarian cancer 1s still
unknown but there are several nisk factors that can lead to ovanan cancer, age, family
history, genetic predisposition, hormone replacement therapy (HRT), early menarche,
late menopause, obesity and infertility. A woman's hfetime nisk of developing
ovarian cancer in the general population 1s 1 3% affecting 1 1n 75 women and her
hifetime chance of dying from 1t 1s 1 m 100 (American Cancer Society, 2016)
Women aged 55 to 64 are found to be al an increased risk of developing the discase
and 1t has also been found that half of all the ovarian cancer cases involve women

aged 63 or older (SEER Cancer Statistics Review, 2016)
1.1.1. Global Perspective

About 239,000 new cases were diagnosed with ovanan cancer 1n 2012 worldwide and
152,000 died from 1t The highest incidence of ovarian cancer was observed m
Europe and Northern America 1.e 99 and 8 1 (Age standardized rates, ASRs) per
100,000 respectively, and the lowest incidence was in Africa and Asiarc 48 and 50
(ASRs) respectively (Ferlay et af , 2014)

In the United States, ovarian cancer 1s designated as the minth most common cancer
and the fifth leading cause of death from cancers among adult females afler lung and
bronchus, breast, colorectal, and pancreatic cancers Each year about 20,000 womcn
per 100,000 women in the United States get ovarian cancer and more than 14,000 die
from it In 2013 (the most recent data available) 20,927 per 100,000 women 1n the
United States were diagnosed with ovarian cancer and 14,276 died from 1t (Centre for
Disease Control [CDC], 2016) In 2013, an estimated 195.767 women were suffering
from ovarnan cancer n the United States (SEER Cancer Statistics Review. 2016} The
American Cancer Society has estimated that in the current year 2016 about 22,280
will be the new cases of ovanan cancer and about 14,240 women will die from it
{American Cancer Society, 2016).

Association Between Estrogen Receptor Gene Vanations and Risk of Page 1
Ovarian Cancer mn Pakistant Population
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QOvarian cancer 1s the fifth most common cancer in Europe among adult females In
2012, about 65,538 new cases were diagnosed and about 42.716 females died In
Europe (2012), the highest World age-standardized incidence rate for ovanan cancer
was in Latvia, the lowest was in Albania1¢ 18 9 and 4 2 respectively (Ferlay et af |
2013)

1.1.2. Regional Perspective

Qvarian cancer has appeared as one of the most common malignancies and cmerged
as the common cause of increased rate of mortality in India In India, the age-
standardized incidence rates (ASR) for ovarian cancer deviated from 09 to 8 4 per
100,000 women during the period of 2001-2006 among different registries [he
highest incidence was observed in Pune and Dethi registries 1e 8 4 and 8 3 (ASRs)
respectively The Age Specific Incidence Rate (ASIR) for ovanan cancer disclosed
that the discase increases from 35 years of age and culminate between the ages 55-64
(Murthy et al , 2009)

1.1.3. National Perspective

Among South Asian countries including Srilanka, India, Bhutan, Bangladesh and
Nepal, ovanan cancer is relatively frequent in Pakistan (Moore er af. 2009)
According to Punjab Cancer Registry Report of 2014 by Shaukat Khanum Memorial
Cancer Hospital & Research Centre Lahore about 3, 147 women were diagnosed with
cancers during the time period of January 01, 2014-December 31, 2014 (1-ycar) out
of which 124 women were diagnosed with ovarian cancer, representing 3 9% among
ten most frequently reported cancers in adult females According to this report
ovarian cancer 15 the 3 most common cancer among women n Pakistan after breast
and uterine cancers

A retrospective mine year data analysis done by Karachi Institute of Radiotherapy and
Nuclear Medicine {(KIRAN), a tertiary care cancer institution during the period from
Ist January 2000 to 31 December 2008 showed that ovarian cancer 1s the 4 common

cancer among women n Pakislan after breast, head and neck and cervical cancers,

b __ ____ ____________ ____

Association Between Estrogen Receptor Gene Vanations and Risk of Page 2
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accounting for 4 9% among common mahgnancies 1in Pakistani adult females (Hanif

etal ,2009)
1.2. Classification of Ovarian Tumors

Ovarian tumors are classified into three major categories based on the type of tissues
in which they occur surface epithelial-stromal tumors, sex cord-stromal tumors, and
germ cell tumors Each category 1s further classified into different histologic subtypes
and each subtype includes benign, borderline and malignant ovarian neoplasms
(Table | 1)

1.2.1. Surface Epithelial-Stromal Tumors

These tumors originate from the epithelium of the ovarian surface and constitute
about 75% of all ovanan tumors and 90-95% of ovarian malignancies These tumors
affect women n their reproductive ages and usually found in post-menopausal
women (mean age of appearance 1s 56 years) They rarely occur in young females
particularly before menarche (Jones, 2004) Surface epithelial-stromal tumors are
further classified into five major subtypes including serous, mueinous, endometrioid,
clear cell, and transitonal cell (or Brenner type) Some surface epithelial-stromal
tumors are not classified {urther into any specific subtype and are therefore known as
adenocarcinomas not otherwise specified (NOS)

1.2.1.1. Serous Tumors

These surface epithelial-stromal tumors are formed by the mcreased proliferation of
those epithehial cells that smack of the cells of the internal iming of the fallopian tube
(Chen et al , 2003)

1.2.1.2. Mucinous Tumors

Mucinous tumors are those surface epithelial-stromal tumors that can be either of
endocervical or mUllenan type formed by those cells that resemble the cells of
endocervical epithelium or they can be of intestnal type formed by the cells thal

smachk of the intestinal epithelium (Tavassoli and Devilee, 2003)

Association Between Estrogen Receptor Gene Varations and Risk of Page 3
Ovanan Cancer in Pakistani Population
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1.2.1.3. Endometrioid Tumors

Endometrioird surface epithelial stromal tumors of the ovary are formed from an
escalation of those epithelial cells that are quite similar 1o the cells of endometrium
{Chen ef al , 2003)

1.2.1.4. Clear Cell Tumors

These surface epithelial tumors are formed lrom epithelial component that contains
clear, peg-like or hobnail-like cells. Most of the clear cell epithehal tumors arc
malignant whereas bemign and borderline clear cell neoplasms occur infrequently
60% of the cases are at Stage | when diagnosed with clear cell malignancy, hence
representing good prognosis About two-thirds of all females with diagnoscd
epithelial clear cell carcinoma are nulliparous and 50-70% have endometriosis (Chen
ef al , 2003}

1.2.1.5. Transitional Cell (Brenner) Tumors

Transitional cell tumors occur infrequently and are formed by the ovarian epithehal
component that histologically resembles to the urothelium (internal hining of urinary
bladder also known as transitional epithetium) Transitional cell malignant ovarian
tumors are grouped into malignant Brenner tumors and transitional cell carcinomas
(Table 1 1) They are called as malignant Brenner tumors when benign Brenner tumor
component 1s associated with ebullient proliferative but non- invasive urothelium and
are called as transitional cell carcinomas when benign or borderline Brenner tumor
component is absent (Tavassoli and Devilee, 2003)

1.2.1.6. Squamous Cell Tumors

Squamous cell tumors are those ovarian neoplasms which arec compnised of squamous
epithelial cells that are not of germ cell onigin Epidermoid cysts arc considered as
benign squamous cell epithelial tumors 1f they are of surface epithelial origin and do
not contan teratomatous component but 1if teratoma element 1s present in the cyst
they will be classified into the category of germ cell tumors

Most ovarian malignant squamous cell carcinomas stand in the category of germ cell
tumors and emerge 1t dermoid cysts Squamous cell carcinomas of surface epithehal-

Association Between Estrogen Receptor Gene Vanations and Risk ol Page 4
Ovarnan Cancer in Pakistani Population
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stromal tumor type may develop either 1n pure form or 1n combination with Brenner
tumor or ovarian endometriosis (Scully and Sobin, 1999)

1.2.1.7. Mixed Epithelial Tumors

These are the surface epithelial ovanian tumors which are compnised of the minture of
two or more than two major cell types (serous, mucinous, endometriod, clear cell or
transitional/Brenner) The second or third cell types must constitute at least 10% of
the tumor in order to qualify for the diagnosis of a mixed epithelial tumor If second
or third cell types are present <10% then the tumors are sy stematized according to the
clement that 1s preponderaied An example 1s of Endometrioid carcinomas which
mostly do not fall 1n this category of tumors, as usually they contain foci of glands
which are lined by epithelial cells filled with mucin but their concentration 15 not
sufficient to be qualified for the diagnosis of mixed epithehal tumors {Tavassoh and
Devilee, 2003)

1.2.1.8. Undifferentiated Carcinomas

Surface cpithelial ovarian tumors that are formed of lighly poorly differentiated cclls
or by the cells that exhibit highly malignant attributes such as high nuclear grade and
no differentiation of cytoplasm are referred Lo as undifferenuated carcinomas (Chen

et al , 2003)

Association Between Estrogen Receptor Gene Vaniations and Rish of Page 5
Ovarian Cancer in Pakistai Population
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Table 1.1 WHO Histologic Classification of Epithelial Ovarian Tumors

Types and Histologic
Subtypes of Ovarian

Tumors

1 Surface Eputhelial-
Stromal [umors

1.1.Serous Tumors

» Bemgn
» Borderline
» Malignant

1.2 Mucinous Tumors

» Benign

» Baorderline

»~ Malignant

Composition

about 75% of all
ovanan tumors and
90-95% of ovarian
malignancies

two-thirds  of  all
OVAr1an serous tumors

accounts for 10-15%
of all ovarian serous
tumors.

one-third of all ovarnan
serous tumors and half
of all ovarian
malignancies

about 75-85% of all
avaran mucIous
wmaors and one-founh
of all berign ovanan
tumors

10-14% of all ovanan
mucinous neoplasms

510% of all ovarian
malignancics

Dhagnosed
Age

between the
4"and 5th
decades

fifth decade of
hife

siXth decade of
life

between 3™

and 57 decades
of life

occur between
" and 6"
decades of Life

diagnosed  at
siuth decade of
hfe

Laterality
Olten are
bilateral
one-third are
bilateral
Almost two-
thirds are
bilatera!
ORen
umlateral
40% ol
endocervical
type are
bilateral and
~ 0% af
intestinal
Lype arec
bilateral

about 6-20%

of these
tumors  are
bilateral

Assocration Between Estrogen Receptor Gene Vanations and Risk of
Ovanan Cancer in Pakistam Populauon
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Types and Histologic
Subtypes of Ovanan

"1.3.Endometriond
Tumors
» Benign

» Borderline

» Malignant

1 4.Clear Cell Tumors

~ Benign
~ Borderhine

~  Malignam

1.5.5quamous Cell

Tumors
» Benign
Epidermoid Cysts
»  Malignant
Carcinomas

Composition Diagnosed Laterality References
Age
Tavassoh
rare WMors Diagnosed  at  umlateral (md Devilee
6" decade of 2003) )
hfe )
occur infrequently Dl;l.gnosed at  umisteral (Tavassoli
6" decade of and Devilee,
hfe 2003)
2™ most common |denufied N 1328% of (Tavassol
malignancy, represent the sixth  endometroid  gnd Devilee,
0% of all  decade of life  malignant 2003)
endometriord  tumors tlumors are
and 10-25% of all bilateral
ovanan malignancies
occur rarely
rare tumors
represents 4-5% of all  Fufth decade of 15-20%of  (Chen €7
epithelial ovarian |[ife these wmors  ~ 0~
malignancies are bilateral
rare lumors
occur infrequently Occeur in {Tavassoh
between 23-90 and Devilee,
years 2003)

Association Between Estrogen Recepior Gene Vanations and Risk of
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Types and Histologic

Subtypes of Ovanan Composition

. Tumors _

1.6.Transitonal Cell
Brenner Tumors

>  Brenner lumor
(Berugn)

»  Brenner tumor of

borderiune
malignancy
7 Mal
d gnant infrequent occurmng
{mahgnant tumors
Brenner  tumor,
transthonal ol
CAICINOMA)
1.7 Mixed Epithelsal 0 5-4% of surface
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{a) Bemgn “erous Cystadenoma (iliated {b) “erous papllary cystic mmor of borderhine
epithelium of cyst adjacent to stromal component malignancy Swanfication with cellular budding
of epithenial cells and absence of invasion

(¢} Serous papillary carcinoma Charactensuc (d) Mucinous Cystadenoma Cyst hined by benign
lamtnation of psammoma body endocervical ke epithelium

(¢) Mucinous papillary ¢ysuc tumor of borderlhine (N Mucinous papillary ¢y stic 'umer of barderline
malymancy of endocervical type mahignancy of intestinal type

Figure 1.1(a): Surface Epithelial-Stromal tumors.
(Source Scully and Sobin, 1999)
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{g) Mucinous adepocarcinoma Mucinous glands and (h) Endometriowd adenocarcinoma Tubular glands
cysis lined by mucinous and mucin-frec cells and lined by soaified non mucin conw@ining epithe-
large cyst filled with "dirty™ necrotic matenal Iam and solid areas of carcinoma

. - . - b
e e a4 g S

1) Clear cell carcinoma. Daffuse armangement of
polyhadral clear cells with ec-centnic nucler

() Malignant Brenner Tumor Two cystic Benign (k) Transitional Cei) Carcinoma Cyst hned by
Brenner nests and single iregular carcinomatous mahignant transiuona! epithelium wnvading
agyrepate lymng n fibromatous stromal component stroma in imegular rounded nests

Figure 1.1(b): Surface Epithelial-Stromal tumors.
{Source Scully and Sobin, 1999)
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1.3. Risk Factors of Ovarian Cancer
The ctiology of ovarnan cancer is stll not completely understood but some

reproductive, environmental and genetic factors are known that can increasc the nish
of developing ovarian cancer

1.3.1. Reproductive Factors

The nsk of getting ovarian cancer increases with the age Fertility 1s an important
reproductive faclor that can affect a woman's chance of developing the diseasc
Women who can conceive have a 50% decreased risk of developing ovarian cancer
compared with those who are infertile or nulliparous The use of fertility drugs such
as clomiphene citrate (clormid) for more than one year 1s also a nsk factor for
developing ovarian cancer and the risk 1s even higher 1n those women who do not get
pregnant even after using this fertility drug. The use of hormone replacement therapy
after menopause 1s another reproductive risk factor for devcloping ovanan cancer and
the risk 1s higher in those women who take only estrogen and 1t 1s less in those

women who take estrogen and progesterone both (Salehi ef af , 2008)

On the other hand use of oral contraceptives reduces the nisk of ovarian cancer
Recently, a study has found that the women who use depot medroxyprogesterone
acetate (DMPA), an inoculating hormonal contraceptive, have a lower risk ol ovaran
cancer (Amencan Cancer Society, 2016) Furthermore, tubal lgauon and
hysterectomy lowers the risk of developing ovarian cancer by up to two-thirds and

one third respectively (Saleh er al , 2008)

1.3.2. Environmental Factors

The exposure 1o some of the environmental elements may become the basis of getting
the disease The use of products directly m the genital area can be harmful as thex
might contain some contaminants which can enter into the surface of the ovaries as
femalc genital tract permut the passage of fine particle pollution and provides the
route Lo the ovanan surface from the outer vagina through the uterus and fallopian

tubes (Cramer and Xu, 1995) Some studies suggested that the use of cosmetic talcum

L _ ________________ __ __ ___ __ "~ "
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powder in the genital area can be the nisk factor for developing epithehal ovanan
cancer A research was conducted for the confirmation and founded the presence of
talcum powder particles in ovarian cancerous tissues with the reported information
that the women suffering from ovarian cancer were in more use of talcum powder in
their gemital area as compared to the heaithy women, suggesting that the talcum
powder use might increases the risk of ovanan cancer (Chang and Risch, 1997}
Similarly, an occupational exposure to pesticides. insecticides and herbicides
specifically triazine herbicides make some women more vulnerable to develop

ovarian cancer (Young ef af , 2005)

Life style factors such as obesity, imbalanced diet including excessive use of
saturated fals or red meal and restricted or no use of fruits and vegetables, and

cigarette smoking can be the nisk factors of ovarian cancer (Salchi er af , 2008)

1.3.3. Family History

Another pre-eminent risk factor that can affect a woman's chance of developing the
ovanan cancer is the family history of this disease Studies have shown that 10 to
15% incidences of ovarian cancer are atiributable to hereditary genetic factors
(Chnistie and Ochler, 2006) 1f any woman has one first-degree relative (mother. sister
or daughter) suffering from an ovarian cancer then she has a 5% lifetime rish of
ovarian cancer and a woman having two or more first-degree relatuve with ovanian
cancer has a 7% nish of getting the disease in her lifeime and women with no family
history of ovarian cancer have | 6% lifetime nisk of developing ovarian canccr (Cook
2002) Furthermore, a woman having family history of some other types of cancer
such as colorectal and breast cancers 15 also at an increased nisk of ovarian cancer

(Amencan Cancer Society, 2016)
1.3.4. Genetic Factors
1.3.4.1. Inherited Mutations

Genetic factors play an important role in the pathogencsis of ovarian cancer As

already mentioned, 10 to 15% of ovanian cancer cases are linked to inheritance Somc

Assocration Between Estrogen Receptor Gene Varnations and Risk of Page 12
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studies have shown that 90% of hereditary ovarian cancer 1s related to an inhenited
mutation in BRCAJ (located on 17q21) or BRCA2Z {located on 13q12-13) tumor
suppressor genes {Prat et af, 2005) and 10% of hereditary ovarian cancer 1s
associated with hereditary non-polyposis colon cancer (HNPCC) syndrome In the
general population, an estimated 1 1n 800 women may carry BRCA7 or BRCAZ genes
mutations but the frequency 1s much higher in Ashkenazi Jewish women | in every
50 Ashkenazi Jewish women may carry BRCAJ and BRCA2 mutations (Roa er af

1996) Women with BRCA4/! mutauon have an estimated hfetime risk of 40-50% to
get ovarian cancer and for those who are BRCA2 mutation carriers, an esumated
lifeume risk 15 20-30% to get the disease (Ricciardell and Ochler, 2009) The carriers
may be suggested by the consultants to go for a prophylacuc salpingo-oophorectomy
as a nsk minimizing procedure for mutation carriers

Under normal conditions BRCAJ and BRCAZ2 act as tumor suppressors in the ovarian
and breast cancer development The proteins encoded by these two genes are
synergistically involved in two fundamental cellular processes DNA damage reparr
either by homologous recombination (HR) or by non-homeologous end joining
(NHEJ), and transcriptional regulation (Roy er a/, 2012) DNA repair by these two
proteins s carried out through coahuon with other proteins including RADSI
{Welcsh and King, 2001), RADS0 (Zhong ef al, 1999), and BARD1 (Bennett e/ al ,
2000)

Mutations of BRCA 1,2 are associated with increased vulnerability for ovarian cancer
Researchers have identified BRCAI/2 loss-of-function mutations 1n approximately
84% of ovanan carcinomas, including germ-line cells and somatic cells (Hilton et af |
2002) Cells that carry mutations in BRCAJ and BRCA2 genes may accumulate
chromosomal abnormalities including chromosomal breaks, grievous aneuploidy and
centrosome amplification This chromosomal nstability due to mutations m these

DNA repair genes may be the pathogenic basis of ovarian cancer

S
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Similarly women with inherited mutations in the genes that are allied to other family
cancer syndromes are also at an increased risk of ovarian cancer, such as PTEN gene
(PTEN tumor hamartoma syndrome also called Cowden disease), MLH!, MLH3,
MSH2, MSH6, TGFBR2 PMS!, and PMS2 DNA repair genes (causing hereditary
nonpolyposis colon cancer (HNPCC), previously known as Lynch syndrome). S/X/7/
gene (Peutz-Jeghers syndrome) and an mmherited mutation in MUTYH gene (causing

MUTYH-associated polyposis) (American Cancer Socicty, 2016}

1.3.4.2. Acquired Mutations

Almost 85% of ovanian carcinomas are believed to be sporadic that occur because of
acquired mutations and are not associated with mheritance (Christic and Ochler,
2006) On the basis of development, ovanan carcinomas are divided into two main
groups Type | and Type Il ovarian tumors (Willner ef a/, 2007) These tumors arise
through two distinct pathways and are referred to as low-grade and high-grade
ovarian carcinomas, respectively Type [ tumors (low grade) arise from endometriotic
lesions or from an ovarian inclusion cyts and develop slowly from benign cyst
adenomas and borderline lesions to mahignant tumors while Type I tumors grow de
novo' from the surface epithchum and grow rapidly. lacking any identifiable
precursor lesions (Singer et @l . 2005)

Type | tumors account for 25% of ovanan cancers which include low grade serous
low grade endometrioid, mucinous and clear cell ovanan carcinomas and contain
mutations 1n KRAS and BRAF oncogenes and CTNNB! and PTEN tumor suppressor
genes (Ricciardelll and Ochler, 2009) KRAS point mutations occur most frequently 1n
mucinous ovarian carcinomas, having the highest rate (50%) of KRAS mutations
(Gemignani ef af, 2003) They also occur commonly 1n about 35% of low-grade
serous carcinomas (Singer ef al, 2003) Somatic pont mutations of BRAF oncogenc
occur commonly 1n almost 30% of low-grade ovarian serous cancers (Singer ef uf .
2003) On the other hand, mutations in the beta-calemin tumor suppressor gene
CTNNB! and mutations in the PTEN tumor suppressor gene are more common in

e
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endometrioid ovarian carcinomas but are infrequent 1n other tumor types (Palacios
and Gamallo, 1998, Obata ef a! , 1998)

Type 11 tumors constitute 75% of ovarian carcinomas and include high grade serous,
high grade endometrioid, undifferentiated and clear cell carcinomas These tumors are
characterized by mulations or overexpression of p33 tumor suppressor gene,
mutations in BRCA] or BRCAZ tumor suppressor genes and mutations (n
Phosphatidyhinositol-4,5-Bisphosphate 3-Kinase Catalytic Subumit Alpha (P/K3CA
also known as P/IK) (Ricciardellh and Oehler, 2009) Mutation in p53 ts most
frequently present in up to 70% of high-grade ovarian serous carcinomas It also
occurs 1n almost 8% of clear cell ovarian carcinomas and in most high-grade
endometrioid carcinomas but 1s rare in low-grade serous and mucinous
carcinomas (Willner er al, 2007). BRCAI/2 loss of function mutation occur more
frequently 1n the sporadic and hereditary high-grade serous carcinomas as compared
o the low-grade serous carcinomas (Hilton ef al., 2002} while P/K3(4 mutations are
rcported exclusively 1n  high-grade endometrioild or high-grade clear cell
carcinomas (Willner ef al , 2007)

Furthermore, overexpression of the HER-2/ncu oncogene which codes for a growth
factor receptor that s similar in structure to epidermal growth factor receptor has
been identified In human ovarian carcinomas Researchers have identified two fold to
forty fold increased levels of HER-2/neu protein in approximately one third of
ovanan carcinomas using immunohistochemical techniques, and found that
overexpression of this oncogene 1s associated with poor prognosis

in summary, molccular and genetic studies have revealed that high-grade ovarian
carcinomas carry a high frequency of p53 and BRCA tumor suppressor genes
mutations and do not contain mutations in KRAS or BRAF oncogenes, tn contrast,
low-grade ovarian cancer has a high frequency of KRAS or BRAF mutations but

possess mutations 1n p33 or BRCA1/2 nfrequently

L __ . __ ___ ___________ ___ ______ __ "
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1.4. Signs and Symptoms of Ovarian Cancer

Signs and symptoms that are associated independently with ovarian cancer include
gastromntestinal symptoms such as severe and persistent (1f occur more than 12 times
per month) pelvic/abdominal pain, bloating, difficulty in eaung, nausea. vomiting,
constipation, diarrhea and gynecologic symptoms such as severe and persistent
dysparcunia, increased urination and menstrual changes (polymenorrhagia,
dysmenorrhea or amenorrhea) (Goff et al, 2007) Gastrointestinal symptoms are
usually associated with late-stage ovanan cancer while gynecologic symptoms arc

associated with early stage disease (Ryerson ef al , 2007)

1.5. Diagnosis of Ovarian Cancer

It 1s difficult to detect the ovarian cancer al imual stage Early ovarian cancer stage
causes no severe symptoms. Early symptoms caused by the cancer in ovaries tend (o
be caused by other complaints Abdominal swelling/pain, difficulty 1n eating, fecling
full with less food intake, pelvic pressure and urinary symptoms anticipate the
ovarian cancer but it 1s not the case However, the earlier mennoned complaints
should be addressed with some gynecologist By the time ovarian cancer 1s
diagnosed, 1t has spread to the other organs of the body. thus, prompt action 1s

required 1f symptoms found

Most often, screening tests are used to detect the cancer, for example, mammogram
for breast cancer detection However, there has not been much success in the
development of screening test method in ovarian cancer detection The two tests
which are used to screen are transvaginal ultrasound (TVUS) and the CA-125 blood
test An ultrasound test 1s also used to produce the image of the si/c and texture of
the ovaries and any possible abnormal growth such as cysts or swellings present,
there If the patient 1s diagnosed. further tests are recommended to know the stage of
the cancer that includes a chest X-ray, CT-scan, MRI] scan, abdominal fluid

aspiration, and laparoscopy

Association Between Estrogen Receptor Gene Variations and Risk of Page 16
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1.6. Treatment of Ovarian Cancer

After the diagnosis of ovarian cancer 1s made, the treatment process follows [he
main methods for the treatment of the ovarian cancer are surgery. chemotherapy,
hormone therapy, targeted therapy and radiation therapy One mcthod 1s not adequate
to fight the disease Different methods listed above are used to treat the discase
However, 1t does not entail that all methods are used for the treatment Most often,

two methods are used for the treatment, surgery and chemotherapy

The treatment may differ from one patient to the other becausc the types and stages
may not be the same Many factors are kept in front before deciding the treatment
procedure, for example whether the patient 1s planning a child, or age factor
Furthermore, the new innovative model of allocating ovarian eputhehial carcinomas
into two groups requires a drastic change 1n the current treatment procedures Type |
and II ovartan carcinomas entail different diagnostic and therapeutic methods The
cumulative understanding of the molecular pathology of all subtypes of ovanan
carcinoma will be helpful in the development of more rational. individualized
targeted therapies The knowledge of targeted therapy is scarce in some countrics
especially in under developing countries If the knowledge about targeted therapy
treatmen( increases then 1t would definitely lead to a substantial improvement in the

climcal outcome of ovarian cancer patients 1n the near future

1.7. Survival Rates of Ovarian Cancer Patients

The cancer patients survive at least for 5 years afler their cancer 1s diagnosed Certain
factors are there which may affect the 5-year survival ratc of ovarian cancer such as
overall health of patient, grade of the ovarian cancer, treatment received by the
patient and how well the patient responds to treatment 1f general health of the paticnt
1s good, cancer 15 diagnosed at 1its carly stage and if patient responds well to the

treatment then the patient may survive much longer than relative $-years and even in

| e
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some cases it may be cured but only 15-20% of ovanan cancers are dagnosed at its

localized stage (stage 1) (Amernican Cancer Society, 2016)
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Figure 1.2: A graph representing relative 5-years survival rate of different types
of ovarian cancers with different stages and sub-stages (Source American Cancer
Society, 2016).
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1.8. Estrogen Receptors and Ovarian Cancer

Estrogen receptors are a group of proteins that are activated by the estrogen hormone
(17p-estradiol) They exist in two different forms, ERa and ERJ} encoded by ESRI
and ESR2 genes respectively Once the receptors are activated by estrogen. the
hormone binding dislocates heat-shock proteins (chaperones), after that receptor
dimerization (homodimers or heterodimers) occurs and translocate nto the nucleus
Inside the nucleus the hormmone receptor complex binds to a hormone response
clement (HRE) on the DNA and regulates the transcription of an enormous number of
genes (Segmitz and Gehring, 1995) In an ovarian carcinogencsis estrogen receptor
alpha regulate the expression of a vanety of genes that encourage cell proliferation
such as PI3K/Akt, TGF-a, EGF, cytokine IL-6, c-myc and IGF-1 (Lcung and Chol,
2007). Hence estrogen receptors act as a ligand responsive transcription factors and
may 1interact with co-activators and protemns n order to regulate the activity of
different genes One of the interacting proteins 1s BRCA| wath which 1t interacts at
N-terminus, 1-300 amino acid residues (Welcsh and King. 2001) Variations within
estrogen receptor genes (ESR/ and ESR2?) may have an impact on cstrogen receptor
and thus interrupts 1ts normal functioning which n tum might induce mutations 1n

BRCA! gene, suggesting its possible role in the occurrence of ovarian carcinoma

Similarly, loss of BRCA1 function 1n granulosa cells of the ovary has reported o
cause the upregulation of an enzyme aromatase An increased expression of this
enzyme leads to the increased production of estrogen from androgens (Hu er af,
2005) This proposes that BRCA! mutation does not only affect DNA damage repair

but also increase the risk of ovarian cancer by producing increased levels of estradiol

1.9. Literature Review

Estrogen mediates 1ts mode of action through two receptors, estrogen receptor alpha
(ERa) and estrogen receptor beta (ERP) that are lhigand responsive transcription
factors ERa 1s encoded by ESR/ gene located on chromosome 625 1 while ERP 15

L. __ ______________________________________________ ___ ]
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encoded by ESR2 gene located on chromosome 14q22-24 (lindgren er af . 2004)
The human ERa protein consists of 595 amino acids and possesses a molecular

weight of 66kDa while ERP comprises of 534 amino acids and has molecular weight

of 54kDa

Like other nuclear receptors, estrogen receptors have five functional domains with
different functions The A/B domains in the N-terminal contain activation function |
(AF1} which 15 important for interaction with other proteins and co-activators and
involves n the transcriptional activity of estrogen receptors This domain also
encompasses amino acids that undergo post transcriptional modifications 1n order to
stimulate the activity of AF1 The C domain contains a DNA binding domain (DBD)
that binds to the estrogen responsive element (ERE) on the DNA with the consensus
sequence of 5-GGTCANNNTGACC-3' in order to regulate the expression of target
gencs The D domain 1s a hinge region that connects the DBD and LBD together and
involves in the stimulation of estrogen receptor signaling n cells after facilitating
post-translational modifications of ERs The last E doman 1n the C-terminal, known
as the activation function 2 (AF-2) contains a ligand-binding domain {(LBD) that
assists 1n an tnteraction with estrogen hormone The resulting hormone-receplor
complex binds to the ERE on the DNA and activates transcription through AF-1 and
AF-2 The last F-domain is the C-terminal elongation part of LBD (Lee et @/ , 2012)
(Figure 1 3)

ERa and ERP differ greatly in their functional domains The N-termnal A/B domains
and C-terminal F-domain are the least conserved regions 1n both of them The A/B
domains of both receplors exhibit only 13% identity while F-domains of both
receptors exhibit only 18% 1dentity The E-domain (ligand binding domain) 15 also
moderately conserved and depicts only 59% amino acid similanty between both

receptors. suggesung that both have different modes of action (Lazennec, 2006)
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Figure 1.3: Functional domains of estrogen receptor alpha (ERqa)
{Source- Ratanaphan, 2012)
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There are also main differences between ERa and ER[J regarding therr tissue
distribution ERa 1s vastly expressed in the uterus, ovarian theca cells, Leydig cells in
testes, prostate stroma, liver, breast and epididymus (Lane, 2008) ERP s greatly
expressed 1n testes, brain, ovarian granulosa cells, prostate epithelium and bone

marrow {Weiser ef af , 2008}

Several studies have recommended that estrogens may play an imperative role In
ovanan carcinogenesis, through their receplors In a study the concentration of
estrogen receptors in cytosol of mahgnant ovarian tissues was observed 1o be
significantly dissimilar from those of normal ovaries and benign tumor tissues (P<
0 01) 22% of normal ovanan tissues were contaiming relative low concentrations of
estrogen receptors ranging from 2 to 9 fmol/mg cytosol protein The estrogen
receptors distribution was similar in benign tumors as well However, 1n malignant
ovarian tissues, ERs were present in 57% of cases in concentrations ranging from 1 to

132 fmol/mg cytosol protein (Willcocks ef al , 1983)

Sun ef al (2005) conducted a study o examine the part of human estrogen receptor-
related receptors (ERRs) in ovanan cancer cell lines They found that the cxpressions
of the ERa were elevated in 58% of ovanan cancer cases as compared to the normal
ovarian ussues (P < 0 05) While ERP was inadequately cxpressed in the ovarian
cancer tissues as well as in the normal ovanan tissues Their survival analysis
indicated that ERa positive group had a worse overall survival (19 0 months vs 3[ 5
months, P < 0.05) Hence, their study indicated that ER alpha might play a significant

role 1n the development of ovarian cancer

Pujol ef af (1998) suggested that ER-alpha may be a marker of ovarian cancer after
they revealed an increase in the expression of ERa mRNA 1n ovanan cancer relative
to ERP while comparing with normal ovanan tissue Similarly, another study has
revealed that ERP 1s chiefly expressed in normal epithehal ovarian tissues or benign

ovaran tumors but ERa 15 highly expressed in malignant ovanan cancer (Cunat er

al., 2004)
L
Association Between Estrogen Receptor Gene Varniations and Risk of Pape 22

Ovanan Cancer in Pakistani Population



CHAPTER 1 INTRODUCTION
s

L1 er al (2003) recognized a two-fold up-regulation of ERa protemn relative to ERB
in primary cells culture obtained from epithelial ovarian cancer while he was doing
researches on ovarnian cell cultures These all above findings favors an association

between the up-regulation of ERa and occurrence of ovarian carcinoma

Polymorphism 1s defined as the presence of more than one allele at a given gene locus
with a frequency greater than 1% and single nucleotide polymorphism (SNP) occurs
when a single nucleotide change takes place at the level of DNA sequence Many
vanants of estrogen receptor alpha gene have been reported and 11 1s assumed that
these genetic variations may nterrupts with estrogen actions on phystological
processes Among all the polymorphisms in £SR/{ gene, 397T>C and -3351A>G are
the most widely studied They are also known as Pvull and Xbal respectively because

of the presence of restriction sites for these restriction enzymes

These polymarphisms are intron variants and located at the first intron of £SR/ gene
Their association with other diseases have already been reported, implantation failure
in inferule women (Mirzapour ef af . 2014), nisk of non-small cell lung cancer (Chang
et al., 2012), prostate cancer (Gu et af , 2014), idiopathic premature ovarian failure
(L er al . 2013), infertihty (Liaqat et al , 2015), endometrial cancer rish {Wedren er
al , 2008), breast cancer (Boyapati er al . 2005), oslecoporosis (Massart, 2005), and
Alzheimer's disease (den Heyer ef al , 2004)

Summarnizing all the above Iiterature 1t was concluded that estrogen receptors seem (o
play a significant role 1n the development of ovanan carcinoma, particularly ERa
Association of 1ts genetic variants rs2234693 and rs9340799 with ovanan cancer has
not been documented yel 1n any population and 1t needs to be investigated Looking at
the reporied association of these variations with other above mentioned diseases, it
seemed significant to investigate their association with risk of ovarian cancer.

keeping in view the fact that association may vary from population to population

L |
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1.10. Statement of the Problem

In Pakistan, scarce data 1s available on ovarian cancer Very limited information 1s
available on epidemiology, chinical presentation and genetic causes of ovanan cancer
in Pakistanm population Therefore, abundant work 1s required to investigate the
genelic risk factors of ovanan cancer in Pakistan Furthermore, in Pakistan cancer
treatment 1s hrmited to surgery. chemotherapeutic and radiothcrapeutic drugs and most
of the patients fail to respond them when their cancer 1s diagnosed at late stage,

resulting 1nto an increased rate of mortality due (o ovarian cancer

1.11. Purpose of the Study

Considering the statement of the problem the purpose of the study was to investigate
the association between genetic polymorphisms in estrogen receptor alpha gene with
ovarian cancer 1n Pakistani population and (o 1denufy genetic risk factors of ovanan

cancer with the aim of introducing targeted therapy for ovarian cancer 1n Pakistan

1.12. Objectives of the Study

The objectives of the study were

s To analyze the collected clinical information of patients and negative controls
in order to assess the relauve [requencies of histological types of ovanan

tumors

» To examine the association of estrogen hormone receptor alpha gene single
nucleotide polymorphisms (rs2234693 and rs9340799) with nisk of ovarian

cancer in Pakistan! Population

o To assess the role of estrogen receptor gene variations with disease

presentation

I
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2.1. Study Subjects

A total of 193 cases (including 184 Formalin Fixed Paraffin Embedded 1issues and
09 fresh tumor samples preserved in formalin) and 177 age & sex matched negative
control tissue samples (FFPE) were collected in a period of 7 months Formalin Fixed
Paraffin Embedded Tissues of 2012 to 2016 were collected from the tissuc
repositories of Histopathology Department of Islamabad Hospital and Pakistan
Institute of Medical Sciences (PIMS) Islamabad and fresh tumor samplcs preserved in
formalin were collected routincly from the Gynecology Department of PIMS
Hospital, Islamabad Women presented with malignant, benign or borderline ovarian
neoplasm were taken as cases and women presented with unremarkable ovary,

polycystic ovary, corpus luteal or corpus albicans were taken as negative controls

2.2. Sampling Technique

Consecutive sampling technique was used to recruit the participants from the study
population of laboratory i both groups cases and controls Lhe study included
surgical specimens of Ovarian Pathology received 1n the department of
Histopathology All the surgical specimens were preserved in 0% formalin 1heur
emblematic sections taken duning gross examination after which they were processed
regularly in automatic tissue processor The paraffin embedded blocks were then cut
into thin shices through microtome and stained with haematoxylin/eosin for
pathological examination Thin slices of about 8-10u of paraffin embedded ussues
were collected in 2ml eppendorf tubes 1n order to extract the DNA for genctic

analysis

2.3. Data Resources

Primary data (clinical information) was collected from laboratories records, from
medical records and files Principle investigator was engdged n all data collection

activities

E_____ ____ .. _ __ ___ _____ ___ ]
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2.4, Settings

The study was conducted at Institute of Biomedical and Genetic Engmneering

(IB&GE) Islamabad.

2.5, Inclusion and Exclusion Criteria

All cases and controls with climcal information and consent (for fresh tumor samples)
avatlable were included in the study and all those cases and control samples werc
excluded from the study for which the consent was not taken and clinical information
was not available Thercfore, after applying the exclusion criiena a total of 7 samples
(cases) were excluded and the study was performed on 186 cases and 177 negative

control samples

2.6. Ethical Consideration

» The study was approved by the Ethics Committee of Pakistan Institute of Medical
Sciences. Islamabad and Institute of Biomedical and Genetic Engineering.
Islamabad and was in consonant to the Helsinki declaration

o Informed consent was taken from the patients at the time of surgertes for

collecting fresh tumor samples

2.7. Techniques Used in the Study

Following techmques were used 1n order to investigate the association of £SR/ gene's
A351G (rs9340799) and T397C (rs2234693) single nuclcotide polymorphisms with

ovarian cancer

2.7.1. DNA Extraction

DNA from fresh tumor samples was extracted directly by adding the Lists Buffer
(Table 2 1) while the DNA extraction from Formalin Fixed Paraffin Embedded
Tissues (FFPE) for genetic analysis was a three days process consisted of an

additional step of adding xylene 1n order 1o remove garafﬁn
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2.7.1.1. DNA Extraction Steps

Day 1: 500u] aylenc was added in each sample in order to remove paraffin The
samples were then mixed vigorously through vortex and incubated at 55°C in water
bath for 10 min After incubation, the samples were centnfuged for 5 minutes at
maximum speed (14000rpm) and supemnatant was discarded The same steps were
repeated one or two times 1f needed, in order to remove the paraffin completely Once
the paraffin was removed perfectly, the samples were washed with 500ul absolute
ethanol n order to remove xylene The samples were then centrifuged for 5 minutes
at maximum speed (14000rpm) and supematant was discarded In the next step, Iml
of deronized water was added in each sample and incubated at room temperature for
2-3 munutes after which the samples were again centrifuged for 5 minutes at
maximum speed of 14000rpm In the last step ol day 1, 500pul of Lysis Buffer (Table
2 1) and 20p! of Proteinase K were added 1n the samples and the samples were then

incubated in water bath at 55°C overmight

Day 2: The samples were taken out from the water bath and 500ul of 2 5M NaCl was
added in each sample after which each tube was shaken vigorously The samples were
then incubated on ice for 10 minutes Afier incubation, the samples were centrifuged
at 6000rpm for ten munutes and the supernatant containing the DNA pipetted out n
new tubes In the last step of day 2. Iml of 1sopropanol was added in cach sample that
facilitated the precipitation of DNA After this the samples were refrigerated at -20°C

overnight

Day 3: On day 3, the samples were 1aken out [rom -20°C and centrifuged at
14000rpm for 20 minutes Supernatant was discarded After this step, 500pl of 70%%
ethanol was added in each tube and the tubes were tapped shghtly for few seconds
after which they were centrifuged again at 14000rpm for |5 minutes Supematant was
discarded and the pellet was left to dry unti] it tums semitransparent Once the pellets
dried, they were resuspended in 50pl 10 200ul of Tris-ED 1 A (L) buffer (pH 8 0)
After apping the wbes well the DNA gquantuity and opucal densitics (ODs) of the

Associanon Between Estrogen Receptor Gene Vanations and Risk of Page 27
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samples were measured by spectrophotometer (Nanodrop 2000c. Thermo Scientfic,
USA) at 260nm and 280nm considering ratio 1 7-2 0 as 1deal whereas ratio | 8 the
most deal (Senguven ef af . 2014} After taking the ODs, all samples were relocated
in 1 5ml labeled eppendorf tubes and were stored at 4°C ull use For PCR
amphfication, 100ng dilutions of stock DNA were made and unless PCR

amplification was not camed out all the dilutions were stored at -20°C

2.7.2. Primer Designing

Primers are single stranded chains of oligonucleotides that bind to a particular
complementary sequence of DNA The exact order of nucleotides of primers should
be known The primers for ESRI were designed by primer 3 frec online primer design
tool and then purchased commercially The primers ERA 93F and ERA 93R were
used to amplify a 451bp region 1n estrogen receptor gene (ESR/} The primers LRA
99F and ERA 99R were used to amplify 524bp region in ESRJ gene (Table 2 3)

2.7.3. Polymerase Chain Reaction- Restriction Fragment Length
Polymorphism (PCR-RFLP)

The 451bp and 524bp regions in £RS! gene to detect rs2234693 and rs9340799
SNPs, respectively were amphfied using polymerase chain reaction (PCR) and were
further used [or genotyping by restriction fragment length polymorphism technique

(RFLP)

The polymerase chain reaction 1s used to amplify our target gene This techmque
requires a template molecule DNA and two primers (forward and reverse) in order to
itiate the process of amplification The PCR reactions were performed 1n 20p! of
reaction volume Details of the reagents used in the PCR and theiwr volumes are given

tin the (Table 2 2)

The thermal cycler program for the two polymorphic sites of £R/! gene consisted of
an mtial melting step at 94°C for 3 munutes, followed by 30 cycles encompassing

three steps each, denaturation at 94°C for 1 min, primer anncaling at 62°C for 30 sec,

e s e pe—

Association Between Estrogen Receptor Gene Vanations and Risk of Page 28
Ovartan Cancer in Pakistani Population



[\\
N

CHAPTER 2 MATERIALS AND METHODOLOGY
e e e e e e

and primer extension at 72°C for 1 min and final extension temperature of 72°C for 5

min

The amplified products were then subjected to restriction fragment length
polymorphism techmque (RFLP) It 1s 2 most common technique used for analysis of
known mutations The digestion reaction was performed in a 15ul of reaction volume

Twelve microliters of PCR product, 0 Spl of enzyme, | Spiof [ X buffer and 1 5ul of
waler were used for restriction digestion of ¢ 454-351 A>G and ¢ 454-397 I>C 05
units of Xbal and Pvull restriction enzymes were used scparately for digeston The

amphfied products were digested overnight at 37°C

2.7.4. Agarose Gel Electrophoresis

After digestion, the PCR amplified fragments were electrophoretically separated lor
about 60 min at a voltage of 100V on a 2% agarose gel 100bp ladder was used as a
marher [he 2% agarose gel was prepared by melting 2g of Agarosc in 100m1 | B
buffer in a microwave oven A small amount of ethidium bromide was also added
during the preparation of a gel which aided in the visuahization of DNA bands upon
UV transillumination After 60 min an image of the gel was captured by gel

documentation system (Uvitec Cambndge, UK)

2.7.5. Statistical Analysis

Data was analyzed using statisucal approach Percentages were calculated of the
genotype and allele frequencies 1n benign, borderline and malignant ovanan cancer
cases and n negative controls and statistical significance of the differences 1n allehic
frequencies and distmibution of genotypes between cases and control groups were

analyzed by logistic regression Statistical significance was fined at p values <0 05
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Table 2.1 Required reagents for the composition of lysis buffer (50ml)

S.No  Reagents Required

1 IM Tris pH 8.0

2 5M NaCl

3 0 SM EDTA pH 8.0

4 10% SDS

5 Deiomzed H,O

Amount

500pl

Iml

Iml

25ml

45ml

R —
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Table 2.2 Details of reagents used in polymerase chain reaction

S.No Reagents Stock Concentration Final Volume

1 Tag buffer 10X 2ul

2 MgCl, 25mM 2ul

3 dNTPs 50mM |

4 Forward Pnimer 10uM Tul

5 Reverse Primer 10uM | pul

6 Pzrﬂz::c 5U 025ul

7 DNA 100ng 1pl

8 dH-O 11 75ul
Total Volume 20pl

- _______ ______ ]
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Table 2.3 Primer sequence of £SRI gene polymorphisms

Primers Sequence Annealing  Amplicon
53 Temp. Length

"ESRI rs9340799 Xbal F GGGCTTAAACAATTCTC

CTGCT
62°C 524bp
FSR1 rs9340799 Xbal R CATTACCTCTTGCCGTC
TGTTG
ESRI rs2234693 Pvull F GATTCTCCCACCTCAGC
CTTAC
62°C 451bp

ESR1 2234693 Pwull R ACCAATGCTCATCCCAA
CTCTA

L ____ __ ____ ___ __ ___ _______ ___ _________ ________ _______ _____ _______ ______  ____ __]
Associalion Between Estrogen Receptor Gene Vanations and Risk of Page 32

Ovanan Cancer in Pakistaru Population



CHAPTER 3

RESULTS



CHAPTER 3 RESULTS

3.1. Epidemiological Aspects and Characteristics of Ovarian
Cancer Patients

The collected clinical information of 186 ovarian cancer patients and 177 negative
control samples was analyzed thoroughly 1n order to evaluate the frequency and
patterns of ovarian lesions, o assess the laterality and grading of ovanan cancer

patients and to find out the prevalence of disease 1n different age groups

All the ovarnan cancer patients were categorized into three major categorics of
ovarian cancer with the highest percentage evaluated was of surface epithelial tumors
(Table 3 1) Next all patients were divided into malignant, bemign and borderline
groups, malignant (74). benign (102} and borderline (10) patients (Table 3 2) Out of
74 malignant cases, FFPE blocks of 55 cases were available 1n the repository of
histopathology department and were collected, 101 blocks of benign pauients were

available and all blocks of borderline cases were available and collected (Table 3 3)

All malignant cancer patients were subdivided nto histologic malignant subtypes
with the most common subtype evaluated was “serous adenocarcinoma’ (41 9%)
(Table 3 5} Grading of malignant ovarian cancer patients was also assessed (Table
36) Simlarly, all benign patients were subdivided into different histologic subty pes
with the most frequent subtype calculated was “serous cystadenoma’ (47 06%) (Table
37) ‘Borderline serous tumor’ was calculated as the most common borderline

ovarian tumor (Table 3 8)

All patients were also divided into different age groups 1n order to evaluate the most
susceptible age for the diagnosis of benign and malignant ovarian cancer lhe
diagnosis of benign tumor was observed to be highest between the sccond and third
decade of life while the diagnosis of malignant ovaran cancer was assessed to be
highest between the fifth and sixth decade of hfe (Figure 3 7) Whilc cvaluating the
laterality of ovarian cancer patients, right ovary was obsenved to be more susceptible

to the disease 1n all cases including benign, borderline and malignant (Tigure 3 8)
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Table 3.1 Categories of ovarian cancer and number of patients reside
within each category

Category No. of Patients Percentage (%)
Surface Epithelial Tumors 153 823
Sex Cord Stromal Tumors B 43
Germ Cell Tumors 25 13 4
Total 186 100
1000 -
g 800 -
» 60.0 -
b |
& 400 -
H ,
00 : . .

Surface Epithehal  Sex Cord Stromal  Germ Cell Tumors
Tumors Tumors

Figure 3.1: Graphical representation of ovarian cancer categories
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Table 3.2 Distribution of Malignant, Benign and Borderline ovarian cancer
patients

Ovarian Cancer No. of Patients Percentage (%)
Malignant 74 3978
Benign 102 54.84
Borderline 10 538
Total 186 100

w Malignant
# Benugn
w Borderiine

Figure 3.2: Pie diagram representing percentages of malignant, benign
and borderline ovarian cancer cases.
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Table 3.3 Represents the percentage of blocks avaitable and the percentage of
blocks not available of ovarian cancer patients

Ovanan Cases with Percentage Ng:r:a:l:tll:le Percentagel Total
Caocer Available Blocks (%) Blocks (*4)
Malignant 55 74 19 26 74
Benign 101 99 I 1 102
Borderline 10 100 0 0 10
Total 166 20 186
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B Cases with Availabie Blocks

H Cases with not available
blocks

Figure 3.3: Column chart representing the nnmber of blocks available and the
number of blocks unavailable of malignant, benign and borderline cases.
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Table 3.4 Details of collected negative control samples

. Number of o
Negative Control Samples Samples Percentage (%)
Patients with no cancer 129 779
history
Patients with uterine | 05
malignancy
Normal ovary of ovarian 47 2% 6
cancer patients
Total 177 100

m Patients with no cancer
history

B Pabents with uterine
mahgnancy

u Normal ovary of ovarian
cancer patients

Figure 3.4: Pie chart illustrating categories of negative control samples

e
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Table 3.5 Histologic subtypes of malignant ovarian cancer and the number
of patients reside within each subtype

Histologic Sub Type of

Cancer No. of Patients Percentage (%)
Serous Adenocarcinoma 31 419
Mucinous Adenocarcinoma 13 176
St ; o
Clear Cell Adenocarcinoma 2 270
Carcinosarcoma l 13
Granulosa Cell Tumor 4 54
Sertoli Leydig Cell Tumor I 13
Germ Cell Tumor 6 81
Subtypes Unidenufied I 149
Total 74 100

e ________________________________________________ __________ __________ ___ ___________ ___._ ]
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Figure 3.5: Graphical representation of histologic subtypes of malignant ovarian
cancer. The most frequent type observed was ‘Serous Adenocarcinoma’.
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Table 3.6 Grading of malignant ovarian cancer

Grade No. of Patients

Low Grade (G1)- Well differentiated 11

Intermediate Grade (G2)- Moderately

differentiated 10

High Grade (G3)- Poorly differentiated 28
Grading Unidentified 25

Total 74

‘e S e—
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Table 3.7 Histologic subtypes of benign ovarian tumors and the number
of patients lie within each subtype

His‘;:?ngiigcns,;z:;zfe of No. of Patients Percentage (%)

Serous Cystadenoma 48 47.06
Serous Cystadenofibroma 9 8 82
Mucinous Cystadenoma 23 2255
Matt;ge S,E:Zt,lg g;z:;oma 19 18 63
Fibrothecoma 1 098
Fibroma 1 098
Seromucinous Cystadenoma 1 098
Total 102 100

Ovanan Cancer in Pakistam Population
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Figure 3.6: Graphical representation of histologic subtypes of benign tumors.
The most frequent type observed was of Serous Cystadenoma.
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Table 3.8 Histologic subtypes of borderline ovarian tumors

Histologic Sub Type of Tumor No. of Patients
Borderline Seromucinous Tumeor 1
Borderline Serous Tumor 6
Borderline Mucinous Tumor 3
Total 10

. ______ ___ _____ ____ _____ _______ ____ __ __ ___ __  __J
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Table 3.9 Distribution of malignant, benign and borderline ovarian cancer
paticuts according to the age groups

Age Groups Malignant Benign Borderliue

<20 6 8 1
20-34 10 41 5
3544 18 24 0
45-54 17 I8 l
55-64 16 9 2
65-74 7 2 0

>74 0 0 1
Total 74 102 10

L. ___ __ _ _ ____ _____ ______ ____ _ ________________ ________ |
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Figure 3.7: Graph representing distribation of ovarian cancer patients according
to the age groups
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Table 3.10 Laterality information of ovarian cancer patients

Malignant Benign Borderline

Laterality cases cases cases Total Percentage (%)
Right Ovary 20 39 4 63 34
Left Ovary 17 29 4 50 27
Bilateral 18 7 1 26 140
Spehi?ftie . 19 27 ! 47 25
Total 74 102 10 186 100

e - __ _ _____ __ __ __ ___ __  __ __ __ _ __ __ __ _ _____ |
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Figure 3.8: Pie chart representing laterality of ovarian cancer patients
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3.2. Identification of Genetic Polymorphisms in ESR/

In order to assess genetic polymorphisms of ESRI, 2 SNPs were selected The
detection of SNPs was performed by RFLP technique In order to detect rs9340799
polymorphism, 524bp region of ESRI gene was amphfied first and then the PCR
product was digested with Xbal restriction enzyme The digested fragments were then
separated through gel electrophoresis and three different genotypes were obtained 1 ¢
AA (Homozygous, wild type), AG (Heterozygous). GG (Homozygous. polymorphic),
digestion through restriction enzyme yielded two fragments of 227bp and 297bp for

wild type A allele and G allele yielded only one fragment of 524bp (Figure 3 9)

In order to detect rs2234693 polymorphism, a 451bp region of ESR/ gene containing
the polymorphism was amplified and then restriction digestion was performed by
Pvull enzyme Three genotypes were obtained when the digested fragments run on
2% agarose gel 1e TT (Homozygous. for major allele), TC (Heterozygous), CC
(Homozygous, for minor allele), restriction digestion yielded two fragments of 385bp

and 66bp for T allele and only one fragment of 451bp for C allele (Figure 3 10)
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Figure 3.9: The restriction profile of ESR1 gene Xbal (c454-351). Lane M- DNA marker
(100bp, gene ruler), lane 12: undigested PCR product, GG genotype (homozygous,
polymorphic), lanes 3, 4, 8, & 11: AG genotype (heterozygons), lanes 1, 2, 5, 6.7, 9, 10,
13, 14, 15, & 16: AA genotype (homozygous, wild type).

Figure 3.10: The restrichon profile of ESR1 gene Prvull (c454-397). Lane M- DNA
ladder (100bp), lanes 3, 4, 9, & 10: undigested PCR product. CC genotype (homozygous,
polymorphic), lanes 2, 5, & 6: TC genotype (heterozygous), lanes 1. 7. & 8 TT genotype
{homozygous, wild type).

e —
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3.3. Association between rs2234693 and Ovarian Cancer

Out of 177 negauve control samples and 186 cases, 46 negative control samples and
79 samples of patients were typed for ESRI gene polymorphisms, 152234693 and
rs9340799 DNA of other samples was degraded and in some samples DNA was

present in minute quantity which couldn't be amplified

3.3.1. Overall Analysis

In Controls, the genotype frequency distribution of homosygous ancestral genotype
"TT" was 26 087%, heterozygous genotype 'TC™ was 50 0% whereas 23 913% of
females were homozygous variant with genotype "CC’ and allele frequency of the
wild type allele *T" was 51 087% and that of the nisk allele *C" was 48 913% Among
all cases (n=79), 24 1% were homozygous wild type "TT", 50 6% of patients were
heterozygous "TC’ and 25 3% were homozygous variant CC™ In all cases, allele
frequency distribution of the wild type allele " T’ was 49 4% and that of risk allele *C

was 50 6%. In Benign patients (n=53), 26 4% were homozygous wild type "1"

49 1% were heterozygous 'TC’ and 24 5% were homozygous vaniant "CC  while the
allele frequencies of wild type ‘T" and nisk allele "C’ were 50 9% and 49 %
respectively In Malignant patients (n=23), the genotype frequency distributions of
‘TT, “TC, 'CC" were 21 7%, 47 8%, and 30 4% respectively while the allele
frequency of wild type ‘T" and vaniant *C’ was 45 7% and 54 3% respectively Only 2
Borderline samples were amplified and in those patients (n=2). the genotypic
frequencies of “TT’, *"TC” and "CC" were 0%, 100% and 0% respecuvely and allele

frequency of ancestral allele ‘T was 50% and that of nisk allele *C" was 50%

3.3.2. Comparison between all Cases and Controls

The data of all ovanian cancer patients and negative controls were compared
statistically (Table 3 11) Logistic regression analysis did not reveal any sigmificant
vanance between the genotype frequencies of cases and negative controls neither
under the DM (OR=1 09, [95% C!=0.45-2 66]. p=0 83) nor under the RM (OR=1 14,
[95% CI=0 40-3 22], p=0 79)

Association Between Estrogen Receptor Gene Variations and Risk of Page 51
Ovarian Cancer in Pakistani Population



CHAPTER3 RESULTS
eSS e e e

Simifarly, no significant difference was observed between the allele frequencies of all

cases and negative controls (OR=1 07, [95% CI=0.64-1 79], p=0 79)

3.3.3. Comparison between Benign Group and Controls

No significant difference was observed between the genotype frequencies of benign
samples and negative controls when the data was analyzed through logistic regression
analysis neither under the DM (OR=0 96, [95% CI=0 37-2 51]. p=0 94) nor under the
RM (OR=I 01, [95% CI=0 33-3 08], p=0 98) (Table 3 12}

Univarate logistic regression analysis also did not reveal any significant difference
between the allele frequencies of benign cases and negative controls (OR=1 00. |95%

CI=0 57-1 75], p=0 98)

3.3.4. Comparison between Malignant Group and Controls

When statistically analyzed through logistic regression analysis, no significant
difference was perceived between the genotype frequencies of malignant samples and
negative controls neither under the DM (OR=1 14, [95% C1=0 32-4 07]. p=0 83) nor
under the RM (OR=1 52, [95% CI=0 37-6 25]. p=0 55) (Table 3 12)

Similarly, univanate logistic regression analysis also did not reveal any significant
difference between the allele frequencies of malignant samples and negative controls

(OR=1.24, [95% CI=0 61-2 52}, p=0 54)

3.3.5. Comparison between Benign and Malignant Groups

The data of the bempgn patients was also compared with malignant patients
statistically {(Table 3 12) No significant difference was detected between the
genotype frequencies of benign patients and malignant patients when the data was
analyzed through logistic regression; neither under the DM (OR=1 18, [95% C1=0 34-
4 09], p=0 78) nor under the RM (OR=1 50, [95% CI=0 38.5 95], p=0 55)
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Logistic regression analysis also did not divulge any significant difference between
the allele frequencies of benign cases and malignant cases (OR=1 23, [95% CI=0 61 -
2 47], p=0 54).
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Table 3.11 Genotype and allele frequency distribution of ESRI gene rs2234693

polymorphism among Total Cases and Controls

Geno Controls Total Cases Controls vs Total Cases
ype (N=46) (N=79) OR (95%CI) (p-value)
12 iy ] a
TT (26.087%) 19 (24.1%) ]
23 . )
TC (50%) 40 (50.6%) DM 1 090 45-2 66) (0.83)
1 20 (75.3° )
CC (23 913%) 20(25.3%) RM.1 14(0.40-3 223 (0 79
Allele Conirols Total Cases Controls vs Total Cases
Frequency | (N=92)) (N=158) OR (95%C1) (p-value)
T 47 78 1
(51 087%) {49 4%)
45 80
C (48 913%) (50.6%) 1 07(0 64-1 79) (0 79)

b _ _______ _____ ___ ___ _ _ __ _ ___ __ ______ ]
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0.1 1 10
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Figure 3.11: Graphical representation of non-significant difference in the
genotype and allele frequencies of ERA 93 between all cases and negative
controls
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Figure 3.12: Graphical representation of non-significant difference in genotype
2nd allele frequencies of ERA 93 between benign group and control group.
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Figure 3.13: Graphical representation of non-significant difference in genotype
and ailele frequencies of ERA 93 between malignant group and control group.
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Figure 3.14: Graphical representation of non-significant difference in genotype
and allele frequencies of ERA 93 between benign group and malignant group.
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3.4. Association between rs9340799 and Ovarian Cancer

3.4.1. Overall Analysis

In Controls, the genotype frequency distribution of homozygous ancestral genotype
*AA’ was 71 739%. heterozygous genotype ‘AG’ was 26 087% whereas 2 1739% of
females were homozygous variant with genotype ‘GG’ and allele frequency of the
wild type allele "A’ was 84 783% and that of the risk allele G’ was 15 217% Among
all cases (n=79), 70 9% were homozygous wild type "AA", 27 8% of patients were
heterozygous *AG’ and 1 3% were homozygous variant "GG" In all cases, allele
frequency distribution of the wild type allele "A” was 84 8%¢ and that of nish allete "G’
was 152% In Bemign patients (n=53), 69 8% were homozygous wild type "AA’,
28 3% were heterozygous ‘AG” and | 9% were homozygous variant "GG" while the
allele frequencics of wild type *A’ and nisk allele *G™ were 83 96% and 16 04%
respectively In Malignant patents (n=23), the genotype frequency distributions of
‘AA’, 'AG’, ‘GG’ were 69 6%. 304%, and 0% respectively while the allele
frequency of wild type ‘A’ and vanant ‘G’ was 84 8% and 15 2% respectively Onlv
2 Borderline samples were amplified and 1in those patients (n=2), the genotvpic
frequencies of "AA’, ‘AG’ and *GG' were 100%, 0% and 0% respectively and allcle

frequency of ancestral allele ‘A’ was 100% and that of risk allele *G® was 0%

3.4.2. Comparison between all Cases and Controls

The data of all ovarian cancer patients and negative controls were compared
statistically (Table 3 13) Logistic regression analysis did not reveal any significant
variance between the genotype frequencies of cases and negative controls under the
DM (OR=1 08, [95% CI=0.47-246], p=085) Significant vanance between the
genotype frequencies of cases and negative controls under the RM could not be
assessed as the number of samples amplified with the genotype homozygous vanant

was only one

Similarly. no significant difference was observed between the allele frequencies of all
cases and negative controls (OR=0 99, [95% CI=0 48-2 04]. p=0 99)
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3.4.3. Comparison between Benign Group and Controls

No significant difference was observed between the genotype frequencies of benign
samples and negative controls when the data was analyzed through logistic regression
analysis under the DM (OR=1 11, [95% CI=045-272], p=08l) (Table 3 14)
Significant difference between the genotype frequencies of benign cases and negative
eontrols under the RM could not be evaluated as the number of samples amplified

with genotype homozygous polymorphie was only one

Univanate logistic regression analysis also did not reveal any significant difference
between the allele frequencies of benign cases and negative controls (OR=1 06. [95%

CI=0 49-2 29]. p=0 87)

3.4.4. Comparison between Malignant Group and Controls

When statistically analyzed through logistic regression analysis, no significant
difference was perceived between the genotype frequencies of malignant samples and
negative controls under the DM (OR=1.20. [95% CI=039-3 63], p=074) (Table
3 14) Significant difference between the genotype frequencies of malignant cases and
controls under the RM could not be analyzed as no malignant sample with genotype

homozygous polymorphic was amplified

Similarly, univanate logistic regression analysis also did not revcal any significant
difference between the allele frequencies of malignant samples and negative controls

(OR=1, [95% CI=0 37-2 67]. p=1 00)

3.4.5. Comparison between Benign and Malignant Groups

The data of the bemign patients was also compared with malignant patients
statistically (Table 3 14) No significant difference was detected between the
genotype frequencies of benign patients and malignant patients under thc DM

(OR=1 07, [95% CI=0 36-3 15], p=0 88)
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Logistic regression analysis also did not divulge any sigmificant difference between
the allele frequencies of benign cases and malignant cases (OR=0 93, [95% CI=0 36-
2 44). p=089)
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Table 3.13 Genotype and allele frequency distribution of ESRI gene rs9340799
polymorphism among Total Cases and Controls

G Controls Total Cases Controls vs Total Cases
enotype | (N=46) (N=79) OR (95%CI) (p-value)
32 0
AA (71 739%) 56 (70 9%) |
12 Y P 1] s
AG (26 087%) 22 (27 8%) DM 1 08(0 47-2 46) (0 85)
GG o1 01 (1 3%)
(2 1739%) °
Allele Controls Total Cases Controls vs Total Cases
Frequency | (N=92)) (N=158) OR (95%CI) (p-valuce)
A 78 134 [
(84 783%) (84 8%)
G 14 24 0990 48-2 041099
(15 217%) (15 2%) (0 48-2 D) )
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Figure 3.15: Graphical representation of non-significant difference 1n genotype
and allele frequencies of ERA 99 between all cases and controls.
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Figure 3.16: Graphical representation of non-significant difference in genotype
and allele frequencies of ERA 99 between benign group and control group.
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Figure 3.17: Graphical representation of non-significant difference in genotype
and allele frequencies of ERA 99 between malignant group and control group.
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Figure 3.18: Graphical representation of non-significant difference 1n genotype
and allele frequencies of ERA 99 between benign group and malignant group.
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In the current study 186 patients of ovanan cancer were laken as cases and 177
subjects were taken as negative controls All these cases and negative controls were
used while evaluating the patterns and frequency of ovanan lesions in Pakistan
population, laterality and grading of malignant ovarian cancer and while assessing the
distribution of the disease n different age groups But while nvestigating the
association of rs9340799 and rs2234693] single nucleotide polymorphisms of estrogen
receplor alpha with risk of ovarian cancer in our population only 79 cases and 46
controls were amplified using polymerase chain reaction Some of the samples were
degraded and some of themn were containing the minute quantity of DNA which was

insufficient for amphficauon

In our study the frequency of surface epithehal tumors was the highest among the
major histological classes 1¢ 82 3% (153/186) This finding ts quite closer to the data
reported n other studies from West (Guppy er al, 2005) and India (Tyag: ef af ,
1993) 1e 90% and 70% respecuively but does not correlate 10 the information
reported n a study from Karachi, Pakistan 1 64% (Ahmad ef of , 2000) 1his
dissimilarity may be because of difference in the sample size or might be
environmental and genetic factors are wnvolved The frequency of sex cord stromal
tumors 1 our study was evaluated as 4 3% (8/186) which 1s very similar 10 the
frequency reported 1n the study that was camed out 1n the United Kingdom 1¢ 5%
(Mormison, 2005) The frequency of germ cell tumors 1n present study was |3 4%
{25/186) which contradicts to the frequency reported in a study conducted 1n Pakistan
recently 1.e 43 3]1% (Ashraf et al, 2012) and the frequency reported 1n the study
carried out in Nepal 1 ¢ 42 2% (Jha and Karki, 2008) but somehow comparable 10 the
frequency reported 1n two different studies camed out i Pakistan (¢ 27 13%
(Ahmad et al , 2000) and 20 5% (Tanwani, 2005)

Out of 186 ovanan cancer cases, 74 patients were malignant (39 78%), 102 pauents
were benign (54 84%) and only 10 pauients were of borderline tumor (5 38%%) [his
finding 1s related to the data reported in a study conducied in Pakistan mn which the

reported frequency of benign tumors was 59 18% (506/855) and the frequency of
e . __________________________ - __
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malignant tumors was 40 81% (349/855) (Ahmad ef a/ , 2000) But our findings were
shght vanied from another study in Pakistan 1¢ 46 4% (148/319) were benign tumors
and 22 2% (71/319) were reported malignant in this study (Tanwany, 2005) Similarly
our results were also dissimifar to the study carried out in Nepal According to their
study the frequency of benign tumors was 83 9% (135/161) and the frequency of
malignant cases was 16 1% (26/161) (Jha and Karki, 2008) This deviation might be
because of different sample size or may be genetic and environmental factors are

involved

While evaluating the frequency of malignant ovarian lesions the most frequent
histologic subtype observed in our population was of ‘serous cystadenocarcinoma’
1¢ 41 9% (31/74) followed by ‘mucinous cystadenocarcinoma™ ¢ 17 6% (13/74)
The most widespread histologic subtype of benign tumor was serous cystadenoma’
1e 47 06% (48/102) followed by ‘mucinous cystadenoma’ 1e 22 55% (23/102) and
*mature cystic teratoma’ (dermoid cyst) 1¢ 18 63% (19/102) 1hesce results correlate
to the previous epidemiological studies of ovarian cancer in Pakistan Tanwani (2005}
conducled a study to evaluale the most frequent histologic subtypes of benign and
mahgnant ovarian cancer and his results were correlated to our study lhe most
frequent bemign tumor evaluated in his study was “serous cystadenoma’ (50 7%)
followed by ‘mucinous cystadenoma’ (16 9%) and ‘mature cystic teratoma’ (18 9%)
Similarly the most frequent malignant subtype assessed in his study was serous
cystadenocarcinoma’ (35 2%) followed by ‘mucinous cystadenocarcinoma’ (28 2%)
Another study 1n Pakistan reported the same resulls as reported 1 our study 1¢ the
most common malignant subtype was “serous cystadenocarcinoma’ and the most
commonest benign tumor was ‘serous cysladenoma’ according to their findings
(Damish et af, 2012) Similarly the evaluation of the most prevalent histologic
subtype of malignant ovarian cancer was also done n a study carmed out in India and
their results reported that the most prevalent typc observed was of serous
adenocarcinoma’ (49 69%) in India and the second most prevalent typc was

‘endometrioid adenocarcinoma’ (19 1%) followed by “mucinous adenocarcinoma

. _ _____ _____ _______ |
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(10 42%) (Sami ef al , 2016), unlike in our population as in our study the second most
prevalent type was ‘mucinous adenocarcinoma’. A study conducted 1n Egypt also
evaluated ‘serous cystadenocarcinoma’ as the most common histologic subtype of
malignant ovarian cancer ie 58% (Mostafa ef af, 2012) The findings of a study
carried out in Nepal on 161 cases of ovarian cancer contradicts 10 our observations
regarding the most frequent bemign tumor but were similar regarding the most
prevalent malignant ovarian cancer subtype. Their data reported that the most
prevalent berugn tumor 1n their population was *mature cystic teratoma” (48 2%) and
the most common malignant tumor was ‘serous adenocarcinoma (46 2%) (Jha and
Karki, 2008) Similarly another study that was carried out 1n Lahore, Pakistan
rcported the same results as presented 1n our study regarding the most frequent
malignant subtype but varied regarding the most common benign ovarian tumor
Their data showed that the most frequent benign tumor in our population was
‘dermoid cyst’ (31/82) followed by ‘serous cystadenoma’ (20/82) and the most
prevalent malignant tumor was ‘serous cystadenocarcinoma’ {(11/45) followed by
‘mucinous cystadenocarcinoma’ (9/45) (Ashral ef af . 2012) Life style factors or
genctic factors or the difference in the sample size could be the possible reason for

this deviation in the relative frequencies of the histological pattems of ovarian cancer

In our study the benign tumors has observed to be more common than malignant ones
in the age groups, <20, 20-34, 3544, and 45-54 The benign ovarian tumors have
found to culminate between the second and the middle of third decade of life while
the malignancy has observed to be mncreased as compared to the benign tumors 1n the
age groups ranging from 55-64 and continuc to increase as the age increases This
finding 15 similar to the ovanan cancer statistics 1n the United States. reported
recently (n 2016 Their data showed that the number of malignant ovarnan cancer
patients was highest 1n the age group of 55-64 1e 24 2% (SEER Cancer Staustcs
Review, 2016)
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Another aspect of the present study was to investigate the association of rs2234693
(Pvull) and 159340799 (Xbal) single nucleotide polymorphisms (SNPs) with risk of
ovarian cancer in Pakistani population This was the first ime that the associauon of
these SNPs with ovarian cancer risk was investigated in any population Previously
no such study was available that documented the association of these genetic

polymorphisms of estrogen receptor alpha with risk of ovanan cancer

In case of Pvull polymorphism, no significant association was observed between this
polymorphism and risk of ovarian cancer There was an nsignificant difference 1n
heterozygous genotype TC (P=0 83) and homozygous variant genotype CC (P=0 79)
between cases and controls Similarly an insignificant change was observed in nisk
allele ‘C" between cases and controls (P=0 79) Further investigations were made and
an association of Pvull polymorphism was determined separately with bemign group
and malignant group of patients, also benign group was compared with malignant

group but the resulls were insignificant

Similarly, in case of Xbal polymorphism. no significant association was observed
The difference n the heterozygous genotype AG distnibution between cases and
controls and difference in the polymorphic G allele frequency between cases and
controls was significant (P=0 85 and P=0 99, respectively) The results were
insignilicant also while comparing the genotype and allele frequencies between
bemgn group and controls, between malignant group and controls and between

benign group and malignant group

Although we didn’t find association between estrogen rcceptor alpha gene intron
variants rs2234693 and rs9340799 and risk of ovarian cancer mn our population but it
1s obvious from the previous studies that ERa plays a significant role in ovanan
carcinogenesis (Willcocks ef al , 1983, Pujol et af, 1998, Li er al, 2003, Cunat et
al, 2004, Sun er af, 2005) There 15 another single nucleoude polymorphism 19kb
downstream of £SRI gene 1¢ 152295190 (G>T) that was found to be associated
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with nisk of invasive ovarian cancer, odds ratio (OR) ol 124 [95% confidence

interval (CI), 1 06-1 44, P=0 006] (Doherty et af , 2010)

In our population the heterozygous penotype AG of Xbal polymorphism and
heterozygous genotype TC of Pvull polymorphism has been reported to be associated
with the nisk of inferulity (Liaqat e al., 2015) Similarly these polymorphisms have
also been found to be associated with 1diopathic premature ovarian failure in Chinese
population (L ef al., 2013) but do not lound to be associated with the same disease
in Serbian women and do not contribute o the genetic basis of the diseasc (1.1 ef ol ,
2013), suggesting that the association of genetic polymorphisms with a particular

dtsease or with different diseases may vary from population to population

The frequency of homozygous polymorphic genotype GG of rs9340799 SNP has
observed to be very less in our population but need further invesugations for

confirmation and to determine whether the findings are generalizable to other

populations
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Conclusion

This study was performed to achieve two major goals Although we couldn’t find
association between ERA 93 and ERA 99 single nucleotide polymorphisms with
risk of ovanan cancer in our population, possible reason for which could be small
sample size but we successfuily evaluate frequency and pattemns of ovanan cancer
in our population QOur results are suggesting that serous epithehal tumors are the
most frequent occurring tumors i1n Pakistani population, therefore, assessing
association specifically with them might be significant The reason for the
degradation of large number of samples could be the sample storage conditions in
the repositories of the histopathology departments of the respective hospitals as
FFPE tissue samples need to be stored at relative low temperature but in the
repositories they were stored at room temperature, might resulted into an increase

number of sample degradation
Future Prospects

# Association of ERA 93 and ERA 99 with each of the particular histologic
subtypes of ovanan cancer c¢an be evaluated which might lead to an
invention of targeted therapy against any particular subtype

» Expression analysis of ERa can be done in different subtypes of ovanan
cancer 1n order to determine the estrogen receptor alpha positive and

negative subtypes
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