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ABSTRACT

Background: Triple negative breast carcinoma (TNBC) is a breast cancer sub-type
associated with high mortality rate and inadequate therapeutic options. Clinical data
indirectly implicates where Oral Contraceptive Pill (OCP) usage is high, prevalence
of Estrogen Receptor+ (ER+) breast cancer is high and prevalence of TNBC is low.
This has lead to our hypothesis that OCP use may add to risk of ER+ breast cancer
and OCP use may reduce the risk of TNBC. In in-vitro study we tried to differentiate
the effect of estrogen on development of ER+ and triple negative breast cancer tumor
affecting Epidermal growth factor receptor EGFR expression in respective cancer cell
lines as TNBC commonly displays EGFR. It is known that effective EGFR

degradation results in suppression of tumor in various models.

Aims and Objectives. We aimed at to comparing the prevalence and association of
sub-types of breast cancer in OCP users and OCP non-users among woman 30 to 60
years of age, and in-vitro study we amed at treating MDA-MB-231 cell lines with
Cycloheximide with or without 17(3-estrdiol to observe whether 17p-estradiol leads to
EGFR degradation. We aso aimed a whether degradation occurs through
ubiquitination pathway.

Methods : This hospital-based observational human study of three year duration
included 155 subjects of primary invasive breast cancer who got admitted at our
institution. The data was obtained for ER, PR, HER2 condition, clinical classification
and data related to demographic factors, reproductive history, and history of OCP use.
They were divided into two groups. Group-1 included 48 patients with history of OCP
use and group-2 included 107 patients who did not use OCP. In in-vitro study MDA-
MB-231 cells were treated with 17B-estradiol (E2) and EGFR expression was
evaluated by western blotting at different intervals by using Cycloheximide chase. To
gauge ubiquitination pathway of degradation of EGFR in the MDA-MB-231 cell line,
MG-132 was utilized. Data was analysed using SPSS-20.

Results: A significant increase in prevalence of molecular sub-types ER+,

Progesterone Receptor+ (PR+) and Lumina B breast cancers in OCP users was

Xiv
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observed compared to non-users. There was considerable decrease in the age at the
point of admission in ER+ cancer in OCP users (45.3 years) compared to non-users
(52.2years). Whereas in OCP users age at the time of admission of Basal (TNBC)
cancer patients (53.1 years) was higher when compared to non-users (45.4years).
Logistic regression revealed the likelihood of ER+, PR+ and Luminal B in OCP users
was 11%,10% and 13% less respectively with 1 year of higher age against the
likelihood of TNBC among OCP users was 18% more and 8% less in non-users. In
in-vitro study EGFR expression was reduced with [-estradiol treatment in MDA-MB-
231 cell line with Cycloheximide chase. Upon Treatment with MG-132 and E2,
EGFR expression did not reduce suggestive of that Estrogen degrades EGFR by
ubiquitination pathway.

Conclusions: OCP use may be allied with increase in the prevalence of ER+, PR+
and Luminal B breast cancer. On the contrary OCP useis may be related with delay in
the progression of the TNBC. In-vitro study conclusion was that estrogen degrades
EGFR in MDA-MB-231 cells and this degradation occurs by ubiquitination.

Key words: oral contraceptive pill, triple negative breast cancer, MDA-MB-
231,estrogen, epidermal growth factor receptor, MG-132

XV
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1. Introduction

Breast cancer (BC) is the most common etiology for cancer death among women and
the most frequently diagnosed cancer among women in 140 of 184 countries
worldwide. It currently represents onein four of all cancersin women. BC is the most
common cancer in women in India, in both males and females combined, in citiesin

Indiaand in rura areas of Indiaaswell.

Breast cancer is a heterogeneous disease with different clinical, pathological, and
molecular features. Expression patterns and immune-histo-chemica markers can
differentiate BC subtypes and expected to reflect important differences in
pathogenesis and aetiology [1-2]. Epidemiologic studies strongly suggest that
Estrogen Receptor positive (ER+), Progesterone Receptor positive (PR+), Human
Epidermal Growth Factor Receptor 2 positive (HER2+) and triple-negative breast
cancers (TNBCs) are distinct entities that the etiologic factors, clinical characteristics,
and therapeutic possibilities may vary by molecular subtypes [3-5]. Severd
investigations propose that reproductive factors and exogenous hormone especially
estrogen use differently or even quite inversely affect the risk of ER+ and TNBC [6-
8]. Estrogen was used in the treatment of breast cancersin the past. Meta-analysis has
shown that obstetric history and Oral Contraceptive pill (OCP) intake increases risk of
both ER+ and TNBC [9]. The role of some of the risk factors in the development of
ER+ cancer is clear. Controversies concerning the precise role of risk factors in
TNBC development and biological mechanisms behind the commencement of
TNBCs are completely obscure. TNBC is clinically challenging type of breast cancer
which occurs more frequently in younger women (<50 years) and Asian women and

isrelated to significant aggressiveness as compared with other subtypes of BC.
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Oral contraceptive use may promote or initiate tumours of the breast. The risk may be
even greater for women due to family history of cancer or genetic mutation carrier
status. However, overal results from studies are inconclusive. The association
between OC use and breast cancer risk can be variable in different molecular subtype,
specifically by joint estrogen receptor (ER), progesterone receptor (PR), HER2-neu
(HER2) and TNBC (Triple Negative Breast Cancer) status. More than 90% of TNBC
tumors are considered within the basallike subgroup, so called for its gene expression
profile that imitates basal epithelial cellsin other parts of the body and a characteristic
morphology which includes high proliferative rate, a pushing border and centra
necrosis. Basal-like BC is associated with aggressive histology, poor prognosis,
unresponsiveness to typical endocrine therapies, and is BRCAl-related BC. Even
though triple-negative breast cancer is of growing attention in the clinical and
research community, its etiology remains understudied. Western population which is
considered socio-economically of higher status, OCP use is high. May be because of
this they have more preponderance develop ER+ breast cancer and less preponderance
to develop TNBC. African and Asian population have less preponderance to develop
ER+ and more preponderance to develop TNBC. The reason could be here less use of
OCP [10-12]. ER+ breast cancer development is influenced by estrogen via Estrogen
Receptor a (ERa) receptors through independent mechanisms. Acting through ERaq, it
stimulates cell proliferation and initiates mutations that occur as a function of errors
during DNA replication. But, estrogen has the contrary effect in TNBC when
Estrogen Receptor B (ERp) is there in excess. There are evidences estrogen decreases
the proliferation of TNBC by non-genomic action [13]. These cumulative effects
could be reason why western population has less number of TNBC. While the

relationship between OCP use and BC risk has been extensively studied, the subject
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remains an important research area as there are several key unanswered questions.
There is scarceness in the studies whether OCP use associated with increased/reduced
risk of especially with TNBC in Indian population particularly in younger age group.
Addressing these issues is of public health importance given the high prevalence of
use OC among Indian women and the greater aggressiveness of breast cancer in
younger women especially Triple negative breast cancer. Therefore, in order to
characterize the association between OCP use, and risk of different breast cancer
subtypes among Indian young women, since these biological subtypes of breast
cancers have therapeutic implication, we hypothesized that and there will be
preponderance of ER+ breast cancer in subjects exposed to OCPs prior and there will
be decrease in the prevalence in TNBC subjects exposed to OCP. Hence we aimed at
this hospital based prospective observational study among women of younger age
group (30-60 years) having different molecular subtypes of breast cancer. We aso
tried here to differentiate the effect of estrogen on development of ER+ and TNBC

tumor utililising respective cancer cell lines.



Page |6

References

1. Sorlie T, Tibshirani R, Parker J, Trevor Hastie, J S Marron, Andrew Nobel, et al.
Repeated observation of breast tumor subtypes in independent gene expression
data sets. Proceedings of the National Academy of Sciences of the United States

of America 2003;100:8418-23.

2. Sotiriou C, Neo SY, McShane LM, Edward L Korn, Philip M Long, Amir
Jazaeri,et a. Breast cancer classification and prognosis based on gene expression
profiles from a population-based study. Proceedings of the National Academy of

Sciences of the United States of America 2003;100:10393-8.

3. Trivers KF, Lund MJ, Porter PL, Jonathan M Liff, Elaine W Flagg, Ralph J
Coates, et a. The epidemiology of triple-negative breast cancer, including

race. Cancer Causes Control. 2009;20:1071-1082.

4. Gaudet MM, Press MF, Haille RW, Charles FL, Sally LGr, Joellen S, et a. Risk
factors by molecular subtypes of breast cancer across a popul ation-based study of

women 56 years or younger. Breast Cancer Res Treat. 2011; 130:587-597.

5. Yang XR, Sherman ME, Rimm DL, Jolanta L, Louise AB, Beata P, et al.
Differences in risk factors for breast cancer molecular subtypes in a population-

based study. Cancer Epidemiol Biomarkers Prev. 2007; 16:439-443.

6. MaH, Wang Y, Sullivan-Halley J, Linda W, Polly AM, Robert S, et a. Use of
four biomarkers to evaluate the risk of breast cancer subtypes in the women’s
contraceptive and reproductive experiences study. Cancer Res. 2010; 70:575-

587.



7.

Page |7
Yang XR, Chang-Claude J, Goode EL, Fergus JC, Heli N, Roger LM, et al.
Associations of breast cancer risk factors with tumor subtypes. a pooled analysis
from the Breast Cancer Association Consortium studies. J Natl Cancer Inst. 2011,

103:250-263.

Pamer JR, Boggs DA, Wise LA, Ambrosone CB, Adams-Campbell LL,
Rosenberg L. Parity and lactation in relation to estrogen receptor negative breast
cancer in African American women. Cancer Epidemiol Biomarkers Prev. 2011;

20:1883-1891.

Li li, Yahuazhong, Hongyan Zhang, Haijun Yu, Yong huang,zheng Li, Gaili
Chen. et al. Association between oral contraceptive use as a risk factorand triple-
negative breast cancer: A systematic review and meta-analysis. molecular and

clinical oncology.2017; 7: 76-80.

10. Warner ET, Tamimi RM, Boggs DA, Rosner B, Rosenberg L, Colditz GA, et.al.

11.

12.

Estrogen receptor positive tumors. do reproductive factors explain differences in
incidence between black and white women? Cancer Causes Control. 2013;

24(4):731-9.

Rosato V, Bosetti C, Negri E, Talamini R, Dal Maso L, Mavezzi M, etd,
Reproductive and hormonal factors, family history, and breast cancer according to

the hormonal receptor status. 2013. Eur J Cancer Prev.

Phipps Al, Buist DS, Malone KE, Barlow WE, Porter PL, Kerlikowske K, et.a,
Reproductive history and risk of three breast cancer subtypes defined by three

biomarkers. Cancer Cause Control. 2011; 22(3):399-405.



Page |8

13.Y.Yan, X. Li, A. Blanchard H, C. Bramwell, K. I. Pritchard, , et al., Expression of
both estrogen receptor-beta 1 (ER-f1) and its co-regulator steroid receptor RNA
activator protein (SRAP) are predictive for benefit from tamoxifen therapy in
patients with estrogen receptor-alpha (ER-x)-negative early breast cancer (EBC).

Annas of Oncology, 2013; 24(8): 1986-93.



Page |9

Chapter 2
Aims and objectives

Implicatien of oral contraceptive use to. phenatypic expressien

paittexn ef receptons in breast cancer



Page |10

2.1 Aims and objectives

1. To evaluate whether oral contraceptive pill (OCP) use in woman associated with

prevalence specific molecular subtypes of breast cancer.

2. To demonstrate effect 3-estradiol on MCF-7 (Estrogen Receptor +) and MDA-MB-
231 (Triple Negative Breast Cancer) cell lines on Epidermal Growth Factor Receptor
(EGFR) expression.

3. To demonstrate whether degradation of EGFR by B-estradiol in MDA-MB-231 cell
line is mediated through ubiquitination pathway.

2.2 Research Hypothesis

We hypothesized that and there will be preponderance of ER+ breast cancer in subjects
exposed to OCPs prior and there will be decrease in the prevalence in TNBC subjects
exposed to OCP.

We hypothesized estrogen is involved in this mechanism of upgradation of EGFR in
MCF-7 cdll lineand degradation of EGFR in MD-AMB-231 cell nine

We hypothesized that B-estradiol facilitates the degradation of EGFR in MD-AMB-
231 cell line by facilitating ubiquitination process.
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3. Review of literature
3.1 Breast cancer
3.1.1 Breast cancer overview

Breast cancer (BC) represents 1 in 4 cancers diagnosed among women globaly.
Colorectal, lung, cervical, and thyroid cancers are also common among women. Lung
cancer and prostate cancer are the most frequent among men, accounting for nearly
one-third of all male cancers. For the first time, female breast cancer has turn out to
be the most commonly diagnosed cancer, surpassing lung cancer, in particular due to
high prevalence in low and middle income countries. Lung cancer remains the leading
cause of cancer deaths, not only in many low and middle income countries but also in

most higher-income regions like North America, Europe and Australia.
3.1.2 Facts & Figures

3.1.2a Humans are comprised of millions of cells approximately 3.72x 103, Some
cells are specific to certain tissues, for instance, epithelia cells are found throughout
the gastrointestinal tract, bladder, lungs, vagina, breast and skin. This group of cells
accounts for approximately 70% of cancers, one of these epithelial cancers is breast

cancer that shares 43.3% of total age standardized rate in femalesin the world.
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Estimated number of rew cases in 2020, worldwide, females, all ages
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Figure-1: Top sites of cancer in world population in 2020 (Source GLOBOCAN

2020, IARC)

IARC released on 14th December the updated version Globocan 2020 with new
estimates on the global cancer burden, representing that it has risen to 19.3 million
cases and 10 million cancer deaths in 2020. The International Agency for Research on
Cancer (IARC) approximates that globally, 1 in 5 people develop cancer at some
stage in their lifetime. 1 in 8 men and 1 in 11 women breathe their last breath from the
disease. These new estimates imply that more than 50 million people are living within
five years of apast cancer diagnosis. Ageing populations globally and socio-economic

risk factors remain among the primary factors driving thisincrease [1] (Fig 1).
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BC is the most familiar reason of cancer in women in India, in both males and
females combined, in cities in India and in rura areas of India as well. There are a
range of sources of statistics for BC in India. The statistics and images shown here are
al from Globocan 2018 (Globocan belongs to IARC - International Agency for
Research on Cancer). They contain data from NCRP (Nationa Cancer Registry
programme, India) as well, but as the last publication of NCRP data is 2014, they
have represented data from Globocan, that is for the year 2018. The BC incidence has

been rising especially in the lower age groups [2].

Incidence means the numbers of women diagnosed with BC in that particular year.
The graphs represent data for the year 2018. Therefore the numbers in 'Incidence
correspond to the number of women who were newly detected with BC for the year

2018 (Fig-2).

Mortality (Death) defines the numbers of women who died of BC in that particular
year, and is represented by the pink color in the graph. In the graph, the mortality

numbers have been highlighted (Fig-3).

3.1.2b Breast Cancer in 25-49 year s age group

In India, for the year 2018: 61,264 out of projected total 186,965 cases of cancer were
dueto BC, for the age group of 25-49 years in women. BC accounted for 32.8% of al
cancer cases in women in India for that year 2018, for that particular age group.
Roughly, that trandates into one third of all cases of cancer in the age group of 25-49
years, being due to BC. 21,892 women died of BC for this age group cancer of the
cervix and that of the ovary are the second and third most common cancers in this

particular age group. These three account for more than 60 percent cancers in women
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in 25-49 age groups in India. Subsequently, the BCs in 25-49 years age group

accounted for 37.70% of al BC inwomen in India, for the year 2018 [2].

3.1.2c Breast Cancer in 50-69 year s age group

In women in India, for the year 2018: 75,574 out of projected total 271,076 cases of
cancer, were due to BC, for the age group of 50-69 years. BC accounted for 27.9% of
all cancer cases in women in India for that year 2018, for that particular age group.
Roughly, that trandates into a little more than one fourth of al cases of cancer in the
age group of 50-69 years, being due to BC. 44,051 women died of breast cancer for
this particular age group. Cancer of the Cervix and Cancer of the Ovary are the
second and third most frequent cancers in this age group. These three account for

about 50 percent of cancersin women among 50-69 age groups[2].

3.1.2d Breast Cancer in the age group of 70 and above

In women in India, for the year 2018: 25,056 out of projected total 107,165 cases of
cancer, were due to BC, for the age group of 70 and above. BC accounted
for 23.4% of all cancer cases in women in India for that year 2018 for that particular
age group. Roughly, that trandates into a little less than one fourth of all cases of
cancer in the age group of 70 and above, being due to BC. 20,938 women died of BC
for this age group. Cancer of the Cervix and Cancer of the Lip and Ora Cavity are the

second and third most frequent cancers in this particular age group [2].

BC is fairly familiar in the younger age group (25-49 years), accounting for almost
37.7% of al cases, that is a pretty high number. BC peaks in the age group of 50-69
which accounts for ailmost 46.5% of al cases and then starts reducing in the age

group of 70 years and above. It may not actually be reducing; however it has
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something to do with life expectancy. In women, the maximum possibility of
developing any cancer are in the 50-69 years age group, that has the highest number
of cancer overall. In younger and middle age group, ovarian cancer is third most
frequent, while in the age group of 70 and above, its frequency reduces. Combining
the age group of 25-49 and 50-69, BC seems to be more common in the latter half of
25-49 and earlier haf of 50-69 which means the 40-60 years age group. Accordingly
we must target this age group for education and breast awareness as well as for

learning on regular screening mammaography.

It is important to understand that BC can occur in the younger population as well. We
saw that 37.7% of all newly detected BC cases were in the 25-49 years age group. For
most, BC is an illness of the elderly, nevertheless it is not so. Also, many young BCs
tend to be very aggressive and have to be tackled in proper succession of surgery and
other treatments, and needless to say, early detection will indefinitely give soaring

cure rates.

3.1.3 Differencesin Population of Breast Cancer

Breast cancer variation which exists among different population, or the regional
differences in the types have been attributed to the following factors; Prevaence of
major risk factors, availability and quality of treatment, availability and use of
medical practices such as cancer screening, completeness of reporting, and age.
However, geographic areas, and counties within countries aso determine the
occurrence of the most commonly diagnosed cases BC or deaths [3]. The highly
penetrant but rare susceptibility genes, BRCA1 and BRCA2 [4] and more prevalent,
but lower penetrance genes, CHEK2 and EGFR [5] have been sugested to be the key

inter-individual and inter-group differences in the distribution of risk among breast
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cancer patients. Countries with massive economic growth over the past 40-50 years,
such as Japan, Singapore, and urban areas of China have experienced an increase in
breast cancer incidence [6]. Age-standardized occurrence rates for BC 1998-2002
were 110 (non Hispanic Caucasians, California), 82.3 (Ontario, Canada), 41.3 (Hong
Kong) and 14.7 (Jiashan, China) [7]. Reports on migration studies reveal that the
incidence of breast cancer changes significantly over one to two generations to more
closely reflect the breast cancer risk in the adopted country [8], which seems to occur
in paralel with dynamics in diet and certain indicators of acculturation [9]. Notably,
evaluation of differences in risk factors and natural history of all breast tumor types
would permit for comparisons based on geographical regions, socioeconomic status
and levels of industrialization [10]. Other differences in population of breast cancer
are outlined in studies conducted: In astudy by Li et al [11], it was publicized that the
majority of breast tumours from Asian women are estrogen receptor (ER) negative.
Also it has been indicated that both pre-and postmenopausal Asian women with breast
cancer, are likely to have ER positive tumors as Caucasians [12]. ER positivity among
premenopausal breast cancer cases was greater when compared with the comparison
group of Caucasian women in Australiain a Vietnamese cohort. [13]. Variation in the
gene profiles of tumors from populations of different genetic/ethnic backgrounds have
also been reported which was considerable. About 15% of sporadic breast cancer,
which are BRCAL1 origin in Caucasian women, appears to have the basal phenotype.
On the other hand, studies have also suggested that breast cancer in women of African
descent may have a higher proportion of basal phenotype. In similar manner a study
among Nigerians shown a high frequency of basal like tumors, where 87 of 148

(59%) breast cancer patients were both ER- and HER2-[14].
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3.1.4 Pathological Breast Cancer Types

Each breast has 15-20 sections called lobes, which have numerous smaller sections
called lobules. The lobes and lobules are connected by slim tubes, called ducts. On the
basis of this anatomical difference, breast cancer can broadly be classified into two
major types (a) ductal (b) lobular. The most common type of BC is ductal cancer. The
disease can also be classified on the basis of extent of spread, as non-invasive and
invasive. The term non-invasive refers to cancer that has not spread past the area
where it initially developed, whereas invasive term refers to the spread (metastasis) of
the disease to other tissues. Other uncommon types of breast cancer are inflammatory
breast cancer, Phyllodes tumor and Paget disease of the nipple. Some special types of

breast cancer are medullary carcinoma, mucinous carcinoma, tubular carcinoma, etc.

3.1.5 Stages of Breast Cancer

The staging systems currently in use for describing severity of breast cancer are based
on the clinica size and extent of invasion of the primary tumor (T), the clinical
absence or presence of palpable axillary lymph nodes and confirmation of their local
invasion (N), together with the clinical and imaging evidence of distant metastases
(M). This is then converted into the TNM classification. It has been subdivided into

following five stages by UICC (Union Internationale Contre le Cancer).
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Stage 0: Carcinoma in situ lobular carcinoma in situ (LCIS) and ductal carcinoma in

situ (DCIS)

Stage |: Early stage of breast cancer where the tumor is <2 cm across and has not

spread beyond the breast.

Stage | I: Early stage of breast cancer where the tumor is either < 2 cm across and has
spread to the lymph nodes under the arm; or the tumor is between 2-5 cm (with or
without spread to the lymph nodes under the arm); or the tumor is > 5 cm and has not

spread outside the breast.

Stage I11: Locally advanced breast cancer where the tumor size is >5 cm across and
has spread to the lymph nodes under the arm; or the cancer is widespread in the
underarm lymph nodes; or the cancer has spread to lymph nodes near the breast bone

or to other tissues near the breast tissue.

Stage 1V: Metastatic breast cancer where the cancer has spread outside the breast

tissue to other organs in the body.

TNM or UICC classification is less often used since it does not incorporate many
biological variables that affect the progress of disease. Knowledge about such
variables is increasingly widened now, so a pragmatic approach to classify patient

according to the treatment they require is essential.
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3.1.6 Genesrelated to breast cancer

Many genes have been identified in relation to breast cancer types. Mutations and
abnormal amplification of both oncogenes and anti-oncogenes play vital roles in the

processes of tumor initiation and development.

3.1.6aBRCAL/2

BC associated gene-1 and -2 (BRCA1 and BRCA2) are two most important anti-
oncogenes for BC risk. BRCA1 and BRCAZ2 are situated on chromosome 17¢g21 and
13912, respectively. Both of them encode tumor suppressor proteins. Dysregulation of
cell cycle checkpoint, abnorma centrosome duplication, genetic instability and
eventually apoptosis [15, 16] are caused by BRCA1 deficiency. BRCA1 expression is
repressed by “pocket proteins” such as p130, p107 and the retinoblastoma protein in
an E2F-dependent method. The BRCA1 gene has been linked to the formation of a
loop between the promoter, introns, and terminator regions, which regulates this gene
via interactions with its own promoter [17, 18]. BRCA2 protein by interacting with
RAD51 and DMC1, regulates recombinational repair in DNA double-strand breaks
[19,20]. BRCAZ2-associated BCs are likely to be high-grade invasive ductal

carcinomas, but with aluminal phenotype [21].

BRCA1/2 mutations are inherited as an autosomal dominant manner even though the
second allele is normal. The risk of breast cancer increased greatly if an individua
inherited harmful mutations in either BRCA1 or BRCA2 genes. About 20-25% of
hereditary breast cancers and 5-10% of al breast cancers are caused
by BRCA1/2 mutations [22, 23]. Chen et a in their meta-analysis showed that the
breast cancer risk ratio (RR) in women older than 70 vyears

carrying BRCA1 or BRCA2 mutations was 57% and 49%, respectively [24].
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3.1.6b HER2

Human epidermal growth factor receptor 2 (HER 2), dso called asc-erbB-2, is an
important oncogene in BC and is located on the long arm of human chromosome 17
(17912). The homologene in mice isNeu, which was first to be identified in 3-
methylcholanthrene induced rat neuroblastoma cells [25]. The expression of HER-
2 gene is activated primarily through the gene amplification and re-arrangement.
HER2 protein is an EGFR of tyrosine kinase family and form heterodimers with other
ligand-bound EGFR family members such as HER-3 and HER-4, to activate
downstream signaling pathways [26]. Knockout of HER-2 in mouse models shown it
disrupts normal mammary duct formation. Overexpression of HER-2, which is
detected in about 20% of primary breast cancers, amplifies the number of cancer stem

cells by TEN/Akt/mTORCL signaling, and indicates poor clinical outcomes[27, 28].

3.1.6¢c Epidermal Growth Factor Receptor (EGFR)

EGFR is also known as c-erbB-1 or HER-1 in humans. It is located on the short arm
of chromosome 7 (7p12). The EGFR protein is a cell surface glycoprotein of tyrosine
kinase family and it is activated by binding to EGF, amphiregulin, betacellulin, TGF-
a and so on. The downstream signaling pathways of EGFR including PI3K, JNK and
Ras-Raf-MAPK are activated or triggered to promote cell proliferation, cell invasion,
angiogenesis and to protect cells that not in favor of apoptosis [29, 30].
Overexpression of EGFR is associated with in more than 30% of cases of the
inflammatory breast cancer (IBC), a aggressive subtype of breast cancer. Cases
with EGFR-positive IBC have a poorer prognosis than those with EGFR-negative
tumors [31, 32]. More than half of triple-negative breast cancer (TNBC) patients,

characterized by the absence of estrogen receptor (ER), progesterone receptor (PR)
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expression and HER2 amplification, also have EGFR overexpression [33]. Therefore,
targeting the EGFR pathway and their downstream signaling pathways might be a

promising therapy for these malignant tumors.

3.1.6d Ras

There are three members exists in the Ras gene family: H-ras, K-ras and N-ras. They
are located on the chromosome of 11 (11p15), 12 (12p12) and 1 (1p22) respectively.
The proteins encoded by these genes are extremely homologous in nature, and they
belong to the small guanosine triphosphate (GTP)-binding protein superfamily [34].
Point mutations are commonly linked with the over expression of these three
human Ras genes, and most of these are mis-sense mutations located at the coding
domain for GTP binding site. Though mutations of Ras proteins are infrequently in
BC (less than 5%), the abnormality of Ras signal transduction pathway are observed
in both the types of benign and malignant mammary tissues [35]. H-ras can be
associated with B lymphoma moloney murine leukaemia virus insertion region-1
(BMI1) to facilitate proliferation, invasion, and to inhibit apoptosis in breast cancer
cells [36]. H-ras overexpression is detected in both the primary and advanced breast

cancer cases, signifying a poor prognosis[37, 38|
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3.1.7 Risk factorsfor breast cancer

Risk factors Breast cancel

Life
s!:;rle' 1

Estrogen

- Reproductive
factors
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Aging

Figure 4: A schematic diagram of risk factors is depicted in a pyramid-style structure.

3.1.7a Aging

Aging is one of the most important risk factors of breast cancer beside gender,
because the incidence of breast cancer is highly related to the increasing age. In 2016,
deaths of al breast cancer in America reported in women over the age of 40 and 60,
were approximately 99.3% and 71.2% respectively. Therefore, it is necessary to have

amammography screening in advance in women aged 40 or older.
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3.1.7b Family history

Nearly a one fourth of al breast cancer cases are related to family history of BC [39].
Women, whose sister or mother has a breast cancer, are prone to this disease. A
cohort study of over 113,000 women in UK has shown that women with one first-
degree relative with BC will have a 1.75-fold higher risk of developing this disease
than women without any diseased relatives. Moreover, the risk becomes high as 2.5-
fold or higher in women with two or more first-degree relatives with BC [39]. The
inherited susceptibility to breast cancer is attributed to the mutations of breast cancer

related genes such as BRCA1 and BRCAZ2.

3.1.7c Reproductive factors

Reproductive factors such as early menarche, late age a first pregnancy, late
menopause, and low parity can increase the breast cancer risk. Each one-year delay in
menopause increases the risk of BC by 3 percent. Each one year delay in menarche or
each additional birth decreases the risk of BC by 5 percent or 10 percent, respectively
[40-42]. A recent Norwegian cohort study showed that a hazard ratio (HR) is around
1.5 between late (more than 35 years) and early (less than 20 years) age at first birth
[43]. Reproductive factors are strongly related with the ER condition, with differences
in the odds ratios (OR) between ER positive and ER negative breast cancer for parity
(OR: 0.7 vs. 0.9 for more than 3 births vs. nulliparae) and age on the first birth (OR:

1.6 vs. 1.2 for age more than 30 vs. less than 25 years) [44].
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3.1.7d Estrogen

BC is associated with both endogenous and exogenous estrogens. The endogenous
estrogen is mainly produced by the ovary in premenopausal women and removal of
ovary can reduce the risk of breast cancer [45]. The main sources of exogenous
estrogen are the OCPs and the hormone replacement therapy (HRT). The OCPs have
been widely used since 1960s and their have been many formulations upgraded to
reduce side-effects. However, the odds ratio is still higher than 1.5 for African-
American women and Iranian populations [46, 47]. Nevertheless, OCPs do not
increase the risk of breast cancer in women who discontinue using them for more than
10 years [40]. HRT involves the administration of exogenous estrogen and other
hormones for the menopausal and postmenopausal women. Plenty of studies have
shown that the use of HRT can increase the breast cancer risk. A cohort study of
22,929 females in Asia revealed HRs of 1.48 and 1.95 after HRT use for 4 and 8
years, respectively [49]. The information of Million Women Study in UK stated that a
relative risk (RR) of 1.66 between current users of HRT and those who never used
HRT [48]. However, the risk of breast cancer has been shown to reduce significantly
after two years of discontinuation of HRT [50]. The recurrence rate is also more in
breast cancer survivors who take HRT, and the HR for a newly diagnosed breast
tumor is 3.6 [51]. Since the adverse effects of HRT were published in early 2003
based on the Women's Health Initiative randomized controlled trial, the incidence rate
of breast cancer in America has reduced by approximately 7% due to the decrease in

the use of HRT [52].
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3.1.7eLifestyle

Modern lifestyles such as too much dietary fat intake and excessive alcohol
consumption can increase the risk of breast cancer. Alcohol consumption can increase
the level of estrogen-related hormones in the blood and trigger the estrogen receptor
related pathways. Modern western diet has too much of fat and excess intake such fat,
especialy the saturated fat, is associated with increased mortality (RR=1.3) and poor
prognosis in breast cancer patients [55]. A meta-analysis based on 53 epidemiological
studies stressed that an intake of 35-44 grams of acohol per day can elevate the risk
of breast cancer by 32%, with a 7.1% increament in the RR for each additional 10
grams of acohol per day [53, 54]. Although the relationship between breast cancer
risk and smoking remains contentious mutagens from cigarette smoke have been
identified in the breast tissue from non-lactating women. The risk of breast cancer is
also increased in women who both drink and smoke (RR=1.54) [56]. Untill now,
accumulating evidences demonstrate that smoking, especialy at an earlier age, has a

increased risk on breast cancer occurrence [57-60].

A common apprehension among women is that hormonal contraception could add to
cancer risk. While studies have time and again found that use of OCPs reduces risks
for ovarian and endometrial cancers, findings as regards breast cancer have been
uncertain and controversial. To assess associations between OCP use and risks for
these cancers, researchers used data from the UK Biobank, which recruited a huge

cohort of individuals in between 2006 and 2010, as well as from national databases.

Among over 250 thousand women born between 1939 and 1970, more than 80% had
used or were currently are using OCPs. In analyses attuned for 10 parameters, ever

users of OCPs had significantly lower risks for ovarian (OR= 0.72) and endometrial
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cancers (OR= 0.68) than never users, but this correlation did not extend to breast
cancer. In analyses of women at dissimilar follow-up ages, ever users at ages 35, 50,
55, and 60 had lower risks for the two gynecologic cancers but a minimally yet
significantly elevated risk for breast cancer (age 55: OR= 1.10). Increasing duration of
OCPs use was related with higher prevention of ovarian and, particularly, endometria
cancers than no OCP use (220 years of use: ORs, 0.60 and 0.36, respectively);
however, risks for breast cancer were comparable between never and long-term users

[61].

3.1.8 Molecular classification of breast cancer

BC is a heterogeneous disease, comprising of numerous distinct cell types having
different biological features and clinical behaviour. Therefore, classification of BC
cannot be restricted to the one based on localization and the extent of the tumor. To
further classify on molecular basis, various investigators utilizing different molecular
techniques and comprehensive gene profiling analysis have revealed following four

major subtypes of BC.

» Basd like (ER-/HER2-)
» HER2 enriched (ER-/HER2+)
» Normal breast like, & luminal A (ER+)

» Lumina B (ER+/HER2 +)

Such molecular differences lead to discrete clinical outcomes and responses to
treatment. Amongst the subtypes, luminal A-type tumors have best prognosis and are
low-grade tumors. On the other hand, luminal B type tumors are aggressive high

grade tumors. Besides, basal-like tumors are high grade with relatively poor
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prognosis. These tumors may or may not be triple negative (ER-/PR- and HER2-).
The better insight of the molecular subtypes of BC eases the choice of therapy regime

for the patients and ensures more sensitivity to the treatment.

The overal pooled prevalence of luminal A, luminal B, HER2-enriched, and TNBC
subtypes of breast cancer were 0.33 (95% CI 0.23-0.44), 0.17 (95% CI 0.12-0.23),
0.15 (95% ClI 0.12-0.19), and 0.30 (95% CI 0.27-0.33), respectively. Amongst
molecular subtypes of breast cancer, luminal A was the the majority prevalent subtype
followed by TNBC, luminal B, and HER2-enriched subtypes. The overall occurrence
of TNBC in Indiais high compared to other regions of the world. Additional research
is warranted to recognize the determinants of high TNBC in India. Differentiating
TNBC from other molecular subtypes is important to guide therapeutic management

of BC.

3.1.9Available treatment optionsfor breast cancer

In the recent years, life-saving treatment strategies for BC highly developed bringing
new hope and excitement. Instead of just one or two, various treatment options are
available for BC. Furthermore, a option of treatment based on the factors like age,
physiological condition of patients and stage of cancer is possible now. Treatment

options for the breast cancer could be characterized as follows

Local treatment options: This type of treatment specifically targets the tumor and

rest of the body parts remains untouched. It constitutes the following procedures.

Surgery: Surgical removal is recommended to patients having a localized tumor

below 4 cm. Lumpectomy is a type of surgery referring to surgical remova of the
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tumor in breast along with negligible amount of surrounding tissue. Another edition,
partial mastectomy is extensive and removes more amount of normal tissue
surrounding the tumor. Thisis also referred to as quadrantectomy. These two surgical
procedures make up the ‘breast conserving surgery’ as the removal of complete
breast isavoided. Furthermore, patients with a more advanced stage of breast cancer
may undergo atotal mastectomy or total removal of breast with a sentinel lymph node
biopsy. For a more advanced tumor radical mastectomy is recommonded that
includes removal of breasts along with remova of lymph nodes in the armpits and
chest. Surgeries are the preferred mode of treating BC when accompanied with

radiotherapy or chemotherapy.

Radiation therapy: Surgical removal of tumor is frequently followed by radiation
therapy to remove residual microscopic cells. Superiority of this combination can be
proved by data demonstrating a recurrence rate of 14.3% for those patients
undergoing breast conservation therapy followed by radiation as compared to 39.2%

for those undergoing surgery alone.

Systemic treatment options. Molecular classification of BC has made it likely to
administer specific enzymes, drugs, antibodies and hormones for treating cancer.
When these compounds are administered either through blood vessels or oraly, it is

characterized as systemic therapy. [62]

Chemotherapy: Chemotherapy is usually suggested for all women with an invasive
BC that is hormone receptor-negative. It is usually administered through blood steam
or given oraly. On the other hand, regional chemotherapy is the administration of

drugs directly into the cerebrospinal fluid, an organ, or a body cavity such as the
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abdomen, mainly affecting cancer cells in those areas. Severa therapeutic drug
options are available for the treatment through chemotherapy such as cisplatin is the
most effective drug that is in the clinical use since 1972 to treat a variety of cancer
types. Similarly, epirubicin, doxorubicin, antimetabolite as 5-fluorouracil,

microtubule inhibitor paclitaxel are few examples of this category.

Hormone therapy: Hormone therapy removes hormones or inhibits their action and
stops cancer cells from growing. For example, hormone therapy with tamoxifen is
often given to patients with early stages of breast cancer and those with metastatic
breast cancer. Moreover, hormone therapy with an aromatase inhibitor is given to

some postmenopausal women who have hormone-dependent BC.

Targeted therapies: Conventionally, chemotherapeutics act on dividing cells thus
cannot differentiate between normal or malignant cells. Targeted therapy blocks the
proliferation of cancer cells by interfering with specific molecules essential for tumor
development and growth. Some of these molecules may be present in normal tissues,
but they are often mutated or over expressed in tumors. Therapies targeting a specific
downstream protein or a metabolite come under this category and are being
considered extensively. They have become potentia candidates in modern
pharmacotherapy for most of the cancers including that of breast (63). In adding up to
these drugs, many other drugs have been developed or are being developed that target
hallmarks of cancer specificaly, eg. avoiding immune destruction, sustaining
proliferative signaling, activating invasion and metastasis, resisting cell death and so
on. Various molecular modifications that generate and sustain these tumorigenic
processes have been spelled out as druggable targets. Targeted cancer therapies are

drugs or other substances that block the growth and spread of cancer by interfering
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with specific molecules engaged in tumor growth and progression (64, 65). In the
present in-vitro study is evaluating the effect of estrogen on EGFR expression which

can control the growth and proliferation of cancer tissue in either direction.

Gene therapy: A number of gene therapy approaches for carcinoma of the breast
have been developed. These approaches can be broadly divided into: (1) Transgene
expression, (2) molecular chemotherapy or suicide gene therapy, (3) proapoptotic
gene therapy, (4) antiangiogenic gene therapy, (5) genetic immunopotentiation, and
(6) genetic modulation of resistance/sensitivity, (7) Ablation of oncogenes by RNA
based methods. The field of cancer gene therapy embraces a range of ideas and
technologies from direct attack on tumour cells to harnessing the immune response to
tumour antigens. Clinical trials for breast cancer have been initiated to evaluate safety,
toxicity, and efficacy. Clinical trials for cancer treatment shares 64% of total gene
therapy clinical trials worldwide till 2012 which increased to 66% in 2014. It is
expected that as new therapeutic targets and approaches are acknowledged and
advances in vector design are realized, gene therapy will play alead role in clinica

breast cancer treatment.

By spotlighting on molecular and cellular changes that are specific to cancer, targeted
cancer therapies may be more effective than other types of treatment, including
chemotherapy and radiotherapy, and less harmful to normal cells than other
types of treatments including chemotherapy and radiotherapy. Our study is one

initiative in that direction.
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3.1.10 Distribution of molecular subtypes of breast cancer

The study which was done in India with sample of 2062 patients ranging between
22-100 years with a mean age of 51.18 years, prevalence of subtypes of cancer was
similar to those reported by Mane et a a another Indian study. 37% of patients were
luminal A, 8% were luminal B, 11% were HER2 rich, and 26% were basal-like. In the
case of Mane et a. 43.8% were luminal A, 14.8% were luminal B, 16.1% were Basal -
like, and 16.1% were HERZ2 rich [66, 67]. Table -1 shows the prevalence of molecular

subtypes of breast cancer in different parts of the world.
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Table 1: Prevalence of molecular subtypes of breast cancer in different parts of the

world.

Luminal | Lumina | HER2 Basal- | Total no of
Study A B enriched like patients
British Columbia Cancer | 71% 6% 7% 15% 3348
Agency [68, 69]
Mayo Clinic Breast Cancer | 86% 9% 2% 4% 256
study [70]
Vancouver General Hospital | 78% 4% 6% 12% 246
study [71]
University of British | 42% 15% 17% 26% 365
Columbia[72].
Carolina breast cancer study | 51.4% 15.5% 6.6% 26.4% | 496
[73].
Dawood et a. [74]. 65.8% 14.3% 4.9% 15% 1945
Maneet al. [67] 43.8% 14.8% 16.1% 253% |521
Tubtimhin et al. 31.6% 15.6% 9.9% 11.3% | 523
ElidrissiErrahhali et al. 61.1% 16.1% 8.6% 14.2% | 2260
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3.2.10ral contraceptives and breast cancer

BC appears to be prejudiced by hormonally mediated factors leads to the theory that
the high rate of exposure to OCPs among women may also be associated with this
increase. The possibility of increased BC risk related to OCP use isamajor concern to

the scientific community.

Evaluation of cancer incidence data from the Surveillance, Epidemiology, and End
Results (SEER) Program of the National Cancer Institute (NCI) proposes that there
has been an overall increament in the incidence of breast cancer, with increase of the
mainly affecting among women over age 50 as it is discussed earlier. Most of the
early research on this topic studies conducted prior to 1980 found no association
between OCP use and breast cancer, comforting many in the research and clinical
communities that there was little or no increased risk [74-78]. Investigations reported
in the early 1980s offered little to cause observers to change their minds. The majority
of studies, counting the largest case-control study in the United States, found no
consistent suggestion of elevated risk [79-86], although several studies reported
elevated risk estimates for particular aspects of ora contraceptive use [87-91]. There

was no constancy among these elevated risk estimates.

The image seems to have changed since 1986. There are a number of investigations
during this period that do not support an increased risk related to OCP use, including
more analyses of the Cancer and Steroid Hormone (CASH) Study data and the
updated analysis of data from the United States nurses' cohort study [92-96]. But an

increasing number of studies have appeared that suggest an elevated risk in relation to
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some aspects of OCP use [97-100]. These studies, especialy those with encouraging
findings, have received much publicity and generated renewed concern over the safety

of OCPs.

3.2.2 Changing profile of oral contraceptive use

OCPs were introduced in the early 1960s but did not find genera acceptance until the
late 1960s and early 1970s. There are four major types of OCPs. Combination pills or
classica pills, which contain unchanging amounts of estrogen and progestin and act
by suppressing ovulation, were the first OCPs approved in the United States and have
aways been the most popular type of pill used. Sequentia pills, in which estrogen
alone is given for the first two weeks followed by an estrogen-progestin mixture
during the last six days, were also introduced early but were removed from the market
around 1977 [101,102]. The, or progestin-only pills or minipills introduced in 1972
contain no estrogen and alower amount of progestin. They do not affect ovulation but
rather inhibit ovum transfer and implantation by thickening the cervical mucus. Phasic
oral contraceptives, combination pills that contain estrogen along with a progestin
dose that varies in amount throughout the month, were introduced in 1983 and have
since become increasingly accepted. These ora combinedor classica oral

contraceptives were used in our study in most of the cases.

Following the advent of OCPs, two major changes have occurred that must be well
thought-out in evaluating the research on OCPs and breast cancer: (1) changes in the
formulation of OCPs and (2) changes in the patterns of their use and in the women
who use them. Concerning the first change, over the past three decades, the

formulations of oral OCPs have undergone considerable modifications. Both the types
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and doses of steroids have changed; the doses of both estrogen and progestins have
been greatly reduced; several new progestins have entered the market whereas others
have been withdrawn; and sequential pills are utilized no longer. High-estrogen-
potency OCPs constituted 94 percent of the market in 1964, but by 1976 low-estrogen
oral contraceptives less than 50 pug of estrogen, which were introduced in 1967,
controlled the market [101]. The profiles of OCP users have also changed over time.
OCPs were most commonly used first in the 1960s by married women to space
pregnancies and only later by single women as a method to postpone first pregnancy
[90]. Routine prescription to younger single women was not familiar until the early
1970s in Great Britain and the late 1970s in the United States [90]. In the United
States, only women born since the 1940s have had the chance to be exposed to long-

term use of the pill early inlife.

At present the use of OCPs is an extremely prevalent exposure among young women.
With the recent epidemic of teenage pregnancies in the United States, routine
prescription to teenage girls as young as age 13-15 is not uncommon. Unpublished
data from a case-control study conducted by the author and colleagues of breast
cancer diagnosed between 1983 and 1988 in young women born after 1944 in Seattle,
Washington, showed that 92 percent of both the cases and controls reported "ever"
having used OCPs;, among women under age 20 the proportion of "ever" use

increased to 100%.

3.2.3 Biological relationswith oral contrceptives

An essential criterion for establishing causality is the biological plausibility of the

relationship. Estrogen causes proliferation of breast tissue and would be expected to
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augment BC risk by stimulating growth of intermediate and cells stem cells. Progestin
causes alveolar cell growth ans development in the estrogen-primed breast, however it
also causes differentiation. It is unclear, therefore, whether the predicted net result

would be to increase or decrease BC risk.

The influence of estrogen and progestin on breast epithelium proliferation and
differentiation appears to differ with age. Cancer risk is thought to be a function of the
number of cells at risk that varies with age. It is possible to posit that any carcinogenic
risk of OCPs may be strongly mediated by age of exposure or by the timing of
exposure in relation to other events that are thought to affect epithelial proliferation or

differentiation e.g., menarche, first full-term pregnancy.

The etiology of BC has strong hormonal subject matter: oophorectomy decreases risk,
late age at first full-term pregnancy increases risk, early menarche and late menopause
increases the risk. These effects seem to last for decades. Accordingly, if use early in
life affects risk, it may be many years before harmful outcomes are seen. It is possible
that the studies conducted so far have not permitted an adequate interval between
exposure to OCPs and the onset of BC, consequently that even if an association were
present, it might not nevertheless be detectable. Thus, vigilance must be maintained
and search of this issue should continue in the future even though we might conclude,

based on current data, that findings are too conflicting to be alarming at present.

3.2.4 Epidemiological Studiesof Breast Cancer and Oral Contraceptives

As discussed earlier, the studies conducted prior to 1980 carry little implication of an
increased risk for BC in relation to OCP use. These studies focused on cases

diagnosed before 1975; therefore, they included a large proportion of women who,
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because of their birth years, had modest opportunity to have ever used OCPs or to
have used OCPs for a long time, and virtually had no chance for exposure at an early
age. For these grounds, as well as the briefness of the time between exposure and
diagnosis, investigations conducted before 1980 cannot add any insight into the
current controversy. Unfortunately, these same complicities plague some of the

studies published in the early 1980s as well.

3.25"Ever" Useof Oral Contraceptives

Twenty-five of the thirty studies for which a relative risk (RR) for "ever" use was
reported had RR close to 1.0. Two of the five studies that report higher risk estimates
for "ever" use of the OCP are ones for which questions with in view either to basic
study design, low exposure prevalence low response rates, or have been raised [102,
103]. Taken as a whole, there is no evidence of increased risk of BC in women who
meet the criterion of "ever" using OCPs. The finding of no relationship between
"ever" use of OCPs and BC risk has been quite steady throughout the past 20 years of
research."Ever" use of OCPsis probably too rough a measure to provide much insight
into any association with BC risk because such use is so widespread that it typically
includes more than 90 percent of all young women. Further, understanding is difficult
because there are subgroups of women who try OCPs but discontinue because of side
effects soon after they start it. Women who never use OCPs may be a unique
subgroup. For instance, they may have a family history of BC, or an increased
awareness or distrust of undiagnosed infertility or health problems that contraindicate
the use of OCPs; these factors, in turn, may corelate to both their decision not to use

OCPs and their risk for BC.
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3.2.6 Duration of Oral Contraceptive Use

There was very little evidence of increased risk related to long-term use of OCPs in
any of the studies published prior to 1986. Of the case-control investigations
published since that time, seven reported an additional risk for use of long duration.
The largest case-control study of breast cancer conducted to date, the CASH study,
illustrated no evidence of an association of breast cancer risk and long-term use of
OCPs among women aged 20 to 54 [104]. Despite its size the study comprised more
than 4,700 cases and a similar number of controls in eight geographic regions of the
United States, the magjority of the women were over age 45. A Yugoslavian study of
women under age of 55 years, found an RR of 2.4 for OCP use exceeding seven
years, as well as a significant dose-response pattern. Of late, the World Health
Organization (WHO) study, a multinational case-control study carried out in three
developed and seven developing countries, stated a suggestive dose-response pattern
of increasing risk with years of OCP use; this aliance, however, could well be
attributable to a recency effect since risk was highest in present users and steadily
reduced with time since last exposure. Paul and colleagues (1986) reported an RR of
4.6 for use of 10 or more years among women aged 25-34. The first ever report
suggesting a dose-response relationship with duration of OCP use among young
women: for use of 8 to 11 years, an RR of 1.4 was found; for 12 or more years of use,
a 2.2-fold additional risk of BC was found [105]. McPherson and coworkers (1987)
showed an increased RR of 1.8 for use above 11 years among a group of British
women through age 45. A well-conducted study in the United Kingdom [100] among

women under age 36 reported a significant dose-response pattern for duration of use.
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OCP use of 49 to 96 months was associated with a 1.4-fold excess risk, and use
exceeding 96 months was associated with a 1.7-fold excess breast cancer risk. This
case-control study was one of the few that were able to validate the self-reported data
on OCP use so as to rule out the often-raised criticism of recall bias. A hospital-based
case-control study conducted in the northeastern United States (Miller et a., 1989)
among women under age 45 observed a twofold excess risk for OCP use of five to

nine years duration and a fourfold excess risk for use of 10 or more years.

Contradictory observations have been recorded among the three large prospective
cohort studies. The largest, the Nurses Health study in the United States [105], found
no increase in risk for any duration of use or for any other aspect of OCP use except
current use. Current use of OCPs was associated with an overall adjusted RR of 1.5.
This additional risk was confined to women between ages 40 and 50. However, the
Royal College of General Practitioners cohort in the United Kingdom reported excess
BC risk for longer durations of oral contraceptive use, athough there was no steady
dose-response pattern [106]. In this cohort, there were incoherent mildly elevated
risks for duration of use among women of all ages. In two subgroups, women ages 30-
34 and women who were parity 1, much higher risks were seen as high as a 10-fold
excess risk for use of 10 or more years [106]. The Oxford cohort in the United
Kingdom has seen no evidence of increased risk related to OCP use [80]. All three of
these cohorts may have been initiated too early to include many women born recently
enough to have had the chance to use OCPs at a young age or for a long duration.
Since most of the studies increased risk was confined to 40-50 years. We confined our

study age groups should aso be in the same range. Since there was no consistent
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pattern in duration of use and BC risk we recruited our study population of having

minimum of cumulative six month duration of OCP use.

3.2.7 Oral Contraceptive use beforefirst full-term pregnancy or before age 25

Since of the increasing incidence of use of the OCP at young ages, and because of the
possibility of increased vulnerability of breast tissue to hormonal exposures during
young ages when breast development is still continuing and when endogenous
hormone concentrations are still increasing, there has been growing interest in the
estimation of BC risk in relation to OCP use at young ages. Findings regarding any
relationship between use of OCP before the first full-term pregnancy (FFTP) or before
age 25 have been not consistent. A factor that further complicates the picture is that
some reaseachers report on use before FFTP only among parous women, some regard
as parous and nulliparous women combined, and others investigate only nulliparous

women.

Summary of risk estimates for oral contraceptive use before first full-term

pregnancy.

The vast mgority of investigations of the relationship between OCP use prior to FFTP
and breast cancer risk have focused on women under age 45. Pike's 1981 study was
the first to report an undesirable effect from OCP use prior to FFTP, observing an RR
of 2.3 for 5-8 years of OCP use preceding FFTP and an RR of 3.5 for more than 8
years use before FFTP. Meirik and associates reports on Swedish and Norwegian
women revealed an increased risk for eight or more years of use before FFTP in the
cumulative as well asin both nulliparous and parous women when assessed separately

(al women: RR = 2.0, confidence interval (ClI) = 1.8-4.2; nulliparous women: RR =
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4.3, Cl = 1.4-13.1; parous women: RR = 1.7, Cl = 0.7-4.2). A threefold excess risk
was reported by McPherson and his associates for use exceeding four years of
duration before FFTP and was accompanied by a dose-response relationship. The
McPherson teams 1987 report examined a twofold excess risk of BC for one to four
years of use before FFTP and a 2.6-fold excess risk for use exceeding four years of
duration prior to FFTP among nulliparous and parous women combined. A nhumber of
analyses found no hint of increased BC risk for OCP use before FFTP [107-109].
Overdl consideration of OCP use before FFTP in the complete Cancer and Steroid
Hormone study data discovered no suggestion of excess BC risk. [110]. In present
study we though had many of the subjects used OCPs and at younger age and
probably before FFTP, But we did not consider these factors for evaluation. A major
challenge in interpreting many of the investigations of use at a young age lies in
separating the effects related to use early in life from effects associated with longer

durations of exposure.

3.2.8 Duration sincefirst use of oral contraceptives (latency)

It has been evaluated that long-term latent effects that have been missed might be the
different explanation for many of the research with negative findings. More than 10
studies have presented such analyses with no demonstration of a reliable latency
pattern [111,112]. It is possible, however, that these studies were carried out too early

to see such an effect.

Use of oral contraceptivesin high-risk subgroups

Although many investigators adjust for high-risk factors e.g., family history of BC,

history of benign breast disease in their analyses, only a subset include examined OCP
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use within each of these strata. Furthermore, of the few studies that have investigated
OCP use in each dtrata, the majority have limited their definition of use to
"ever/never" and their definition of the high-risk subgroups to fairly rough
delineations. These approaches are untoward because they may well miss important

modifying relationships that cannot be noticed at such acrude level.

With regard to family history of BC, the bulk of the studies have detected no sizeable
differences in the risk related to OCP use for women with and without this factor
[113]. Brinton and colleagues (1982) found no differences in women with and without
amother with BC but did observe differences in women with and without a sister with
BC. Elevated risks have been observed among OCP users with a history of benign
breast disease (114, 115]; however more work is needed to assess specific histologic
types of benign breast disease in terms of both BC risk and relationship to use of the
OCP. Some past analyses were unsuccessful to distinguish between OCP use before
and after the diagnosis of benign breast disease. In addition, not much has been done
to scrutinize histologic subgroups and molecular subtypes of BC for the possibility of

differential relationships with OCP exposure.

3.2.9 Steroidal Potency of Various For mulations

The hormonal contents of oral contraceptives have been checked by a number of
classification schemes related to potency, brand, and type of [116, 117, 118]. Not one
of these approaches, however, has consistently exhibited a relationship with BC risk.
However, in present study we presumed that most of the patients were on combined

or classical ora pillsMaaD and MalaN.
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3.2.10 Issuesto Consider in Reviewing the Epidemiological Evidence

In attempting to evaluate the gathered research, several issues should be considered.
First, the design and conduct of each study should be evaluated to detect possible
limitations that could have affected the outcome. Specific factors such as the basic
design case-control or follow-up study and the ratio of eligible subjects, who
participated in the study, or in a follow-up design, are relevant to interpretation of the
findings. Several of the formerly mentioned studies suffered from low response rates
or hefty losses to follow-up. If these losses are great, the validity of the case-control
study is negotiated because of the possibility of differential exposure alocationsin the
responders versus the nonresponders. In a follow-up study, analogous questions arise
concerning the possible differential distribution of disease occurrence. The sample
size of a study must be good enough to alow the detection of an outcome or to rule
out with a certain amount of confidence the presence of an effect. A number of
previous studies may not have had adequate power to estimate the relationship of
OCPs and BC. In addition, sample sizes need to be much larger to inspect the
interrelationships of other risk factors with OCP use. It is necessary to understand and
integrate into analyses the other important breast cancer risk factors, such as age of
first full-term pregnancy, age of menarche, number of live births, family history of
breast cancer, and history of benign breast disease etc. Several of these risk factors
may affect the choice to use OCPs, the age of first and last use, and the lifetime
duration of use. These and other factors may alter or be modified by the relationship
of OCPs to BC risk. When birth year and opportunity for exposure to OCPs are

examined in the context of the possible latency period for BC, it becomes obvious that
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many of the already completed studies may have been not capable to evaluate the
relationship of OCPs and BC, particularly in view of use at younger ages as well as
premenopausal disease onset. Presuming OCPs have a promotiona effect, but the
time interval until a detectable lesion is still unidentified. Studies that include women
diagnosed before a certain point in time may not have permited an adequate interval
between exposure to OCPs and onset of BC. In this instance, even if an association

were present, it might not be identifiable in these women.

Another understudied facet of the association between OC use and BC risk is the
potential variation in risk by molecular subtype of BC. More than 90% of TNBC
tumors fall within the basal like subgroup, when called for its gene expression profile
they mimics basal epithelial cells in other parts of the body and a characteristic
morphology that includes high proliferative rate, central necrosis. Basal-like BC is
associated with aggressive histology, unresponsiveness to typical endocrine therapies,
poor prognosis, and BRCA1l-related BC. Western population which is considered to
be socio-economically of higher status, OCP use is high. This may be the reason why
they have more preponderance develop ER+ BC and less preponderance to develop
TNBC. African and Asian population have less preponderance to develop ER+ and
more preponderance to develop TNBC. The reason could be here less use of OCP.
There are proofs that estrogen decreases the proliferation of TNBC by non-genomic
action. These cumulative effects could be reason why western population has less
number of TNBC. There is paucity in the studies whether OCP use associated with
increased/reduced risk of especially with TNBC in Indian population particularly in
younger age group. Addressing these issues is of public health importance given the

high prevalence of use OC among Indian women and the greater aggressiveness of
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breast cancer in younger women especially Triple negative breast cancer. In order to
characterize the association between OCP use, and risk of different breast cancer
subtypes among Indian young women, since these biological subtypes of breast

cancers this particular study was conducted.

3.3.1 Oncogenic intracellular signaling in breast cancer

Intracellular signalling which drives a normal cell to cancerous is very complex
process. It makes a cell to divide indefinitely even in the absence of growth factors or
in presence of growth inhibiting factors. Upregulation and/or mutations that augment
the function of oncogenes, or the loss or inactivation of tumour suppressor genes, can
enhance cancerogenesity of the cell. This means that any cell at any time can behave
badly under the pressure of single mutational event. As a result, there are checkpoint
and repair mechanisms to thwart this possibility. If repair is not possible, cellsinvoke
self-destruct programmed cell death pathways to get rid of damaged cells which might
otherwise go on to form atumour. However, if the tumour succeeds, it must find ways
to escape these death mechanisms and this make ups a second change in intracel lular
signaling. Apart from uncontrolled, purposeless growth of cells, the continued
existence of these cells due to faulty apoptosis or cell death has been regarded as a
major contributor to their transformed state. Hence, mutations that give rise to
excessive proliferation and a complementary disrupt ion of survival signalling
pathways make sure the persistence of these hyper proliferative cells. This can be
aternatively exploited for successful treatment of cancer. Any tumor cell with a
lesion gather speed proliferation can be strategically designed to disengage the
survival promoting mechanisms and drive itself into apoptosis. In addition, in the

later steps towards the journey of neoplastic transformation, there are a number of
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characteristics that need to be acquired by the cells, for example, the abilities to
invade and to exist without normal stroma support, and the capacity to induce
neovascularisation. Although these changes are considered mostly extracellular in
nature, they also result from changes in intracellular events and add to the intricate
nature of signaling in malignant cells. Tumor invasion is a complex biological
process, during which tumor cells detach from the primary tumor and infiltrate the
neighboring tissue. This course requires loss of cell contacts between tumor cells,
active cell migration, adhesion to the extracellular matrix and proteolytic degradation
of the extracellular matrix. Since cancer was assessed as a ‘systems biology disease’
by hence insights into these intricated intracellular processes have exposed many new
cancer targets for which therapeutic agents may be developed. The present in-vitro
study was devised to understand the effect estrogen on expression of EGFR in ER
positive and triple negative cancer cell lines. Where we tried to understand effect of
estrogen on EGFR whether estrogen has a differential action on EGFR, whether it
increases the synthesis of EGFR or degrades it, if degrades what is the pathway of

degradation?

Tumor is aresult of multi factorial; multigenic disease hence targeting one at a time
(single-hits) may alter the target but may not bring desired effects in a complex
setting. Cells may activate backup systems against this targeting. These make advent
of newer approaches with multiple targeting simultaneously a necessity and need of
the hour. Our study was aso devised in a way that if up gradation or degradation
pathways get activated they can be targeted. Therapeutic networking becomes an

important tool in studying intracellular oncogenic networks.
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3.3.2 EGFR signalling

Uncharacteristic epidermal growth factor receptor (EGFR) signaling is a major
characteristic of many human malignancies including BC. Since the discovery of EGF
in 1960 and its receptor in 1980, researchers understanding of the EGF/EGFR
pathway have been significantly advanced and consequently, EGFR is considered as a
major oncogenic factor and an attractive therapeutic target. The well-established
conventional function of EGFR is to send extra-cellular mitogenic signals, such as
EGF and transforming growth factor-alpha (TGF-alpha), through activating a number
of downstream signaling cascades. These include signaling units that involve
phospholipase-C, Ras, and phosphatidylinositol-3 kinase (PI-3K). In cancer cells,
following the activation of the EGFR-mediated downstream pathways which are
altered gene activities, leads to uncontrolled tumor proliferation and apoptosis.
Interestingly, up-and-coming evidences are claiming the existence of a direct mode of
the EGFR pathway which is distinct from the traditional transduction pathway. This
new mode of EGFR signaling involves transport of EGFR within the cell, from the
cell-surface to the cell nucleus. This also involves organization of nuclear EGFR
complex with gene promoters, and transcriptional regulation of the target genes.
Although the nature and pathological consequences of the nuclear EGFR pathway
remain indescribable, accumulating evidences suggest its association with increased
tumor cell proliferation and poor survival rate in BC patients. While severa anti-
EGFR agents are being tested in BC patients clinically and others under pre-clinical
development, a better understanding of the conventional and the nuclear EGFR

pathways will make possible the identification of patients that are likely to respond to
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these agents as well as future development of more effective anti-EGFR therapeutic
interventions. Since EGFR is tried and tested molecule in the development of breast

cancer we selected this molecule to understand the effect of estrogen in different BC

subtypes.
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Figure 5: Estrogen activates nuclear ER (genomic pathway) and ER in or near the
membrane (non-genomic pathway). Membrane associated ER binds to GF signaling
components such as PI3K. E2 then activates GF signaling, activating key molecules
such as Akt or RAS, and downstream molecules such as mTOR, Raf, MEK and

MAPK, which promote cell proliferation and survival.

3.3.3 Oncogenic activation of the epidermal growth factor receptor

EGFR is a membrane spanning glycoprotein, which frequently has been implicated in
various cancer types. The mechanisms by which EGFR turns oncogenic are numerous

and are often specific for each cancer type. In some of the tumors, EGFR is triggered
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by autocrine/paracrine growth factor loops, whereas in others activating mutations
that encourage EGFR signaling. Overexpression and/or amplification of the EGFR
gene are ubiquitous in many cancer types leading to aberrant EGFR signaling. In
addition, failure to attenuate receptor signal transduction by receptor downregulation
can also lead to cellular maltransformation. Heterodimerization of EGFR with ErbB2
blocks downregulation of EGFR and thereby extends growth factor signaling
duration. This as well indicates that cross-talk among EGFR and heterologous
receptor systems serves as one more mechanism for oncogenic activation of EGFR.
Since of EGFR has arole in tumor promotion, the EGFR has been intensively studied
as a therapeutic target. However, tumorigenesis is a multi-step course of action
involving severa mutations that might explain why EGFR therapeutics has only been

partially successful.

EGFR is a transmembrane receptor whose overexpression in BC predicts for poor
prognosis and is inversely correlated with expression of estrogen receptor (ER). This
study was designed to investigate whether estrogen plays an active role in activation

or suppression of EGFR expression in different molecular subtypes of BC.
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Figure 6: EGFR downstream signalling in cancer. These include signaling modules

that involve phospholipase-C, Ras, JAK and phosphatidylinositol-3 kinase (PI-3K).

3.4 Cycloheximide chase for evaluation of protein degradation

Proteins perform crucial functions in virtualy every celular functioning. Many
physiological processes need the presence of a specific protein for a defined point of
time or under particular circumstances. Organisms therefore check and regulate
protein abundance to meet cellular needs [119]. For example, cyclins are present at
specific phases of the cell cycle, and the absence of regulated cyclin levels has been
associated with malignant tumor formation [120]. In addition to regulating protein
levels to serve cellular needs, our cells employ degradative quality control
mechanisms to get rid of unassembled, misfolded, or otherwise abnormal protein
molecules [121]. Regulation of protein abundance involves control of both
macromolecular synthesis and degradation. Impaired or excessive protein degradation
contributes to multiple pathologies, including cancer, neurodegenerative conditions,
cystic fibrosis and cardiovascular disorders[122-126]. Study of proteins at a single
time point by a western blot [127], a flow cytometry [128], or a fluorescence
microscopy [129] gives a snapshot of steady state protein abundance without
divulging the relative contributions of synthesis or degradation. Similarly growth-
based reporter assays reflect steady state protein levels over an extended time period
without affecting the influences of synthesis and degradation [129-134]. It is possible
to make interpretation of the contribution of degradative processes to steady state
protein levels by comparing abundance before and after blocking specific components
of the degradative mechanism e.g., by pharmacologically blocking the proteasome

[135] or knocking out a gene hypothesized to be essential for degradation. A change
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in steady state protein levels after inhibiting degradative pathways provides strong
substantiation for the contribution of proteolysis to the control of protein abundance.
However, such studies still do not provide sufficient information regarding the
kinetics of protein turnover. Cycloheximide chase run followed by a western blotting
overcomes these weaknesses by allowing researchers to visualize protein degradation
over period of time [136-138]. Further, because protein detection following
cycloheximide chase run is typicaly performed by a western blotting, radioactive
isotopes and lengthy immunoprecipitation steps are not essential, unlike severa
commonly used pulse chase techniques, which are also performed regularly to

visualize protein degradation [139].

Cycloheximide was first to be identified as a compound with anti-fungal properties
formed by the gram-positive bacterium Streptomyces griseus [140, 141]. It is a cdll-
permeable molecule that specifically inhibits eukaryotic cytosolic trandation by
impairing ribosomal trandocation [142-145]. In a cycloheximide chase run
experiment, cycloheximide is added to cells, and aiquots of cells are gathered
immediately and at specific time interval points following addition of the compound.
Cells are lysed, and protein abundance at each time point interval is anayzed,
typically by awestern blot. Decrease in protein abundance following the adding up of
cycloheximide can be confidently attributed to protein degradation. An unsteady
protein will decrease in abundance over period of time, while a relatively stable
protein will exhibit change in abundance that much. Mechanisms involved in selective
protein degradation have been highly conserved to Eukarya. Much of what is
understood about protein degradation was first learnt in the model unicellular
eukaryote, Saccharomyces cerevisiae [146-150]. Studies with yeast are likely to

continue to provide knowledge, novel and important insights into protein degradation.
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Cycloheximide chase run is appropriate for analyzing protein stability over a
relatively short time course that is in minutes. Over longer time courses two hours to
days, cycloheximide, a global inhibitor of trandation, which is toxic to cells, likely
due to exhaustion of ubiquitin [151]. Additionaly, analyses of protein stability over
longer time intervals are more likely to be affected by indirect effects of globally
impaired protein synthesis on the degradation of the protein of interest
(e.g., degradation of a short-lived protein involved in the degradation of the protein of
interest). Therefore, other techniques, such as pulse chase metabolic labeling
experiments, are appropriate for studying the degradation of long-lived proteins and
may be performed to corroborate results obtained in cycloheximide chase

experiments.

The timing of adding up of cycloheximide and collection of cells is an important
consideration in this procedure. Precision and perfection is especially important in the
anaysis of very short-lived proteins, as small deviations in the time elapsed from
cycloheximide adding up to cell harvest can have a substantial impact on apparent
degradation kinetics. Further, without a clear plan for executing these time-bound-
sensitive steps, an experiment may rapidly devolve into chaos and frustration. For this
even reason, it is recommended to add up cycloheximide to culture plates at planned,
regular intervals. Different intervals were adapted in our study to match the comfort

level and dexterity of the investigation.

Cycloheximide chase experiment may be implemented to estimate the degradation of
a diversity of yeast proteins and may be modified to study protein stability in other
eukaryotic cells. As described in our study protocol, cycloheximide treatment is

followed by cell lysis and detection of protein abundance by a western blot analysis.
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Depending on the experiment and application, however, protein abundance aftermath
cycloheximide treatment may be assessed by a range of techniques, as appropriate as
convenient as research objectives. For example, when protein size is not a relevant
factor for analysis, cell lysates may be subjected to a dot blot or a enzyme-linked
immunosorbent assay (ELISA) analysis, which report on protein abundance,
nevertheless not on apparent molecular weight [152]. For proteins which are located
on the cell surface flow cytometry may be utilized to quantify protein abundance of
samples at different times after cycloheximide addition. Fluorescence microscopy
following cycloheximide adding up would provide information on both protein
abundance and localization. The range of substrates, organisms, and downstream
applications amenable to cycloheximide chase experiment makes the technique a

highly versatile and informative means of studying protein degradation in detail.
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Figure 7: Example showing to how cycloheximide chase is executed by utilizing

western blot technique.
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3.5.1 Ubiquitination a one of the pathway for degradation of proteins.

Intracellular proteins and many extracellular proteins are constantly turning over.
They are hydrolyzed toward their constituent amino acids and replaced by newly
synthesed amino acids. The continual destruction of process serves several important
homeostatic functions. Individual proteins whether they are in the nucleus or cytosol,
wether in the endoplasmic reticulum (ER) or mitochondria are degraded at widely
differing rates. They take minutes for some regulatory enzymes, days or weeks for
proteins such as actin, myosin in skeletal muscle and months for hemoglobin in the
red cell. Cells made up of numerous proteolytic systems to carry out the degradation
process and complex regulatory mechanisms to ensure that these continual proteolytic
processes are highly selective. The excessive breakdown of cell components is aso
prevented at the same time. Overall, the pace of protein synthesis and degradation in
each cell must be balanced precisely because even a small decrease in synthesis or a
small acceleration of production, if at all they sustained, can result in a marked loss of

function in the organism [153].

In tissues, the maority of intracellular proteins are degraded by the ubiquitin-
proteasome pathway (UPP) [154]. But, some extracellular proteins and some cell
surface proteins are taken up by endocytosis and degraded within lysosomes. These
organelles contain severa acid-optimal proteases, including cathepsins, and severa
other acid hydrolases. Some cytosolic proteins are degraded in lysosomes after being
engulfed in autophagic vacuoles that blend with lysosomes [155,156]. There are

further cytosolic proteolytic systems in mammalian cells. The Calcium-induced ATP-
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independent proteol ytic route involves the cysteine proteases termed calpains. These
proteases seem to be activated when cells are injured and cytosolic calcium rises, so
they may play an important role in tissue injury, necrosis, and autolysis [157]. These
enzymes, which are cysteine proteases, are critica in destruction of cell components

during apoptosis [158].

Ubiquitin Proteasome Pathway (UPP) has become important in our understanding of
the control of protein turnover. The UPP consists of concerted actions of enzymes that
connect chains of the polypeptide co-factor, Ubiquitin b (Ub), onto proteins to mark
them for degradation [159, 160]. This tagging process guides to their detection by the
26S proteasome, a very large multi-catalytic protease complex that degrades
ubiquitinated proteins to small peptides [161]. Three enzymatic components are
required to connect chains of Ub onto proteins that are destined for degradation. Ub-
activating enzyme (E1) and Ub-carrier or conjugating proteins (E2s) arrange Ub for
conjugation, but the key enzyme in the process is the E3 (Ub-protein ligase), because
it identifies a specific protein substrate and catalyzes the shift of activated Ub to it.
Since the initial narrative of the UPP as a protein tagging and demoalition mechanism,
knowledge in this area has exploded, with thousands of proteins shown to be degraded

by the system and additiona new functions for Ub conjugation being uncovered.
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Figure 8: Ubiquitin Proteasome Pathway. Shows different stages of ubiquitination.

3.5.2 Rapid Removal of Proteins

Not like most regulatory mechanisms, protein degradation is intrinsically irreversible.
Destruction of a protein can lead to a complete, fast, and sustained termination of the
physiological process involving that protein and as well as a change in cell
composition. The fast degradation of specific proteins permits adjustment to new
physiologic surroundings.Control of Gene Transcription Ub conjugation affects
transcription by multiple mechanisms [162]. A lot of transcription factors by the
proteasome system are ubiquitinated and degraded. In fact, in lots of cases,
transcriptional activation domains and signals for Ub conjugation directly have
common pathways. Ubiquitination and proteolysis of activators still may stimulate
transcriptional activity by removing “spent” activators and reorganizing a promoter
for further rounds of transcription [163]. In addition, transcription factors can be
regulated by alterations in their location. For example, NF-yB, the proinflammatory
transcriptional activator, is set aside out of the nucleus by its interaction with IkB. IKB
degradation is triggered by its phosphorylation, which leads it to be recognized by the

E3 -transducin repeat containing protein (TRCP). IKB then is ubiquitinated and
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rapidly degraded, and the released NF-yB translocates to the nucleus. This step is

important in acceleration of the inflammatory response [164].
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Figure 9: The diagram shows different pathways of degradation of EGFR.
3.5.3 Quality Control Mechanism

The UPP specifically removes abnormally folded, altered or damaged proteins that
have arisen by nonsense or missense mutations, damage by oxygen radicals or
biosynthetic errors or by denaturation. In cystic fibrosis, the mutant form of the
transmembrane conductance regulator protein (CFTR) is selectively degraded and
therefore falls short to reach the cell surface [165, 166]. Since the Ub conjugation and
degradation mechanism are cytoplasmic, the destruction of CFTR demonstrates that
the UPP degrades misfolded or secreted proteins. In the process of ER-related
degradation, many misfolded proteins within the ER are retro-translocated out of that
compartment into the cytosol by a series of ER membrane associated Ub conjugating
proteins, these then are objected to cytosolic proteasomes [167]. Functioning of the
Immune System Antigen presentation on MHC class | molecules is reliant on

proteasomal function. Other Functions of Ub which is not linked with proteolysisis it
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also can be conjugated to proteins as a monomer. This type of tagging initiates
internalization of cell surface proteins into the endocytic pathway [168] and aso can

be used in the regul ation of transcription [169].

3.5.4 Ub islinked to Substrates through an Enzymatic Cascade

Ub is composed of 76 amino acids. C-terminus of Ub is a important that is necessary
for its conjugation to other Ub molecules and substrates, and it contains internal lysine
residues which are used in the formation of polyubiquitin chains. Ub is not expressed
frankly as free Ub but rather as linear fusions either to itself or to definite ribosomal
protein subunits. These extremely unusual Ub-fusion precursors are subjected quickly
by deubiquitinating enzymes, yielding monomeric, Ub moieties; this is one way in
which Ub is produced quickly in times of cellular stress. Ub conjugation to cellular
proteins aso can be reverted by the many deubiquitinating enzymes in cells.
Consequently these enzymes release Ub from precursor fusion proteins; they aso
catayze the disassembly of Ub chains. Most likely, they function to recycle
monomeric Ub for use in new conjugation reactions and avoid the accumulation of
polyubiquitin chains that could fight with the binding of ubiquitinated substrates to
the proteasome. The first step in conjugation of Ub onto proteins is the activation of
Ub at its C-terminus by Ub-activating enzyme E1. This abundant enzyme uses ATP to
generate a Ub thiolester, a extremely reactive form of Ub [170]. In mammalian
organisms, only a single functiona E1 enzyme has been detected, unlike the large
number of E2s and E3sin cells[171]. Once it is activated, the Ub that is bound to E1
via the thiolester linkage is shifted to a sulfhydryl group of one of the 30-40 Ub
carrier proteins or E2s [172]. The E2s generaly are very small proteins that share a

inner conserved core that includes the cysteine that forms a thiolester linkage with the
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triggered Ub. The huge number of E2s helps to create the specificity of the
ubiquitination system, because specific E2s function in the degradation of a variety of

types of substrates, and they can conjugate with different E3sin a specific manner.

3.5.5 E3s Recognize the Cellular Proteins That Undergo Ub Conjugation

The major specificity factor in the UPP is E3 enzyme. There are thousand E3s in
cellsthat link Ub to proteinsin a highly regulated pattern. E3s catalyze the transfer of
the activated Ub from an E2 originaly to alysine in the target protein and afterward
to lysines that are present in Ub, yielding a substrate attached chain of Ub molecules.
Generdly, E3s id divided into two broad structural classes. They are either
homologous to homologous to E6-AP carboxy-terminus (HECT) domains or RING
fingers [173]. HECT domain proteins are large monomeric E3s that contains of two
functionally distinct domains [174]. The C-termina HECT domain accepts the
triggered Ub from the E2s by forming a thiol ester linkage with Ub, making it to be
transferred to the substrate. HECT-domain E3s directly unite activated Ub and are
real components of the enzymatic conjugation cascade [175]. The classical member of
this family is the E6-associated protein (E6-AP) [176]. Absence of this enzyme causes
Angelman’s syndrome, an inherited neurologic disorder [177]. Nedd4, one more
HECT-E3, targets the epithelial sodium channel for internalization and degradation
[178] by identifieng specific residues in the channel’s cytoplasmic tails. When these
proteins cannot act together, either as a result of mutations in the sodium channel or
the E3, the channel becomes more stable, resulting in increased sodium reabsorption,
hypervolemia, hypertension, metabolic akalosis a genetic defect known as Liddle’s
syndrome [179]. The mgority of E3s consists of RING finger domains. These 40-60

residue zinc-binding motifs consist of core amino acids, cysteine, and histidine [180].
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RING finger E3s can be monomeric enzymes or multisubunit composites. As awhole,
they seem to serve up as scaffolds that bring the substrate and the E2 nearer, an
optimal condition for Ub conjugation [180-182]. Monomeric RING finger E3s
includes the oncoprotein Mdmz2, a physiologic regulator of p53 stability in cells[183],
and c-Chl, that catalyzes ubiquitination of certain cell surface receptors. Two E3s that
critical in the pathology of muscle atrophy are muscle ring finger-1 (MuRF-1), E3
belong to this particular group; This E3 was among the first of the E3s to be
biochemically discovered. It detects protein substrates on the basis of their N-terminal
amino acid. Proteins that begin with basic or hydrophobic residues are objected for
ubiquitination and degradation by E3. This “N-end rule” pathway is important in the
destruction of cohesions [184], few signaling molecules like regulator of G-protein
signaing 4 [RGS4] [185]. The other RING-finger E3s contain various subunits that
serve as scaffolds to bring together the substrate and an E2 conjugated to a triggered
Ub. The largest most complex E3 is the anaphase-promoting complex and it is
essential in ubiquitination of mitotic cyclins and other proteins that are involved in
regulation of cell-cycle. Cullin-RING Ub ligases are the largest group of E3s. The
basic core of these E3s islong, rigid cullin subunit. On the one end of these subunits
attach the RING component and the E2, whereas at the other side, the substrate-
interacting protein is bound, often through another adaptor protein. The large number
of cullins and substrate-binding subunits, the identical organization using the same
basic method can recognize and ubiquitinate a large number of varied proteins. The
best studied group of cullin-RING ligases are the Skpl-Cull-F-box (SCF)
complexes. The F-box protein is the subunit which contains the substrate-binding
motif. It binds to an adaptor, Skpl, through an approximately 45 amino acid F-box

motif. Substrates of SCF complexes E3s are numerous key molecules that control
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inflammation and cell growth and cell cycle-induced proteins. In many cases,
phosphorylation leads to attachment of substrate to the F-box subunit and subsequent
Ub conjugation. Regulated expression of F-box proteins can lead to tissue and disease
specific Ub conjugation of target proteins. For example, the F-box protein atrogin-
1/MAFbx is expressed at very high levels specifically in atrophying skeletal muscle

and cardiac muscle [186].
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Figure 10: The diagram shows different pathways of cullin-RING ligases are the

Skpl-Cul 1-F-box (SCF) complexes in degradation of EGFR.

In addition with phosphorylation, other types of posttrandational protein
modifications can excite ubiquitination. For example, oxygen concentration in the cell
is sensed by the Von HippelLindau (VHL)-containing VHL-elongin BC (VBC) E3
that specifically recognizes hydroxyproline. When oxygen levels are sufficient in
cells, the hypoxia-inducible factor 1 (HIF-1) transcriptiona activator subjected prolyl
hydroxylation and ubiquitination by this E3. When oxygen pressure falls, the

unchanged HIF-1 is not recognized by VHL and is not degraded, hence it triggers
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transcription of genes for angiogenesis [187]. The VBC complex isone more cullin-
RING ligase, made up of Cul2 and a substrate-interacting domain which is made up
of VHL and the adaptors elongin B and elongin C. VHL mutations are linked with
highly vascular tumors in the kidney, presumably as a consequence at least in part of
the presence of stable, active HIF-1. Other protein modifications that have been made
known to recruit E3s include glycosylation, nitrosylation, and deacetylation. Substrate
modification adds on another layer of regulation to the UPP by integrating cell
signaling and metabolic pathways aong the conjugation-degradation machinery.
Recently, a new group of enzymes with Ub ligase activity have been described: The
U-box domain proteins, like Ub fusion degradation protein 2 (UFD2) and the C-
terminal of Hsp70-interacting protein (CHIP). These E3 enzymes consist of atypical
RING finger motifs[188]. CHIP is very important for the removal of unusual proteins
such as the abnorma misfolded CFTR in cystic fibrosis and tau protein of
polyglutamine repeat proteins which are present in several neurodegenerative diseases
[189]. Degradation of these proteins begins when they are attached by specific
molecular chaperones followed by binding of the E3s. This leads to selective
ubiquitination of the chaperone-bound substrate. In our study if ostreogen degrades
EGFR by ubiquitination it would be interesting to study the effect of estrogen at
different steps of ubiquitination so as that pathway or molecules can be targeted for

therapeutic approach.

3.5.6 Cell Proteins Are Degraded by the 26S Proteasome

The rapid degradation of ubiquitinated proteins is mediated by the 26S proteasome.
This structure is present in the nucleus and the cytosol of al cells and makes

approximately 1 to 2% of cell mass [190]. The 26S particle is consists of
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approximately 60 subunits and therefore is approximately 50-100 times larger than
the usual proteases that function in the extracellular environment and differsin critical
ways. The most elementary difference is that it is a proteolytic machine in which
protein degradation is related to ATP hydrolysis. The 26S complex is composed of a
central barrel-structure 20S proteasome in the company of a 19S regulatory particle at
either or both of its ends [190, 191]. The 20S proteasome is a void cylinder which
contains the mechanisms for protein digestion. It is made up of four stacked, hollow
rings, each containing seven distinct but connected subunits. The two outer rings are
alike, as are the two inner rings. Three of the subunits in the rings have the proteolytic
active sites that are positioned on the interior part of the cylinder. The outer subunits
of the 20S particle surround a narrow, central, and gated aperture through which
substrates enter and products exit [192]. Substrate access is a complex process which
is catayzed by the 19S particle. This complex architecture evolved to segregate
proteolysis within a nano-sized partition and prevents the nonspecific destruction of
cell proteins. One can observe protein ubiquitination and the functioning of the 19S
particle as mechanisms that make certain proteolysis as an exquisitely selective
process; only selective molecules get degraded within the 20S proteasome [193]. The
19S regulatory particles on the ends of the 20S proteasome are consists of at least 18
subunits.The base contains six homologous ATPases in aring and link ups the outer
ring of the 20S particle. These ATPases attach the proteins to be degraded and utilize
ATP hydrolysis to unfold and translocate the protein into the 20S particle [194]. The
19S ptotein outer lid contains subunits that attach the polyubiquitin chains plus two
deubiquitinating enzymes which disassemble the Ub chain so that the Ub can be
reutilized in the degradation of other proteins. There is growing proof that additional

factors related with the 19S particle and actually help bring ubiquitinated proteins into



Page |66
the particle [195]. Although the 26S complex catalyzes the degradation of
ubiquitinated proteins, they can digest certain proteins without ubiquitination; it

remains unclear how important this activity isin-vivo [196].

About proteasomes multistep system much has been learned by which a ubiquitinated
protein is degraded. After it attaches to the 19S component, the polyubiquitin string is
cleaved off the substrate and disassembled. The protein is unfolded one way or
another by the six ATPases in the base of the particle. Linearization of the folded
protein is necessary for it to be translocated through the gated entry channel into the
20S particle because this hole, even in its open state, is too sender for globular
proteins to enter. The ATPases also act as akey in alock to lead opening of the gated,
substrate entry channel of the 20S outer ring and into its innermost degradative
chamber [197]. Linearizing and delivering the substrate uses significant energy,
perhaps one third as much ATP as the ribosome would utilize in synthesizing the
protein, but it make sures the efficient and regulated removal of the protein. Once the
substrate enters the 20S centra chamber, the polypeptide is diced by its six
proteolytic sites on the inner part of the chamber, forming small peptides that range
from 3 to 25 residues in length [198]. Contrasting traditional proteases, that cut a
protein once and free the fragments, the proteasome digests the substrates all the way
to small peptides that leave the particle. Peptides which are released by the
proteasome only exist in the cell for few seconds, because they are rapidly digested
into amino acids by the plentiful cytosolic endopeptidases and aminopeptidases. The
amino acids can be reused to synthesize fresh proteins or metabolized, yielding
energy [199, 200]. Although the proteasome principally catalyzes the total hydrolysis
of cell proteins, in afew cases, the 26S proteasome degrades proteins only partialy,

yielding a biologically dynamic fragment. An example of such activity is the
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generation of a subunit of the transcription factor NF-yB [201]. For NF-yB to be
efficient in inflammatory processes, the proteasome have to digest an inactive

precursor molecule and let go one half, which functions in transcriptional regulation.

3.6.1 Proteasome I nhibitorsand Cancer Therapy

One interesting thing which the proteasomes active site cannot remove is repeated
sequences of glutamines. This exception is significant in the pathogenesis of certain
neurodegenerative diseases e.g., Huntington’s disease which result from a genetically
connected series of polyglutamines within certain proteins [202]. Actualy the
glutamines are poorly degraded and mount up as toxic, intracellular inclusions. The
active sites in the proteasome cut peptide bonds by a unique mechanism; peptide
bonds are cleaved by the hydroxyl group on a important threonine residue. Because
the proteolytic mechanism is novel, highly specific inhibitors of the active sites have
been manufactured. These inhibitors e.g., MG132, epoxymycin lactacystin, have been
used widely as research tools that have facilitated investigators to discover many of
the impotant functions of the UPP. In our study MG-132 was utilized to study
whether EGFR was ubiquitinated with or without estrogen in TNBC cell line.
Bortezomib a synthetic protease inhibitor has emerged as an imperative new
anticancer drug. Bortezomib has been approved by the US Food and Drug
Administration and is extensively used for the treatment of multiple myeloma and
clinica trials against a variety of other cancers are under active investigation [203].
The proteasome inhibitors at first were synthesized in an attempt to develop agents
that could inhibit the excessive breakdown of muscle proteins in different cachectic
states, but it was discovered that they also could inhibit the activation of NF-yB, the

important transcription factor which mediates production of severa inflammatory
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cytokines. NF-yB also has key antiapoptotic roles that could inhibit the death of
cancer cells. However, blocking of the proteasome was found to induce apoptosis,
especialy in neoplastic cells and transplanted tumors. Surprisingly, these agents have
therapeutic efficacy, even when protein degradation by the proteasome in cancer cells
isonly partly affected. Actualy, the myeloma cells are particularly dependent on NF-
yB for genetation of essential growth factors. However, promising responses have
been observed in patients with other hematologic malignancies, and Bortezomib in
amalgamation with other chemotherapeutic agents is being tested against new
malignancies in clinical trials. In short, the development of proteasome blockers that
exhibit numerous biologic properties emphasizes the enormous benefits that are

emerging.

3.6.2 Proteaseinhibitor- M G-132

Enzyme-specifc blockers of proteases are usually short peptides connected to a
pharmacophore, generally present at its C-terminus. The pharmacophore act together
with a catalytic residue with the formation of reversible or irreversible covaent
adduct, while the peptide portion specially join together with the enzymes substrate
attaching pocket in the active site. Although the proteasome has several active sites,
inhibition of all of them is not necessary to significantly reduce protein breakdown. In
fact, blocking of the chymotrypsin-like site or its inactivation by mutation by itself
causes a large reduction in the pace of protein breakdown [204, 205]. In contrast,
blocking of trypsinlike or caspase-like sites will have little effect on overal
proteolysis [205, 206]. In addition, most blockers of chymotrypsin-like sites are very
much hydrophobic and consequently much more cell-permeable than blockers of the

trypsinor caspase-like sites, that contain charged residues. As a result, almost all the
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synthetic and natural blockers of the proteasome act primarily on the chymotrypsin-
like activity but aso have alittle, usually much weaker, effects on the two other sites.
Even though cleavages by the chymotrypsin-like sites appear to be rate-limiting in
protein breakdown, the amount of inhibition of chymotrypsin-like activity cannot be
directly associated to the reduction in protein breakdown as inhibition of this site may
lead to the increased cleavages by two other sites. Unluckily, inhibitor potency has
often been calculated only against the chymotrypsin-like action along with purified
proteasomes and synthetic peptide substrates. The range of reports concerning the
potencies of various proteasome inhibitors in cells are difficult to contrast because
deferent investigators have used different cell lines and assays, that were generally
only indirectly related to the speed of protein breakdown. The chymotrypsin-like site
of proteasomes cleaves principally after large hydrophobic residues, similar to the
fondness of intracellular cysteine proteases such as cytosolic calpains and severd
lysosomal cathepsins [207]. For that reason high selectivity of proteasome inhibition
by peptide based compounds would be difficult to achieve just by simply
manipulating the peptide part of the inhibitor. As an aternative, the use of a
pharmacophore with preference for the proteasomes N-terminal threonine is required.
Based on pharmacophores, proteasome inhibitors can be classified into severa groups

in them peptide a dehydes are most important.

3.6.3 Peptide aldehydes

Peptide aldehydes were the initial proteasome inhibitors to be developed [208] and are
still the most widely accepted inhibitors. Aldehyde inhibitors of the chymotrypsin-like
site are slow-binding [208], but they gain entry in to the cells rapidly and are

reversible. These blockers have fast dissociation rates, are rapidly oxidized into
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inactive acids by cells and are carried out of cell. Accordingly, in experiments
concerning cultured mammalian cells and yeast, results of these inhibitors can be
rapidly reverted by remova of the inhibitor [209]. As discussed above, peptide
aldehydes are known inhibitors of cysteine and serine proteases, and therefore can
inhibit such proteases in vivo. For example, ALLN, which was utilized in earlier
studies, was first described as a calpain inhibitor | [210], and is 25-fold more effective
against cathepsin B. Severa other peptide aldehydes have been synthesized [211,
212], but only some of them are now used widely. MG132 (Z-Leu-Leu-Leu-a, also
termed Cbz-LLL or z-LLL) is not only appreciably more potent than ALLN against
the proteasome [213], but is much more selective, as demonstrated by the fact that
inhibition of calpains and cathepsins need at least 10-fold higher concentrations [214].
Another peptide aldehyde, PSI (Z-1le-Glu (OtBu)-Ala-Leu-al), blocks the proteasome
10-fold better than calpain but is less effective than MG132. Finally, the dipeptide
aldehyde CEP1612 appears as good as MG132 in potency and selectivity, but is not
accessible commercialy. Since MG132, PSI, MG115 (Z-Leu-Leu-nVa-a) and
ALLN can al inhibit calpains and variety of lysosomal cathepsins in addition to the
proteasome, when using these blockersin cell cultureit is essentia to perform control
experiments to confirm that the observed effects are because of inhibition of the
proteasome. In yeast, digestive vacuoles contain mainly serine, not cysteine proteases,
phenylmethylsulfonyl fluoride can be used to block these enzymes without affecting
proteasomes. Additionally, with any effect sensitive to MG-132 or other aldehydes,
involvement of the proteasome can be confirmed or ruled out by use of severa more
specific inhibitors of the proteasome, such as epoxomicin, lactacystin and boronate
MG-262 which would be too expensive for most investigators to utilize in routine

studies.
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Even though the availability of these blockers, MG132, due to its low price and the
rapid reversibility of its action, still remains in our opinion the first choice to study
proteasome involvement in a process in cell cultures or tissues, provoided appropriate
controls are used. As the most potent and selective of commercialy available
aldehydes, MG132 is first choice compared to ALLN, MG115 (Z-Leu-Leu-nVal-a),
or even PSI. On the other hand, the least selective inhibitor, ALLN, for the reason that
of its ability to inhibit most major proteases in mammalian cells, is most likely the
best tool for prevention of unwanted proteolysis, for example during separation of

proteins from mammalian cells.
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Figure 11: Diagram showing the mechanism of action of MG-132 inhibiting

ubiquitination of EGFR.
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Chapter 4
M ethedology

Implicatien of oral contraceptive use to phenetypic expression

pattewn ef receptons in breast cancer

4. Methods

I. Human study
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4.1TYPE OF STUDY . Prospective study

4.2: STUDY DESIGN . Observational explorative study

4.3. DURATION OF COLLECTION OF DATA:

Prospective study —From august 2016 to Nov 2019

4.4: PLACE OF CONDUCT OF RESEARCH:

Human study: SDM collage of medical sciences and hospital, Dharwad.
4.5: STUDY POPULATION:

The selection of sample was carried out from the outpatient and inpatients department
of our institution. 155 breast cancer individuals enrolled in the study. Whole enrolled
population of breast cancer was divided in to two groups. Group-lconsisted of 48
clinically diagnosed breast cancer patients with molecular sub-types with history of
cyclical ora contraceptive pill use for a least 6 months of duration. Group-2
consisted of 107 age matched controls with breast cancer of different molecular

subtypes with no history of oral contraceptive pill use.
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4.6 SAMPLE SIZE CALCULATION

With 95% confidence level and margin of error of +8%, a sample size of 151 subjects
will alow the study to determine Association of use of oral contraceptive pill (OCP)

with expression pattern of different molecular subtypes of breast cancer.
The calculation was done by using the formula: n = zZ°p(1-p)/d?,

where Z= z statistic at 5% level of significance

d ismargin of error

p is maximum anticipated prevalence rate of breast cancer.

4.7 Selection criteria

Each individual was briefed about the study before; its importance and written
consent of participants were taken before interview. Subjects using contraceptives
other than cyclical, Individuas taking Hormonal replacement therapy (HRT) were
excluded from the study. Individuals with other associated malignancies were
excluded from the study. Molecular sub-typing was done based on whether
individuals are ER+/-, PR+/-or HER2 +/- or and also based upon American
PathologistsyAmerican Society of Clinical Oncology (CAP/ASCO) guidelines a new
clinical classification Luminal A (LA), Luminal B (LB), Non Luminal (NL)/HER2+
enriched or Basal (BA)/ (TNBC) [14]. The basic parameters and detailed history were
recorded. General check-up of pulse, blood pressure, height, weight, food habits, were
recorded. Detailed obstetric history of gravidity, parity, age of menarche, family

history of breast cancer and breast feeding were noted.
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Study design

Breast cancer patients N= 1355

Group 1 Group 2
OCP users OCP nonusers
N=438 N=107

—— ER+/ER- ER+/ER-

PR+/PR- FRYFR-

——HER+HER- HER+HER-—

e | A +/LA- LA+LA- =

e L B+/LB- LB+/LB-—

e N LN L- NL+NL-—1

e BA+/BA- BA+/BA- m—

Analvsis of data of proportion by Chi-square test.
Intra group analysis by t test

Figure 12: ER+:Estrogen Receptor+; PR+: Progesterone Receptor+; HER2+:Human
Epidermal Growth Factor Receptor 2+; LA :Lumina A; LB: Lumina B; NL: Non

luminal/ HERZ2 enriched; BA:; Basal like/ TNBC.

| mmuno-histo-chemical Scoring System for ER, PR and HER2 and clinical

classification

All records were collected from the hospital medical records. The histo-pathological
and immune-histo-chemical (IHC) examination was performed in accordance with the
College of American PathologistssAmerican Society of Clinical Oncology
(CAP/ASCO) guidelines by apathologist. ER and PR scoring for all cases were done

using Allred scoring. [1]
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Allred system of scoring for ER and PR: ER and PR are nuclear receptors. In Allred
system of scoring, score 0-5 is given to the cells depending on the fraction of cells
which are stained, proportion score [PS]) and score 0-3 is given depending on the
intensity of staining, intensity score [IS]. By adding the PS and IS, we considered the

final Allred score (PS+ IS=AS).

Scoring for HER 2+/neu over expression: HER2+/neu is a cell membrane receptor.
Depending on the intensity of staining a score of 0-3 is awarded to the cells. A
positive HER2+/neu result is an immune-histo-chemical staining of 3+, uniform,
intense membrane staining of >30% of invasive tumor cells. A negative HER2+/neu

result is an immune-histo-chemical staining of O or 1+.

In Allred scoring system, only the invasive tumor cells should be evaluated ed as
ER/PR staining is present in normal breast epithelia cells as well. Here, the normal
adjucent breast epithelial cells act as internal positive control. According to
ASCO/CAP guidelines, we classified breast cancer cases in 4 subtypes based on
hormona receptor and HER 2+ status. These were luminal A (ER+ and/or
PR+/HER2-), luminal B (ER+ and/or PR+/HER2+), Non-luminal/ HER2-enriched
(ER- and PR-/HER2+) and Basal like (ER- and PR-/HER2-). Those patients who

had HER 2+ expression (Equivocal) were not included in molecular subtype analysis.

4.8 Statistical analysis

The results were summarized descriptively first. For continuous variables, the
summary statistics of meant standard deviation (SD) were used. For categorical data,
the number and percentage were used in the data summaries and diagrammatic

presentation. Chi-square (x2) test was used for association between two categorical
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variables. After confirming normality assumption, the data were analyzed by
parametric test (student t test) which indicates the level of difference of means
between two groups. Logistic linear regression analysis was employed to assess the
effect of age on different subtypes of cancers after adjusting the effect of other
background confounding variables. The software used was SPSS-20 (USA, Chicago)

and Microsoft office 2007.
[1. In-vitro study
4.1CHdll culture

Human breast cancer cell lines MDA-MB-231, MCF-7 were obtained from the
National Centre for Cell Sciences, Pune, India. Cells were grown in respective
medium as prescribed by the supplier.MCF-7, MDA-MB-231 were cultured in
Roswell Park Memoria Institute media (RPMI) containing phenol red and
supplemented with 10% Fetal Bovine Serum (FBS). Cell lines were cultured in a 5%
COzhumidified atmosphere at 37°C. Cells were utilized up to a maximum of 28
passages and were subject to regular mycoplasma testing. -estadiol, Cyclohexamide

and MG-132 were obtained from Aldrisch sigma.

4.2 Effect of 17 B-estrdiol on MDA-MB-231 and MCF-7 cdl lines on EGFR

expression

EGFR is a transmembrane receptor whose over expression in breast cancer predicts
for poor prognosis. This study was designed to investigate whether estrogen plays an
active role in expression or suppression of EGFR in MCF-7 and MDA-MB-231 cell

lines. We hypothesized that 100 nM of 17(3-estradiol will lead to over expression of
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EGFR in MCF-7 and suppresses in MDA-MB-231 cell lines. We standardised the

prior the concentration of estrogen to be used i.e 100nM.

Technique: MDA-MB-231 and MCF-7 cell lines were cultured in large flask. At 70-
80 percent confluence cell were trypsinized twice, centrifuged at 1200rcf for 4 min,
supernatant was removed. FBS was added to approximately 4 x 10° cells'well were
placed in 6 well plates and starved for 12 hours. Both cell lines were treated with 100
nM [-estradiol. Expression of EGFR at 0 and 3 hours time intervals was assessed by

western blot.

4.3 Cycloheximide chase to assess the effect of 17 B-estradiol on MDA-MB-231

cellson EGFR expression

A difference in steady state protein levels after inhibiting degradative pathways
provides strong proof for the contribution of proteolysis to the control of protein
abundance [2]. However, such an analysis still does not furnish information regarding
the kinetics of protein turnover. Cycloheximide chase run followed by western
blotting overcomes this deficit by allowing researchers to visualize protein
degradation over time [3-5]. Further, because protein detection following
Cycloheximide chase is typically carried out by western blotting, radioactive isotopes
and lengthy immune-precipitation measures are not needed for Cycloheximide chase,
unlike other commonly used pulse chase techniques, that are also performed to
visualize protein degradation [6]. Cycloheximide chase is suitable for analyzing
protein stability over a short time course that are in minutes. Over longer time courses
Cycloheximide, a global inhibitor of trandation, is toxic to cells, likely due to

exhaustion of ubiquitin [7]. Additionaly, analyses of protein stability over longer time



Page |107
courses are more likely to be negotiated by indirect effects of globally decreased
protein synthesis on the degradation of the protein of interest e.g., degradation of a
short-lived protein involvement in the degradation of the protein of interest. Other
techniques, such as pulse chase metabolic labeling experiments, are therefore better
suited for investigating the degradation of long-lived proteins and may be performed

to corroborate results obtained in Cycloheximide chase experiments.

Technigue: MDA-MB-231 cell lines were cultured in large flask. At 70-80 per cent
confluence cells were trypsinized twice, centrifuged at 1200 rcf for 4 min, supernatant
was removed. FBS added approximately 4 x 10° cells/well were placed in 6 well
plates and starved for 12 hours. Cells were treated with 100 nM 17f3-estradiol.
Expression of EGFR at 0, 0.5, 1, 2, 3 and 4 hours’ time intervals with or without 50ug

cycloheximide was assessed by western blot.
4.4 EGFR degradation isdue to ubiquitination.

The ubiquitin-proteasome system (UPS) is a magjor protein degradative pathway
involved in the preservation of cellular structure and function [8,9]. While the 20S
proteasome is involved in direct protein hydrolysis, degradation of ubiquitinated
proteins by the 26S proteasome is a relatively more important process in protein
turnover [10-12]. Ubiquitination of proteins devised for degradation is an ATP-
dependent process and involves support of three ubiquitin ligase enzymes.
Particularly, the ubiquitin moiety is transported by Ubiquitin-activating enzyme E1 to
the Ubiquitin-conjugating enzyme E2 afterwards formation of ubiquitin chain ligation
on target proteins by a substrate specific E3 ubiquitin ligase [13]. Selected
components of the 26S cap proteins are associated with recognition and transport of

ubiquitinated proteins for degradation by the 26S proteasome [14, 15]. MG-132is a
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very potent, reversible, and cell-permeable proteasome blocker. It decreases the
degradation of ubiquitin-conjugated proteins in mammalian cells and permeable
strains of yeast by the 26S complex without upsetting its ATPaseor iso-

peptidase activities.

Technigue: MDA-MB-231 cell lines were cultured in large flask. At 70-80 percent
confluence cells were trypsinized twice, centrifuged at 1200rcf for 4 min, supernatant
was removed. FBS was added approximately 4 x 10° cells/well were placed in 6 well
plates and starved for 12 hours. Cells were treated with 100 nM 17p3-estradiol and 50
pg Cycloheximide. Expression of EGFR at 0, 0.5, 1, 2, 3 and 4 hours time intervals

with or without M G-132 was assessed by western blot.
4.5 Total cell extraction and western blotting

Cells were obtained from 6-well plates after the treatment after adding lysate. Cell
lysates were collected on ice bywashing x1 in ice-cold PBS then scraping in 100 pL
of lysis buffer (150 mM NaCl, 50 mM Tris base pH 8, 1 %NP-40 containing protease
and phosphatase inhibitors. The lysates were centrifuged at 14,000 rcf for 10 min at 4
°C and protein concentration of thesupernatants was determined by bicinchoninic acid
assay (BCA) assay. For the expression anaysis in different breast cancer cell lines,
total protein was extracted and quantitated as described previously [16]. Total protein
was separated on 10 % Bis-Tris PAGE gel using Tris-Hcl buffer and the proteins
were transferred to nitrocellulose membranes (Himedia) using a transfer apparatus at
65 V for 90 min. The antibodies were used against EGFR (rabbit monoclonal, BD
Biosciences, CA-9061) and GAPDH (Santa Cruz Biotechnology, CA-166574).
Appropriate secondary antibodies conjugated to horseradish peroxidase (BioRad)

were incubated with respective membranes for 2 h a room temperature. The
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membranes were developed using ECL plus (BioRad), and the image was captured
using enhanced Chemi-luminescence system, G: BOXChemi XX6/XX9. Immunoblot
for GAPDH was considered as internal control for loading. The protein bands were
guantified and normalized relatively as the control band with Image J, version 1.35d

(National Institutes of Health Image software).

4.6 Wound healing assay

The wound healing assay is a standard in vitro technique for probing collective cell
migration in two dimensions. In this assay, a cell-free area is created in a confluent
monolayer by physical exclusion or by removing the cells from the area through
mechanical, thermal or chemical damage. The exposure to the cell-free area induces

the cellsto migrate into the gap.

Technique: Briefly, the MDA-MB-231 cells (4 x 10° cells/well) were plated in 6-well
plates for 48 h to a confluence of about 80%, then wounded by scratching with a p200
pipette tip. Thereafter, the debris was removed and we washed the cells once with 1
mL of the growth medium to assure the edges of the scratch were smoothed by
washing. We took utmost care to make the wounds of the same dimensions, both for
the experimental and control cells to minimize any possible variety resulting from a
difference in scratch width. The cells were then incubated with DMEM medium
containing 0.5% FBS and treated with 100 nM of 17B-estradiol. The control sample
harboured the cells and a standard medium without any active agents. The MDA-MB-
231 cell migration was assessed by gap closure migration assay, embedded by free
Image] software (version 1.50i, Nationa Institute of Health, Bethesda, MD, USA).
The area of the initial wound was measured, followed by gap area measurements after
24 h. The migration factor was represented as the gap area vaue over the initia

scratch area.
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4.7 Statistical analysis

Statistical analysis was carried out by using Graph Pad Prism version 7.04 .Statistical
analysis of expression of EGFR. P<0.05 was considered to be statistically significant.

Results for normally distributed data were analysed using student t test and ANOVA.
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Chapter 5
Results

Implication of oral contraceptive use to phenetypic expression

pattewn ef receptons in breast cancer



Page | 112

5. Results
5.1 Human study

As per the Table-2, there was no significant difference in age among OCP users and
non-users. The mean age of OCP users was 47.6 5 years and non-users was 49.8
years. There was no significant difference between height, weight and BMI among
OCP users and non-users. There was no significant difference between parity, age of
menarche (AOM), family history of breast cancer, menopausal status, breast feeding
and stage of cancer on admission in OCP users and non-users. There was no
significant difference in the stage of Basal like (TNBC) cases of OCP users compared
to TNBC cases of non-users. (Table-3) The average duration of OCP intake in cases
was lyear 3 months. There was no significant changein Ki-67 levelsin vases of OCP

users (31.4+18.3) compared to non users (33.4+21.3) (p=0.480).

A significant increase in the proportion of ER+ casesin OCP users (62.5%) compared
to non-users (45.7%) with relative risk 1.97 was observed. There was significant
increase in the proportion of PR+ cases in OCP users (58.3%) compared to non-users
(36.4%) with relative risk 2.44. But, there was no significant difference in the
proportion of HER2+ cases in OCP users (43.7%) compared to non-users (44.8%).
(Table-4) (Fig-14) A significant increase in the proportion of Luminal B casesin OCP
users (41.1%) compared to non-users (21.4%) was observed. But, there was no
significant difference in the proportion of Basal like/ TNBC cases in OCP users

(27.1%) compared to non-users (25.2%). (Table-4) (Fig-15)

There was a significant in decrease in the age at admission in ER+ cases of OCP users
(45.3years) compared to non-users (52.2years) (Fig-16). On the contrary, there was

significant higher age was observed at time of admission in TNBC cases of OCP users
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(53.1years) when compared to non-users (45.5yeas) (Table-5) (Fig-16). Upon logistic

regression among OCP users, the likelihood of ER+, PR+ and Luminal A was 11%,

10% and 13% less with 1 year of higher age respectively and among OCP users, the

likelihood of TNBC was 18% more with 1 year of higher age. (Table-6)

Table-2: Demographic characters, parity and Age of menarche (AOM) of breast

cancer patientsin OCP usersand non-users

OCP users OCP non users T vaue Pvalue

(N=48) (N=107)
Age (yrs) 47.6+8.4 49.8+8.1 -1.482 0.139
Height (cm) 147+31 138.2+44 1.322 0.188
Weight (Kgs) 57.4+9.8 58.3+3 -0.515 0.607
BMI (Kg/M?) 24.1+3.6 25.3+3.3 -1.972 0.051
Parity 2.59+09 2.98+1.8 -1.273 0.206
AOM (yr) 13.02+0.5 13.19+0.6 -1.434 0.154

* (p<0.05); BMI: Body mass index; AOM: Age of menarche
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Table-3: Reproductive history, family history of breast cancer (FHBC) and stage

of breast cancer patientsin OCP usersand non-users.

OCP OCP Chi p-vaue OddsRatio
users non users Square
value
(N=48) (N=107)
FHBC 3(6.6)/45 11(10.2)/96  0.655 0.316  0.582[0.155-2.188]
Nulliparity 7 (14.50/41 21(19.6)/85  0.607 0295  0.691[0.272-1.757]
M enopause 38(79.1)/9 91 (85)/15 0.433 0.289  0.696[0.280-1.727]
HOBF 40 (83.3)/8 85(79.4)/21  0.214 0.412  1.235[0.504-3.029]
Stage 2 9(18.7) 19 (17.7) 3.352 0.187
3 28 (58.3) 48 (44.8)
4 11(22.9) 40 (37.3)

* (p<0.05); FHBC : Family history of breast cancer; HOBF: History of breast feeding.

(Vauesin the brackets are in percentage)

A.
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Figure-13: (A) Distribution of Estrogen Receptor+ (ER+), Progesterone Receptor+

(PR+) and Human Epidermal Growth Factor Receptor 2+ (HER2+ in total number of

cases. (B) Distribution of Luminal A (LA), Luminal B (LB), Non luminal (NL)/

HER2+ enriched and Basal like (BA)/TNBC in total number of cases. (Values are in

percentage)
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Table-4; Phenotype/ clinical sub- types status in OCP users and non-users in

breast carcinoma

OCPusers OCPnonusers  Chi Pvalue OddsRatio
(N=48) (N=107) \S/‘;l“j‘; €
ER+ 30 (62.5)/18 49(45.7)/58 3.700 0.040*  1.973[0.982-3.962]
PR+ 28 (58.3)/20 39 (36.4)/68 6.467 0.009*  2.441[1.217-4.895]
HER2+  21(43.7)/27 48 (44.8)/59 0.017 0519  0.956 [0.482-1.898]
Lumina A 12 (25)/36 23 (21.4)/84 0.233 0.387  1.217[0.547-2.709]
Lumina B 20 (41.6)/28 23 (21.4)/84 6.726 0.009*  2.609 [1.249-5.447]
Non- 5(10.4)/43  33(30.8)/74 7.469 0.004*  0.264[0.095-0.718]
[uminal
Basal like 13(27.1)/35 27 (25.2)/80 0.059 0477  1.101[0.509-2.381]

* (p<0.05); Estrogen Receptor+ (ER+), Progesterone Receptor+ (PR+) and Human
Epidermal Growth Factor Receptor 2+ (HER2+); (Vaues in the brackets are in

percentage)
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Figure-14: Distribution of Estrogen Receptor+ (ER+), Progesterone Receptor+ (PR+)
and Human Epidermal Growth Factor Receptor 2+ (HER2+) in OCP users, non-users

and total number of cases. (Values arein percentages). * (p<0.05);
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Figure-15: Distribution of Luminal A (LA), Luminal B (LB), Non lumina (NL)/
HER2 enriched and Basal like (BA)/TNBC in OCP users, nonusers and total number

of cases. (Vaues arein percentages) * (p<0.05);
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Table-5: Age in Phenotypic sub typed clinical sub types of breast carcinoma in

OCP usersand non-users.

Phenotype/ OCP users Phenotype/ OoCP Pvaue
clinical subtypes clinical subtypes nonusers

ER + (30) 45.3+8.08 ER + (49) 52.2+8.2 0.001*
PR+ (28) 45.3+8.3 PR + (39) 51.3+8.6 0.001*
HER2 + (27) 46.19+8.5 HER?2 + (49) 50.8+8.1 0.039*
Luminal A (12) 44+7.7 Luminal A (23)  51.2+8.6 0.030*
Luminal B (20) 45.5+8.2 Luminal B (23)  52.4+8.2 0.009*
Non-luminal (5) 48+9.2 Non-luminal (34) 50.4+8.1 0.564
Basal (13) 53.1+6.9 Basal (49) 455+6.07 0.001*

* (p<0.05); Estrogen Receptor+ (ER+), Progesterone Receptor+ (PR+) and Human
Epidermal Growth Factor Receptor 2+ (HER2+);(Values in the brackets are number

of cases)
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Table-6: Logistic regresson analysis of adjusted effect of age on selected

parametersin OCP usersand non-users

OCP Users Non OCP Users
Phenotyp
ni 0, 0,
e/ clinical Adjust 95% CI Adjusted 95% CI
subtypes edOR P value OR p value
Lower Upper Lower Upper
ER + 0.89 0.032* 0.80 0.99 1.05 0.171 0.98 1.13
PR + 0.90 0.039* 0.81 1.00 1.04 0.276 0.97 112
HER2+ 0.97 0.486 0.88 1.06 1.02 0.515 0.96 1.09
Luminal A 0.87 0.033* 0.76 0.99 1.08 0.068 0.99 1.18
Lumina B 0.97 0.559 0.89 1.07 1.00 0.899 0.91 1.08
Non- 022 - - - 1.02 095  1.09
[uminal ' ' 0.644 ) '
Basal 1.18 0.011* 1.04 1.34 0.92 0.026* 0.85 0.99

* (p<0.05); Odds Ratio are adjusted for BMI, AOM, parity and stage of breast

carcinoma
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Figure-16: Distribution of Estrogen Receptor+ (ER+), Progesterone Receptor+ (PR+)
and Human Epidermal Growth Factor Receptor 2+ (HER2+) in OCP users, non-users

and total number of cases. * (p<0.05);
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Figure-17: Distribution of Luminal A (LA), Luminal B (LB), Non lumina (NL)/
HER2 enriched and Basal like (BA)/TNBC in OCP users, nonusers and total number

of case *(p<0.05);
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5.2 In-vitro study: Results
5.2.1 Effect of 17B-estrdiol on MCF-7 and MDA-MB-231 cell lines on EGFR

expression
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Figure-18: Al. Effect of 100 nM 17B-estradiol on MCF-7 cell line a 0, 6 and
12hours. (Representative blot) A2. Effect of 100 nM 17p-estradiol on MCF-7 cell
line at 0, 6 and 12hours. Statistical analysis performed was ANOV A (p=0.0008). B1.
Effect of 100 nM 17pB-estradiol on MDA-MB-231 cdll line a 0, 6 and 12hours.
(Representative blot) B2. Effect of 100 nM 1703-estradiol on MDA-MB-231 cell line

a 0, 6 and 12hours. Experiment was done thrice in triplicates. Statistica analysis

performed was ANOVA (p=0.001).
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There was increased expression of EGFR in 17p-estradiol treated MCF-7 cell lines at
0, 6 and 12 hours of interval. (P=0.0008) A statistical significant 1.12 and 1.4 fold
increased expression of EGFR at 6 hours and 12 hours was observed respectively.
There was reduced expression of EGFR in 173-estradiol treated MDA-MB-231 cell
linesat 0, 6 and 12 hours of interval. (P=0.0001) A statistical significant 0.41and 0.38
fold decreased expression of EGFR a 6 hours and 12 hours was observed

respectively. (Fig-18)

5.2.2 Cycloheximide chase to assess the effect of -estradiol on MDA-MB-231

cellson EGFR expression

There was reduced expresson of EGFR a 3 hours in cels treated with
Cycloheximide and 17B-estradiol compared to cells treated with Cycloheximide
alone. With Cycloheximide alone expression of EGFR reduced significantly to 1.29
fold. With Cycloheximide and 17p-estrdiol expression was further reduced

significantly 1.73 fold. (Fig-19)
5.2.3 Cycloheximide chase to assess Ubiquitin mediated EGFR degradation.

There was significant reduced expression of EGFR at 1, 2, 3 and 4 hours in cells
treated with 17p-estradiol, Cycloheximide. (P= 0.001) There was 1.52 fold decreases
in the expression of EGFR from 0 hour to 4 hours. There was no significant reduced
expression of EGFR at 1, 2, 3, and 4 hours in cells treated with 17p-estradiol,
Cycloheximide and MG-132. (P=0.05) There was meagre 0.7 fold decreases in the

expression of EGFR from O hour to 4 hours. (Fig-20)
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Figure-19: Al. Expression of EGFR in MDA-MB-231 cell line with 50 pg
Cycloheximide at 0 and 3 hours. (Representative blot) A2. Expression of EGFR in
MDA-MB-231 cell line with 50 pg Cycloheximide at 0 and 3 hours. Statistical
anaysis was performed by independent t test (p=0.0001). B1. Expression of EGFR in
MDA-MB-231 cell line with 100 nM E2+ 50 pg Cycloheximide at 0 and 3 hours.
(Representative blot) B2. Expression of EGFR in MDA-MB-231 cell line with 100
nM E2+ 50 pg Cycloheximide at 0 and 3 hours. Experiment was done thrice in

triplicates. Statistical analysis was performed by independent t test (p=0.0001).
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Figure-20: Al. Expression of EGFR in MDA-MB-231 cell line with 100 nM E2+
50pug Cycloheximide at O, 0.5, 1,2, 3 and 4 hours. (Representative blot) AZ2.
Expresson of EGFR in MDA-MB-231 cell line with 100 nM E2+ 50ug
Cycloheximide at 0, 0.5, 1, 2, 3 and 4 hours. Statistical analysis performed by one
way ANOVA (p=0.001). B1. Expression of EGFR in MDA-MB-231 cell line with
100 nm E2+ 50 pg Cycloheximide +MG-132at 0, 0.5, 1,2, 3 and 4 hours.
(Representative blot) B2. Expression of EGFR in MDA-MB-231 cell line with 100
nm E2+ 50 pg Cycloheximide + MG-132at O, 0.5, 1,2, 3 and 4 hours. Experiment was
done thrice in triplicates. Statistical analysis performed by one way ANOVA

(p=0.05).
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5.2.4 Wound healing assay

The results of the wound healing assay are presented in Figure 4. In the control group
cell migration was very dynamic and ratio of O hour to 24 hour gap was 1.09 after 24
hrs. Using a 100nM estrogen, the motility of the MDA-MB-231 cells was inhibited
and ratio of 0 hour to 24 hour gap was 0.88. Therefore, it can be interpreted that 17f3-

estradiol promoted migration inhibition of the MDA-MB-231 cells. (Fig-4)

Wound healing assay
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Figure-21: Effect of 100 nM 17p3-estradiol on MDA-MB-231cellline with 100 nM of
E2 on wound healing. Experiment was done thrice in triplicates. Statistical analysis

was performed using unpaired t test (p=0.0001).
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6. Discussion
6.1 Human study
In this study we observed that there was a significant increased proportion of ER+,
PR+ tumours in OCP users according to our hypothesis with relative risk of 1.9 and
2.4. But, the proportion of TNBC cases did not alter with OCP us according to our
hypothesis. We observed that there was significant higher age (18%) at admission in
TNBC patients anong OCP users compared to non-users, indicating OCP’s have a

rolein delaying the progression of TNBC.

The study had several limitations. Our study had small sample size since it was
hospital based study. Histories of oral contraceptive had no record and were verbal.
We had to rely on their memory. Duration of use of OCP was cut down to six months
in order to increase the sample size. There are studies even ‘ever use’ of OCP has
increased risk of breast cancer ¥ An analysis of data from more than 150,000
women who participated in 54 epidemiologic studies showed that, overall, women
who had ever used OCPs had a dlight (7%) increase in the RR of breast cancer
compared with women who had never used OCPs. That is the reason why we
conducted the study with OCP use of even 6 months or more than 6 months. This
investigation also revealed that women who were currently using OCPs had a 24%
increase in risk that did not increase with the duration of use. Risk declined after use
of OCP stopped, and no risk increase was evident by 10 years after use had stopped
[1]. This was another limitation of our study that there were no current OCP users.
Average age our subjects started using OCP was 19 years and average age after last
use was 21 years. But, our strength of this case-case study was that we compared
proportion of different subtypes of cancer in OCP users and matched non-users. There

was no significant difference in the age, BMI, AOM, parity, breast feeding, and stage
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between OCP users and non-users, all the cases were of same geographical area of
South India of same genetic background which indicates many of the confounding
factors were matched. We did not evaluate genetic factors involved significant
mutations in BRCA 1 and 2, CHEK?2, TP53, LKB-1 and PTEN in our patients. In our
opinion such studies are rarely available in the literature. Our study was designed as
case-case study, where it is easy to quantify the exact risk for in subtypes
comprehensively in collected data. However, some literature evaluated differences

among breast cancer subtypes through case-case studies but not in Indian context.

Breast cancer is a global health matter among women. However, the incidence of
breast cancer has increased significantly in Asian countries as compared to Western
countries. Breast cancer accounts for the most commonly diagnosed cancer in Asian
women. Although the incidence of breast cancer remains high in developed countries,
there has been a shift in global distribution of breast cancer cases among women in
South America, Africa, and Asia[2,3]. In arecent Indian study of 2062 breast cancer
patients ranging between 22-100 years reveal ed the mean age of 51.18 years [4]. Our
findings of distribution of different subtypes in total number of cases (155) were not
similar to those reported by Prakash et al [3] and Mane et a. [4]. In our study, the
incidence of all subtype cancers was much more evenly distributed. In our study,
22.4% of patients were luminal A, 27.5 were luminal B, 24.3% were HERZ rich, and
25.6% were basal-like in total number of cases. (Fig-13) In our study Lumina A and
Lumina B cases were low and percentage Non Lumina and TNBC cases were more
compared to other studies [4, 5] this is because we did not include more younger (<30
years) patients and not above the age of 60 years. Comparing the distribution of cases

in OCP users and non-users it revealed that proportion of ER+, PR+, Lumina B and
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Non-luminal cases were significantly high with significant relative risk in OCP users

compared to non-users.

The age-specific incidence rates of breast cancer be different among Western and
Asian population. Usually ER+ occurs in advancing age and TNBC is known to occur
in early age group. In Asian population, breast cancer is characterized at an early age
as contrast to advancing age among Western women. The age-specific incidence
decreases or plateaus after 50 years in Asian women [6-9]. We did not observe
significant age specificity in our study because age group we studied had a narrow
range (30 to 60 years). Our study reveaed that in OCP user and non-users age (years)
at admission to the hospital was significantly reduced in ER+ (45.3 Vs. 52.2), PR+
(45.3 Vs. 51.3) HER+ (46.1 Vs. 50.8), Lumina A (44 Vs. 51.2) and Luminal B (45.5
Vs. 52.2) subtypes. These findings indicates that OCP use augments the progression
of ER+, PR+, HER2+, Luminal A and Luminal B breast cancer. On the contrary, In
OCP users age (years) at admission to the hospital was significantly high in TNBC
(53.1 Vs. 45.5) compared to non-users. This difference (higher age) at the time of
admission to the hospital when other risk factors are matched indicates that OCP use

may delay the progression of TNBC.

No doubt breast cancer aetiology is multi-factorial and when it comes to subtypesit is
still more complicated. In our study it is evident that proportion of ER+ and PR+
cases has increased significantly in OCP users compared to non-users. Our study
revealed that age at admission to the hospital significantly reduced in ER+ and PR+
cancer in OCP users when compared to non-users taking consideration of other
confounding factors like BMI, AOM, parity and stage of the cancer. Logistic
regression among OCP users, the Likelihood of ER+, PR+ and Luminal A+ was 11%,

10% and 13% less with 1 year of higher age respectively. These findings are
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consistent with other studies done globally. Conversely we found that proportion of
TNBC has not increased in OCP users compared to non-user as reviews suggest. But,
age at admission to the hospital was significantly high in TNBC cancer in OCP users
when compared to non-users taking consideration of other confounding factors like
BMI, AOM, parity and stage of the cancer and among OCP users. The likelihood of
TNBC was 18% more with 1 year of higher age in OCP users. Our findings here
differ with other studies done globaly where in most of the studies OCP use is

associated with increased risk of TNBC.

Both genetic and hormonal factors have been responsible for the genesis of breast
cancer. Genetic factors involve major mutations in BRCA 1 and 2, TP53, LKB-1,
CHEK2 and PTEN in 5-10% of patients and lower risk mutations inferred by
identical twin and genome wide association studies in others [10-12]. Epidemiologic
and experimental data suggest estradiol as another contributing factor. It is discovered
that estradiol, which normally stimulates the growth of cancer cells in tumours that
express oestrogen receptor alpha (ERa) like in ER+ cancer. ER+ breast cancer
development can be influenced by estrogen via ERa receptor independent
mechanisms. Acting through ERa, it stimulates cell proliferation and initiates
mutations that occur as a function of errors during DNA replication. The promotional
effect of estrogen then maintains the growth of cells harboring mutations, that then
accumulate until cancer ultimately results. But estrogen has the opposite effect in

triple-negative breast cancer.

However, B-estradiol was only able to inhibit the growth of TNBC when estrogen
receptor beta (ERB) was present in excess and in TNBC presence of ER [ is almost

25% [13].There are some studies reports that selective activation of ER [3 reduces the
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metastatic potential of TNBC cells [14]. These putative evidences in favour of why in

our study TNBC cases admitted to the hospital at higher age group.
Conclusions

Despite of extensive research in understanding effect of OCP in different subtypes of
breast cancers there are many questions than answers. Our study concludes that prior
use OCP increases the prevaence, relative risk and progression of the disease in ER+,
PR+ and Luminal B type of breast cancer. Whereas prior OCP use do not increase
prevalence, relative risk in TNBC. But, OCP use is associated with higher age at

admission to the hospital. Therefore, it delays the progression of TNBC.
6.2 In-vitro study

In this study we observed that there was reduced expression of EGFR in MDA-MB-
231 cell lines compared to MCF-7 cell lines upon treatment with 1703-estradiol. This
indicates that estrogen behaves differently with ER+ and TNBC cell lines. There was
reduced expression of EGFR in MDA-MB-231 cell lines upon treatment with -
estradiol and Cycloheximide when compared to cell lines treated with Cycloheximide
adone. This further confirms that estrogen certainly degrades EGFR. We aso
observed that there was no reduced expresson of EGFR in MDA-MB-231 cells
treated with 17p-estradiol, Cycloheximide and M G-132 compared to cells treated with
17B-estradiol and Cycloheximide. These observations suggest that [(-estradiol

degrades EGFR in MDA-MB-231Cells and degradation is mediated by ubiquitination.

There were few limitations of the study. We did not use other types of TNBC cell
lines. We did not perform RT-PCR to estimate mRNA levels. We did not change the

levels of 17pB-estradiol to at what exact concentration EGFR inhibited. We did no



Page | 133
elucidate the effect of estrogen antagonist. We did not study downstream molecul es of

EGFR.

While breast cancer subtypes are genetically linked environmental factors play a key
role. Oral estrogen (OCP) consumption in western countries has been high and in
developing countries is low. Accordingly incidence of ER+ breast cancer is high and
low respectively. But, TNBC incidences are low and high respectively. This has
leaded us to think that more usage of oral estrogens may lead to less incidences of
TNBC. There are evidences that ER+ tumours and TNBC behaves indifferently in
presence of estrogen. In our study we too tried to demonstrate that 173-estradiol can
act indifferently in different phenotypic breast cancers in vitro. We demonstrated that
17B-estradiol augment the proliferation of MCF-7 cells by increasing the expression
of EGFR whereas B-estradiol decreases the proliferation of MDA-MB-231 cells by

decreasing the production of EGFR.

TNBCs typicaly occur in younger women And African American women aswell as
among some patients with BRCA 1 gene defects [16, 17]. Population-based data show
that African American women have a higher incidence of TNBC and present with
more advanced stages than Caucasian women [17]. This cancer subtype also relates
with adverse biological features including high mitotic count and very hostile
behavior. Based on current data, estradiol regulates gene expression of EGFR and
other several proteins by genomic and non-genomic inputs [18,19]. Genomic signals
involve direct action of nuclear-localized ERe as an estradiol regulated transcription
factor or co-regulator. By contrast, non-genomic signaling involves extra nuclear
events mediated by extra nuclear ERs often in cooperation with co activator or
adaptor proteins [20]. Thus estrogens promote progression of ER+ breast cancers

through predominantly ERa. In TNBC second type of estrogen receptor, termed
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estrogen receptor-beta (ERfF) are present. ERa and ERP have reciprocal actions.
Studies have demonstrated that ERP1 inhibits epithelial mesenchymal transition
(EMT) and invasion in basa-like breast cancer cells when they grow eitherin
vitroor in vivoin zebrafish. EMT is aso because of hypoxia known in cancer
development [21]. As a consequence activation of ER[3 in TNBC probably reduces the
expression of EGFR [22]. EGFR expression can aso be degraded by activation of
non-genomic pathways. In our study we demonstrated that B-estradiol indeed causes
degradation, also we tried to analyse how degradation occurs. There are various steps
involved in degradation of EGFR.Upon activation, EGFR is tyrosine-phosphorylated,
and subsequently recruits Chl, an E3 ubiquitin ligase, and Grb2, an adaptor protein,
for assembly of the ubiquitination complex, and interacts with Epsl5 and AP-2, two
endocytic adaptor proteins, to form clathrin-coated endocytic vesicles [23-26]. The
endocytic vesicles or endosomes containing ubiquitinated EGFR are identified by the
ubiquitin-binding protein Hrs and carried to multi-vesicular bodies (MVBSs) [27, 28].
Finally, the MVBs blend with lysosomes to complete the process of degradation of
EGFR. We hypothesized that estradiol inhibits ubiquitination. To test our hypothesis
we treated MDA-MB-231 cells with cycloheximide and estradiol and observed for
degradation of EGFR. There was 1.52 fold significantdecreases in the expression of
EGFR. Subsequently to test our another hypothesis that degradation of EGFR occurs
due to facilitation of ubiquitination we treated MDA-MB-231 cells with
cycloheximide, estradiol and MG-132 where MG-132 effectively blocks the
proteolytic activity of the 26S proteasome complex reduces the degradation
of ubiquitin-conjugated proteins. We observed that there was statistically insignificant
0.7 fold decrease in EGFR expression. This indicates that degradation of EGFR

occurs upon treatment with 17B-estradiol, where degradation is mainly mediated by
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ubiquitination. We aso tested our hypothesis on wound healing test. We treated
MBA-MB-231 cells with or without estradiol we observed that without estradiol, cell
migration was very dynamic, ratio of 0 hour to 24 hour gap was 1.09 after 24 hrs and
motility of the MDA-MB-231 cells was inhibited and ratio of 0 hour to 24 hour gap
was 0.88 with estradiol. This observation also proves that esrogen delays the

proliferation of MDA-MB-231 cells.

EGFR is one of the receptors most commonly connected with human tumors and has
been shown to correlate with the progression of numerous tumor types including
breast tumors [29-31]. Although it is often associated with aspects of tumor growth
i.e., proliferation, apoptosis, and cell survival, very little emphasis has been placed on
the effects of EGFR on breast cancer cell migration. The complex process of cell
migration is a critical component of many normal and patho-physiological processes,
and its central role in the progression of tumors from a noninvasive to an invasive and
metastatic phenotype is well known [32]. Epidermal growth factor receptor (EGFR)
levels predict a poor outcome in human breast cancer and are most commonly
associated with proliferative effects of epidermal growth factor. In this study we tried
to demonstrate the effect of estrogen with EGFR expression in different subtypes of
breast cancers mainly ER+ and TNBC tumours whether they respond differently. We
found that estradiol degrades EGFR in MDA-MB-231and we could aso demonstrate
that degradation occurring through ubiquitination.The underlying mechanism of
degradation appears related to the sorting of internalized EGFRs to either recycling or
degradation [33]. Sorting EGFR requires conjugation of multiple ubiquitins, which
mark the receptor for degradation [34]. Consequently, our study demonstrated that

EGFR degraded by ubiquitination.
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Severa lines of evidence support the possibility that EGFR play a driver role in a
large fraction of TNBC. For example, EGFR gene amplification is frequently
identified in metaplastic breast carcinoma, a basal-like fraction of tumors [35].
Similarly, gene expression signatures correlated TNBC with modules comprising
EGF-like ligands, EGFR, and several downstream effectors [36]. But, TNBC clinical
trials using EGFR inhibitors treating cancer, including cetuximab, reported lack of
clinical benefit [37, 38]. Our study offers an adternative strategy by degrading EGFR
by estrogen. Experiments in which we used TNBC cell line and demonstrated that
down regulation of EGFR through ubiquitination can retard motility and proliferation

of TNBC cdll line.

By adding estogen, we detected EGFR degradationand degradation occurs through
ubiquitinationin MDA-MB-231 cellline. Our in vitro study require confirmation in
animal models. Assuming confirmation in vivo, this study may help in understanding
aternative pathway where degradation of EGFR by estrogen or other specific
molecule receptors can be a targeted in the treatment of TNBC. In future estrogen like

molecules may be used as adjunct in the treatment of TNBC.
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7. Summary and Conclusion

Observations fro human study reveded a significant increase in prevaence of
molecular sub-types ER+, Progesterone Receptor+ (PR+) and Luminal B breast
cancers in OCP users was observed compared to non-users. There was considerable
decrease in the age at the point of admission in ER+ cancer in OCP users (45.3 years)
compared to non-users (52.2years). Whereas in OCP users age at the time of
admission of Basal (TNBC) cancer patients (53.1 years) was higher when compared
to non-users (45.4years). Logistic regression revealed the likelihood of ER+, PR+ and
Lumina B in OCP users was 11%,10% and 13% less respectively with 1 year of
higher age against the likelihood of TNBC among OCP users was 18% more and 8%
less in non-users. In in-vitro study EGFR expression was reduced with B-estradiol
treatment in MDA-MB-231 cell line with Cycloheximide chase. Upon Treatment with
MG-132 and E2, EGFR expression did not reduce suggestive of that Estrogen

degrades EGFR by ubiquitination pathway.

We concluded that OCP use may be allied with increase in the prevalence of ER+,
PR+ and Luminal B breast cancer. On the contrary OCP use is may be related with
delay in the progression of the TNBC. In-vitro study conclusion was that estrogen

degrades EGFR in MDA-MB-231 cells and this degradation occurs by ubiquitination.
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Limitations

Human study- Our study had small sample size since it was hospital based study.
Histories of oral contraceptive had no record and were verbal. We had to rely on their
memory. Duration of use of OCP was cut down to six months in order to increase the

sample size.

In Vitro study (Cell line)- We did not use other types of TNBC cell lines. We did
not perform RT-PCR to estimate mRNA levels. We did not change the levels of 17f3-
estradiol to at what exact concentration EGFR inhibited. We did no elucidate the

effect of estrogen antagonist. We did not study downstream molecul es of EGFR.

Futuredirection

Clinical trails are being conducted to establish the effect of estrogen on TNBC. Our
aim in future will be to understand molecular mechanism by which estrogen suppress
TNBC. We will be studying other non-genomic Wnt -signaling and Notch -signaling
pathways in TNBC cell lines. This will help in choosing common pathway and a

common molecule that can be targeted for therapy.
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INFORMED CONSENT

RISKS: Therewill not be any risk involved in the study.
BENEFITS: No direct benefit is guaranteed to you from participating in our study.

OPTIONS: If you decide not to participate in this study, the hospital will provide you
the usual standard care and treatment.

PRIVACY AND CONFIDENTIALITY: All information collected about you during
the course of the study will be kept confidential to the extent permitted by law. You
will be identified in this research record by the code numbers. Information which
identifies you personally will not be revealed without your written permission.
However your records may be revealed to the sponsor of the study. Information from
this study may be published but your identity will be confidential in any publication.

COST FOR PARTICIPATION: You will not be charged for the test to be carried
out.

FINANCIAL INCENTIVE FOR PARTICIPATION: You will not receive any
remuneration for participating in this study.

VOLUNTARY PARTICIPATION/WITHDRAWAL: If you decide not to
participate in this study, it will not affect the quality of the medical care you receive at
thisinstitution.

Y ou may withdraw from the study anytime. The researchers might use the
information learned from the study in scientific journal articles or in presentations.

EMERGENCY PROVISION: If you have questions as a participant in our study,
you can contact the study investigator Dr.Vitthal Khode, Mobile No. 9916821453.
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CONSENT TO PARTICIPATE IN A RESEARCH TRIAL

“IMPLICATION OF ORAL CONTRACEPTIVE USE TO PHENOTYPIC
EXPRESSION PATTERN OF RECEPTORSIN BREAST CANCER”

| unreservedly, in my full senses, give my complete and informed consent for
microscopic study of placenta, for the purpose of research

| hereby confirm that | have been informed (in alanguage understood by me) that a
study is being conducted on “Implication of oral contraceptive useto phenotypic
expression pattern of receptorsin breast cancer” The study has been explained to
mein detail. | understand that the information regarding me, collected during the
course of this study will remain confidential. | understand that my participation in this
study isvoluntary. | understand that the records maintained will be used only for
research purpose.

Therefusa of my participation will not affect my treatment in any way and | may
withdraw at any time of the study.

The purposes of the study, the protocol and procedures have been explained to me to
the best of my understanding and | am fully convinced that the tests are not harmful.

Signature of patient Date

Patients Name (Printed):

Signature of researchers or Date

Person obtaining consent
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INFORMED CONSENT

RISKS: There will not be any risk involved in the study.
BENEFITS: No direct benefit is guaranteed to you from participating in our study.

OPTIONS: If you decide not to participate in this study, the hospital will provide you the usual
standard care and treatment.

PRIVACY AND CONFIDENTIALITY: All information collected about you during the course
of the study will be kept confidential to the extent permitted by law. You will be identified in this
research record by the code numbers. Information which identifies you personally will not be
revealed without your written permission. However your records may be revealed to the sponsor
of the study. Information from this study may be published but your identity will be confidential
in any publication.

COST FOR PARTICIPATION: You will not be charged for the test to be carried out.

FINANCIAL INCENTIVE FOR PARTICIPATION: You will not receive any remuneration
for participating in this study.

VOLUNTARY PARTICIPATION/WITHDRAWAL: If you decide not to participate in this
study, it will not affect the quality of the medical care you receive at this institution.

You may withdraw from the study anytime. The researchers might use the information
learned from the study in scientific journal articles or in presentations.

EMERGENCY PROVISION: If you have questions as a participant in our study, you can
contact the study investigator Dr.Vitthal Khode, Mobile No. 9916821453.



CONSENT TO PARTICIPATE IN A RESEARCH TRIAL

“IMPLICATION OF ORAL CONTRACEPTIVE USE TO PHENOTYPIC EXPRESSION
PATTERN OF RECEPTORS IN BREAST CANCER”

I unreservedly, in my full senses, give my complete and informed consent for microscopic study
of placenta, for the purpose of research

I hereby confirm that I have been informed (in a language understood by me) that a study is
being conducted on “Implication of oral contraceptive use to phenotypic expression pattern
of receptors in breast cancer” The study has been explained to me in detail. I understand that
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“IMPLICATION OF ORAL CONTRACEPTIVE USE TO PHENOTYPIC EXPRESSION
PATTERN OF RECEPTORS IN BREAST CANCER ”
PROFORMA FOR COLLECTION OF DATA:

In Human subjects-

Demographic characters and obstetric history.

1 Name

2 Age in yrs

3 Occupation and Education
4 IP No

5 Height in meters

6 Weight in kgs

7 BMI in kg/m?2

8 Alcohol/ smoking

9 Family history of breast cancer

10 | Age of menarche

11 Nulliparity

12 Gravid

13 | Parity

14 No of abortions

15 Lactation

16 Breast carcinoma- stage, ER, PR, HER Status,
molecular subtype

H/o Oral contraceptives use

1 OC use duration

2 Type of OC

3 Age at first use

4 Year since last use
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Abstract: Background: Triple-negative breast carcinoma (TNBC) is a breast cancer subtype asso-
ciated with high mortality and inadequate therapeutic options when compared to non-TNBC. Clini-
cal data indirectly suggests where Oral Contraceptive Pill (OCP) usage is high, the prevalence of
Estrogen Receptor+ (ER+) breast cancer is high, and the prevalence of TNBC is low. This has lead
to our hypothesis that OCP use may increase the risk of ER+ breast cancer, and OCP use may re-
duce the risk of TNBC. We aimed to compare the prevalence and association of subtypes of breast
cancer in OCP users with that of non-users among women 30 to 60 years of age.

Methods: This hospital-based observational study of three-year duration included 155 subjects of
primary invasive breast cancer who got admitted to our institution. The data was obtained for ER,
PR, HER?2 status, clinical classification, and data in relation to demographic factors, reproductive
history, and history of OCP use. 155 subjects were divided into two groups. Group-1 included 48
patients with a history of OCP use, and group-2 included 107 patients who have not used OCP. Da-
ta was analysed using SPSS-20.

Results: A significant increase in the prevalence of molecular subtypes ER+, Progesterone Recep-
tor+ (PR+) and Luminal B breast cancer in OCP users was observed compared to non-users. There
was a significant decrease in the age at the time of admission in ER+ cancer in OCP users (45.3
years) compared to non-users (52.2years). While age at the time of admission of Basal (TNBC) can-
cer patients in OCP users (53.1 years) was higher when compared to non-users (45.4years). Upon
logistic regression, the likelihood of ER+, PR+ and Luminal B in OCP users was 11%,10% and
13% less, respectively, with 1 year of higher age and the likelihood of TNBC in OCP users was
18% more and 8% less in non-users.

Conclusion: OCP use may be associated with increased prevalence of ER+, PR+ and Luminal B
breast cancer. On the contrary, OCP use may be associated with a delay in the progression of the
TNBC.

Keywords: Breast cancer, molecular subtype, oral contraceptive pill.

1. INTRODUCTION

Breast cancer is a heterogeneous disease with different
clinical, pathological, and molecular features. Expression
patterns and immune-histo-chemical markers can differenti-
ate breast cancer subtypes and likely to reflect important dif-
ferences in pathogenesis and aetiology [1, 2]. Epidemiologic
studies strongly suggest that Estrogen Receptor+ (ER+), Pro-
gesterone Receptor+ (PR+), Human Epidermal Growth

* Address correspondence to this author at the Nitte University Centre
for Science Education and Research, Mangalore, India; Tel: 8971465632;
E-mail: shettybp@hotmail.com

1573-4048/21 $65.00+.00

Factor Receptor 2+ (HER2+) and triple-negative breast can-
cers (TNBCs) may be distinct entities that the etiologic fac-
tors, clinical characteristics, and therapeutic possibilities
may vary by molecular subtypes [3-5]. Several investiga-
tions propose that reproductive factors and exogenous hor-
mones, especially estrogen use differently or even quite in-
versely, affect the risk of ER+ and TNBC [6-8]. Estrogen
was used in the treatment of breast cancers in the past. Me-
ta-analysis has shown that obstetric history and Oral Contra-
ceptive pill (OCP) intake increases the risk of both ER+ and
TNBC [9] The role of some of the risk factors in the devel-
opment of ER+ cancer is clear. Controversies concerning
the exact role of risk factors in TNBC development and bio-

© 2021 Bentham Science Publishers
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logical mechanisms behind the initiation of TNBCs are com-
pletely obscure. ER+ tumours more prevalent in elderly
menopausal women and clinically, are responsive to hormon-
al treatment. TNBC constitutes a clinically challenging type
of breast cancer that occurs more frequently in younger wo-
men (<50 years) and Asian women and is associated with
significant aggressiveness as compared with other subtypes.

Western population, which is considered socio-economi-
cally of higher status, OCP use is high. Maybe because of
this, they have more preponderance to develop ER+ breast
cancer and less preponderance to develop TNBC. African
and Asian populations have less preponderance to develop
ER+ and more preponderance to develop TNBC. The reason
could be the less use of OCP [10-12]. But, genetic and other
environmental factors also play an important role in disease
prevalence. ER +breast cancer development is influenced by
estrogen via Estrogen Receptor o (ERa) receptors through in-
dependent mechanisms. Acting through ERa, it stimulates
cell proliferation and initiates mutations that occur as a func-
tion of errors during DNA replication. But, estrogen has the
opposite effect in TNBC when Estrogen Receptor  (ERp) is
present in excess. There are evidences estrogen decreases
the proliferation of TNBC by non-genomic action [13]. Th-
ese cumulative effects could be the reason why the western
population has less number TNBC. There is paucity in the
studies on whether OCP use is associated with increased/re-
duced risk of especially with TNBC in the Indian popula-
tion, particularly in the younger age group. Therefore, in or-
der to characterize the association between OCP use and risk
of different breast cancer subtypes among Indian young wo-
men, since these biological subtypes of breast cancers have
therapeutic implication, we hypothesized that there would
be a preponderance of ER+ breast cancer in subjects ex-
posed to OCPs prior and there will be a decrease in the pre-
valence in TNBC subjects exposed to OCP. Hence, we
aimed at this hospital-based prospective cross-sectional
study among women of younger age group (30-60 years)
having different molecular subtypes of breast cancer.

2. METHODS

After getting the approval of the Ethical clearance com-
mittee of the institution, this prospective cross-sectional
study was carried out over three years (June 2016 to June
2018). The sample size was decided based on the number of
admissions of breast cancer in our hospital with the criteria
of age between 30 to 60 years.

2.1. Sample Size Calculation

With a 95% confidence level and margin of error of
+8%, a sample size of 151 subjects will allow the study to
determine the association of use of the oral contraceptive
pill (OCP) with the expression pattern of different molecular
subtypes of breast cancer. The calculation was done using
the formula: n = z’p(1-p)/d’, where Z= z statistic at 5% level
of significance, d is the margin of error, p is a maximum anti-
cipated prevalence rate of breast cancer. The selection of the
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sample was carried out from the outpatient and inpatients de-
partments of our institution. 155 breast cancer individuals
were enrolled in the study. The whole enrolled population of
breast cancer was divided into two groups. Group-1 consist-
ed of 48 clinically diagnosed breast cancer patients with
molecular sub-types with a history of cyclical oral contracep-
tive pill use for at least 6 months of duration. Group-2 con-
sisted of 107 age-matched controls with breast cancer of dif-
ferent molecular subtypes with no history of oral contracep-
tive pill use (Fig. 1). Individuals with other associated malig-
nancies were excluded from the study. Molecular sub-typing
was done based on whether individuals are ER+/-, PR+/-or
HER2 +/- or and also based upon American Pathologist-
s/American Society of Clinical Oncology (CAP/ASCO)
guidelines-a new clinical classification Luminal A (LA), Lu-
minal B (LB), Non-Luminal (NL)/HER2+ enriched or Basal
(BA)/ (TNBC) [14]. Each individual was briefed about the
study before; its importance and written consent of partici-
pants were taken before the interview. Subjects using contra-
ceptives other than cyclical, Individuals taking Hormonal re-
placement therapy (HRT) were excluded from the study.
The basic parameters and detailed history were recorded.
General check-ups of pulse, blood pressure, height, weight
and food habits were recorded. Detailed obstetric history of
gravidity, parity, age of menarche, family history of breast
cancer and breastfeeding were noted.

Study design

Breast cancer patients N= 155

Group 1 Group 2
OCP users OCP nonusers
N=48 N=107
L ER+/ER- ER+ER- —
PR+/PR- PR+/PR- —
——HER+HER- R HHER, =
T A+/LA- LA+/LA-
L IB+/LB- LB+/LB-—1
NL+/NL- NL+/NL-—]
b BA+/BA- BA+/BA- —

Analysis of data of proportion by Chi-square test.
Intra group analysis by t test

Fig. (1). ER+:Estrogen Receptor+; PR+: Progesterone Receptor+;
HER2+:Human Epidermal Growth Factor Receptor 2+; LA:Lumi-
nal A; LB: Luminal B; NL: Non luminal/ HER2 enriched; BA;
Basal like/TNBC.

2.2. Immuno-histo-chemical Scoring System for ER, PR
and HER2 and Clinical Classification

All records were collected from the hospital's medical
records. The histo-pathological and immune-histo-chemical
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Table 1. Demographic characters, parity and Age of menarche (AOM) of breast cancer patients in OCP users and non-users.

OCP Users OCP Non Users T value P value
(N=48) (N=107)
Age (yrs) 47.6£8.4 49.8+8.1 -1.482 0.139
Height (cm) 147+31 138.2+44 1.322 0.188
Weight (Kgs) 57.4+9.8 58.3£3 -0.515 0.607
BMI (Kg/MZ) 24.1£3.6 25.343.3 -1.972 0.051
Parity 2.59+0.9 2.98+1.8 -1.273 0.206
AOM (yr) 13.02+0.5 13.19+0.6 -1.434 0.154
* (p<0.05); BMI: Body mass index; AOM: Age of menarche.

mm ER+ . A+

PR+ LB+

== HER+ mm NL+

BA+

Fig. (2). (A) Distribution of Estrogen Receptor+ (ER+), Progesterone Receptor+ (PR+) and Human Epidermal Growth Factor Receptor 2+
(HER2+ in a total number of cases. (B) Distribution of Luminal A (LA), Luminal B (LB), Non-luminal (NL)/ HER2+ enriched and Basal--

like (BA)/TNBC in a total number of cases. (Values are in percentage).

(IHC) examination was performed in accordance with the
College of American Pathologists/American Society of Clini-
cal Oncology (CAP/ASCO) guidelines by a pathologist. ER
and PR scoring for all cases were done using Allred scoring
[15].

2.2.1. Allred System of Scoring for ER and PR

ER and PR are nuclear receptors. In the Allred system of
scoring, score 0-5 is given to the cells depending on the pro-
portion of cells that are stained (proportion score [PS]), and
score 0-3 is given depending on the intensity of staining (in-
tensity score [IS]). By adding the PS and IS, we calculated
the final Allred score (PS + IS = AS).

2.2.2. Scoring for HER 2+/neu Overexpression

HER2+/neu is a cell membrane receptor. Depending on
the intensity of staining, a score of 0-3 is given to the cells.
A positive HER2+/neu result is immune-histo-chemical
staining of 3+ (uniform, intense membrane staining of >30%
of invasive tumor cells. A negative HER2+/neu result is im-
mune-histo-chemical staining of 0 or 1+.

In Allred scoring system, only the invasive tumor cells
should be assessed as ER/PR staining is present in normal
breast epithelial cells as well. Here, the normal breast epithe-
lial cells act as an internal positive control. According to AS-
CO/CAP guidelines, we classified breast cancer cases into 4
subtypes based on the hormonal receptor and HER 2+ sta-
tus. These were luminal A (ER+ and/or PR+/HER2-), lumi-
nal B (ER+ and/or PR+/HER2+), Non-luminal/ HER2-en-

riched (ER— and PR—/HER2+) and Basal-like (ER— and
PR—/HER2-). Those patients who had HER 2+ expression
(Equivocal) were not included in molecular subtype analysis
Fig. 2.

2.3. Statistical Analysis

The results were summarized descriptively first. For
continuous variables, the summary statistics of mean+ stan-
dard deviation (SD) were used. For categorical data, the
number and percentage were used in the data summaries and
diagrammatic presentation. Chi-square (y2) test was used for
the association between two categorical variables. After con-
firming the normality assumption, the data were analyzed by
parametric test (student t-test), which indicates the level of
difference of means between two groups. Logistic linear re-
gression analysis was employed to assess the effect of age
on different subtypes of cancers after adjusting the effect of
other background confounding variables. The software used
was SPSS-20 (USA, Chicago) and Microsoft office 2007.

3. RESULTS

As per Table 1, there was no significant difference in
age among OCP users and non-users. The mean age of OCP
users was 47.6 5 years, and non-users was 49.8 years. There
was no significant difference between height, weight and
BMI among OCP users and non-users. There was no signifi-
cant difference between parity, age of menarche (AOM),
family history of breast cancer, menopausal status, breast-
feeding and stage of cancer on admission in OCP users and
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Table 2. Reproductive history, family history of breast cancer (FHBC) and stage of breast cancer patients in OCP users and non-

users.
Oﬁ\l;;j;;:rs OCI()N]\LOII:);;SHS Chi Square Value p-value Odds Ratio
FHBC 3 (6.6)/45 11 (10.2)/96 0.655 0.316 0.582[0.155-2.188]
Nulliparity 7 (14.50/41 21 (19.6)/85 0.607 0.295 0.691[0.272-1.757]
Menopause 38 (79.1)/9 91 (85)/15 0.433 0.289 0.696[0.280-1.727]
HOBF 40 (83.3)/8 85 (79.4)/21 0.214 0.412 1.235[0.504-3.029]
Stage 2 9(18.7) 19 (17.7) 3.352 0.187
3 28 (58.3) 48 (44.8)
4 11 (22.9) 40 (37.3)

* (p<0.05); FHBC: Family history of breast cancer; HOBF: History of breastfeeding. (Values in the brackets are in percentage). A. B.

Table 3. Phenotype/ clinical sub- types status in OCP users and non-users in breast carcinoma.

O(Cl\l;gzt)ers OCI(’Nl\i(;r:];isers Chi Square Value P value Odds Ratio

ER+ 30 (62.5)/18 49(45.7)/58 3.700 0.040* 1.973 [0.982-3.962]
PR+ 28 (58.3)/20 39 (36.4)/68 6.467 0.009* 2.441[1.217-4.895]
HER 2+ 21 (43.7)/27 48 (44.8)/59 0.017 0.519 0.956 [0.482-1.898]
Luminal A 12 (25)/36 23 (21.4)/84 0.233 0.387 1.217 [0.547-2.709]
Luminal B 20 (41.6)/28 23 (21.4)/84 6.726 0.009* 2.609 [1.249-5.447]
Non-luminal 5(10.4)/43 33 (30.8)/74 7.469 0.004* 0.264 [0.095-0.718]
Basal like 13 (27.1)/35 27 (25.2)/80 0.059 0.477 1.101 [0.509-2.381]

* (p<0.05); Estrogen Receptor+ (ER+), Progesterone Receptor+ (PR+) and Human Epidermal Growth Factor Receptor 2+ (HER2+); (Values in the brackets are in percentage).

80+
622 . mm OCP

g 60- . - Non- OCP
] 45.7 * 437 448
e
§ 40. 36.4
@
a
£ 204

04

ER+ PR+ HER+

Fig. (3). Distribution of Estrogen Receptor+ (ER+), Progesterone Receptor+ (PR+) and Human Epidermal Growth Factor Receptor 2+

(HER2+) in OCP users, non-users and total number of cases. (Values are in percentages). *(p<0.05);

non-users. There was no significant difference in the stage
of Basal-like (TNBC) cases of OCP users compared to TN-
BC cases of non-users (Table 2). The average duration of
OCP intake in cases was lyear 3 months. There was no signi-
ficant change in Ki 67 levels in vases of OCP users
(31.4£18.3) compared to non-users (33.4+21.3) (p=0.480).

A significant increase in the proportion of ER+ cases in
OCP users (62.5%) compared to non-users (45.7%) with a
relative risk 1.97 was observed. There was a significant in-
crease in the proportion of PR+ cases in OCP users (58.3%)
compared to non-users (36.4%) with a relative risk 2.44.

But, there was no significant difference in the proportion of
HER2+ cases in OCP users (43.7%) compared to non-users
(44.8%) (Table 3) (Fig. 3). A significant increase in the pro-
portion of Luminal B cases in OCP users (41.1%) compared
to non-users (21.4%) was observed. But, there was no signif-
icant difference in the proportion of Basal-like/ TNBC cases
in OCP users (27.1%) compared to non-users (25.2%)
(Table 3) (Fig. 4).

There was a significant decrease observed in the age at
admission in ER+ cases of OCP users (45.3years) compared
to non-users (52.2years) (Fig. 5). On the contrary, a signifi-
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(HER2+) in OCP users, non-users and total number of cases. *(p<0.05);

Table 4. Age in Phenotypic sub types/ clinical sub types of breast carcinoma in OCP users and non-users.

Phenotype/ Clinical Subtypes OCP Users Phenotype/ Clinical Subtypes OCP Nonusers P value
ER + (30) 45.3+8.08 ER + (49) 52.2+8.2 0.001*

PR+ (28) 453+8.3 PR + (39) 51.348.6 0.001*

HER2 + (27) 46.19+8.5 HER?2 + (49) 50.8+8.1 0.039*
Luminal A (12) 44+7.7 Luminal A (23) 51.2+8.6 0.030%*
Luminal B (20) 45.5£8.2 Luminal B (23) 52.4+8.2 0.009%*
Non-luminal (5) 48+9.2 Non-luminal (34) 50.4+8.1 0.564

Basal (13) 53.1+6.9 Basal (49) 45.5+6.07 0.001*

* (p<0.05); Estrogen Receptor+ (ER+), Progesterone Receptor+ (PR+) and Human Epidermal Growth Factor Receptor 2+ (HER2+);(Values in the brackets are number of cases).

cantly higher age was observed at the time of admission in
TNBC cases of OCP users (53.1years) when compared to
non-users (45.5yeas) (Table 4) (Fig. 6). Upon logistic regres-
sion among OCP users, the likelihood of ER+, PR+ and Lu-
minal A was 11%, 10% and 13% less with 1 year of higher
age, respectively and among OCP users, the likelihood of
TNBC was 18% more with 1 year of higher age (Table 5).

4. DISCUSSION

In this study, we observed that there was a significantly
increased proportion of ER+, PR+ tumours in OCP users ac-

cording to our hypothesis with a relative risk of 1.9 and 2.4.
But, the proportion of TNBC cases did not alter with OCP
according to our hypothesis. We observed that there was a
significantly higher age (18%) at admission in TNBC pa-
tients among OCP users compared to non-users, indicating
that OCP plays an important role in delaying the progression
of TNBC.

The study had several limitations. Our study had a small
sample size since it was a hospital-based study. Histories of
oral contraceptives had no record and were verbal. We had
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Table 5. Logistic regression analysis of the adjusted effect of age on selected parameters in OCP users and non-users.

Phenotvae/ Clinical OCP Users Non OCP Users
enotype/ Clinical
S:ll:types Adjusted OR p value 5% Cl Adjusted OR p value 5%l
Lower Upper Lower Upper

ER + 0.89 0.032* 0.80 0.99 1.05 0.171 0.98 1.13
PR + 0.90 0.039* 0.81 1.00 1.04 0.276 0.97 1.12
HER2+ 0.97 0.486 0.88 1.06 1.02 0.515 0.96 1.09
Luminal A 0.87 0.033* 0.76 0.99 1.08 0.068 0.99 1.18
Luminal B 0.97 0.559 0.89 1.07 1.00 0.899 0.91 1.08
Non-luminal 0.22 - - - 1.02 0.644 0.95 1.09
Basal 1.18 0.011%* 1.04 1.34 0.92 0.026* 0.85 0.99

* (p<0.05); Odds Ratio are adjusted for BMI, AOM, parity and stage of breast carcinoma.

to rely on their memory. The duration of use of OCP was cut
down to six months in order to increase the sample size.
There are studies that show that ‘ever use’ of OCP has in-
creased the risk of breast cancer [16]. An analysis of data
from more than 150,000 women who participated in 54 epi-
demiologic studies showed that, overall, women who had ev-
er used oral contraceptives had a slight (7%) increase in the
relative risk of breast cancer compared with women who
had never used oral contraceptives. That is the reason why
we conducted the study with OCP use of even 6 months or
more than 6 months. This study also revealed that women
who were currently using oral contraceptives had a 24% in-
crease in risk that did not increase with the duration of use.
Risk declined after use of oral contraceptives stopped, and
no risk increase was evident by 10 years after use had
stopped [16]. This was another limitation of our study that
there were no current OCP users. The average age our sub-
jects started using OCP was 19 years, and the average age af-
ter last use was 21 years. But, our strength of this case-to--
case study was that we compared the proportion of different
subtypes of cancer in OCP users and matched non-users.
There was no significant difference in the age, BMI, AOM,
parity, breastfeeding, and stage between OCP users and non-
users; all the cases were of the same geographical area of
South India of the same genetic background, which indicates
that many of the confounding factors were matched. We did

not evaluate genetic factors that involved significant muta-
tions in BRCA [ and 2, CHEK?2, TP53, LKB-1 and PTEN in
our patients. In our opinion, such studies are rarely available
in the literature. Our study was designed as a caselJcase
study, where it is easy to quantify the exact risk for subtypes
comprehensively in collected data. However, some literature
evaluated differences among breast cancer subtypes through
caselcase studies but not in the Indian context.

Breast cancer is a global health issue among women.
However, the incidence of breast cancer has increased signif-
icantly in Asian countries as compared to Western countries.
Breast cancer accounts for the most frequently diagnosed
cancer in Asian women. Although the incidence of breast
cancer remains high in developed countries, there has been a
shift in the global distribution of breast cancer cases among
women in South America, Africa, and Asia [17, 18]. A re-
cent Indian study of 2062 breast cancer patients ranging be-
tween 22-100 years revealed a mean age of 51.18 years
[19]. Our findings of distribution of different subtypes in a
total number of cases (155) were not similar to those report-
ed by Prakash et al. 119" and Mane et al. '19"In our study, the
incidence of all subtype cancers was much more evenly dis-
tributed. In our study, 22.4% of patients were luminal A,
27.5 were luminal B, 24.3% were HER2 rich, and 25.6%
were basal-like in a total number of cases (Fig. 2). In our
study, Luminal A and Luminal B cases were low, and the
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percentage Non-Luminal and TNBC cases were more com-
pared to other studies [19, 20]; this is because we did not in-
clude more younger patients and not above the age of 60
years. Comparing the distribution of cases in OCP users and
non-users revealed that the proportion of ER+, PR+, Lumi-
nal B and Non-luminal cases was significantly high with sig-
nificant relative risk in OCP users compared to non-users.

The age-specific incidence rates of breast cancer vary
among the Western and Asian populations. Usually, ER+ oc-
curs in advancing age, and TNBC is known to occur in an
early age group. In the Asian population, breast cancer is
characterized at an early age in contrast to advancing age
among Western women. The age-specific incidence decreas-
es or plateaus after 50 years in Asian women [21-24]. We
did not observe significant age specificity in our study be-
cause the age group we studied had a narrow range (30 to 60
years). Our study revealed that in OCP user and non-users
age (years) at admission to the hospital was significantly re-
duced in ER+ (45.3 Vs. 52.2), PR+ (45.3 Vs. 51.3) HER+
(46.1 Vs. 50.8), Luminal A (44 Vs. 51.2) and Luminal B
(45.5 Vs. 52.2) subtypes. These findings indicate that OCP
use augments the progression of ER+, PR+, HER2+, Lumi-
nal A and Luminal B breast cancer. On the contrary, In OCP
users, age (years) at admission to the hospital was signifi-
cantly high in TNBC (53.1 Vs. 45.5) compared to non-users.
This difference (higher age) at the time of admission to the
hospital when other risk factors are matched indicates that
OCP use may delay the progression of TNBC.

No doubt, breast cancer aetiology is multi-factorial, and
when it comes to subtypes, it is still more complicated. In
our study, it is evident that the proportion of ER+ and PR+
cases has increased significantly in OCP users compared to
non-users. Our study revealed that age at admission to the
hospital significantly reduced in ER+ and PR+ cancer in
OCP users when compared to non-users taking considera-
tion of other confounding factors like BMI, AOM, parity
and stage of cancer. Logistic regression among OCP users,
the Likelihood of ER+, PR+ and Luminal A+ was 11%,
10% and 13% less with 1 year of higher age, respectively.
These findings are consistent with other studies done global-
ly. Conversely, we found that the proportion of TNBC has
not increased in OCP users compared to non-user, as re-
views suggest. But, age at the time of admission to the hospi-
tal was significantly high in TNBC cancer in OCP users
when compared to non-users taking into consideration of
other confounding factors like BMI, AOM, parity and stage
of cancer and among OCP users. The likelihood of TNBC
was 18% more with 1 year of higher age in OCP users. Our
findings here differ from other studies done globally
wherein most of the studies, OCP use is associated with in-
creased risk of TNBC.

Both genetic and hormonal factors have been implicated
in the genesis of breast cancer. Genetic factors involve signi-
ficant mutations in BRCA I and 2, CHEK2, TP53, LKB-1
and PTEN in 5-10% of patients and lower risk mutations in-
ferred by identical twin and genome-wide association
studies in others [25-27]. Epidemiologic and experimental
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data implicate estradiol as another contributing factor. It is
discovered that estradiol, which normally stimulates the
growth of cancer cells in tumours that express estrogen re-
ceptor alpha (ERa) like in ER+ cancer. ER+ breast cancer
development can be influenced by estrogen via ERa recep-
tor-independent mechanisms. Acting through ERa, it stimu-
lates cell proliferation and initiates mutations that occur as a
function of errors during DNA replication. The promotional
effect of estrogen then supports the growth of cells harbor-
ing mutations, which then accumulate until cancer ultimate-
ly results. But estrogen has the opposite effect in triple-nega-
tive breast cancer. However, p-estradiol was only able to in-
hibit the growth of TNBC when estrogen receptor beta
(ERp) was present in excess, and in TNBC, the presence of
ER B is almost 25% [28]. There are some studies reports that
selective activation of ER B reduces the metastatic potential
of TNBC cells [29]. These putative evidences favour why,
in our study, TNBC cases admitted to the hospital at higher
age group.

CONCLUSION

Despite extensive research in understanding the effect of
OCEP in different subtypes of breast cancers, there are more
questions than answers. Our study concludes that prior use
of OCP increases the prevalence, relative risk and progres-
sion of the disease in ER+, PR+ and Luminal B types of
breast cancer. At the same time, prior OCP use does not in-
crease prevalence, the relative risk in TNBC. But is associat-
ed with higher age at the time of admission to the hospital.
Therefore, it delays the progression of TNBC.
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Abstract: Background: Triple Negative Breast Cancer (TNBC) commonly displays
Epidermal growth factor receptor (EGFR). Effective EGFR degradation results in the
suppression of tumor in various models. Studies have addressed the relevance of this
strategy in the treatment of TNBC. In the present study, we examined the effect of 17 (3-
estradiol on EGFR expression in MDA-MB-231 (TNBC) cell line and assessed whether
17 B-estradiol degrades EGFR by ubiquitination pathway.

Objectives: The objectives of this study are to treat MDA-MB-231 cell lines with
Cycloheximide with or without 173-estrdiol to observe whether 17B-estradiol leads to
EGFR degradation and to treat with MG-132 to assess whether degradation occurs
through ubiquitination pathway.

Methods: MDA-MB-231 cells were treated with 17B-estradiol (E2) and EGFR
expression was studied by western blotting at different intervals by using Cycloheximide
chase. To assess ubiquitination pathway of degradation of EGFR in MDA-MB-231 cell
line, MG-132 was used.

Results: EGFR expression was reduced with B-estradiol treatment in MDA-MB-231 cell
line with Cycloheximide chase. Upon Treatment with MG-132 and E2, EGFR expression
did not reduce, suggesting that Estrogen degrades EGFR by ubiquitination pathway.

Conclusion: Estrogen degrades EGFR in MDA-MB-231 cells and this degradation
occurs by ubiquitination.

Keywords: Triple negative breast cancer, MDA-MB-231, estrogen, epidermal growth factor receptor, MG-132,

ubiquitination.

1. INTRODUCTION

Breast cancer (BC) is the most common malignancy
in women worldwide [1, 2]. Almost 70% of patients with
breast cancer express estrogen receptor-a (ERa). Due
to effective endocrine therapies, the mortality of
patients with ERatumors has reduced significantly in
the past decade. Similarly, about 15% of patients have
tumors that over express HER2 receptor and thus are
candidates for HER2 targeted treatments. In contrast,
Triple negative breast cancer (TNBC) occurs in 10—
15% of patients, yet this subtype accounts for about
50% of all breast cancer deaths. TNBCs lack clinical

*Address correspondence to this author at the Depatment of
Physiology, SDM College of Medical sciences & Hospital, Shri
Dharmasthala Manjunatheshwara University, Dharwad, India;

Tel: 0836-2477280; E-mail: drkhoday@yahoo.co.n

1566-5240/XX $65.00+.00

expression of ERa, progesterone receptor, and HER2
over expression (ERa-/PR-/HER2-). Although
heterogeneous, TNBCs typically occur in younger
women and African American and Asian women as
well as among some patients with BRCA1 gene defects
[1, 2].

TNBC commonly displays epithelial growth receptor
(EGFR). EGFR and human epidermal growth factor
receptor 2 (HER2) are members of the ErbB family of
RTKs that are of particular importance in breast cancer.
Although estimates vary, EGFR over-expression is
thought to present in approximately 30% of breast
cancers, while HER2 positivity is detected in 25-30% of
cases [3, 4]. High levels of EGFR and HER2 are
associated with more aggressive cancer phenotypes
and poorer prognosis [5]. When activated by ligand
binding and dimerization, RTKs are internalized and

© XXXX Bentham Science Publishers
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pro-oncogenic intracellular signalling is initiated,
primarily via the MAPK and PI3K/Akt pathways. The
aberrant gene expression induced by enhanced
expression/activation of EGFR or HER2 promotes
cancer cell proliferation, survival, migration, and
angiogenesis [6]. TNBC is more aggressive than other
disease subtypes, and no molecular targeted agents
are currently available for the treatment. Effective
EGFR degradation results in the suppression of tumor
in various models. Studies have addressed the
relevance of this strategy in the treatment of
TNBC. The ability of certain monoclonal antibody
mixtures to enhance EGFR degradation raised the
possibility that such a strategy would inhibit EGFR-
driven tumors, including the most aggressive fraction of
breast cancer [1]. Therefore, degradation of EGFR can
be one of the potential targets for the treatment of
TNBC.

In western countries, clinical data suggests that
where OCP usage is high, prevalence of ER + breast
cancer is high. In African and Asian countries where
OCP usage is low, prevalence of TNBC is high [7, 8].
This clinical and molecular data have led to our
hypothesis that estrogen may interact with EGFR in
TNBCs and degrade it through one of the degradation
pathways. The underlying mechanism hypothesis is
probably related to the sorting of internalized EGFRs to
either recycling or degradation [9]. Sorting requires the
conjugation of multiple ubiquitins, which mark the
receptor for degradation [10]. We hypothesized that
estrogen is involved in this mechanism, which
facilitates the ubiquitination process. Therefore, we
chose MDA-MB-231 cell lines treated Cycloheximide
with or without B-estrdiol to observe whether B-estradiol
leads to EGFR degradation. Subsequently, cell lines
were treated with MG-132 to assess whether
degradation occurs through ubiquitination pathway.

2. MATERIALS AND METHODS

2.1. Cell Culture

Human breast cancer cell lines MDA-MB-231, MCF-
7 were obtained from the National Centre for Cell
Sciences, Pune, India. Cells were grown in the
respective medium as prescribed by the supplier. MCF-
7, MDA-MB-231 were cultured in Roswell Park
Memorial Institute media (RPMI) containing phenol red
and supplemented with 10% Fetal Bovine Serum
(FBS). Cell lines were cultured in a 5% CO, humidified
atmosphere at 37°C. Cells were used up to a maximum
of 28 passages and were subject to regular
mycoplasma testing. (-estadiol, Cyclohexamide and
MG-132 were obtained from the Aldrisch sigma.

2.2. Effect of 17 B-estrdiol on MDA-MB-231 and
MCF-7 Cell Lines on EGFR Expression

EGFR is a transmembrane receptor and its over
expression in breast cancer predicts for poor
prognosis. This study was designed to investigate
whether estrogen plays an active role in the expression
or suppression of EGFR in MCF-7 and MDA-MB-231
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cell lines. We hypothesized that 100 nM of 17p-
estradiol will lead to the over expression of EGFR in
MCF-7 and suppresses in MDA-MB-231 cell lines. We
standardised the prior concentration of estrogen to be
used i.e. 100nM.

Technique: MDA-MB-231 and MCF-7 cell lines were
cultured in a large flask. At 70-80% confluence cell
were trypsinized twice, centrifuged at 1200rcf for 4 min,
supernatant was removed. FBS was added to
approximately 4 x 10° cells/well were placed in 6 well
plates and starved for 12 hours. Both cell lines were
treated with 100 nM B-estradiol. Expression of EGFR at
0 and 3 hours time intervals was assessed by western
blot.

2.3. Cycloheximide Chase to Assess the Effect of
17 B-estradiol on MDA-MB-231 Cells on EGFR
Expression

A difference in a steady state protein levels after
inhibiting degradative pathways provides strong proof
for the contribution of proteolysis to the control of
protein abundance [11]. However, such an analysis still
does not furnish information regarding the kinetics of
protein turnover. Cycloheximide chase followed by
western blotting overcomes this deficiency by allowing
researchers to visualize protein degradation over time
[12-14]. Further, because protein detection following
Cycloheximide chase is typically carried out by western
blotting, radioactive isotopes and lengthy immune-
precipitation steps are not needed for Cycloheximide
chase, unlike many commonly used pulse chase
techniques, which are also performed to visualize
protein degradation [15]. Cycloheximide chase is
suitable for analyzing protein stability over a short time
course (i.e., up to two hours). Over longer time courses
(i.e., two hours to days), Cycloheximide, a global
inhibitor of translation, is toxic to cells, likely due to
depletion of ubiquitin [16]. Further, analyses of protein
stability over longer time courses are more likely to be
compromised by indirect effects of globally reduced
protein synthesis on the degradation of the protein of
interest (e.g., degradation of a short-lived protein taking
part in the degradation of the protein of interest). Other
techniques, such as pulse chase metabolic labeling
experiments, are therefore better suited for studying
the degradation of long-lived proteins and may be
carried out to corroborate results obtained in
Cycloheximide chase experiments.

Technique: MDA-MB-231 cell lines were cultured in
a large flask. At 70-80%, confluence cells were
trypsinized twice, centrifuged at 1200 rcf for 4 min,
supernatant was removed. FBS added approximately 4
x 10° cells/well were placed in 6 well plates and
starved for 12 hours. Cells were treated with 100 nM
17B-estradiol. Expression of EGFR at 0, 0.5, 1, 2, 3
and 4 hours’ time intervals with or without 50ug
cycloheximide was assessed by western blot.

2.4. EGFR Degradation is Due to Ubiquitination

The ubiquitin-proteasome system (UPS) is a major
protein degradative pathway involved in the
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preservation of cellular structure and function [17, 18].
While the 20S proteasome is involved in direct protein
hydrolysis, degradation of ubiquitinated proteins by the
26S proteasome is a relatively more important process
in protein turnover [19-21]. Ubiquitination of proteins
designed for degradation is an ATP-dependent process
and involves cooperation of three ubiquitin ligase
enzymes. In particular, the ubiquitin moiety is
transferred by Ubiquitin-activating enzyme E1 to the
Ubiquitin-conjugating enzyme E2 followed by formation
of ubiquitin chain ligation on target proteins by a
substrate specific E3 ubiquitin ligase [22]. Selected
components of the 26S cap proteins are involved in the
recognition and transport of ubiquitinated proteins for
degradation by the 26S proteasome [23, 24]. MG-132
is a potent, reversible, and cell-permeable proteasome
inhibitor. It reduces the degradation of ubiquitin-
conjugated proteins in mammalian cells and permeable
strains of yeast by the 26S complex without affecting
its ATPase or iso-peptidase activities.

Technique: MDA-MB-231 cell lines were cultured in
a large flask. At 70-80%, confluence cells were
trypsinized twice, centrifuged at 1200rcf for 4 min,
supernatant was removed. FBS was added to
approximately 4 x 10° cells/well were placed in 6 well
plates and starved for 12 hours. Cells were treated with
100 nM 17B-estradiol and 50 pg Cycloheximide.
Expression of EGFR at 0, 0.5, 1, 2, 3 and 4 hours time
intervals with or without MG-132 was assessed by
western blot.

2.5. Total Cell Extraction and Western Blotting

Cells were obtained from 6-well plates after the
treatment after adding lysate. Cell lysates were
collected on ice by washing x1 in ice-cold PBS then
scraping in 100 yL of lysis buffer (150 mM NaCl, 50
mM Tris base pH 8, 1 % NP-40 containing protease
and phosphatase inhibitors. The Iysates were
centrifuged at 14,000 rcf for 10 min at 4 °C and protein
concentration of the supernatants was determined by
bicinchoninic acid assay (BCA) assay. For the
expression analysis in different breast cancer cell lines,
total protein was extracted and quantitated as
described previously [25]. Total protein was separated
on 10 % Bis—Tris PAGE gel using Tris—Hcl buffer and
the proteins were transferred to nitrocellulose
membranes (Himedia) using a transfer apparatus at 65
V for 90 min. The antibodies were used against EGFR
(rabbit monoclonal, BD Biosciences, CA-9061) and
GAPDH (Santa Cruz Biotechnology, CA-166574).
Appropriate secondary antibodies conjugated to
horseradish peroxidase (BioRad) were incubated with
respective membranes for 2 h at room temperature.
The membranes were developed using ECL plus
(BioRad), and the image was captured using enhanced
Chemi-luminescence system, G: BOXChemi XX6/XX9.
Immunoblot for GAPDH was considered as an internal
control for loading. The protein bands were quantified
and normalized relatively as the control band with
Image J, version 1.35d (National Institutes of Health
Image software).
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2.6. Wound Healing Assay

The wound healing assay is a standard in vitro
technique for probing collective cell migration in two
dimensions. In this assay, a cell-free area is created in
a confluent monolayer by physical exclusion or by
removing the cells from the area through mechanical,
thermal, or chemical damage. The exposure to the cell-
free area induces the cells to migrate into the gap.

Technique: Briefly, the MDA-MB-231 cells (4 x
10° cells/well) were plated in 6-well plates for 48 h to a
confluence of about 80%, then wounded by scratching
with a p200 pipette tip. Thereafter, the debris was
removed and we washed the cells once with 1 mL of
the growth medium to assure the edges of the scratch
were smoothed by washing. We took utmost care to
make the wounds of the same dimensions, both for the
experimental and control cells, to minimize any
possible variety resulting from a difference in scratch
width. The cells were then incubated with DMEM
medium containing 0.5% FBS and treated with 100 nM
of 17B-estradiol. The control sample harboured the
cells and a standard medium without any active agents.
The MDA-MB-231 cell migration was assessed by gap
closure migration assay, embedded by free Imaged
software (version 1.50i, National Institute of Health,
Bethesda, MD, USA). The area of the initial wound was
measured, followed by gap area measurements after
24 h. The migration factor was represented as the gap
area value over the initial scratch area.

2.7. Statistical Analysis

Statistical analysis was carried out by using Graph
Pad Prism version 7.04. Statistical analysis of
expression of EGFR. P<0.05 was considered to be
statistically significant. Results for normally distributed
data were analysed using student t test and ANOVA.

3. RESULTS

3.1. Effect of 17B-estrdiol on MCF-7 and MDA-MB-
231 Cell Lines on EGFR Expression

There was increased expression of EGFR in 17f-
estradiol treated MCF-7 cell lines at 0, 6 and 12 hours
of interval (P=0.0008). A statistical significant 1.12 and
1.4 fold increased expression of EGFR at 6 hours and
12 hours was observed, respectively. There was
reduced expression of EGFR in 17B3-estradiol treated
MDA-MB-231 cell lines at 0, 6 and 12 hours of interval.
(P=0.0001) A statistical significant 0.41and 0.38 fold
decreased expression of EGFR at 6 hours and 12
hours was observed, respectively (Fig. 1).

3.2. Cycloheximide Chase to Assess the Effect of B-
estradiol on MDA-MB-231 Cells on EGFR
Expression

There was reduced expression of EGFR at 3 hours
in cells treated with Cycloheximide and 17(-estradiol
compared to cells treated with Cycloheximide alone.
With Cycloheximide alone expression of EGFR
reduced significantly to 1.29 fold. With Cycloheximide
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Fig. (1). A1. Effect of 100 nM 17B-estradiol on MCF-7 cell line at 0, 6 and 12hours. (Representative blot) A2. Effect of 100 nM
17B-estradiol on MCF-7 cell line at 0, 6 and 12hours. Statistical analysis performed was ANOVA (p=0.0008). B1. Effect of 100
nM 17B-estradiol on MDA-MB-231 cell line at 0, 6 and 12hours. (Representative blot) B2. Effect of 100 nM 17(3-estradiol on
MDA-MB-231 cell line at 0, 6 and 12hours. Experiment was done thrice in triplicates. Statistical analysis performed was ANOVA
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Fig. (2). A1. Expression of EGFR in MDA-MB-231 cell line with 50 pug Cycloheximide at 0 and 3 hours. (Representative blot) A2.
Expression of EGFR in MDA-MB-231 cell line with 50 pg Cycloheximide at 0 and 3 hours. Statistical analysis was performed by
independent t test (p=0.0001). B1. Expression of EGFR in MDA-MB-231 cell line with 100 nM E2+ 50 pg Cycloheximide at 0
and 3 hours. (Representative blot) B2. Expression of EGFR in MDA-MB-231 cell line with 100 nM E2+ 50 ug Cycloheximide at 0
and 3 hours. Experiment was done thrice in triplicates. Statistical analysis was performed by independent t test (p=0.0001).

and 17B-estrdiol expression was further reduced

significantly 1.73 fold (Fig. 2).

3.3. Cycloheximide Chase to Assess Ubiquitin
Mediated EGFR Degradation

There was a significant reduced expression of
EGFR at 1, 2, 3 and 4 hours in cells treated with 173-
estradiol, Cycloheximide (P= 0.001). There was a 1.52
fold decrease in the expression of EGFR from 0 hour to
4 hours. There was no significant reduced expression
of EGFR at 1, 2, 3, and 4 hours in cells treated with

17B-estradiol, Cycloheximide and MG-132. (P=0.05)
There was a meagre 0.7 fold decrease in the
expression of EGFR from 0 hour to 4 hours (Fig. 3).

3.4. Wound Healing Assay

The results of the wound healing assay are
presented in Fig. 4. In the control group, cell migration
was very dynamic and the ratio of 0 hour to 24 hour
gap was 1.09 after 24 hrs. Using a 100nM estrogen,
the motility of the MDA-MB-231 cells was inhibited and
the ratio of 0 hour to 24 hour gap was 0.88. Therefore,
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Fig. (3). A1. Expression of EGFR in MDA-MB-231 cell line with 100 nM E2+ 50ug Cycloheximide at 0, 0.5, 1,2, 3 and 4 hours.
(Representative blot) A2. Expression of EGFR in MDA-MB-231 cell line with 100 nM E2+ 50ug Cycloheximide at 0, 0.5, 1, 2, 3
and 4 hours. Statistical analysis was performed by one way ANOVA (p=0.001). B1. Expression of EGFR in MDA-MB-231 cell
line with 100 nm E2+ 50 pg Cycloheximide +MG-132 at 0, 0.5, 1,2, 3 and 4 hours. (Representative blot) A2. Expression of
EGFR in MDA-MB-231 cell line with 100 nm E2+ 50 pg Cycloheximide + MG-132at 0, 0.5, 1,2, 3 and 4 hours. Experiment was
done thrice in triplicates. Statistical analysis was performed by one way ANOVA (p=0.05).

it can be interpreted that 17(B-estradiol promoted
migration and inhibition of the MDA-MB-231 cells (Fig.
4).

Wound heallng assay

Control

0 hour 24 hours
Wound healing assay
p= 0.0001

© 1.2

s

® 1.0-

3

= 0.9

2 —
S 0.8

2

o 0.7

<> ,oséO\

Fig. (4). Effect of 100 nM 17B-estradiol on MDA-MB-
231cellline with 100 nM of E2 on wound healing. Experiment
was done thrice in ftriplicates. Statistical analysis was
performed using unpaired t test (p=0.0001).

4. DISCUSSION

In this study, we observed that there was a reduced
expression of EGFR in MDA-MB-231 cell lines
compared to MCF-7 cell lines upon treatment with 173-
estradiol. This indicates that estrogen behaves
differently with ER+ and TNBC cell lines. There was a
reduced expression of EGFR in MDA-MB-231 cell lines
upon ftreatment with [(-estradiol and Cycloheximide
when compared to cell lines treated with Cycloheximide
alone. This further confirms that estrogen certainly
degrades EGFR. We also observed that there was no
reduced expression of EGFR in MDA-MB-231 cells
treated with 17B-estradiol, Cycloheximide and MG-132
compared to cells treated with 17B-estradiol and
Cycloheximide. These observations suggest that (3-
estradiol degrades EGFR in MDA-MB-231Cells and
degradation is mediated by ubiquitination.

There were few limitations of the study. We did not
use other types of TNBC cell lines. We did not perform
RT-PCR to estimate mRNA levels. We did not change
the levels of 17B-estradiol to the exact concentration
EGFR inhibited. We did no elucidate the effect of
estrogen antagonist. We did not study downstream
molecules of EGFR.

Although breast cancer subtypes are genetically
linked, environmental factors play a key role. Oral
estrogen (OCP) consumption in western countries has
been high and in developing countries is low.
Accordingly, incidence of ER+ breast cancer is high
and low, respectively. But, TNBC incidences are low
and high respectively. This has led us to think that
more usage of oral estrogens may lead to less
incidences of TNBC. There are evidences that ER+
tumours and TNBC behaves indifferently in presence of
estrogen. In our study we too tried to demonstrate that
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17B-estradiol can act indifferently in different
phenotypic breast cancers in vitro. We demonstrated
that 17B-estradiol augment the proliferation of MCF-7
cells by increasing the expression of EGFR whereas (3-
estradiol decreases the proliferation of MDA-MB-231
cells by decreasing the production of EGFR.

TNBCs typically occur in younger women And
African American women as well as among some
patients with BRCA1 gene defects [1, 2]. Population-
based data show that African American women have a
higher incidence of TNBC and present with more
advanced stages than Caucasian women [26]. This
cancer subtype also associates with adverse biological
features, including high mitotic count and very
aggressive behavior. Based on current data, estradiol
regulates gene expression of EGFR and other several
proteins by genomic and non-genomic inputs [27, 28].
Genomic signals involve the direct action of nuclear-
localized ERa as an estradiol regulated transcription
factor or co-regulator. By contrast, non-genomic
signaling involves extra nuclear events mediated by
extra nuclear ERs often in cooperation with co activator
or adaptor proteins [29]. Thus, estrogens promote the
progression of ER+ breast cancers through
predominant ERa. In TNBC, second type of estrogen
receptor, termed estrogen receptor-beta (ERp) is
present. ERa and ERPB have reciprocal actions. Studies
have demonstrated that ERB1 inhibits epithelial
mesenchymal transition (EMT) and invasion in basal-
like breast cancer cells when they grow esther in vitro
or in vivo in zebrafish. EMT is also because of hypoxia
known in cancer development [30]. Thus, activation of
ERB in TNBC probably reduces the expression of
EGFR [31]. EGFR expression can also be degraded by
the activation of non-genomic pathways. In our study,
we demonstrated that [-estradiol indeed causes
degradation, also we tried to analyse how degradation
occurs. There are various steps involved in degradation
of EGFR. Upon activation, EGFR is tyrosine-
phosphorylated, and subsequently recruits Cbl, an E3
ubiquitin ligase, and Grb2, an adaptor protein, for
assembly of the ubiquitination complex, and interacts
with Eps15 and AP-2, two endocytic adaptor proteins,
to form clathrin-coated endocytic vesicles [32- 35]. The
endocytic  vesicles or endosomes containing
ubiquitinated EGFR are recognized by the ubiquitin-
binding protein Hrs and transported to multi-vesicular
bodies (MVBs) [36, 37]. Finally, the MVBs fuse with
lysosomes to complete the degradation of EGFR. We
hypothesized that estradiol inhibits ubiquitination. To
test our hypothesis, we treated MDA-MB-231 cells with
cycloheximide and estradiol and observed it for
degradation of EGFR. There was a 1.52 fold significant
decrease in the expression of EGFR. Subsequently, to
test another hypothesis that degradation of EGFR
occurs due to facilitation of ubiquitination, we treated
MDA-MB-231 cells with cycloheximide, estradiol and
MG-132 where MG-132 effectively blocks the
proteolytic activity of the 26S proteasome complex
reduces the degradation of ubiquitin-conjugated
proteins. We observed that there was a statistically
insignificant 0.7 fold decrease in EGFR expression.
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This indicates that degradation of EGFR occurs upon
treatment with 17B-estradiol, where degradation is
mainly mediated by ubiquitination. We also tested our
hypothesis on wound healing test. We treated MBA-
MB-231 cells with or without estradiol; we observed
that without estradiol, cell migration was very dynamic,
a ratio of 0 hour to 24 hour gap was 1.09 after 24 hrs
and motility of the MDA-MB-231 cells was inhibited and
ratio of 0 hour to 24 hour gap was 0.88 with estradiol.
This observation also proves that esrogen delays the
proliferation of MDA-MB-231 cells.

EGFR is one of the receptors most commonly
associated with human tumors and has been shown to
correlate with the progression of many tumor types,
including breast tumors [38-40]. Most often associated
with aspects of tumor growth (i.e., proliferation,
apoptosis, and cell survival), litle emphasis has been
placed on the effects of EGF on breast cancer cell
migration. The complex process of cell migration is a
critical component of many normal and patho-
physiological processes, and its central role in the
progression of tumors from a noninvasive to an
invasive and metastatic phenotype is well known [41].
Epidermal growth factor receptor (EGFR) levels predict
a poor outcome in human breast cancer and are most
commonly associated with proliferative effects of
epidermal growth factor. In this study, we tried to
demonstrate the effect of estrogen with EGFR
expression in different subtypes of breast cancers,
mainly ER+ and TNBC tumours, whether they respond
differently. We found that estradiol degrades EGFR in
MDA-MB-231 and we could also demonstrate that
degradation occurring through ubiquitination. The
underlying mechanism of degradation appears related
to the sorting of internalized EGFRs to either recycling
or degradation [9]. Sorting EGFR requires conjugation
of multiple ubiquitins, which mark the receptor for
degradation [10]. Therefore, our study demonstrated
that EGFR is degraded by ubiquitination.

Several lines of evidence support the possibility that
EGFR plays a the role of a driver in a large fraction of
TNBC. For example, EGFR gene amplification is
commonly identified in metaplastic breast carcinoma, a
basal-like fraction of tumors [42]. Likewise, gene
expression signatures correlated TNBC with modules
comprising EGF-like ligands, EGFR, and several
downstream effectors [43]. Although TNBC clinical
trials using EGFR inhibitors, including cetuximab,
reported a lack of clinical benefit [44], our study offers
an alternative strategy by degrading EGFR by
estrogen. Experiments that used TNBC line indicated
that down regulation of EGFR through ubiquitination
can retard motility and proliferation of TNBC cell line.

By adding estogen, we detected EGFR degradation
and degradation occurs through ubiquitination in MDA-
MB-231 cellline. Our in vitro study require confirmation
in animal

Models. Assuming confirmation in vivo, this study
may help in understanding alternative pathway where
degradation of EGFR by estrogen or other specific
molecule receptors can be a targeted in the treatment
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of TNBC. In the future, estrogen like molecules may be
used as adjunct in the treatment of TNBC.

CONCLUSION

We concluded that B-estradiol degrades EGFR in
MDA-MB-231 cells and this degradation occurs by
ubiquitination. This study may help in understanding
alternative pathways where degradation of EGFR by
estrogen or other specific molecule receptors can be
targeted in the treatment of TNBC.

LIST OF ABBREVIATIONS

AKT = Ak strain transforming murine

thymoma viral oncogene

ANOVA Analysis of variance

AP-2 Adaptor protein 2

Cbl-gene Casitas B-lineage lymphoma

DMEM Dulbecco's modified Eagle's
medium

E2 17B-estradiol

EGFR Epidermal growth factor receptor

Erb2 Erythroblastic oncogene B, also
Her2

Era Estrogen receptora

ERB Estrogen receptor 3

Esp15 Epidermal growth factor receptor
substrate 15

GAPDH Glyceraldehyde 3-phosphate
dehydrogenase

Grb2 Growth factor receptor-bound
protein 2

HER2/neu Human epidermal growth factor
receptor 2

MAPK Mitogen-activated protein kinase

MCF-7 Michigan Cancer Foundation-7,

MD-AMB-231 MD Anderson-Metastatic Breast-
231

MG-132 Proteosome inhibitor

OCP Oral contraceptive pill

PI3K Phosphoinositide 3-kinases

PKA protein kinase A

PR Progesterone receptor

RTK Receptor tyrosine kinases

TNBC Triple negative breast cancer
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