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Abstract

Breast cancer is one of the most common and most frequently diagnosed cancers in women both in the developed and
less developed countries. Estrogens and progesterone play a leading role in regulating the normal growth and differentiation of
cells, premalignant and malignant cell types, especially breast epithelial cells. Estrogen is targeted either directly by selective
estrogen receptor modulators and pure antagonists or indirectly by aromatized inhibitors that block estrogen production. Estrogen
receptor also serves as a prognostic marker for responsiveness to endocrine therapy through its receptors alpha and beta.
Mammogram screening is used for the early detection of cancer. An ideal screening test for breast cancer must have a high
sensitivity in order to correctly diagnose all women with the disease and a high specificity to avoid false positive results
Progesterone is also an ovarian steroid hormone that is essential for normal breast development during puberty and in preparation
for lactation and breastfeeding. The actions of progesterone are primarily mediated by its high-affinity receptors, which includes
progesterone receptor-A and progesterone receptor-B located in diverse tissues, where progesterone controls development of
breast and reproductive organs. There is also an important role of progesterone and progesterone receptors in breast
carcinogenesis, including cancer progression to metastasis and of their clinical importance in the prevention, treatment and
prognosis of the disease. The role of progesterone is not well known, although it causes the tumor development by regulating
proliferative pathways in the cell.
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1. Introduction growth of cells and distribution. When the cells grow, they
possess new properties like alteration in their structure,

Breast cancer is the second leading cause of death decreased cell grip and formation of new enzymes [2].

in women in worldwide. Estrogen and progesterone are the
main cause of unmanageable division of breast tissues and
development of tumor. Estrogen leads to proliferation of
cells and progesterone leads to increased differentiation by
acting through different cascades. Beside these
tumorigenesis effects estrogen and progesterone play
important role in breast cancer prevention.

1.2. Breast Cancer

Breast cancer is the cancer that originates from
breast tissue, normally from the thinner lining of milk ducts
or the lobules in the breast that supply the ducts with milk.
Cancer that originates from the ducts is known as ductal
carcinomas and the cancer originates from lobules is known

1.1. Cancer

Cancer occurs though a progression of molecular
actions that basically change the normal characteristics of a
cell. The normal control system of a cancer cell that stops
overgrowth of cancerous cells and attack of other tissues is
disabled. The changed cells multiply and grow in existence
of signals that normally slow down the cell growth [1]. So,
they do not require any special signal to stimulate the
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as lobular carcinomas [3].

Breast cancer is a disease in humans and also in
other mammals, while majority of cases in humans are
found in women, men can also develop breast cancer. Breast
cancer is one of the major serious carcinoma along with
women in the western world [4, 5].

1.3. Breast Cancer Development
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Breast cancer results by the growth abnormality in
the normal cells of breast and results in the alteration in
stability of the breast tissues. This irregularity develops
usually in the inner lining of the milk ducts or lobules in
breast [6].

Breast cancer develops in the form of tumor when
there is unmanageable production of breast cells. The tumor
is known as malignant when these proliferating cells attack
the normal neighboring tissues and organs. These mutated
cells grow more rapidly than the surrounding normal cells

[71.

These early stages of irregular breast cell growth
can be tough to detect by the patient and doctors similarly.
The growth rate of tumor varies significantly among
individual patients and it grows faster among younger
women [8].

1.4. Risk Factors

In the risk factors of breast cancer, genetic causes
are only 5-10% in breast cancer risk. Most of these
environmental factors are mostly linked with reproductive
factors which determine the contact of women to circulating
estrogens like age of menarche, age of first full time
pregnancy, number of children, breast feeding practices age
of menopause, use of hormone replacement therapy [9].

Other environmental factors that have been
accounted for breast cancer include exogenous estrogens,
radiation, alcohol consumption, higher education level and
socio-economic status [10].

1.5. Screening Mammogram

The three most common modalities for breast
cancer screening are mammogram, clinical breast
examination and breast self-examination. The purpose of
these screening examinations is to detect occult breast
cancer at an early stage-before it is clinically evident-and
thereby increase the probability of cure.

Mammogram  screening is  performed in
conjunction with a physical examination of the breast. These
two examinations are complementary to one another.
Mammographic screening is able to detect some cancers that
are not palpable, while some cancers are palpable, but not
detectable on mammogram [11].

Women who receive mammographic screening
have a decreased relative risk for breast cancer mortality in
comparison to women who do not receive mammographic
screening [12].

1.6. Breast Development and Endogenous Hormones
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Hormones especially estrogen, is a significant part
in causing breast cancer. Estrogen and progesterone play
important role in the human body and in the development of
the breast. During puberty, ductal outgrowth is rapid under
the influence of female sex hormones estrogen and
progesterone [13].

During the period of normal life, the breast
undergoes through multiple cycles of growth and apoptosis
as a part of the menstrual cycle [14].

1.7. Estrogens

Estrogens are a group of steroid compounds
function as the primary female sex hormones. The three
main types of estrogens that occur naturally in women are
estradiol, estriol and estrone. Estrogens are produced mainly
by ovaries but a smaller quantity of estrogen is produced by
the adrenal glands and peripheral tissues such as fat, liver,
and kidneys by converting androgens to estrogens [15].
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Fig. 1 Structure of estrogen [16]

Estrogen hormones also form in the placenta during
pregnancy. Estrogen signaling is essential for mammary
gland development and for development and maintenance of
other female sex characteristics [17].

1.8. Biosynthesis of Estrogen

Biosynthesis of sex steroids starts from cholesterol,
which is a precursor of all steroid hormones. Cholesterol is
converted to pregnenolone. In the endoplasmic reticulum,
pregnenolone is then converted either to 17-
hydroxypregnenolone by 17a-hydroxylase activity or to
progesterone [18].

Similarly to pregnenolone, progesterone can be
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converted to a corresponding 17a-hydroxyprogesterone.
Thereafter, 17- hydroxypregnenolone can be catalyzed to
dehydroepiandro sterone [19]. Both the products are then
converted into androstenedione which is further catalyzed
into estrone, testosterone and estradiol. The final step of
aromatization occur which converts estradiol and estrone
into estrogens [20].
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Fig. 2 Biosynthesis of estrogen [21]

2. Estrogen Receptors

The effects of estrogens are mediated by estrogen
receptors in human body. ERs are present in two isoforms
named as ERa and ER receptors which are distributed by a
specific cell spectrum of tissues in the whole body. All the
tissues that were considered as estrogen-insensitive are ERf
positive and estrogen responsive [22, 23]. Both receptors
express their effects in cells and tissues, ERf considered to
neutralize the ERa-induced effects [24, 25, 26].

Estrogen molecules diffuse into the cell and bind to
ER located in the nucleus, resulting in a conformational
change of the ER which allows for interaction with co-
regulator complexes that either activates or represses
transcription of target genes [27].

2.1. Ligands

Estrogen hormones are the main natural
endogenous estrogen receptor ligands. 17p-estradiol is
predominant estrogen in the body that is secreted by the
ovaries during the female reproductive period [28].

Estradiol metabolites, estrone and estriol are also
estrogen receptor ligands. Estrone is the main estrogen
before puberty and after menopause and it is synthesized by
the ovaries and the adipose tissue [29].

2.2. Signaling Pathway

Estrogen receptor activation can either be ligand-
dependent or independent. By non-genomic mechanisms,

ligand binds to ERs localized in the cell membrane, which
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leads to activation of signal transduction pathways in the
cytoplasm [30, 31].

Ligand-independent pathways include receptor
phosphorylation by growth factor signaling via activation of
kinases [32].
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Fig. 3 Signaling pathway [34]

Antagonist-bound receptors interact with co-repressors, such
as nuclear receptor co-repressor 1 (NCoR1) and silencing
mediator of retinoid and thyroid hormone receptors
(SMRT). NCoR1 and SMRT in turn recruit large repressor
complexes including histone deacetylases that repress gene
activity by maintaining or reinforcing a repressive chromatin
state [35].

2.3. Estrogen Receptor Signaling and Breast Cancer

Expressed estrogen receptor-o is found only in 7-
10% of the luminal cells of mammary glands but its level
increases during menstrual cycle. When the regulation of
estrogen alpha receptor increases in breast cancer it is
considered as positive regulator of cell proliferation [36].

Patients diagnosed with estrogen receptor breast
cancer have generally poor survival rate, increased
metastasis and degeneration occurrence [37].

Estrogen receptor-f is found to be expressed in 80-
85% of the cells in the normal breast tissue, and that is why
it is considered to be a predominant estrogen receptor in
breast [38].

2.4. Molecular Signaling of Estrogen Receptors

There are several pathways by which estrogen
shows its action in causing breast tumor. Gene regulation is
also effected by DNA binding. There is also a mechanism
known as non-genomic has rapid effects, is not as well
understood as the genomic mechanism but has been
observed in many tissues [39].
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Fig. 4 Molecular signaling of estrogen receptor [40]

In the nucleus, estrogen binds to estrogen receptor via their
C-terminal ligand-binding domain. The estrogen-bound
estrogen receptors in turn bind to genomic estrogen receptor
elements in dimerized forms via a central DNA-binding
domain and thus control the transcription of target genes to
exert specific physiological actions [40].

2.5. Estrogen Receptor-a and Breast Cancer Progression

Estrogen receptor-alpha regulates a set of genes
that overlapped with ER-alpha despite regulating many
more genes not involved in estrogen signaling. Majority of
genes regulated by estrogen receptor-alpha are involved in
energy metabolism, oxidative stress and detoxification.
Estrogen receptor alpha also induces vascular endothelial
growth factor a highly angiogenic factor [41].

Estrogen receptor alpha-dependent activation of
VEGF mRNA expression occurs in several different breast
cancer cell lines suggesting that ER alpha promotes tumor
cell growth by stimulating VEGF expression. Estrogen
receptor alpha functions as a key modulator of intratumoral
estrogen production in human breast carcinoma by
stimulating the expression of the androgen-estrogen key
converting enzyme, aromatase via tumor specific promoter
usage. Highly expressed ER alpha is to be considered an
overall negative phenotype of breast cancers [42].

2.6. Estrogen Receptor-f and Breast Cancer Progression

Estrogen receptor-beta receptor is detected as a
causing agent in breast cancer but its role in breast cancer
growth and development has not been delineated. Estrogen
receptor-beta has contribution in hormonal sensitivity and
resistance. Though, estrogen receptor-beta RNA level was
decreased in invasive breast cancer tissues compared with
the adjacent normal mammary gland. The mechanism and
role of decrease in estrogen receptor-beta in carcinogenesis
are unknown [43].

3. Bifeceted Role of Estrogen Receptors

Estrogen receptor-beta has both anti-proliferative,
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pro-apoptotic behavior, proliferative and survival role for its
activity [44]. Therefore, the possibility of a bi-faceted role
for ER-beta in breast cancer development and progression
has much importance. There are several cases supporting a
bi-faceted role of ER-beta [45, 46, 47].

3.1. Mechanism of Bifeceted Activity of Estrogen
Receptor-f

Firstly, ligand enters passively into the target cells
and binds to the receptor and then initiates a cascade. The
receptor is first released from a cytoplasmic chaperone
complex containing several proteins including heat-shock
proteins 70 and 90. The freed receptor, subjected to
following post-translational events including multiple
phosphorylations [48], it enters the nucleus, dimerizes and
binds to defined genomic enhancer regions, containing
specific motifs known as estrogen-responsive elements [49].
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Fig. 5 Mechanism of bifeceted activity of estrogen receptor-
B [50, 51]

This binding is followed by the enrollment of co-factors,
that can be positive (co-activators) or negative (co-
repressors), the balance of these leads to either the activation
or the repression of the expression of involved genes.

3.2. Classical Mechanism

Activation of estrogen receptor beta occurs when
the ligand penetrates passively in the target cell through the
plasma membrane and binds with the receptor. The receptor
is then able to form dimers which binds specific enhancer
region of target genes. Dimers interact with positive or
negative regulators and leads to activation or repression of
specific target gene.

3.3. Tethering Mechanism

Activated receptor can bind to transcription factors
(such as AP-1) and modulate, positively or negatively, the
activity of these factors.

3.4. Un-liganded Activation
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The receptor can be activated by post-translational
modification phosphorylations resulting from EGFR
signaling cascade, for example. Activated receptor can then
act through estrogen receptor element or tethering
mechanism [48]. Non-classical mechanisms of action are
also present for steroid receptors; these include activation by
EGF signaling through ligand independent phosphorylations
of the receptor [52].

Action of the estrogen receptor-beta depends on
many parameters including cyclical interactions between
regulatory molecules (ligand, cofactors, ubiquitin, or histone
deacetylases), cell context, specific protein degradation
(proteasome involvement), and the exact gene considered
[53, 49].

3.5. Estrogen Receptors as Prognostic Markers of Primary
Breast Cancer

Breast cancer’s patients receive an optimal
treatment by the use of biomarkers. Established biomarkers
like estrogen receptor play important role in the treatment of
breast cancer in endocrine therapy and in the selection and
management.

3.6 Estrogen Receptor-a as a Prognostic Marker

Estrogen receptor-a is well-established prognostic
factor in breast cancer patients. Usually, estrogen receptor-
a-positive breast cancers are associated with slow rate of
tumor growth, lower histology grade, DNA diploidy and
therefore a better generally prognosis [54].

Estrogen receptor-alpha has been used to analyze
the response to hormonal therapy. Tumors that express
estrogen receptor alpha have the greatest benefit from
hormonal therapy. However, estrogen receptor-alpha re-
expression in an estrogen receptor-alpha negative cancer cell
is not sufficient to return the estrogen receptor alpha-
positive phenotype, particularly in terms of therapy response
and the pattern of gene expression [55].

Estrogen receptor is used in measuring mRNA
levels in primary breast tumors versus normal mammary
gland epithelial cells from breast reduction surgery.
Estrogen receptor-alpha expression in breast carcinoma is
associated with an increased risk of reappearance and an
unpleasant clinical product [54].

3.7. Estrogen Receptor-f as a Prognostic Marker

The prognostic value of estrogen receptor-beta has
great importance in breast cancer and the majority of cases
have provided the evidence of estrogen receptor-beta as a
beneficial factor. So, estrogen receptor-beta is a good
prognostic indicator for the breast cancer. Expression of
estrogen receptor beta is associated with better survival in
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patients who receive adjuvant tamoxifen [56].

In some cases estrogen receptor-beta is associated
with negative axillary node status and low grade tumors
[16]. As well, estrogen receptor-beta cases have a better
disease free survival rate and levels of estrogen receptor-
beta are decrease in proliferative pre invasive tumors [57].

There is a protective role for estrogen receptor-beta
in breast cancer. In contrast, estrogen receptor-beta is a poor
prognostic indicator. Tumors that expressed both estrogen
receptor-alpha and estrogen receptor-beta are node positive
and of a higher grade. Estrogen receptor-beta mRNA levels
are also important in tumors that exhibit tamoxifen
resistance. Beside these, presence of estrogen receptor-beta
is a good prognostic marker for breast cancer [58].

3.8. Breast Cancer due to Defective Estrogen Receptor
Signaling

Defective signaling of estrogen receptor is the
second main cause of breast carcinogenesis. Missing or
decreased estrogen receptor reactivity provokes increased
estrogen synthesis by the feed-back mechanism that results
in hyper-estrogenism [59, 60].

Hyperestrogenism is not a causal factor of breast
cancer but it is a protective feedback mechanism that is used
to maintain the hormonal and metabolic equilibrium. As
physiologic estrogen receptor signaling is crucial for all
steps of cellular glucose uptake, even reactive hyper-
estrogenism may not always provide sufficient
compensation for severe estrogen receptor defect and insulin
resistance may develop [61].
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Fig. 6 Breast cancer due to defective estrogen receptor
signaling

Breast cancer development is commonly associated with
obesity and type 2 diabetes in BARCA mutation carrier
women [62]. So, there is a close relationship between
defective estrogen signaling and insulin resistance in breast
cancer development [63].
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An alternative option for the return of defective
estradiol-mediated activation of estrogen receptor-a, an
increased ligand-independent transcriptional activity of
estrogen receptors may develop [64].

In BRCAL-deficient cells, there is a reduction in
estradiol-mediated activation of estrogen receptor-o, while
there is an increased estrogen-independent expression of
estrogen response genes when compared with BRCAL-
proficient cells [65].

The improved transcriptional activity of estrogen
receptors in a ligand-independent way may help to maintain
mammary health. On the other hand, in case of insufficient
transcriptional estrogen receptor activity, the risk of breast
cancer development is increased [60].

3.9. Proliferative Effects of Estrogen

Breast epithelial mitosis is stimulated by both
endogenous and exogenous estrogens. It increases the cell
divisions and also for the risk of random genetic errors [66].

The concentration of estrogen is very important for
all the stages in the development of breast neoplasm because
the stimulus received by the cells to divide from hormone
continues all along the progression pathway [67].

The proliferative effects of estrogens start on
entering target cells; they bind with the protein receptor
there and bind to the hormone response elements on the
nuclear DNA and activates or suppresses the specific
sequence in the regulatory regions of the genes that
responsive to the estrogen and control cell growth and
differentiation [68].

3.10. Proliferation in Genetic Damage

In influencing the development of breast cancer,
the proliferative mechanism of estrogen is very important in
genetic damage. Estrogen has important role in breast cancer
because of its effects before the initiation of this disease.
High levels of estrogen during fetal life influence the
morphology of mammary gland [69].

The increased levels of estrogen are also
responsible for the persistence of epithelial tissues structure
and also known as sites for malignant transformation [70].

There is a strong relationship between breast cancer
risk and estrogen exposure [71]. Birth rate has been found to
be positively associated with risk for breast cancer but low
birth rate can also be a cause of breast carcinoma [72].

3.11. Estrogen as Carcinogen

Estradiol does not have any mutagenic
characteristics because no mutagenic activity has been found
Arshad and Liagat, 2018

in either bacterial or mammalian cell test systems for
estradiol. Estrogen and sometimes its metabolites including
catechol estrogens and reactive semiquinone/quinone
intermediates can act as procarcinogens. They can induce
direct and indirect free radical-mediated DNA damage,
genetic instability, and mutations in cells in culture [73].

3.12. Antiproliferative Role of Estrogen

With respect to proliferative roles estrogen
receptors alpha and beta also have anti-proliferative roles.
These are important for the improvement of breast cancer
current treatments [74].

Protein assays generally suggest that the estrogen
receptor-p protein expression is a favorable prognostic
factor, correlating with known biomarkers such as low
histological grade, progesterone receptor expression, longer
disease-free survival, and response to anti-estrogen therapy
[75]. Decreased expression of estrogen receptor-p in pre-
invasive carcinoma, and its anti-proliferative and anti-
invasive properties suggest that estrogen receptor- has a
role in maintaining the benign phenotype, possibly as a
tumor suppressor [58].

Estrogen receptor-f promoter is in some breast
cancer tumors leading to loss of estrogen receptor-f
expression [76].

3.13. Sensitivity of Breast Tissues to Estrogen

Sensitivity of breast tissues to estrogen depends on
the levels of estrogen receptors and on the types of estrogen
receptors. It is possible that deviation in the breast cancer
risk is partially attributable to the inter-individual variation
in receptor levels in the normal tissues of breast [68].

Sensitivity of estrogens can be determined by
balance between the two types of estrogen, estrogen
receptor-a and estrogen receptor-f3. Estrogen receptor-p has
lower similarity and affinity with estrogen than estrogen
receptor-o, it may decrease the sensitivity of estrogen
receptor-a. to estrogen [77].

3.14. Estrogen in Brest Cancer Prevention

Clinical evidence also supports a role for estrogen
in mammary carcinogenesis. Pharmacologic doses of
estrogen also inhibit the growth of breast cancer. Estrogen
can also trigger apoptotic pathways, particularly after a
period of estrogen deprivation [78].

The role of estrogen in breast cancer has emerged
from the experience with the selective estrogen receptor
modulator tamoxifen for the treatment and prevention of
breast cancer. Individual trials and a meta-analysis of
randomized clinical trials show that tamoxifen reduces the
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risk of recurrence for women of any age with invasive or in
situ breast cancer that expresses estrogen receptor-alpha
with the progesterone receptor or both [79].

3.15. Tamoxifen

Tamoxifen reduces the risk of new breast cancer in
the contra-lateral breast Tamoxifen reduces the risk of breast
cancer by 38 percent in healthy women at high risk for
breast cancer. The reduction in risk appears to be limited to
estrogen receptor o-positive tumors dependable on a
hypothesis that tamoxifen’s primary effects are mediated
through estrogen receptor pathways [80].

Results from recent clinical trials with aromatase
inhibitors, agents that suppress estrogen synthesis through
peripheral aromatization, in post-menopausal women with
estrogen receptor a- or progesterone-receptor—positive breast
cancer support the importance of estrogen in breast-cancer
growth [81].

3.16. Aromatase Inhibitors

By comparing aromatase inhibitors with tamoxifen
in postmenopausal women with early or advanced steroid-
receptor—positive breast cancer, aromatase has high
resistance against breast cancer [82]. Women treated with
aromatase inhibitors have lower incidence of cancer in the
contra-lateral breast than women who receive tamoxifen
[83].

Resistance of some steroid-receptor—positive breast
cancers to agents like tamoxifen may be abrogated by the
use of receptor tyrosine kinase inhibitors and clinical studies
are in progress to test the role of combination therapy
targeting classic and non-classic signaling [84].

3.17. Modulators

Expression profiling of a breast-cancer cell line that
treated with various modulators suggest that tamoxifen and
raloxifene have similar effects; whereas the action of
fulvestrant (an estrogen-receptor down-regulator) was
different.

3.18. Progesterone

Progesterone is an ovarian steroid hormone that is
essential for normal breast development during puberty and
in preparation for lactation and breastfeeding. The actions of
progesterone are primarily mediated by its high-affinity
receptors [85].

It includes the classical progesterone receptor
progesterone receptor-A and progesterone receptor-B
isoforms, located in diverse tissues, including the brain,
where progesterone controls reproductive behavior, and the
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breast and reproductive organs [86].

Fig. 7 Structure of progesterone [85]

Progestins are frequently prescribed for contraception or
during postmenopausal hormone replacement therapy, in
which progestins are combined with estrogen as a means to
block estrogen-induced endometrial growth.

3.19. Biosynthesis of Progesterone

In the placenta, as in other steroid synthesizing
tissues, cholesterol is converted to pregnenolone within the
inner mitochondrial membrane by cytochrome P450scc.
This conversion is termed as the cholesterol side-chain
cleavage reaction and is the first enzymatic step in the
synthesis of steroids [87].

Pregnenolone is subsequently converted to the
various steroids produced by the different steroidogenic
tissues, by gland specific pathways. In the case of the
placenta, pregnenolone is converted to progesterone by type
1 3b hydroxy steroid dehydrogenase [88].

The human placenta cannot convert pregnenoclone
or progesterone to estrogens because it lacks cytochrome
P45017a and so uses androgen substrates from the fetal and
maternal adrenal to synthesize estrogens [89].

3.20. Progesterone Receptors

Progesterone receptor + cells usually co-express
progesterone receptor-A and progesterone receptor-B
isoforms. These receptors have different transcriptional
activities within the same promoter context, but can also
recognize entirely different gene promoters [90].
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Fig. 8 Structure of progesterone receptors [91]

Progesterone receptor-B is required for normal mammary
gland development while progesterone receptor-A is
essential for uterine development and reproductive function
[92].

3.21. Progesterone Action in Breast

34



1JCBS, 14(2018):28-42

The major developmental role of progesterone in
the normal breast has been postulated to be the formation of
lobular alveolar structures during pregnancy [93].

The influence of progesterone is likely to be
proliferative process mediated by progesterone regulation of
cell cycle genes, growth factors, and growth factor
receptors. Progesterone also exerts a differentiating effect on
the breast through its role in lactation. The role of
progesterone in differentiated function at other times has not
been extensively explored [94].

There is less known of the mechanisms through
which progesterone exerts its effect in the breast, primarily
because of the difficulty of obtaining normal breast tissue
and the relative paucity of models of progesterone action in
the normal breast [95].

3.22. Progesterone in Proliferation of Normal Breast Cells

Progesterone has important effect on proliferating
the breast cells and leads to tumor [96]. The increase in
DNA synthesis is consistent with the cyclical increase in the
number of epithelial mitoses, which peaks toward the end of
the luteal phase and is followed by an increase in apoptotic
activity [97].

Progesterone levels during pregnancy are
responsible  for  inducing marked lobular-alveolar
development of the breast in preparation for lactation. In
contrast to this proliferation in breast tissue progesterone has
also protective effects [98].
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Fig. 9 Breast cells proliferation by progesterone [99]

Role for progesterone in cell proliferation in the breast is
difficult to know. Cell proliferation in the breast and the
involvement of ovarian hormones in process are required in
the role of progesterone in cell proliferation.

4. Cellular Mechanism of Progesterone in Mammary
Epithelium

4.1. Cell Proliferation

The mammary epithelium is bilayered. The inner
layer of luminal cells is surrounded by a meshwork of
elongated myoepithelial cells, which are in close contact
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with the basal membrane [100].
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Fig. 10 Cellular proliferation [101]

An inner, luminal layer is surrounded by myoepithelial/basal
cells, which are in contact with the basal lamina.
Progesterone binds its receptor in a subset of luminal cells,
the sensor cells. In certain progesterone receptor cells, it
induces cell proliferation by a Cyclin D1-dependent
mechanism (cell intrinsic signaling). It induces RANKL,
which elicits cell proliferation in neighboring cells
(paracrine  homotypic) and wnt4, which acts on
myoepithelial cells (paracrine heterotypic) an increases stem
cell activity [102].

In the adult mammary epithelium, most cell
proliferation occurs in the luminal compartment, but few of
the proliferating cells expresses progesterone receptor [103].

4.2. Tumor Promoting Action of Progesterone

Progesterone receptor signaling during luteal phase
may be tumor promoting. Some of the effects of
progesterone are cell-intrinsic, but many biological
responses rely on paracrine signaling that can be homotypic,
i.e., to neighboring luminal cells, or heterotypic, i.e., to the
myoepithelium and possibly to stromal cell types [104].

With each menstrual cycle, breast cancer risk
increases through progesterone-induced events during luteal
phase. The perinatal exposure to endocrine disruptors
increases the sensitivity of the breast to progesterone.
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Fig. 11 Tumor promoting action of progesterone [105]
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Various factors such as RANKL, WNT4, epiregulin,
CyclinD1, ID4 and calcitonin, which act through distinct
mechanisms have distinct biologically functions that have
been implicated in the biological response to progesterone
that may be amplified due to perinatal exposure [105].

4.3. Molecular Mechanism of Progesterone in Breast
Cancer

Across  species, estrogen  receptor-a  and
progesterone receptor are absent from the myoepithelial
cells and basal cells and are expressed by 30-50% of the
luminal cells. Most cells co-express estrogen receptor-a and
progesterone receptor, which is consistent with progesterone
receptor being an estrogen receptor-a. target [106].

Progesterone  receptor positive may affect
neighboring cells in a paracrine fashion by secreting
signaling and proliferating factors. Some of the attractive
target genes of this hormone include but excluded to WNT,
fibroblast growth factors, epidermal growth factor as well as
direct intercellular signaling mediated by Notch, ephrins or
gap junctions [107].

4.4. Paracrine Signaling

There are two types of proliferation, cell-intrinsic
and paracrine proliferation. Cell-intrinsic action of
progesterone on hormone receptor+ cell proliferation
requires cyclin D1. Whereas the proliferation of hormone
receptor— cells does not [108].

Proliferation of hormone receptor—cells on
progesterone stimulation requires RANKL, which is a
tumour necrosis factor o family member. It was further
noted that that RANKL is a crucial mediator of progesterone
receptor signaling function [109].

Soluble RANKL controlled intravenously can elicit
proliferation in the mammary epithelium and systemic
administration of its decoy receptor osteo-protegerin can
inhibit proliferation [110].

Fig. 12 Paracrine signaling [110]

Progesterone acts on the normal breast epithelium and
initiates the proliferation. And estrogen acts immediately at
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initiated cell through different signaling mechanisms to
stimulate the carcinoma. RANKL starts at that point and
metastasis occurs [111].

Reproductive  hormones impose on  breast
carcinogenesis at all stages and can determine whether the
disease will progress. In particular, progesrterone receptor
signaling has an essential role in controlling tumor
promotion [112].

4.5. Protective Effects of Progesterone

Unlike the proliferative and carcinogenic effects of
estrogen however, progesterone has been considered to be
protective against breast cancer because its role in causing
differentiation and maturation of the epithelial cells.
Progesterone levels increase usually in the third trimester of
pregnancy and this is when mammary cells undergo
maximum differentiation in preparation for lactation [113].

4.6. Progesterone in Breast Cancer Prevention

Progesterone role in enhances breast cancer was an
increased risk among women using hormone replacement
therapy with progestin and estrogen as compared to the
women using hormone replacement therapy with only
estrogen. However, this increased risk may be due to the
type of synthetic progestin used rather than progesterone
itself [113].

5. Future Prospects

Although significant progress has been made in
both the understanding and treatment of cancer during the
last thirty years, it remains the second leading cause of
death. The cancer community has set a goal to eliminate
cancer-related suffering and death by 2015. To achieve this
goal, not only better therapies are required but also
improved methods to assess an individual’s risk of
developing cancer to detect cancers at early stages when
they can be treated more effectively to distinguish between
aggressive and nonaggressive cancers and to monitor
recurrence and response to therapy.

Recent advances in high-throughput technologies
in genomics, proteomics and metabolomics have facilitated
biomarker discovery. As more potential biomarkers are
discovered, further studies are needed to validate these
markers. The ultimate use of these biomarkers is in clinical
applications for cancer detection and treatment. Many
steroid receptors have been used in breast cancer for
predicting outcome and response to therapy for many years.
Presently, we lack the targeted therapies for triple negative
breast cancer and this continues to direct the focus of
ongoing research.

The first judgments of vaccination by direct
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injection of tumor antigens or "laden" dendritic cells today
suggestion significant hope for patients. In future
biomarkers will be used as significant prognosis tool to
determine if patient has a disease.

6. Conclusion

The estrogen receptor plays a central role in the
hormone action. There is much importance of estrogen
receptor in the development and progression of breast
cancer and this has led to its becoming a major target for
breast cancer treatment. The efficacy of anti-estrogen
treatment to inhibit the growth of ER-positive breast cancer
cells has been extensively documented. Accumulating
insights regarding estrogen signaling and mechanisms of
action of ligands and ER provide opportunities for the
development of novel markers, targets and therapeutic
strategies.

Progesterone does not have much cancer-
promoting effect on breast tissue. More importantly, many
of the progestins have several non-progesterone like actions
those potentiate the proliferative effect of estrogens on
breast tissue and estrogen sensitive cancer cells. When HRT
is indicated, preparations containing progesterone and not a
synthetic progestin should be used, according to a sequential
or cyclic-combined regimen. In this way, risk of endometrial
cancer is minimized without increasing the risk of breast
cancer.

References

[1] C.H. Matthew, N. Bulayeva, D.B. Brown, B.
Gametchu and C.S. Watson. (2009). Regulation of
the membrane estrogen receptor-a: role of cell
density, serum, cell passage number and estradiol.
Federation of American Societies for Experimental
Biology. 16:1917-1927.

[2] S.N. Kim, Y.H. Ahn, S.G. Kim, S.D. Park, S.C.C.
Yoon and S.H. Hong. (2001). 8-CIcAMP induces
cell cycle specific apoptosis In human cancer cells.
International Journal Cancer. 93:33-41.

[3] K. David. (2001). Computer-aided parenchymal
texture analysis in digital mammograms: The
potential for estrogen-receptor specific breast
cancer risk estimation. To be submitted: Medical
Physics. 106: 490-497.

[4] S. Sami, G.K. Brandt, K. Nico and N. Mads.
(2011). Ananatomically oriented breast coordinate
system for ~mammogram analysis. IEEE
Transactions on Medical Imaging. 30(10):1841-51.

[5] K. Gopal, B. Sami, K. Nico and N. Mads. (2011).
Discovery of mammogram regions that show early
changes due to the development of breast cancer.
97" Scientific Assembly and Annual Meeting of
Radiological Society of North America-LL-

Arshad and Liagat, 2018

INE1154-WEB, Chicago. 37:1970-2000.

[6] I. Harirchi, M. Karbakhsh, A. Kashefi and A.J.
Momtahen. (2004). Breast cancer in Iran: results of
a multicenter study. Asian Pacific Journal of
Cancer Prevention. 5: 24-27.

[71 M.H. Herynk, T. Hopp, Y. Cui, A. Beyer, M.F. Wu
and S.G. Hilsenbeck. (2010). A hypersensitive
estrogen receptor alpha mutation that alters
dynamic protein interactions. Breast Cancer
Research and Treatment. 122: 381-393.

[8] S. Abbasi, P. Ismail, F. Othman, R. Rosli and C.
Azimi. (2009). Estrogen receptor-o. (ESR1) gene,
codon 594 (G3242A) polymorphism among Iranian
women with breast cancer: a case control study.
Asian Journal of Scientific Research. 2: 51-60.

[9] C. Cooper, D. Vincett, Y. Yan, M.K. Hamedani, Y.
Myal and E. Leygue. (2011). Steroid receptor RNA
activator bi-faceted genetic system: heads or tails?
Biochimie. 93: 1973-1980.

[10]G. Park, L. Atid, S. Danos, N. Gabay and R.
Epelbaum. (2011). Art therapy improved
depression and influenced fatigue levels in cancer
patients on chemotherapy. Psycho Oncology.
16(11): 980-984.

[11]M. Li, P.l. Matthew and C.I. Li. (2005). Breast
cancer characteristics and outcomes among
Hispanic black and Hispanic white women. Breast
Cancer Research and Treatment. 134(3): 1297-
1304.

[12]J. Schoor, P. Edward and J. Tracy. (2011).
Lesbians and cancer: An overlooked health
disparity. Cancer Causes Control. 19: 1009-1020.

[13]F. Bray, P. McCarron and D. Parkin. (2004). The
changing global patterns of female breast cancer
incidence and mortality. Breast Cancer Research.
6:229-239.

[14]W.F. Anderson, K.C. Chu, N. Chatterjee, O.
Brawley and L.A. Brinton. (2001). Tumor variants
by hormone receptor expression in white patients
with node-negative breast cancer from the
surveillance, epidemiology and end results
database. Journal of Clinical Oncology. 19:18-27.

[15] D.M. Parkin, S.L. Whelan, J. Ferlay, L. Teppo and
D.B. Thomas. (2002). Cancer incidence in five
continents. A study of 798 tumors. 9:267-70.

[16]C.G. Jarvinen, K.J. Aronson and W.M. Hanna.
(2000). Organochlorines and breast cancer risk by
receptor status, tumor size, and grade (Canada).
Cancer Causes Control. 12:395-404.

[17]E. Cavalieri, K. Frenkel, J.G. Liehr, E. Rogan and
D. Roy. (2000). Estrogens as endogenous
genotoxic agents DNA adducts and mutations.
National Cancer Institute. 20:75-93.

[18]E. Kadlubar, S. Dodin and R. Verreault. (2003).
High organochlorine body burden in women with

37



1JCBS, 14(2018):28-42

estrogen receptor-positive breast cancer. Journal of
the National Cancer Institute. 86: 232-34.

[19]J.G. Lai, R.A. Rudel, K.B. Michels, K.B. Moysich,
L. Berstein, K.R. Attfield and S. Gray. (2001).
Environmental pollutants, diet, physical activity,
body size and breast cancer. Where do we stand in
research to identify opportunities for prevention?
109: 2627-34.

[20] C.1. Haiman, J.R. Daling and K.E. Malone. (2000).
Incidence of invasive breast cancer by hormone
receptor status from 1992 to 1998. Journal of
Clinical Oncology. 21(1):28-34.

[21]S.B. Kabuto, M.T. Moonim, A.K. Gill, R.S. Punia,
K.N. Naresh and R.F. Chinoy. (2000). Hormone
receptor status of breast cancer in India. a study of
798 tumors. 9:267-70.

[22]1D. Barnett, S. Sheng and T.H. Charn. (2008).
Estrogen receptor regulation of carbonic anhydrase
XII through a distal enhancer in breast cancer.
Cancer Research. 68: 3505-3515.

[23]A. Ben-Baruch. (2008). Organ selectivity in
metastasis: regulation by chemokines and their
receptors. Clinical & experimental metastasis.
25:345-356.

[24]P.R. Benusiglio, P.D. Pharoah and P.L. Smith.
(2006). HapMap-based study of the 17921 ERBB2
amplicon in susceptibility to breast cancer. British
Journal of Cancer. 95:1689-1695.

[25]A.H. Bild, G. Yao and J.T. Chang. (2006).
Oncogenic pathway signatures in human cancers as
a guide to targeted therapies. Nature. 439:353-357.

[26]J.T. Chang, H.M. Wang and K.W. Chang. 2005.
Identification of differentially expressed genes in
oral squamous cell carcinoma (OSCC):
overexpression of NPM, CDK1 and NDRG1 and
under-expression of CHES1. International journal
of cancer. 114: 942-949.

[27]E. Charafe-Jauffret, C. Ginestier and F. Monville.
(2006). Gene expression profiling of breast cell
lines identifies potential new basal markers.
Oncogene. 25: 2273-2284.

[28]B.T. Zhao, G.Z. Han, J.Y. Shim, Y. Wen and X.R.
Jiang. (2010). Quantitative structure-activity
relationship of various endogenous estrogen
metabolites for human estrogen receptor alpha and
beta subtypes: Insights into the structural
determinants favoring a differential subtype
binding. Endocrinology. 147:4132-50.

[29] Y. Omoto, S. Kobayashi, S. Inoue, S. Ogawa and
T. Toyama. (2002). Evaluation of oestrogen
receptor beta wild-type and variant protein
expression and  relationship  with  clinico
pathological factors in breast cancers. European
Journal of Cancer. 38: 380-6.

[30]Y.L. Chung, M.L. Sheu, S.C. Yang, C.H. Lin and

Arshad and Liagat, 2018

S.H. Yen. 2002. Resistance to tamoxifen induced
apoptosis is associated with direct interaction
between Her2/neu and cell membrane estrogen
receptor in breast cancer. International Journal of
Cancer. 97:306-12.

[31]S. Kahlert, S. Nuedling, M. Eickels, H. Vetter and
R. Meyer. (2000). Estrogen receptor alpha rapidly
activates the IGF-1 receptor pathway. Journal of
Biological Chemistry. 275: 18447-53.

[32] G. Bunone, P.A. Briand, R.J. Miksicek and D.
Picard. (2002). Activation of the unliganded
estrogen receptor by EGF involves the MAP kinase
pathway and direct phosphorylation. The EMBO
Journal.15: 2174-83.

[33]J. Beatson, T. Powles and U. Veronesi. (2011).
Overview of the main outcomes in breast cancer
prevention trials. Lancet. 361: 296-300.

[34]H. Kim, K. Heo, J.H. Kim, K. Kim and J. Choi.
(2009). Requirement of histone methyltransferase
SMYD3 for estrogen receptor-mediated
transcription. The Journal of Biological Chemistry.
284:19867-77.

[35]J. Frasor, F. Stossi, J.M. Danes, B. Komm, C.R.
Lyttle and B.S. Katzenellenbogen. (2004).
Selective estrogen receptor modulators:
discrimination of agonistic versus antagonistic
activities by gene expression profiling in breast
cancer cells. Cancer Research. 64: 1522-33.

[36] Y. Miyoshi, K. Murase, M. Saito, M. Imamura and
K. Oh. (2010). Mechanisms of estrogen receptor-
alpha up regulation in breast cancers. Medical
Molecular Morphology. 43: 193-6.

[37]T.C. Putti, D.M. El-Rehim, E.A. Rakha, C.E. Paish
and A.H. Lee. (2005). Estrogen receptor negative
breast carcinomas: a review of morphology and
immunophenotypical analysis. Modern Pathology.
18: 26-35.

[38]L. Giacinti, P.P. Claudio, M. Lopez and A.
Giordano. (2006). Epigenetic information and
estrogen receptor alpha expression in breast cancer.
The Oncologist. 11: 1-8.

[39]H. Nina. (2007). Estrogen receptors: how do they
signal and what are their targets. Physiological
Reviews. 87: 5-9.

[40]J. Muramatsu and P. Inoue. (2000). Expression of
estrogen receptor beta isoforms in normal breast
epithelial cells and breast cancer: regulation by
methylation. Oncogene. 22: 7600-6.

[41] C.S. Ross-Innes, R. Stark, A.E. Teschendorff, K.A.
Holmes and H.R. Ali. (2012). Differential
oestrogen receptor binding is associated with
clinical outcome in breast cancer. Nature. 481: 389.

[42]R.A. Stein, F.C. Sweep and S. Gaillard. (2009).
Estrogen-related receptor alpha induces the
expression of vascular endothelial growth factor in

38



1JCBS, 14(2018):28-42

breast cancer cells. Journal of Steroid Biochemistry
and Molecular Biology. 114: 106-112.

[43]C. Palmieri, G.J. Cheng and S. Saji. (2002).
Estrogen receptor beta in breast cancer. Endocrine-
Related Cancer. 9: 1-13.

[44]E. Fox, R. Davis and M. Shupnik. (2008). ERb in
breast cancer—onlooker, passive player or active
protector? Steroids. 73: 1039-1051.

[45]E. Leygue and L. Murphy. (2011). Comparative
evaluation of ERa and ERDb significance in breast
cancer: state of the art. Expert Review of
Endocrinology & Metabolism. 6: 333-343.

[46] Y.K. Leung, M.T. Lee, H.M. Lam, P. Tarapore and
S.M. Ho. (2012). Estrogen receptor-b and breast
cancer: translating biology into clinical practice.
Steroids. 77: 727-737.

[471L.C. Murphy and E. Leygue. (2012). The role of
estrogen receptor-b in breast cancer. Seminars in
Reproductive Medicine. 30: 5-13.

[48]Le Romancer, H. Dotzlaw, P. Watson and L.
Murphy. (2011). Altered estrogen receptor o and 3
MmRNA  expression during human  breast
tumorigenesis. Cancer Research. 58: 3197-3201.

[49]R. Kumar and I.J. McEwan. (2012). Allosteric
modulators of steroid hormone receptors: structural
dynamics and gene regulation. Endocrine Review.
33:271-299.

[50]D.M. Lonard, R.B. Lanz and B.W. O’Malley.
(2007). Nuclear receptor coregulators and human
disease. Endocrine Reviews. 28: 575-587.

[51]W. Zwart, V. Theodorou and J.S. Carroll. (2011).
Estrogen receptor-positive  breast cancer. a
multidisciplinary challenge. Wiley Interdisciplinary
Reviews. Systems Biology and Medicine. 3: 216—
230.

[52] S.R. Hammes and E.R. Levin. (2011). Minireview:
recent advances in extra-nuclear steroid receptor
actions. Endocrinology. 152: 44894495,

[53]N. McKenna, R. Lanz and B. O’Malley. (1999).
Nuclear receptor coregulators: cellular and
molecular biology. Endocrine Reviews. 20: 321-
344.

[54]E.A. Ariazi, K. Lanz and G.M. Clark. (2002).
Estrogen-related receptor alpha and estrogen-
related receptor gamma associate with unfavorable
and favorable biomarkers, respectively, in human
breast cancer. Cancer Research. 62: 6510-6513.

[55]T. Suzuki, Y. Miki, T. Moriya, N. Shimada, T.
Ishida, H. Hirakawa, N. Ohuchi and H. Sasano.
(2004). Estrogen-related receptor o in human breast
carcinoma as a potent prognostic factor. Cancer
Research. 64(13): 4670-4676.

[56]J.K. Horwitz, B.M. Jacobsen, N.G. Manning, M.G.
Abel, D.M. Wolf and K.B. Richer. (2001).
Differential gene regulation by two progesterone

Arshad and Liagat, 2018

receptor isoforms in human breast cancer cells.
Journal of Biological Chemistry. 277: 5209-5218.

[57]P. Roger, M.E. Sahla, S. Makela, J.A. Gustafsson,
P. Baldet and H. Rochefort. (2001). Decreased
expression of estrogen receptor beta protein in
proliferative  pre-invasive ~mammary tumors.
Cancer Research. 61: 2537-2541.

[58]V. Speirs, P.J. Carder, S. Lane, D. Dodwell and
M.R. Lansdown. 2004. Oestrogen receptor beta:
what it means for patients with breast cancer.
Lancet Oncology. 5: 174-81.

[59]D. Smith, L. Yan, S.J. Nass, W.G. Nelson and J.G.
Herman. (1994). Specific inhibition of DNMT1 by
antisense oligonucleotides induces re-expression of
estrogen receptor alpha (ER) in ER-negative
human breast cancer cell lines. Cancer Biology &
Therapy. 2: 552-6.

[60]H. Quaynor, C.T. Baumann, H. Li, B.D. Strahl and
R. Rice. (2013). Hormone-dependent, CARM1-
directed, arginine-specific methylation of histone
H3 on a steroid-regulated promoter. Current
Biology. 11: 1981-5.

[61]H. Suba, K. Heo, J.H. Kim, K. Kim and J. Choi.
(2013). Requirement of histone methyltransferase
SMYD3 for estrogen receptor-mediated
transcription. Journal of Biological Chemistry. 284:
19867-77.

[62]J.M. Bordeleau, H.Y. Chen and J.R. Davie. (2011).
Effect of estradiol on histone acetylation dynamics
in human breast cancer cells. Journal of Biological
Chemistry. 276: 49435-42,

[63]H. Suba, C.T. Baumann, H. Li, B.D. Strahl and R.
Rice. (2012). Hormone-dependent, CARM1-
directed, arginine-specific methylation of histone
H3 on a steroid-regulated promoter. Current
Biology. 11: 1981-1985.

[64]Y.W. Fan, P.S. Yan, M. Fan, V.X. Jin and J.C. Liu.
(2011). Loss of estrogen receptor signaling triggers
epigenetic silencing of downstream targets in
breast cancer. Cancer Research. 64: 8184-92.

[65] M. Zheng, P.S. Yan, C. Hartman-Frey, L. Chen and
H. Paik. (2011). Diverse gene expression and DNA
methylation profiles correlate with differential
adaptation of breast cancer cells to the
antiestrogens tamoxifen and fulvestrant. Cancer
Research. 66: 11954-66.

[66]M.C. Pike, D.V. Spicer, L. Dahmoush and M.F.
Press. (1993). Estrogens, progestogens, normal
breast cell proliferation and breast cancer risk.
Epidemiologic Reviews. 15: 17-35.

[67]B.E. Henderson and H.S. Feigelson. (2000).
Hormonal carcinogenesis. Carcinogenesis. 21: 427-
433.

[68]M. Clemons, J. Greams and P. Goss. (2001).
Estrogen and the risk of breast cancer. The New

39



1JCBS, 14(2018):28-42

England Journal of Medicine. 344; 276-285.

[69]L. Hilakivi-Clarke, E. Cho, M. Raygada and N.
Kenney. (1997). Alterations in mammary gland
development following neonatal exposure to
estradiol, transforming growth factor alpha and
estrogen receptor antagonist ICl 182,780. Journal
of Cellular Physiology. 170: 279-289.

[70]V.A. McCormack, Santos, I. Silva, B.L. De
Stavola, R. Mohsen, D.A. Leon and H.O. Lithell.
(2003). Fetal growth and subsequent risk of breast
cancer: results from long term follow up of
Swedish cohort. BMJ. 326: 248-251.

[71] M. Kaijser, F. Granath, G. Jacobsen, S. Cnattingius
and A. Ekbom. 2000. Maternal pregnancy estriol
levels in relation to anamnestic and fetal
anthropometric data. Epidemiology. 11: 315-319.

[72]L. Mellemkjaer, M.L. Olsen, H.T. Sorensen, A.M.
Thulstrup, J. Olsen and J.H. Olsen. (2003). Birth
weight and risk of early-onset breast cancer
(Denmark). Cancer Causes and Control. 14: 61-64.

[73]L. Jefcoate, E. Cho, M. Raygada and N. Kenney.
(1997).  Alterations in  mammary gland
development following neonatal exposure to
estradiol, transforming growth factor alpha and
estrogen receptor antagonist 1Cl 182,780. Journal
of Cellular Physiology. 170: 279-289.

[74]S.A. Fuqua, R. Schiff, I. Parra, J.T. Moore and S.K.
Mohsin. (2003). Estrogen receptor beta protein in
human breast cancer: correlation with clinical
tumor parameters. Cancer Research. 63: 2434-9.

[75]Y. Omoto, H. Eguchi, Y. Yamamoto-Yamaguchi
and S. Hayashi. (2003). Estrogen receptor (ER)
betal and ERbetacx/beta2 inhibit ERalpha function
differently in breast cancer cell line MCF7.
Oncogene. 22: 5011-20.

[76]D. Skliris, C. Cai and X. Dong. (2006).
Identification of multipotent mammary stem cells
by protein C receptor expression. Nature.
517(7532): 81.

[771L.J. Hofseth, AM. Raafat, J.R. Osuch, D.R.
Pathak, C.A. Slomski and S.Z. Haslam. (1999).
Hormone replacement therapy with estrogen or
estrogen plus medroxyprogesterone acetate is
associated with increased epithelial proliferation in
the normal postmenopausal breast. The Journal of
Clinical Endocrinology & Metabolism. 84: 4559-
4565.

[78]J.S. Lewis, C. Osipo, K. Meeke and V.C. Jordan.
(2005). Estrogen-induced apoptosis in a breast
cancer model resistant to long-term estrogen
withdrawal. The Journal of Steroid Biochemistry
and Molecular Biology. 94: 131-41.

[79]L.A.P. Hoogenboom, L. Haan, D. Hooijerink, G.
Bor, A.J. Murk and A. Brouwer. (2001). Estrogenic
activity of estradiol and its metabolites in the ER-

Arshad and Liagat, 2018

CALUX assay with human T47D breast cells.
APMI. 109: 101-7.

[80]J. Cuzick, T. Powles and U. Veronesi. (2003).
Overview of the main outcomes in breast cancer
prevention trials. Lancet. 361: 296-300.

[81]S. Martino, J.A. Cauley and E. Barrett-Connor.
(2004). Continuing outcomes relevant to Evista,
breast cancer incidence in postmenopausal
osteoporotic women in a randomized trial of
raloxifene. Journal of the National Cancer Institute.
96: 1751-61.

[82] A. Howell, J. Cuzick and M. Baum. (2005). Results
of the ATAC (Arimidex, Tamoxifen, Alone or in
Combination) trial after completion of 5 years’
adjuvant treatment for breast cancer. Lancet. 365:
60-2.

[83]R.C. Coombes, E. Hall and L.J. Gibson. (2004). A
randomized trial of exemestane after two to three
years of tamoxifen therapy in postmenopausal
women with primary breast cancer. New England
Journal of Medicine. 350: 1081-92.

[84]C.K. Osborne, J. Shou, S. Massarweh and R.
Schiff. (2005). Crosstalk between estrogen receptor
and growth factor receptor pathways as a cause for
endocrine therapy resistance in breast cancer.
Clinical Cancer Research. 11: 865s-870s.

[85]J.E. Ruan, G.L. Anderson and R.L. Prentice.
(2005). Risks and benefits of estrogen plus
progestin in healthy postmenopausal women:
principal results From the Women’s Health
Initiative randomized controlled trial. JAMA. 28:
321-333.

[86] K.M. Mulac-Jericevic, N.L. Moore, T.E. Hickey,
H. Sasano and W.D. Tilley. (2004). Complexities
of androgen receptor signaling in breast cancer.
Endocrine-Related Cancer. 21: T161-T181.

[871R.B. Clarke, A. Howell, C.S. Potten and E.
Anderson. (2014). Dissociation between steroid
receptor expression and cell proliferation in the
human breast. Cancer Research. 57(22): 4987-
4991,

[88]B.M. Auperlee, K.B. Horwitz and A.H. Peter.
(2005). Progesterone receptors, their isoforms and
progesterone regulated transcription. Molecular and
Cellular Endocrinology. 357: 18-29.

[89]J.D. Mercado, M.L. Yager, H.D. Hill, K. Byth,
G.M. O’Neill and C.L. Clarke. (2004). Altered
progesterone receptor isoform expression remodels
progestin responsiveness of breast cancer cells.
Molecular endocrinology (Baltimore, Md.). 19:
2713-2735.

[90] Perrot and Milgrom. (2007). Breast cancer patients
with progesterone receptor PR-A-rich tumors have
poorer disease-free survival rates. Clinical Cancer
Research. 10: 2751-2760.

40



1JCBS, 14(2018):28-42

[91]M. Wen, P. Goss and K. Closs. (2009).
Progesterone synthesis and the risk of breast
cancer. New England Journal of Medicine. 344:
276-85.

[92]R.P. McDonnell, C.J. Proietti, M. Salatino, A.
Urtreger, G. Peluffo, D.P. Edwards, V.
Boonyaratanakornkit, E.H. Charreau, E.B. de Kier
Joffé and R. Schillaci. (2011). Progestin effects on
breast cancer cell proliferation, proteases activation
and in vivo development of metastatic phenotype
all depend on progesterone receptor capacity to
activate cytoplasmic signaling pathways. Molecular
Endocrinology. 21: 1335-1358.

[93]H.N. Hinshelwood, T.B. Doan and J.D. Graham.
(2008). Acquired convergence of hormone
signaling in breast cancer: ER and PR-transition
from functionally distinct in normal breast to
predictors of metastatic disease. Oncotarget. 5:
8651-8664.

[94]1 M. Fackler, F. Vaillant and K.J. Simpson. (2003).
Generation of a functional mammary gland from a
single stem cell. Nature. 439: 84-88.

[95]J.E. Brueckner, V. Chaudhary and R. Khokha.
(2004). Cellular turnover in the mammary gland is
correlated with systemic levels of progesterone and
not 17beta-estradiol during the estrous cycle.
Biology of Reproduction. 65: 680-688.

[96]P.A. Hewitt, H.W. Jackson and A.G. Beristain.
(2002). Progesterone induces adult mammary stem
cell expansion. Nature. 465: 803-807.

[97]L.M. Herynk, P.A. Rogers and J.E. Girling. (2004).
The role of progesterone in endometrial
angiogenesis in pregnant and ovariectomised mice.
Reproduction. 29: 765-77.

[98]R.B. Zhao, A. Howell, C.S. Potten and E.
Anderson. (2007). Dissociation between steroid
receptor expression and cell proliferation in the
human breast. Cancer Research. 57: 4987-4991.

[99]S.Z. Gompel, G. Shyamala and K. Raghav. (2014).
Progesterone receptors in normal mammary glands
of mice: characterization and relationship to
development. Endocrinology. 105(3): 786—795.

[100] J.L. Seagroves, Jr, S.S. Devesa and S.J.
Cutler. (2000). Incidence of cancer in United States
blacks. Cancer Research. 35: 3523-3536.

[101] N. Lee, H. Rooster, K.E.J. Veldhuis, G.C.
Van and Van. (2013). Brantegem L. Canine
mammary tumours, an overview. Reproduction in
Domestic Animals. 46(6): 1112-1131.

[102] H.N. Hilton, T.B. Doan and J.D. Garaham.
(2014). Acquired convergence of hormone
signaling in breast cancer: ER and PR transition
from functionally distinct in normal breast to
predictors of metastatic disease. Oncotarget. 5(18):
8651-8664.

Arshad and Liagat, 2018

[103] R.B. Clarke, A. Howell, C.S. Potten and
E. Anderson. (2000). Dissociation between steroid
receptor expression and cell proliferation in the
human breast. Cancer Research. 57: 4987-4991.

[104] G.E. Dressing, T.P. Knutson and M.J.
Schiewer. (2014). Progesterone receptor-cyclin D1
complexes induce cell cycle-dependent

transcriptional programs in breast cancer cells.
Molecular Endocrinology. 28(4): 442—457.

[105] S. Mallepell, A. Krust, P. Chambon and C.
Brisken. (2006). Paracrine signaling through the
epithelial estrogen receptor is required for
proliferation and morphogenesis in the mammary
gland. Proceedings of the National Academy of
Sciences of the United States of America. 103(7):
2196-2201.

[106] J.P. Saxonov, U.W. Mueller and H. Ji.
(2006). Wnt-4 activates the canonical catenin
mediated Wnt pathway and binds Frizzled-6 CRD:
functional implications of Wnt-catenin activity in
kidney epithelial cells. Experimental Cell Research.
298(2): 369-387.

[107] B. Esteller, B. Jerchow and M. Sachs.
(2001). Negative feedback loop of Wnt signaling
through up-regulation of conductin/axin2 in
colorectal and liver tumors. Journal of Molecular
Cell Biology. 22(4): 1184-1193.

[108] G.P. Skliris, K. Munot, S.M. Bell, P.J.
Carder and S. Lane. (2003). Reduced expression of
oestrogen receptor beta in invasive breast cancer
and its re-expression using DNA methyl transferase
inhibitors in a cell line model. The Journal of
Pathology. 201: 213-20.

[109] C. Li, Q.C. Yu and W. Jiang. (2011). R-
spondinl is a novel hormone mediator for
mammary stem cell self-renewal. Genes and
Development. 28(20): 2205-2218.

[110] S. Gaudet, G. Honeth and C. Ginestier.
(2009). Growth hormone is secreted by normal
breast epithelium upon progesterone stimulation
and increases proliferation of stem/progenitor cells.
Stem Cell Reproduction. 2(6): 780-793.

[111] I. Rody, H.A. Lillemoe and R.J. Blosser.
(2005). Next-generation transcriptome sequencing
of the premenopausal breast epithelium using
specimens from a normal human breast tissue bank.
Breast Cancer Research. 16(2): 26.

[112] J.K. Zhao, B.M. Jacobsen, N.G. Manning,
M.G. Abel, D.M. Wolf and K.B. Horwitz. (2003).
Differential gene regulation by the two
progesterone receptor isoforms in human breast
cancer cells. The Journal of Biological Chemistry.
277(7): 5209-5218.

[113] I. Brody, S. Arver and G. Beall. (2007).
The use of a sensitive equilibrium dialysis method
4



1JCBS, 14(2018):28-42

for the measurement of free testosterone levels in
healthy, cycling women and in human
immunodeficiency virus-infected women. The

Arshad and Liagat, 2018

Journal of Clinical Endocrinology & Metabolism.
83(4): 1312-1318.

42



