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Review Article

Role of Estrogen and Progesterone in Human Disorders - An Overview
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ABSTRACT

Estrogen and progesterone are considered to be female sex hormones and play a widespread role in
human physiology. Apart from reproduction, they also have role in cardiovascular health, cognition, bone
integrity, immunity and cell proliferative actions. Estrogen and progesterone exert their action through
estrogen receptors (ER) a and (3, and progesterone receptor (PR) A and B respectively via genomic and
non-genomic pathways. In cardiovascular disorders such as atherosclerosis, these hormones are found to
have cardioprotective as well as antioxidant effect. Beta amyloid accumulation reduces in presence of
estrogen and progesterone thereby they decrease the progression of neurodegenerative disorder such as
Alzheimer’s disease. Additionally estrogen and progesterone are found to exert beneficial effect in
Parkinson’s disorder. Estrogen and progesterone affects calcium metabolism and thus prevent the
occurrence and progression of Osteoporosis. However in diseases such as systemic lupus erythmetosus
(SLE), these hormones aggravate immune response and play a pathological role in development of
disease. These both female sex hormones are the key hormones to be involved in breast cancer. They are
found to stimulate proliferation and enhance the invasiveness of breast cancer cells. Thus the role of
estrogen and progesterone in occurrence and development of various diseases is complex and
controversial. This review briefly summarizes the role of Estrogen and progesterone in development and

progression of various diseases.
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INTRODUCTION

Sex steroid hormones including estrogen
and progesterone have been traditionally
identified for their role in reproduction. The
major endogenous estrogens include
estradiol, estrone, and estriol whereas
major progesterone is progestin [1]. The
most potent and dominant estrogen in
humans is 17-f3 estradiol (173-E2), however
lower levels of estrone and estriol are also
present [2]. They act by paracrine manner
or circulate to act on target tissue in
endocrine manner [1]. From the past few
decades, hormone replacement therapy
(HRT) has been used for the treatment of
the postmenopausal symptoms. Studies
suggested that HRT may reduce the
incidence of coronary heart disease (CHD),
fractures, and colorectal cancer but may
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increase the incidence of endometrial
cancer, breast cancer, stroke, and venous
thromboembolism [3]. So, in present
review, we summarize the
pathophysiological and/or protective role
of estrogen and progesterone in
development and progression of various
diseases.

Mechanism of Action of Estrogen and
Progesterone Receptors

Estrogen and progesterone act via Estrogen
and Progesterone receptors, the member of
nuclear receptor superfamily. The biological
effects of estrogen and progesterone is
mediated through estrogen receptors (ER)
a and (3, and progesterone receptor (PR) A
and B respectively through genomic and
non-genomic pathways [2, 4]. The genomic
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pathway includes binding of these
hormones to specific ligand binding
domain (LBD) and induce conformational
changes in the receptors, followed by the
separation of the receptor from cytoplasmic
chaperone proteins such as heat shock
protein 90 (Hsp90). This results in the
dimerization of the ligand bound receptor
and its binding to the steroid response
elements on promoter region of target gene
resulting in regulation of gene expression
via interaction with transcription
machinery [5]. Estrogen and progesterone
also act via non-genomic mechanisms. The
non-genomic actions are independent of
gene transcription or protein synthesis and

Steriod o

hormones O il

.
.

r
A

/! Receptor

Protein-kinase
,,f cascade

\ Growth factor
receptor

—

\\“E“;Evtoplasm

5 G-protein coupled il

involve steroid-induced modulation of
cytoplasmic or cell membrane-bound
regulatory proteins. Regulatory cascades
such as mitogen-activated protein kinases
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modulated through non-transcriptional
mechanisms of steroid hormones [6]. This
hormones have been found to be involved
in the regulation of cell membrane ion
channels, G-protein-coupled receptors
(GPCRs), tyrosine kinases, MAPK and also
have shown to activate adenylatecyclase
production, as well as trigger activation of
phospholipase C (PLC) [5] (Fig. 1).
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Figure 1: Genomic and Non-genomic Actions of Steroid Hormones [7]

The events in (Fig. 1) are described as
follows 1. In the nucleus the hormone
bound receptor interacts with transcription
factor and bind to responsive elements on
DNA, controlling gene expression. 2. Non
genomic actions are mediated by binding of
hormones to membrane bound receptors
and phosphorylation of steroid hormone
receptor via protein kinase cascade thereby
binding of phosphorylated receptor to DNA,
regulating gene expression. 3. Hormone
binding to membrane receptor may also
phosphorylate transcription factors that
bind to their own response element
genome, via protein kinase cacade and
regulate gene expression. 4. The effects that
are not dependent on transcription and
protein synthesis are mediated through the
activation of G-protein coupled receptors by

Priyanshee Gohilet.al, IJPRR 2014; 3(3)

steroids. 5. Transcription factor(TR), cyclic
adenosine monophosphate(cAMP), protein
kinase A(PKA), phospholipase C(PLC),
inositol 1,4,5-triphosphate(IP3),
diacylglycerol(DAG), protein kinase C(PKC)
[7].

The physiological effects of estrogen and
progesterone are well known but limited
information is  available for their
pathophysiological effect in genesis of
various disorders. Estrogen and
progesterone are considered to be involved
in development and progression of
following disorders.

Cardiovascular Disorders

Over a quarter million women aged 50-75
yr die of coronary artery disease (CAD) in
the United States each year. This is due to
the natural state of estrogen deficiency
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during menopause. There are accumulating
evidences about the protective role of
estrogen in coronary artery disease.
Estrogen have been found to increase high
density lipoprotein (HDL) level as well as
decrease low density lipoprotein (LDL)
level and LDL oxidation. Action of
progesterone is frequently described as
opposite to that of estradiol. Progestins are
found to decrease HDL level and increase
LDL levels, however the effects of
progesterone are controversial  [8].
Estrogen relaxes the coronary artery
system by acting through MAPK and PI3K,
as well as reduces intracellular calcium
levels [9]. Booth et al.2003, studied receptor
mediated cardioprotective effects of 17f3-
estradiol in rabbits where it was found that
estradiol decreased the myocardial infract
size resulting from coronary artery
occlusion and reperfusion, in a dose
dependent manner [10]. Studies showed
that  estrogen  reduces  superoxide
production by modulating nicotinamide
adenosine dinucleotide phosphate (NADPH)
oxidase in endothelial and vascular smooth
muscle; there by exerting antioxidant effect.
Thus long term depletion of estrogen may
result in endothelial dysfunction due to
increased production of superoxide [11].
Estradiol cause hyperpolarization of
vascular smooth muscle cells (VSMC) by
acting on T and L type of calcium channels
resulting in attenuation of myocardial and
vascular contractility. Estradiol also inhibit
VSMC and extracellular matrix formation
suggesting its antiatherogenic effect of
estradiol [8]. It was also found that
hormone replacement therapy (HRT) with
estrogen in postmenopausal women
showed prolongation in QT- interval [12].

In contrast to estrogen, progesterone
increase the degradation of HDL by
inducing hepatic lipase activity however
this effect depends on the biochemical
structure and dose of progesterone e.g.
medroxyprogesterone acetate (MPA) have
little effect on lipid profile whereas
levonorgestrel showed 20-30% reduction of
HDL cholesterol [13]. Vazquez et al.1999,
evaluated the effect of progesterone on
endothelial cell proliferation and it was
found that the rate of re-endothelialization
decreased in wild-type mice in the presence
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of progesterone, whereas there was no
difference between control and
progesterone treated progesterone
receptor knockout mice [14].
Neurodegenerative Disorders

Ion flux plays an important role in
controlling neuronal function. Estrogen and
progesterone activates the GPCR in rat
neurons, thus rapidly suppress ion currents
through L-type Ca+** channels. They have
also been found to attenuate K+
conductance and to induce depolarization
of hypothalamic neurons via cyclic
adenosine monophosphate (cAMP) [15].
Female sex hormones have been found to
play a role in neurodegenerative disorders
such as Alzheimer’s disease (AD) and
Parkinson’s  disease = (PD). Estrogen
replacement therapy have also been
suggested to postmenopausal women
suffering from Alzheimer’s disease as well
as to decrease the progression of the
disease indicating protective effect of
estrogen in these diseases.

Studies showed that steroid deprivation via
overiectomy (0VX) altered
acetyltransferase (ChAT) activity and
cholinergic receptor density in rats [16].
Muscarinic cholinergic M4 receptors are
found in abundance in neostriatum and in
moderate levels in the hippocampus and
cortex. Overiectomy showed significant up-
regulation of muscarinic Ms receptors in
hippocampus, frontal cortex and
hypothalamus. This suggested that estrogen
receptor exist on the cholinergic neurone
and due to OVX, estrogen deficiency failed
to stimulate estrogen receptors which in
turn failed to stimulate the release of
acetylcholine [17].

Beta-amyloid protein (Af) accumulation in
hippocampus and cerebrocortical regions
plays a critical role in initiation and
progression of  Alzheimer’s disease.
Proteases involved in A degradation and
its clearance include insulin-degrading
enzyme (IDE), neprilysin (NEP), endothelin-
converting enzymes-1 (ECE1) and 2 (ECE2),
angiotensin-converting enzyme (ACE) and
transthyretin (TTR). Study of estrogen and
progesterone on neuronal cultures showed
that estrogen regulates the m-RNA
expression of IDE, ACE, and ECE2 in dose
and time dependent manners whereas
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progesterone regulates the expression
levels of IDE, ACE, and TTR mRNA [18].

Estrogen and progesterone activate
tyrosine kinase and MAPK thereby exerting
neuroprotective effect against glutamate
induced excitotoxicity. However
progesterone and 19-norprogesterone, and
not medroxyprogesterone acetate (MPA),
decreased neuronal damage induced by
glutamate excitotoxicity. 17f3-estardiol has
been found to increase the expresision of
antiapoptotic protein Bcl-2 in neuronal
cultures and neural cell lines. Progesterone
or 19 norprogesterone, administered alone

or in conjunction with 173-E2, showed
increased Bcl-2 expression [19].
17B-estradiol has shown to prevent the
formation of A by promoting the non-
amyloidogenic «-secretase processing of
amyloid precursor protein (APP) [20]. The
non-amyloidogenic APP processing involves
MAPK signaling including activation of
extracellular-regulated kinases 1 & 2
(ERK1/2) [21]. Besides estradiol also has
the ability to increase amyloid beta-protein
(AB) uptake by microglia as well as prevent
AP peptide formation by neurons [22] (Fig.
2).
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Figure 2: Estrogen Exerting Multiple Neuroprotective Functions [20]

Estrogen and estrogen receptors (ERa,(3)
complex translocate to the nucleus and bind
to ER-responsive elements on the genomic
DNA leading to the transcription of neuro
protection modulators, such as nerve
growth factor receptors (NGF-R) and the
induction of non-amyloidogenic amyloid 8
protein precursor protein (APP) processing,
leading to the generation of soluble APPs
(aAPPs) [transcription factor and genomic
activity]. The phenolic structure of estrogen
has antioxidant activity that is independent
of ER activation. Therefore, estrogen is a
free-radical scavenger of reactive oxygen
species (ROS) produced by amyloid f
protein (AB) or glutamate [free-radical
scavenger and antioxidant activity].
Estrogen modulates the function of
membrane receptors that might modulate
neuronal transmission. Estrogen might
interact with various intracellular signaling
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pathways such as mitogen-activated
protein kinase (MAPK), cAMP-response-
element-binding protein (CREB),
extracellular regulated kinases (ERKSs),
nuclear factor kB (NF-kB, and indirectly
exert genomic effects by modulation of
various transcriptional program
(intracellular signalling) [20].

Estrogen has been shown to maintain the
dopaminergic neurons in substantia nigra
of primates. Overiectomy resulting in
estrogen deficiency showed decrease in
density of dopaminergic neurons in
substantianigra suggesting the role of
estrogen in Parkinson’s disease. The exact
mechanism of protective action of estrogen
on dopaminergic neurone is not known
however the antiapoptotic activity of
estrogen might be responsible for exerting
the neuroprotective action against the 1-
methyl-4-phenyl-1,2,3,5-
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tetrahydropyridine (MPTP) induced
neurotoxicity [22, 23]. Estrogen also act
indirectly by activating the insulin-like
growth factor-1(IGF-1) receptor to protect

against  6-hydroxdopamine  (6-OHDA)
induced neuronal loss in PD animal model
[22].

Osteoporosis

In postmenopausal women, the rate of bone
resorption increases rapidly, resulting in
calcium imbalance, leading to osteoporosis.
Estrogen and progesterone affects the
calcium metabolism thereby suggesting
their role in osteoporosis. Estrogen such as
17B-estradiol and progesterone such as
gestronolhexanoate and norethisterone are
used as hormone replacement therapy in
osteoporosis of postmenopausal women
[24]. Estrogen via ERa signaling exert
collagen type -II and cartilage protective
actions in collagen induced arthritis (CIA)
thereby reducing the severity of arthritis
and progression of osteoporosis in mice
[25]. It has also been found that decrease in
progesterone in postmenoposal women
cause decrease in bone mineral density
(BMD) leading to rapid bone loss [26].

Pro-inflammatory cytokines induced
osteoclast cells (0OC) formation is
responsible for bone resorption in
osteoporosis. Osteoclast formation occurs
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when monocytes are co-stimulated by
osteoclastogenic factors such as receptor
activator of nuclear factor-kappa B ligand
(RANKL), and macrophage colony
stimulating factor (M-CSF)[27]. These
factors via acting through RANK and TNF
receptors activate nuclear factor-kappa B
(NFkB) and Jun N-terminal kinase (JNK)
intracellular signaling thus increases the
differentiation and activity of OC and
decrease the apoptosis of OC. Cytokines
such as interleukin-1 (IL-1), interleukin -6
(IL-6) and tumor necrosis factor-a (TNF-a)
increases the signaling of RANKL and M-CSF
whereas prostaglandin E, increase RANKL
signaling. Transforming growth factor-$
(TGF-B) increase the apoptosis of OC and
osteoprotegerin (OPG), a soluble decoy
receptor neutralizes RANKL thereby
decreasing bone resorption[28-30].
Estrogen has been found to inhibit IL-1 and
TNF-a mediated stimulation of IL-6, thus
regulate differentiation and expression of
osteoclast cells thus improving the bone
mineral density [31, 32]. Estrogen also
increase the activity of OPG and TGF-3 [28].
Progesterone has been found to upregulate
TGF-B isoforms such as 1, B2 and B3 in
human osteoblasts thus contributing to
promote bone formation [33] (Fig. 3).
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Figure 3: Positive (+) and Negative (-) Effect of Estrogen on Cytokines involved in

Regulation of Osteoclast Cell Function [28]

Stimulatory factors for osteoclastogenesis are shown in orange and inhibitory factors are shown in blue.
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Autoimmune Disease

Female sex hormones have been studied for
many years for its role in immune system.
Estrogen receptors ER-a and ER-§3 are also
expressed in immune cells such as T, B
lymphocytes, natural killer (NK) cells,
macrophages and dendritic cells (DCs)
where as progesterone receptors are
expressed in NK cells and tissue
macrophages [34-36]. Estrogen and
progesterone had shown modulatory effect
on functions on cells of the immune system,
including macrophages, NK cells, DCs, T

cells and B cells (Fig. 4). It was found that
17B-estradiol modulate the ability of
macrophages to produce various cytokines
such as IL-1, [L-6 and TNF-a. During
pregnancy at the foetal-maternal interface,
natural killer (NK) cells possess high
concentrations of perforin that mediates NK
cell cytotoxicity. Progesterone lowers the
NK cell activity and thereby contributes to
successful continuation of pregnancy. Thus
estrogen and progesterone have shown
immunomodulatory effects [36-38].
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Figure 4: Estrogen Receptors in Immune cells. Functional Receptors are found in
Macrophage, T-cells and B-cells (red circles)[35]

Role of estrogen and progesterone have
been widely studied for autoimmune
disease  such as  systemic lupus
erythematosus (SLE). Estrogen have been
found to involved in the development of T
helper cell-2 (Th2) and induce B-cell
hyperactivity leading to generation of more
auto-antibodies [39]. Estrogens and their
catechol metabolites alter immunogenicity
of DNA leading to induction and elevation
levels of SLE autoantibodies crossreacting
with native DNA [35]. Further estradiol and
progesterone have been found to increase
the expression of antigen presenting
dendritic cells resulting in production of IL-
1, IL6 and TNF-a [35, 39]. Estradiol also
upregulate the m-RNA expression of T-cell
markers such as calcineurin and CD154 in
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patients with SLE [34]. This suggests that
exogenous estrogen and progesterone may
aggravate the inflammatory response in SLE
[40].

Breast Cancer

Estrogen and progesterone are the major
hormones involved in growth and
regression of breast cancer. Both estrogen
and progesterone receptors are involved in
breast cancer. It was found that breast
tumor regression was higher in estrogen
and progesterone combination treatment
than in progesterone alone. A moderate to
higher dose of estrogen alone can cause
mammary gland tumor, however patients,
who were found to fail to regress towards
estrogen alone, responded towards
estrogen and progesterone combination
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[41, 42]. Progestins are found to stimulate
proliferation, inhibit apoptosis and enhance
invasiveness of breast cancer cells [43].
Estrogen receptors are directly targeted in
breast cancer using selective estrogen
receptor modulators (SERM) such as
tamoxifen and reloxifen as competitive
antagonist or by pure antiestrogens such as
fluvestrants. [44]

It has been suggested that estrogen
metabolites are also responsible for breast
cancer. Estrogen metabolites like catechol
estrogen-3,4-quinones (CE-3,4-Q) and to a
much lesser extent, catechol estrogen-2,3-
quinones (CE-2,3-Q) affecting the formation
of DNA adducts, carcinogenicity,
mutagenicity, and cell transformation can
result in  critical DNA mutations that
initiate breast, prostate and other cancers
[45].

Estrogen receptors and progesterone
receptors are expressed in both normal
breast and in breast carcinoma. Esterogen
receptor-a expression dramatically increase
in early hyperproliferative premalignant
phase. Progesterone receptor is an estrogen
regulated gene, and requires estrogen and
ER for its synthesis in normal and cancer
cells. Interaction of ER and PR with breast
cancer susceptibility gene 1(BRCA1) have
been studied in development of breast
cancer. Breast cancer susceptibility gene 1
is the ligand independent co-repressor of
ER and PR. Mutation of BRCA1 has been
implicated for the development of breast
cancer. Excessive signaling of ER and PR
lead to mutation in BRCA1 leading to

BRCA1 mutant cancer [46-48]. Moreover
mifepristone (antiprogestin) treatment in
mice that lack the murine homologues of
BRCA1 and p53, two tumour suppressors
that are frequently mutated in breast
cancer, has been shown to prevent
mammary tumourogenesis, suggesting the
role of progesterone in breast cancer [49].
In order to study the molecular mechanisms
of estrogen, progesterone and their
receptors, nuclear-initiated steroid
signaling (NISS) and membrane-initiated
steroid signaling (MISS) pathways have
been elucidated using breast cancer cells
[46, 50] (Fig. 5). Growth factors, such as
insulin-like growth factor-I(IGF-I),
epidermal growth factor (EGF), heregulin,
and transforming growth factor alpha,
neurotransmitter such as dopamine,
signaling molecules such as cyclic
adenosine monophosphate, and membrane-
permeable phosphatase inhibitors via NISS
pathway increase the phosphorylation of
ER and its co-regulator (CoR). Several key
signaling kinases, including the mitogenic
ERK1/2, the stress-related kinases I kappa
B kinase, c-Jun NH2 terminal kinase (JNK),
and the p38 MAPK, have all been suggested
to phosphorylate members of the p160 SRC
family of co-activators [44,46, 51].

Through the MISS events estradiol was
found to activates the SHC1/MAPK1/3 and
phosphoinositide-3-kinase/AKT1 pathways
that are likely to be the major effectors of
cell proliferation and cell survival in cancer
[50].
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Figure 5: Major pathways for action of ER in breast cancer cells [46]
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NISS (Nuclear-Nitiated Steroid Signaling),
HB-EGF (Heparin Binding Epidermal
Growth Factor), MISS (Membrane-Initiated
Steroid  Signaling), SERM  (Selective
Estrogen Receptor Modulator), P
(Progesterone), CoR (Co-Regulator), E2
(Estradiol), ERE (Estrogen Response
Element).

All three members of the steroid receptor
co-activator (SRC) family have been found
to interact with the PR and enhance its
transcriptional activation in a ligand-
dependent manner [48]. Progesterone has
been found to induce cell proliferation via
activation of endothelial growth factor
(EGF) and transforming growth factor-a
(TGF-a) [52].

It has also been found that ERa, PRA, and
PRB induce robust proliferation in both the
normal mammary gland and hormone-
dependent mammary cancers through the
induction of amphiregulin (Areg) which acts
as an autocrine/paracrine EGFR ligand and
result in activation of intracellular signaling
pathways (Erk, Akt, JNK) downstream of
EGFR that regulate proliferation in breast
cancer [53].

Conclusion

Estrogen, Progesterone and their receptors
have been implicated for development and
progression of various disorders. They have
been found to exert protective effects in
cardiovascular disorder such as
atherosclerosis, neurodegenerative as well
as disorders such as osteoporosis. However,
a detailed investigation on diseases such as
cardiac  arrhythmia,  neuropsychiatric
disorder and rheumatoid arthritis is
needed. Estrogen and progesterone
receptors also play a role in pathogenesis of
disease like breast cancer. Targets for
estrogen receptors in breast cancer are
documented but estrogen receptor targets
for prostate cancer, ovarian cancer and
colon cancer are yet to be established.
Further, estrogen and progesterone have
been identified to aggravate autoimmune
disease = such as  systemic lupus
erythmatosus. Future studies to understand
how the hormonal changes regulate
immune response must be considered. Thus
activation or inactivation of ER and PR can
be used as new therapeutic strategies for
the prevention and treatment of diseases.
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The traditional estrogen and progesterone
agonist and antagonist used for treatment
of certain disorders aggravate
complications in the therapy by acting on
other tissues, thus development of tissue
specific agents might dampen the risk
associated with the conventional therapy.

Thus, further research at molecular level

may provide important insights to clarify

the role of estrogen and progesterone in
various human disorders.
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