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ABSTRACT 
Advancements in medicine have increased life expectancy, notably impacting women's health due to lower estrogen levels 
post-menopause, which can contribute to age-related disorders like Alzheimer’s and mood disorders. 17β-estradiol (E2), a 
key hormone, affects neuroprotection and cognitive functioning by influencing neurotransmission and gene expression 
through estrogen receptors (ER). MicroRNAs (miRNAs) also play crucial roles in regulating physiological processes and 
are implicated in neurological functions and disorders, particularly in women as they age. Dysregulation of miRNAs can 
lead to conditions affecting the brain, heart, and lungs. The interaction between E2 and miRNAs in the brain suggests that 
estrogen modulates miRNA expression, affecting cognitive health. Estrogen receptors regulate miRNA biogenesis, 
affecting gene transcription and potentially serving as biomarkers for estrogen-related diseases. Further research is 
necessary to clarify estrogen's relationship with miRNA expression and its implications for neuroprotection. 
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1.INTRODUCTION 
Advancement in medicine and change in life style have 
increased the human life expectancy (Arias E, 2014). 
Particularly women survive longer than men. This 
alteration in life span makes the women to live with low 
estrogen constantly over a period of time which might lead 
to age related disorders like Alzheimer’s, dementia, and 
mood disorders. 17β-estradiol (E2) is the major circulating 
female reproductive hormone that is required for many 
physiological functions especially in brain. E2 is a steroid 
hormone plays a major role in neuroprotection .It reduces 
the risk of cognitive decline and enhance the 
neurotransmission via neurotransmitters. When the women 
attains post-menopausal period, the level of E2 falls below 
50 pg/ml that leads to loss of protective function 
andcognitive dysfunction. Estrogen effects are interposed 
by the estrogen receptor (ER) that confine to DNA and 
regulates gene expression. It controls the transcription of 
DNA base and translocation of the base excision repair 
enzymes among distinct intracellular compartments. Micro 
RNA’s (miRNA’s) is a short regulatory non-coding RNA’s 
which directly modulate estrogen-dependent gene 
expression through decreasing ERα mRNA stability or 
translation. It regulates various biological functions by the 

translation of genes encoding proteins. Recent 
investigations have showed that miRNAs are implicated in 
the control of brain development and functions. 
Reproductive hormones especially estrogen has an ability 
to regulate microRNA expression (Lam EW, 2012). It binds 
which influences gene expression, either directly or 
indirectly, to nuclear hormone receptors there is progressive 
decline in estrogen as age increases, which would results in 
alteration of MiRNA expression. The dysregulation of 
microRNAs leads to various pathologic conditions of the 
heart, lung and brain (Abe M, 2013). Expressions of 
MiRNAs differs in males and females (Marco A, 2013) . 
However, there is no much literature available to justify 
whether estrogen regulate any proteins that are linked to 
miRNAs stabilization pathways but still it exists as a 
hypothesis. Hence in this review we emphasize the role of 
female reproductive hormone on biosynthesis of MiRNAs. 
Identification of estrogen regulated MiRNA can be used as 
a biomarker in estrogen associated diseases. 
MiRNAs in CNS: 
MicroRNAs regulate various physiological processes like 
cell growth, development, morphogenesis, maturation and 
apoptosis (Zhou Y, 2013). Micro RNA’s takes part in 
various neurological functions including neuronal 
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development (miR-430, miR-9, miR-10) (Delaloy C, 2010) 
and neuronal cell maintenance (miR-29a/b, miR-134) 
(Lippi G,2011). The expression of MiRNAs is found to be 
down regulated as age advances which leads to 
neurodegenerative disorders (Kumar A, 2013). MiR-
125a/b, miR-495 and miR-181 are dissimulated in 
Alzheimer’s disease. These microRNAs targets the β-site 
amyloid precursor protein cleaving enzyme-1 (Somel M, 
2010). Hormonal regulation of microRNAs is attributed to 
neurodegenerative disorders (Morgan CP, 2011). It is also 
speculated that sex chromosomes could regulate 
microRNAs in neurodegenerative disorders (Morgan CP, 
2012).Specific MiRNAs are expressed in brain which 
involves in maturation of cortical neurons. There is 
progressive loss of MiRNA, death of Purkinje neurons, and 
cerebellar degeneration due to deficiency of Dicer, the key 
ribonuclease in MiRNA biogenesis (Davis TH, 2008). 
Some miRNAs are involved in regulation of Aβ production 
which is involved in pathogenesis of AD (Idda ML, 2018). 
MiR-132 plays a major role in cleavage of Tau protein. Tau 
is degraded by several proteases facilitating its breakdown 
and clearance. Accumulation of these fragments become 
aggregated to form neurotoxic (Rissman RA, 2004). Tau 
cleavage by calpain 2 produces a 17 kDa neurotoxic 
fragment that are found in the brains of patients with 
tauopathy (Reinbeck JB, 2011). Calpain and p35 cleaves 
Tau, which is the main activator of Cdk5. p35 is converted 
into p25 that causes hyperactivation of both Cdk5 and 
GSK3β and consequently tau hyperphosphorylation 
(Kurbatskaya K, 2016). Thus, miR-132 is a key modulator 
of Calpain 2 which is found in the nervous tissue that might 
increase the risk of developing AD. Similarly, miR-101 
(Vilardo et al., 2010), miR-16 (Liu et al., 2010) and miR-
153 (Long et al., 2012) have also been shown to down-
regulate APP expression. In addition, the decreased level of 
miR-153 was responsible for the formation of Aβ in AD 
patients. Tiribuzi et al.. (2014) reported that the elevated 
miR-128 might hinder the clearance of Aβ and the Aβ 
degradation was improved when it was suppressed. It has 
been shown that expression levels of miR-125b are 
dramatically enhanced in non-familial AD patients (Jin et 
al, 2018). miR-138 expression level is up-regulated in AD 
patients. Wang et al., (2015) reported that miR-138 might 
directly target retinoic acid receptor alpha to suppress 
glycogen synthase kinase-3b (GSK-3β) activity. They also 
proved that miR-138 was able to induce Tau 
phosphorylation in N2a/APP and HEK293/tau cells through 
the RARA/GSK-3β pathway (Wang et al., 2015). There is 
a remarkable elevation of miR-26b in the brain tissue of AD 
patients. Some of the MiRNAs such as miR-9 and miR-132 
were down regulated in hippocampal area and medial 
frontal gyrus specific. MiR-124 and miR-128 are neuron-
specific whereas miR-23, miR-26 and miR-29 are 
expressed in astrocytes (Zeng Y, 2009). MiR-195 is 
differentially expressed in relation to age and shows 
inversely proportion to age (Von, 2005).The hippocampus 
region in the brain is responsible for learning and memory 
which regulates synaptic plasticity. Two miRNAs: miR132 
and miR-134 are highly expressed in the hippocampus 
(Olsen L, 2009). MiR-132 was found to be regulated by 

BDNF via CREB activation (Magill ST, 2010). Particularly 
miR-124, miR-125a, miR-9, miR181a and miR-29 gets 
altered in aging brain (Somel M, 2010). 
Regulation of MiRNAs by sex chromosome: 
The sex chromosome differentially controls the expression 
of microRNAs. Males and females differ in their gene 
expression. Since males have single X chromosome on the 
gene, they are more likely to suffer from diseases caused by 
recessive mutations. The X chromosome contains a high 
density of microRNAs. The X chromosome encodes 113 
microRNAs and the Y chromosome only 2, according to 
microRNA archive (www.miRBase.org 2013). In humans, 
about 15% of genes encoded by the inactive X chromosome 
(Song R, 2009), which in some cases results in higher 
expression of the X gene in females than in males. 
MiRNAs and Estrogen: 
Estradiol is a well-established key for neurobiological 
processes, including memory and mood. The risk of 
developing mild cognitive impairment, dementia and 
Alzheimer’s disease (AD) that affect learning and memory 
processes is increased in post-menopausal women (Zandi 
PP, 2002). Estradiol mainly mediates gene transcription 
through the estrogen receptor α (ERα) and β (ERβ) which 
bind to the promoter region and induce transcription (Paris 
O, 2012). Estrogen signalling is closely linked to epigenetic 
mechanisms. Gene expression is affected by ERs through 
covalent modifications of histone, microRNAs (miRNAs) 
and DNA methylation. Some of the co-regulators are 
involved in the epigenetic mechanism that causes 
posttranslational changes to the histone proteins. Specific 
epigenetic changes are required for the  of transcription. 
Moreover, estrogen signalling is potentially influenced by 
various factors such as different pathologies, aging and 
environmental factors that may induce epigenetic changes 
(Kuhlmann JD, 2012). Estrogen receptors in the brain have 
specific expression patterns, which causes the marked 
expression of estradiol-responsive genes in the brain in 
post-menopausal women. E2 plays a major role in miRNA 
expression the brain. Thus, 5 specific miRNAs have been 
found to be associated with E2 namely Let-7i, miR-7a, 
miR-9, miR-9-3p and miR 495.Aging modifies brain miR-
7a in regions involved in anxiety and memory (Gao J, 
2010). ER alpha affects drosha and participates in the 
maturation of several miRNAs (Zhang QG, 2009). MiR-9 
and miR-9-3p arise from the same primary MiRNA 
transcript (pri-miRNA) under the control of E2 (Moore RL, 
2012). 
Estrogen acts through gene transcription by attaching to 
ER’s which serve as transcription factors on gene 
promoters, in addition to estrogen modulators the gene 
expression at the post-transcriptional level by microRNAs 
(miRNA). MiRNAs are small non-coding RNAs that 
regulate gene expression by translational repression of 
target mRNAs (Selbach M, 2008) and thus decrease the 
protein products of those genes. E2 interacts with MiRNA 
biogenesis by estrogen through several potential regulatory 
points. Initially RNA polymerase II (Pol II) transcribes 
miRNAs from the genome. Secondly, the miRNAs are 
under  post-transcriptional control by a series of RNase III 
enzymes that sequentially cleave the primary transcript (pri-
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miRNA) into shorter fragments and work in tandem with 
several cofactor proteins, some of which are regulated by 
estrogen (Heo I,2008). E2 regulates miR-26a located in 
dendrites of neurons. These findings shows that E2 may 
enhance synaptic plasticity through miR-26a. In the 
hypothalamus, let-7i, miR-7a, miR-9 and miR-9-3p were 
regulated by ERβ.MiR-30b was shown to be regulated by 
estrogen (Mellios N, 2012). It is found that miR-218 is 
associated with estrogen receptor on Tau phosphorylation. 

The miR-218 was up-regulated by estrogen receptor α and 
inhibits protein tyrosine phosphatase α (PTPα) (Xiong, 
Y.S., 2015). Estrogen has been demonstrated to protect 
neurons from inflammation by inhibiting the activation of 
inflammatory markers (Wen, et al., 2004). Thus, the list of 
ER-regulated miRNAs was tabulated below. However, this 
protection may be reduced in case of postmenopausal 
women, making them more susceptible to age related 
disorders 

 
Table 1: MiRNAs expressed by ERα 

Upregulation  miR-19a,miR-19b,miR-
20a,miR 20b,miR-25,miR-
101,miR-135a,miR-190a, miR-
191 miR-196a2,miR-203,miR-
424,miR-425, miR-760, miR-
942, miR-944 

CastellanoL,2009;ZhaoJ,2013;Chu 
HW,2014;DiLevaG,2013;Cicatiello 
L,2010;FerraroL,2012;KimK,2013; Nagpal 
N,2013 

Down regulation  let-7g,miR-16,miR-21,miR-
23a,miR-26a,miR-26b,miR-27a 
miR-34b miR-107,miR-
125a,miR-140,miR-143, miR-
145,miR-181b,miR-181c,miR-
195,miR-203,miR-206,miR-
221, miR-222, miR-515-5p, 
miR-570, miR-618 

AdamsBD,2007;CastellanoL,2009; 
WickramasingheNS,2009;ZhangY,2012; 
CicatielloL,2010;FerraroL,2012;Pinho 
FG,2013;LeeYM,2011;YuX,2012; Yamagata 
K,2009; Di Leva G,2010; Qian P,2011 

 
Table 2: MiRNAs expressed by ERβ: 

Upregulation  miR-10a miR-10b miR-23b miR-24-1 miR-27b 
miR-191 miR-205 

Paris O,2012; Edvardsson 
K,2013; Nagpal N,2013 
 

Down regulation  miR-9 miR-9-3 miR-17 miR-18a miR-18b miR-19a 
miR-19b miR-20a miR-20b miR-21 miR-24 miR-25 
miR-27b miR-30a miR-30b miR-31 miR-92a miR-
106a miR-135a miR-135b miR-140-5p miR-142-3p 
miR-155 miR-183 miR-192 miR-194 miR-196a 
miR-200a miR-200b miR-221 miR-301a miR-590-
5p 

ParisO,2012;Edvardsson 
K,2013;HeYQ,2012;Queiros 
AM,2013 

 
Table 3: MiRNA expressed by ERα and/or ERβ-mediated: 

Upregulation  let-7a let-7b let-7c let-7d miR-98 miR-106a miR-
128a miR-130blet-7e let-7f let-7g let-7i miR-7 miR-
17 miR-18a miR-21 miR-27a miR-92a-1 miR-148a 
miR-155 miR-182 miR-200b miR-205 miR-223 
miR-320 miR-451 miR-486 miR-708 

Zhao J,2013; Nothnick 
WB,2010; Dai R,2008; 
Bhat-Nakshatri P,2009; 
Masuda M,2012; Zhang 
C,2013; Wang G,2010; 
ZhangR,2012;Cochrane 
DR,2010 

Down regulation  let-7e miR-23b miR-27b miR-30c miR-125b miR-
126 miR-146a miR-181a miR-200c miR-204 miR-
208 miR-429 

Zhao J,2013; Maillot 
G,2009;NothnickWB,2010; 
Dai R,2008; Kong X,2014 

 
Table 4: MiRNA expressed by GPER1-: 
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Down regulation  miR-338-3p Jacovetti C,2012 

 
ER – estrogen receptor; miRNA – microRNA; GPER1 
– G protein-coupled estrogen receptor 1 (Vrtacnik P. et 
al., 2014) 
 
MiRNAs and Progesterone: 
Progesterone is a C21-steroid hormone that plays a role in 
many different physiological function in the body because 
it is expressed in neurons and glial cells (Baulieu and Robel, 
1990). It is regulated via genomic mechanisms of PR 
(Progesterone Receptor). These PRs belongs to class of 
nuclear receptors that regulate proliferation, growth and 
differentiation (Vázquez-Martínez et al., 2014). Human 
nuclear PR is a single gene which is located on chromosome 
11. The expression of major mRNA transcripts encoding 
through classical PR-A and PR-B that are regulated by two 
promoters of the PR gene (Patel et al., 2015). Estrogen also 
activates PR-A/B promoters by binding to the proximal part 
of the promoters containing estrogen-response-elements 
(Jacobsen and Horwitz, 2012). Progesterone is involved in 
regulating neuronal plasticity in normal brain function, and 
it reduces anxiety and depression (Pineles et al., 2018). 
Progesterone has an important role in promoting 
myelination by oligodendrocytes and Schwann cells (Melfi 
et al., 2017). Progesterone binds to progesterone receptor in 
the cytoplasm, resulting in receptor dimerization, 

translocation into the nucleus and trigger regulation of 
DNA transcription (genomic mechanism) which facilitates 
synaptogenesis. Several potential miRNA binding sites in 
the 3’ UTR of PR mRNA that may alter expression of these 
receptors (Toms et al., 2015).Progesterone mediates its 
effects on CNS via regulation of some miRNAs. Therefore, 
more knowledge is required to identify the MiRNA 
regulated by progesterone. 
 
CONCLUSION: 
Estrogen signaling and epigenetic regulation are essential to 
maintain cell and tissue homeostasis. Some of the 
epigenetic changes are inherent to the transcriptional 
regulation of estrogen through co-regulators that may 
enhance the signalling pathway. In this review, we focused 
on the role of estrogen in miRNA expression. The 
physiological function of estrogen depends on ER’s within 
intracellular. Furthermore, both age and estrogen can 
modulate the MiRNA profiles by regulating the MiRNA 
biosynthesis pathways. Future research is essential to 
investigate the purpose of Estrogen in the biogenesis of 
MiRNA expression which plays a vital role in  
neuroprotection and also serve as a biomarker clinically 
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