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Abstract:

Erectile dysfunction (ED) is a global sexual disease of males characterized by a poor impact on many
aspects of the lives of both husbands and wives. Although the incidence of ED rises significantly with age,
the authors reported that fifty to seventy percent of males in the age range of fifty to seventy years were
normal as regard erection. Despite the high magnitude of the problem, not all patients search for medical
advice; only 50 % of them interested in solving the problem. The authors classified erectile dysfunction into
two categories, one occurs in males with decreased sexual desire and the other occur with normal desire. As
regards the aetiology of erectile dysfunction, the authors classified the causes as arteriogenic, venogenic, and
neurogenic. Also, there are other causes such as anatomical, hormonal, and drug-induced. Some patients
with ED may complain of psychogenic factors. The role of microRNAs in erectile dysfunction is a recent
theory. MicroRNAs (miRNAs) are ribonucleic acids with 22 nucleotides in length that are characterized by
being single-stranded non-coding molecules. Nowadays, these single- stranded RNA molecules play a role
in the development of different disorders. These disorders are related to miRNAs molecules: cardiovascular
disease, diabetes, neurological dysfunction, and metabolic syndrome. MiRNAs have an essential role in
male infertility and ED. MiRNAs may be as biomarkers and novel therapeutic targets for ED. The
mechanisms that may explain the role of miRNA in ED include apoptosis, fibrosis, angiogenesis, and other
mechanisms.
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Definition:

Erectile dysfunction (ED) is a global sexual
disease of males characterized by a poor impact
on many aspects of the lives of both husbands and
wives. ED has many definitions reported in the
literature. From these definitions, what was appro-
ved in 1992 by the National Institutes of Health
Consensus Development Conference. Also, ano-
ther definition was approved by the American
Psychiatric Association‘s Diagnostic and Statis-
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tical Manual of Mental Disorders. Also, the World
Health Organization's International Classification
of Diseases approved another definition for ED."

One of the accepted ED definitions was appro-
ved by the National Institutes of Health. It is
characterized by failure of initiation and/or main-
tenance of erection for satisfactory sexual interc-
ourse. @ Also, ED is defined as the persistent or
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recurrent failure in the initiation and/or mainten-
ance of erection of the penis. @

Epidemiology:

In multicentre clinical trial was conducted in
many countries such as England, USA and Aus-
tralia, ED prevalence was reported. The higher
occurrence was detected at the age of eighty years,
which was about thirty to forty percent. In the age
of seventy, ED was about fifteen percent in the
age of seventy. At the age of sixty, ED prevalence
was about ten percent. In ages less than sixty
years, ED prevalence was about five percent. In
many clinical trials, it was reported that ED is
related to aging, psychiatric disorders, being over-
weight, and a sedentary lifestyle. Also, increased
blood glucose levels, increased blood pressure,
and an abnormal lipid profile are associated with
ED. Also, cardiovascular disorders and urinary
tract disorders, such as benign prostatic hyperp-
lasia are related to ED. ¢4

In a clinical trial conducted in Egypt, it was
reported on the erectile dysfunction prevalence
and correlations by Seyam et al. The study
reported that, with aging, the occurrence of
erectile dysfunction increased. A complete ED
represented about thirteen percent of the sample.
At the age of fifty, 26% showed ED. At the age of
sixty, 49% showed ED. At the age of more than
seventy, 52% showed ED. Also in the trial, it was
reported that there was a moderate correlation
between sexual desire, sexual satisfaction, and
state of erection. Also, in that trial it was reported
that ED was lower between males in urban zones
and those with higher social and economic status.
Also, prevalence was higher among smokers.
Also, ED was higher in those with an increased
blood glucose level and increased blood pressure.
Cardiovascular  disorders, hepatic disorders,
gastric ulcers and kidney disorders are also related
to ED. ®

Risk factors of erectile dysfunction:

Erectile dysfunction is characterized by being
predisposed by irreversible and reversible comm-
on risk factors or both. Those risk factors include
cardiovascular diseases (CVDs), being overw-
eight, increased blood glucose levels, hyperlipid-
aemia, metabolic syndrome, a sedentary lifestyle,
and smoking. ©

So, patients with mild ED and those with severe
ED have similar risk factors for ED. And also, ED
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is considered a Predisposing factor for cardiov-
ascular diseases. ")

Some clinical trials approved that changes in a
bad lifestyle ® and medical treatment © for
predisposing factors of cardiac disorders may
solve the problem of erectile dysfunction. Howe-
ver, other controlled prospective clinical trials are
important to detect the impact of increased physic-
cal activities or changes in the sedentary lifestyle
on the correction of ED. %

Relation between disorders of the urinary tract
system such as benign prostatic hyperplasia
(BPH) and erectile dysfunction was reported in
many clinical trials, in spite of different
predisposing factors.

A multi-centre clinical trial was conducted in
Europe and USA by the Multinational Survey on
the Aging Male (MSAM-7). In that study,
investingators examined about 12,000 patients for
erectile dysfunction and disorders of the urinary
tract system. A relationship between erectile dysf-
unction and disorders of the urinary tract system
was approved, where ninety percent showed lower
urinary tract symptoms and forty-nine percent
showed erectile dysfunction.

Physiology of erection:

The state of flaccidity of the penis under normal
conditions is maintained by corpus cavernosum
smooth muscle contractions. Erections develop
after exposure of the male to sexual stimului
resulting in relaxations of smooth muscles that
enlarge the corpora cavernosa, causing local
venous compression and preventing venous return
temporarily. And so, contractions and relaxations
of the corpora cavernosa smooth muscles have an
important role in the erection of the penis. 2
Multiple signaling pathways play a role in the
development of the erection of the penis. The
NO/cGMP pathway represents the main pathway
that mediates penile erection. The RhoA/ROCK
pathway represents another pathway that also
mediates penile erection throw relaxation of
smooth muscles. ¥

Cyclic guanylate phosphate (cGMP) is formed
under the effect of guanylate cyclase (GC) from
guanosine triphosphate (GTP) in the presence of
nitric oxide. Then, in the smooth muscle cells of
both corpora cavernosa of the penis, cGMP kinase
is activated, leading to a decrease in intracytop-
lasmic levels of calcium during relaxation. Fin-
ally, the myosin light chain (MLC) is dephosph-
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orylated, leading to the erection of the penis throw
relaxation of corpora cavernosa smooth muscle
cells ™ as shown in figure 1 below.

Vice versa, substances like norepinephrine and
endothelin reverse the erection state, developing
detumescence. That occurs through increase in the
level of ionized calcium inside the smooth muscle
cell cytoplasm. This in turn leads to smooth

muscle cell of corpora cavernosa contraction due
to myosin light chain (MLC) phosphorylation. **
And so, Rho-related protein kinase (ROCK) is
activated. This is followed by an increase in the
intracytoplasmic level of Ca2+ which in turn
stimulates MLC phosphorylation, which is
followed by contractions of the smooth muscles of
the penile corpora cavernosa, causing penile
weakness.™
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Figure 1: Physiology of erection (15).

Erectile dysfunction pathophysiology:

The authors classified erectile dysfunction into
two categories: one of them occurs in males with
decreased sexual desire, and the other occurs with
normal desire. Those with decreased sexual desire
are characterized by diminished attraction towards
one’s wife. That may be due to diseases, or it may
also be due to long-time husband and wife
relationships. Also, that condition may be due to
psychogenic disorders or organic problems. The
second condition (normal desire) is usually associ-
ated with organic causes, as will be described
below in the coming words. ™ As regards the
aetiology of erectile dysfunction, the authors
classified the causes as arteriogenic, venogenic,
and neurogenic. Also, there are other causes such
as anatomical, hormonal, and drug-induced. ")

1-Vasculogenic as:

e Cardiovascular diseases as
pressure, ischaemic heart
peripheral vascular diseases.

e Diabetes mellitus.

increased blood
disease, and
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e Hyperlipidaemia.

e Smoking.

e Major pelvic surgery as radical prostatectomy
or radiotherapy (pelvis or retro peritoneum).

2-Neurogenic as

Central causes as degenerative disorders like
multiple sclerosis, Parkinson‘s disease and
multiple atrophy. Also trauma or disease of the
spinal cord, stroke and tumours of the central
nervous system.

Peripheral causes as polyneuropathy, insulin
dependent or non-insulin dependent diabetes
mellitus and chronic renal failure. Also surgery
in the pelvis or retro peritoneum, radical
prostatectomy and colorectal surgery.

3-Anatomical or structural as micropenis, peyr-
onie‘s disease, hypospadias and epispedias.

4-Hormonal as hypogonadism, hyperprolactine-
mia and hyper- and hypothyroidism. Also
hyper- and hypocortisolism, panhypopituitari-
sm and multiple endocrine disorders.
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5-Drug-induced: antipsychotics as neuroleptics,
antiandrogens as GnRH agonists and antag-
onists, H2-antagonists, ACE-inhibitors, recreat-
ional drugs (alcohol, heroin, cocaine, mariju-
ana, methadone, synthetic drugs, anabolic ste-
roids and antihypertensives as thiazide diure-
tics and antidepressants as selective serotonin
reuptake inhibitors & tricyclics antidepressants.

6-Psychogenic as lack of arousability, disorders
of sexual intimacy, partner-related troubles,
performance-related issues, or distress)

7-Trauma.

Classification of erectile dysfunction:

ED is stratified into three types, depending on
the cause. These types include psychogenic ED,
organic ED, and mixed ED. As the majority of
cases are already of mixed type, this classification
should be used carefully. So now we use other
terms, like primary organic or primary psych-
ogenic. ¢

The role of microRNAs in erectile dysfunction
IS a recent theory:

MicroRNAs (miRNASs) are ribonucleic acids with
22 nucleotides in length that are characterized by
being single-stranded non-coding molecules.
Since authors first reported about miRNA in 1993,
many clinical trials on humans and animals with
regard miRNA have been conducted. So, a more

obvious understanding of the genetic nature of
those molecules was reached. **

RNA polymerase Il (Pol II) acts on miRNA genes
inside the nucleus, causing transcription of those
genes forming primary miRNAs (pri-miRNAS).
Endonuclease in tern cleaves primary miRNAs to
produce a precursor molecule called pre-miRNA.
Then transportation of that precursor molecule to
the cytoplasm from the nucleus occurs with the
aid of double-stranded RNA-binding proteins.
Then the transported pre-miRNAs were changed
to small double-stranded RNAs by endonuclease,
that then fused with the former binding protein.®”
At last, the RNA-induced silencing complex
(RISC) is formed through the binding of a single
strand of the double-stranded RNA molecule with
the Argonaute protein. At that level, miRNA can
prevent the translation of messenger RNA
(mRNA). This occurs through binding with the
complementary zone which can affect the
expression of genes. Y

Many clinical trials reported that miRNAs have a
role in the initiation and development of different
disorders. Cardiac diseases, diabetes mellitus,
neurological disorders and metabolic syndrome
are examples of those diseases. MiRNAs have an
essential role in male infertility and ED. MiRNAs
may be considered as biomarkers and novel
therapeutic targets for ED. %

= =T
)

miRNA gene S

_— s

= L

N
N
0
| s oscraz )
Pre-miRNA z‘ ////
==

cPon s |

Pri-miRNA 3’

—

R

Target mRNA —

Post-transcriptional regulation
3T UTR

T

Silencing complex
(RISC)

<//:Argwon;ute\i\
R LU UL

-

T
1

C 73

RNA
T
11

- 7Q

uplex
| B L
L]

—— — Pre-miRNA _,
Omﬂ .

{ I S0 O O I U b

_

Figure 2 The Biogenesis and Function of miRNAs. (15)

The authors reported that microRNAs (miRNAS)
have an important role in the progression of ere-
ctile dysfunction. Those molecules are charact-
erized by being single-stranded RNA molecules
that cannot be coded for as DNA. Also, those
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molecules have a role in the pathoph%/siology of
the initiation and progression of ED. *°

MiRNA expression in ED: Authors reported
that, unlike normal conditions, in many disorders,
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miRNAs levels may be higher or lower. Not only
that miRNAs have a role in the initiation of
different diseases, but they can affect the
progression of the disease. ?

With the advancement of molecular technologies,
many miRNAs are detected in different types of
ED. Up- and down-regulation of different miR-
NAs were detected in different ED types. Clinical
studies have approved that many miRNAs have a
role in the development of ED. Also, many of
those miRNAs may be used as diagnostic markers
for ED. ®?

Molecular mechanisms of miRNA in ED:
1-Apoptosis:

It is considered as one of the main biological
mechanisms in the development of ED. Cellular
components of the corpora cavernosa, which
include endothelial cells and smooth are affected
by apoptosis through different mechanisms. These
mechanisms that explain apoptosis include
increased blood glucose levels, oxidative stress,
and inflammation which ultimately cause ED.
Recently many clinical trials have reported that
those RNA molecules play a role in the
stimulation or inhibition of apoptosis in ED.%

2-Fibrosis:

Fibrosis is considered a pathological process that
occurs in the corpora cavernosa of the penis,
causing ED. Fibrosis is associated with extensive
proliferation factors that stimulate fibrosis and the
production of a large amount of collagen. The
authors reported that different miRNAs such as
miR-101a, 138, 338 and 142 may be involved in
fibrosis of the corpora cavernosa. No one can
completely know exact way in which fibrosis is
formed. The Wnt signaling pathway and The
TGF-b signaling pathwa}/ may play a role in the
production of fibrosis. ?*

3-Angiogenesis:

Recently miR- 126 was investigated upon as
regard ED. Zou et al. reported on the mechanism
by which miR- 126 stimulates angiogenesis. They
approved that miR-126 stimulates angiogenesis,
increasing penile erection. That occurs through the
stimulation of many transcription factors that
induce cell growth.

Angiogenesis is regulated by many factors. One
of these factors that are considered a maestro in
angiogenesis is VEGF. VEGF is a molecule that
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enhances the development of new blood vessels.
That occurs through stimulation of the growth and
proliferation of endothelial cells. In an animal
study in mice with neurogenic ED, it was reported
that miR-200a has a role in VEGF. It was found
that, miR-200a downregulates VEGF which in
turn causes ED. (25)

5-NO/cGMP pathway:

As we know NO/cGMP pathway is considered a
corner stone in the development of ED. As
described above in the sector of physiology of
erection, normal levels of NO & cGMP molecules
have an essential role in occurrence of penile
erection. Recently in the literature, many miRNAs
can affect NO & cGMP molecules negatively
affecting erection of the penis. Examples of
miRNAs include miR-328, 200a,1, 203, 206, 18a,
155 and 146a. ™

6-Other molecular mechanisms:

Also, miRNAs have a role in the occurrence of
ED through multiple effects on neurotropic
factors. Also, miRNAs can affect AGEs and other
biological factors that play a direct or indirect role
in the pathogenesis of ED. %
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