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ABSTRACT

Objective: To investigate the levels of seminal plasma exosomes
and the expression of the SRD5A2 gene in Iraqi men with different
types of male infertility (asthenozoospermia, oligozoospermia,
and azoospermia), and to explore the regulatory role of selected
microRNAs (miRNAs) in the modulation of SRD54A2 gene
expression.

Methods: A total of 90 male participants were categorized into
four groups: asthenozoospermia (n=24), oligozoospermia (n=24),
azoospermia (n=18), and normozoospermia (n=24). Seminal plasma
exosome levels were quantified using ELISA. RNA, including
miRNAs, was extracted, followed by cDNA synthesis. The
expression of SRD5A2 mRNA and five selected miRNAs (miR-6090,
hsa—miR-5189-5p, miR-23a—5p, miR—1914-3p, and miR-4540)
was evaluated using qRT-PCR. Correlation analyses were conducted
between exosome levels, miRNA expression, and SRD5A2
expression.

Results: Infertile men exhibited significantly lower seminal
exosome levels than normozoospermic men (P<0.01). The
expression of SRD542 mRNA was decreased in asthenozoospermic
and oligozoospermic men but elevated in azoospermic men.
Elevated levels of hsa—miR-5189-5p, miR-6090, and miR-23a—
5p were observed in infertile groups. Correlation analysis revealed
a significant negative relationship between these miRNAs and
SRD5A2 expression in asthenozoospermic and oligozoospermic
men, but a positive correlation in azoospermic men. Exosome
levels were also significantly correlated with the expression of these
miRNAs, suggesting their role as molecular carriers in regulating
gene expression.

Conclusions: This study highlights the potential role of seminal
exosomes and specific miRNAs in regulating SRD5A2 gene
expression among infertile men. The altered levels of exosomes
and dysregulated miRNA expression, particularly hsa—miR-5189—
5p and miR-6090, may serve as novel biomarkers for the diagnosis
and management of male infertility. Further research is warranted to

validate these findings and explore their therapeutic implications.

KEYWORDS: miRNA regulation; Sa-reductase type 2;
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1. Introduction

Male infertility is defined as the failure to conceive after at

least 12 months of regular, unprotected sexual intercourse. It is a

Key Points

Question: What is the association between seminal
exosomes, miRNA expression, and SRD5A2 gene regulation
in different types of male infertility?

Findings: In this case-control study of 90 men, exosome
levels were significantly lower in infertile men, with altered
SRD5A2 mRNA expression—reduced in asthenozoospermia
and oligozoospermia, but elevated in azoospermia. Three
miRNAs (miR-5189-5p, miR-6090, and miR-23a-5p)
showed differential expression and correlated with SRD5A2
levels.

Meaning: Exosomal miRNAs and SRD5A2 expression may

serve as novel biomarkers for diagnosing and understanding

male infertility pathogenesis.
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significant health concern worldwide for 7% of men, contributing to
40%-50% of all infertility cases|!.2]. Infertility can be classified into
two subtypes as either primary, where a woman is unable to conceive
at all, or secondary, where conception occurs once or a child is born,
but subsequent pregnancies do not occur. Research shows that 10%
to 15% of couples globally experience infertility, with male factors
contributing as a primary cause in approximately half of these
instances. Infertility is a complex condition, presenting in various
forms such as endocrine disorders, congenital or acquired urogenital
abnormalities, immune-related issues, and both quantitative
and qualitative sperm defects[3]. Furthermore, it can be broadly
classified based on underlying causes, including genetic, idiopathic,
and obstructive factors, into several types such as azoospermia,
oligozoospermia, teratozoospermia, and asthenozoospermial4].

Of note, human semen is a complex fluid containing spermatozoa
and seminal plasma, which is a mixture of secretions from the
prostate, epididymis, and seminal vesicles. Extracellular vesicles
(EVs) in seminal plasma are lipid bilayer nanovesicles that carry
various molecules and facilitate cell-to-cell communication. These
EVs are diverse and originate from various parts of the male
reproductive system. Furthermore, these EVs are categorized into
exosomes, microvesicles, and apoptotic bodies based on their size
and origin[5].

Studies show that vesicles, like exosomes and microparticles,
deliver information to the cellular microenvironment, potentially
influencing target cell behavior[5]. Exosomes are saucer-shaped
microvesicles derived from multivesicular bodies, ranging from
30-150 nm in diameter[6]. Secreted through exocytosis, they are
released into the extracellular space to interact with target cells,
facilitating cell-to-cell communication by transferring intracellular
cargoes like proteins, lipids, and nucleic acids, including mRNA,
microRNA, long non-coding RNA, and circular RNA[7]. Initially
considered cellular waste, exosomes are now recognized for their
role in regulating intercellular communication. Once taken up by
recipient cells, they release bioactive cargo that influences cell
behavior, spreading information throughout the body[8]. Given
their role in communication, exosomes have attracted interest for
their diagnostic and therapeutic potential in various diseases. While
exosome biomarkers are under clinical trial, they are not yet in
routine use. Ongoing research explores their potential as diagnostic
tools and therapeutic delivery systems[9].

Importantly, exosomes present in various body fluids, such
as semen, amniotic fluid, blood, and breast milk, enable non-
invasive detection methods[10]. Moreover, it has been reported that
semen contains a greater concentration of exosomes compared to
other fluids. Seminal plasma exosomes mainly produced by the
epididymis and prostate contain proteins, nucleic acids, and a high
content of cholesterol and sphingomyelin[11]. In male fertility,

semen exosomes are believed to play a role in sperm capacitation

and the acrosome reaction. They selectively transport and deliver
regulatory molecules to the female reproductive system, contributing
to fertilization[12]. Notably, exosomes from oligoasthenozoospermic
donors exhibited different miRNA and protein profiles compared to
those from normozoospermic donors. Additionally, exosomes from
normal human semen promoted sperm motility and capacitation,
while those from asthenospermic donors showed impaired effects.
These findings indicate that seminal plasma exosomes are functional
regulators of male fertility and suggest that exosomal dysfunction
may contribute to male infertility[13].

Gene expression during spermatogenesis is dynamically regulated
post-transcriptionally by microRNAs (miRNAs), short noncoding
RNAs of 22 to 24 nucleotides that inhibit the translation of target
mRNAs by forming semicomplementary structures in their 3'
untranslated regions (3'UTR)[14]. The exosomal miRNAs have been
shown to be involved in processes such as the acrosome reaction and
sperm motility, which are essential for successful fertilization[15].
Furthermore, exosomal miRNAs have been identified as potential
biomarkers for diagnosing reproductive disorders, offering insights
into the etiology of infertility and aiding in the development of
therapeutic strategies[16]. MiRNAs are key regulators of gene
expression in male infertility, affecting sperm count, motility, and
morphology. Studies have identified several miRNAs associated
with male infertility, such as miR-34, miR-122, miR-146b-5p,
miR-181a, miR-374b, miR-509-5p, and miR-513a~-5p, which are
linked to idiopathic male infertility and could serve as diagnostic
biomarkers[17].

The miRNA profile in semen varies with the type of genital tract
obstruction, such as congenital obstruction versus vasectomy,
suggesting that exosomal miRNAs in seminal plasma may serve
as biomarkers to differentiate obstructive azoospermia from
spermatogenic failure[18]. For instance, miR-31-5p, miR-539-
5p, and miR-941 have shown promise in predicting residual
spermatogenesis[19]. Additionally, hsa—miR-141, hsa—miR-34b,
and hsa-miR-122 are linked to various sperm defects, highlighting
their potential as molecular markers for male infertility. Their
involvement in pathways like mismatch repair emphasizes their
importance in spermatogenesis and potential for new therapies[20].
Furthermore, miR-31-5p demonstrates high diagnostic efficiency
for azoospermia, serving as a non-invasive biomarker for assessing
spermatogenic failure[21]. Seminal plasma exosomes containing
miRNAs regulate sperm maturation, motility, and capacitation,
influencing fertilization outcomes by interacting with cell receptors
or being internalized to release miRNA cargo[22]. Studying miRNAs
in male infertility reveals molecular mechanisms and offers potential
biomarkers for diagnosis and therapeutic targets, guiding new
treatments while reducing invasive procedures|23].

Given that spermatogenesis and sperm maturation are androgen-

dependent processes, primarily regulated by dihydrotestosterone
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(DHT), which is produced from testosterone through the action of
the enzyme Sa-reductase (SRD5A)[24]. The SRD5A2 gene plays
a vital role in the metabolism of steroid hormones and regulates
testosterone biosynthesis. Impaired SRD5A2 (specific to the
epididymis, seminal vesicles, and prostate) activity can lead to Sa-
reductase type 2 deficiency, impacting DHT synthesis[25]. The
SRD5A2, found on chromosome 2, encodes a 254 amino acid
protein[26]. Genetic variations in the SRD5A2 gene, which can cause
different enzyme activities among ethnic groups, are associated with
male reproductive disorders[27]. Notably, mutations such as R227Q
result in nearly absent enzymatic activity, while polymorphisms like
V8IL reduce DHT levels|28].

The specific role of exosomes and miRNAs in male infertility
is an area that requires further research, their involvement in cell-
to-cell communication suggests they may have implications in
understanding and potentially addressing male reproductive health
issues[6]. Hence, given the importance of SRD5SA2, exosomes
and miRNAs in male reproductive disorders, this study aims to
investigate the correlation between exosomal levels and SRD5A2
expression and to explore the role of miRNAs and exosomes
in regulating SRD5A2 in Iraqi men with asthenozoospermia,

oligozoospermia, and azoospermia.

2. Methods

2.1. Study population and exclusion criteria

This was a cross-sectional observational study conducted to
investigate the role of seminal exosomes and miRNA in the
regulation of SRD5A2 among infertile Iraqi men. The study was
conducted at the male private infertility clinic in Tikrit, Iraq,
between April 2023 and April 2024. All participants were enrolled
and examined during this period. A total of 90 male subjects,
ranging in age from 20 to 40 years, were incorporated into this
investigation, comprising 24 individuals classified as infertile
due to asthenozoospermia, 18 individuals categorized as having
oligozoospermia, and an additional 24 individuals diagnosed
with azoospermia, alongside 24 men exhibiting normal semen
parameters as normozoospermia, demonstrating proven fertility and
having fathered children. A formal sample size calculation was not
performed. The sample size was based on available cases within the
study period.

Male participants were included if they sought assistance at the
male infertility clinic for infertility intervention and underwent a
comprehensive semen analysis. An abnormal spermiogram indicated
subfertility, while normal results indicated fertility. The criteria for
exclusion were specified as follows: tobacco usage, substance abuse,

exposure to environmental or occupational toxic agents, presence

of sexually transmitted infections, cryptorchidism, anomalies of the
genitourinary system, and surgical interventions related to infertility

management.

2.2. Sample collection

Seminal samples were collected from each participant through
masturbation following three days of sexual abstinence, each sample
was divided into two parts, the first was 250 pL, mixed well
with 750 pL of Trizol and kept frozen for the RNA extraction, and
the second part permitted liquefaction for 30 min at 37 °C followed
by immediate processing in accordance with the World Health
Organization's 2010 guidelines|29]. Centrifugation of the seminal
samples were carried out for 10 min at 500xg. The supernatant
(seminal plasma) was transferred to the Eppendorf tube for

determination of exosomes levels.

2.3. Exosomes levels

The levels of seminal plasma exosomes were determined using
an enzyme-linked immunosorbent assay (ELISA) kit supplied
by (Sunlong company, China), following the manufacturer’s

instructions.

2.4. Total RNA, including miRNAs isolation

Total RNA, including miRNAs, was extracted by combination
of Trizol (phenol/guanidine-based lysis of samples) and silica
membrane-based purification for total RNA and miRNAs. The
concentration and purity were measured using a Nanodrop ND-2000
spectrophotometer, and all RNA samples exhibited an integrity value

of less than 2.3.

2.5. The polyadenylation and complementary DNA (¢cDNA)

The polyadenylation of mature miRNAs was done by poly (A)
polymerase according to the kit protocol supplied by the Tinzyme
company, China. The cDNA synthesis was carried out using the 5X

RT kit from the Tinzyme company, China.

2.6. Quantitative real time PCR (qRT-PCR) of RNA and
miRNA

The expression level for RNA and five selected miRNAs (miR—
6090, hsa—miR-5189-5p, miR-23a—5p, miR-1914-3p and miR—
4540) was determined using Luna SYBR Green Kit (Biolabs).
Briefly, 10 uL of Luna master mix was mixed with 0.5 uL of forward
and reverse primer and 2 uL. of cDNA and completed to 20 pL with
DNase-RNase free water. All qRT-PCR reactions were set up using
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a by qRT-PCR applied biosystem 7500 at 95 °C for 3 min for 40

cycles for 15 s and 60°C for 45 s. Melting curve analysis was used
to control for the specificity of qRT-PCR products. Additionally, the
analysis was conducted with SDS Relative Quantification Software

version 2.3 (Life Technologies).

2.7. Statistical analysis

All statistical analyses were performed using GraphPad Prism
Software version 10.3 (GraphPad Software, USA). Prior to applying
statistical tests, the normality of data distribution was assessed using
the Shapiro—Wilk test. Data that conformed to a normal distribution
were analyzed using parametric tests, while data that did not follow
a normal distribution were evaluated using nonparametric methods.
For comparisons among multiple groups, one-way analysis of
variance (ANOVA) followed by Dunnett's posi hoc test was used
for normally distributed data. For non-normally distributed data,
the Kruskal-Wallis test followed by Dunn’s multiple comparisons
test was employed. Receiver operating characteristic (ROC) curve
analysis was also conducted to assess the diagnostic performance
of seminal exosome levels, and the area under the curve (AUC)
was calculated to determine sensitivity and specificity. Results
are presented as meanzstandard deviation (mean+SD). Statistical
significance was defined as P<0.05, and highly significant results
were considered at P<0.01. Calculating the a Log2 fold change
(2"-AACT) by using Livak method[30].

2.8. Ethics statement

The research was sanctioned by the institutional review board (No.
195/11) issued at 13 March 2023 affiliated with Tikrit University, in
the Salah-aldin Governorate of Iraq. Informed consent, based on a
thorough understanding, was obtained from each participant in the

study.

Table 1. Characteristics of patients and seminal fluid of the study groups.
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3. Results

3.1. Characteristics of study subjects

We analyzed 90 seminal plasma samples from men with
asthenozoospermia (n=24), oligozoospermia (n=24), azoospermic
men (n=18), and normozoospermic men (n=24). The characteristics
of the men are summarized in Table 1. Nonparametric analysis
revealed no significant differences in mean age, semen
volume, or semen pH between normozoospermic men and
oligoasthenozoospermic subfertile men. However, there were
significant differences between normozoospermic men and
oligoasthenozoospermic men concerning the count, motility, and

morphology of the spermatozoa.

3.2. Basic parameters of the infertile men and
normozoospermic controls

Infertile men were significantly different compared to
normozoospermic men in terms of seminal volume, morphology,
count, motility and immotile (P<0.01). Whereas, other parameters,
such as age, weight, and long, were not significantly different as

shown in Table 1.

3.3. Exosomes levels

Highly significant differences were observed in seminal
plasma exosomes levels among all infertility groups compared
to normozoospermic men, as shown in Figure 1A (P<0.01).
Importantly, a gradual decrease in exosome levels was noted among
the infertility groups, with exosome concentrations recorded as
follows: oligozoospermia at 141.987 pg/mL, azoospermia at
140.847 pg/mL, and asthenozoospermia at 130.923 pg/mL, as
illustrated in Figure 1A. The receiver operating characteristic (ROC)

curve visualizes the trade-off between sensitivity (true positive

Asthenozoospermia

Oligozoospermia

Azoospermia Normozoospermia

Characteristic (n=24) (n=24) (n=18) (n=24) VRIS
Age, years 31.79+4.19" 31.25+5.77" 31.33+5.89" 31.12+4.56" 0.970
Weight, kg 81.50+10.68" 81.29+11.52* 83.44+14.94* 79.37+9.08" 0.720
Length, cm 173.00£6.93" 173.20+7.13" 171.38+8.03" 172.95+5.90° 0.830
Seminal volume, mL 2.80+0.55" 2.93+0.83" 2.73+0.59" 3.66+0.99" <0.001
Rate of anomal morphology, %  53.72+6.45" 63.61+10.42° - 47.78+2.49° <0.001
Count, 10¢/mL 47.80+12.79" 7.55+2.13¢ = 64.83+10.19* <0.001
Motile sperm, % 48.37+8.31" 57.10+8.18" - 77.24+5 A7 <0.001
Motility, %

Fast progressive 7.23+1.27° 6.05+1.42" - 33.18+7.89" <0.001

Slow progressive 22.18+5.07° 22.03+2.54" - 30.41+6.40°" <0.001

Local motile 18.95+4.32" 29.00+6.72" = 13.63+2.64° <0.001
Immotile, % 51.62+10.58" 42.90+9.83" - 22.76%5.64° <0.001

Data are expressed as mean+SD. Fast + Slow + Local = Motility; Motility + Immotile =100%. Letters (a, b, c¢) indicate statistical significance.
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Figure 1. Seminal plasma exosomes levels. A. Exosomes levels of the study groups; Letters (a, b, ¢) indicate statistical significance. B. Receiver operating

characteristic of the exosome’s levels. AUC: area under the curve. CI: confident interval.
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rate) and specificity (1-false positive rate) across various threshold
settings of a diagnostic test. The sensitivity of the seminal plasma
exosome levels was 91.67%, while the specificity was 63.63%. The

area under the curve (AUC) value was 0.864, as shown in Figure 1B.

3.4. SRD5A2 mRNA expression levels

We compared the mRNA expression levels of SRD5A2 between
infertile men and normozoospermic individuals and found
significant differences between them. Notably, azoospermic men
showed an increase in mRNA expression, with a fold change
(244" of 1.111 and a Log2 fold change of 0.33 compared to age-
matched individuals. In contrast, oligozoospermic men demonstrated

a fold change of 0.985 and a Log?2 fold change of -0.470, whereas

asthenozoospermic men had a fold change of 0.725 and a Log?2 fold
change of -0.688 (P<0.01). These findings are illustrated in Figure
2A and B.

3.5. Correlation between exosomes levels and SRD5A2
expression

Exosome levels were significantly positively correlated
(correlation coefficient 0.634 with P-value 0.004) with the SRD5A2
expression in azoospermic men. In contrast, a significant negative
correlation (correlation coefficient -0.505 with P-value 0.011) in
asthenozoospermic and (correlation coefficient -0.419 with P-value
0.038) oligozoospermic men were observed between exosome levels
and SRD5A2 expression.
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3.6. Differential expression of miRNAs associated with
SRD5A2 regulation in male infertility

Moreover, to predict the potential miRNAs that may potentially
regulate SRD5A2 mRNA expression in infertility, bioinformatics
analysis was performed. Among multiple potential miRNAs,
five miRNAs (namely: miR-6090, hsa-miR-5189-5p, miR-
23a-5p, miR-1914-3p and miR-4540) were selected for further
analysis. Therefore, these miRNAs were further experimentally
validated for their relative expression levels in asthenozoospermia,
oligozoospermia and azoospermia compared with
normoazoospermia as shown in Figure 3A. The miRNAS hsa—miR-
5189-5p, miR-6090, and miR-23a-5p exhibited higher expression
than miR—-1914-3p and miR—4540 across all three infertile groups.
Specifically, hsa—miR-5189-5p showed the expression (log2FC)
of 3.474, 3.157, and 2.145 in asthenozoospermia, oligozoospermia,
and azoospermia, respectively, with a mean 1log2FC of 2.636,
significantly higher than miR-4540 log2FC expression of 0.351.
In the upregulated group, hsa—miR—5189-5p had 1og2FC of 1.521
and 1.473 in oligozoospermia and asthenozoospermia, respectively.
However, miR-23a—5p showed log2FC of 0.945, 0.491, and 0.258 in
oligozoospermia, asthenozoospermia, and azoospermia, respectively.
Moreover, miR-6090 was upregulated only in azoospermia, with a
1og2FC of 0.677. In contrast, miR-4540 had lower log2FC values
of -3.552 and -3.162 in azoospermia and asthenozoospermia,

respectively as shown in Figure 3B.

3.7. Correlation between exosomes levels and miRNA
expression

To clarify the role of exosomes in the transfer of miRNAs, we
analyzed the correlations between exosome levels and the log2FC
of miRNAs. As summarized in Figure 4A, exosome levels showed
a significant positive correlation with hsa-miR-5189-5p and
miR—6090 in men with asthenozoospermia, oligozoospermia, and
azoospermia. This suggests that exosomes transfer these specific
miRNAs from one cell to another. Conversely, a significant negative
correlation was observed between exosome levels and miR-23a—
5p in oligozoospermia and miR-1914-3p in azoospermia. Other
miRNAs exhibited weak positive and negative correlations with

exosome levels across the three infertile groups.

3.8. Correlation between miRNA and SRD5A2 expression

Our results revealed significant positive correlation between the
miRNA types (miR-6090, has—miR-5189-5p and miR-23a-
5p) and SRD5A?2 expression as shown in Figure 4B. Notably, the
expression of miR-1914-3p in asthenozoospermia and miR-4540
in oligozoospermia exhibited a significant positive correlation with
SRD5A2 expression. While miRNAs miR-6090, miR-23a-5p,
and hsa—-miR-5189-5p in men with asthenozoospermia showed
a significant negative correlation with SRD5SA2 expression. In
azoospermia, hsa—miR-5189-5p, miR—1914-3p, and miR-4540
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Figure 4. Correlations of exosomal levels with miRNAs and SRD542 mRNA expression across different infertility types. A. Correlation coefficient between
exosamal levels and mean fold change (2"**“") of microRNA (SRD5A2) of the infertile men. B. Correlation coefficient between mean fold change (2™**“")

of SRD5A2 and microRNA of the infertile men.

also exhibited a significant negative correlation with SRD5A2.
Additionally, in men with oligozoospermia, miR-23a-5p, hsa—
miR-5189-5p, and miR—-6090 demonstrated a significant negative
correlation with SRD5A2 expression. Moreover, hsa—miR-
5189-5p was negatively correlated with asthenozoospermia
and oligozoospermia, while showing a positive correlation in

azoospermia.

4. Discussion

Numerous efforts have been made in the last decade in order to
develop specific diagnostic and prognostic biomarkers for male
infertility ultimately enhancing reproductive system treatments|8].
Exosomes as biomarker have been previously reported due to
high stability, specificity and sensitivity in comparison with other
biomarkers[31]. Exosomes derived from seminal plasma may
play a crucial role in enhancing sperm motility and facilitating

the maturation of spermatozoall4]. Exosomes are essential for

spermatogenesis, facilitating communication between Sertoli,
Leydig, and germ cells by transferring regulatory molecules critical
for testicular development and sperm production, thus highlighting
their potential in addressing male infertility[32].

To the best of our knowledge, previously no research has been
carried out to determine the levels of exosomes in human male
infertility. Therefore, our study is aimed to evaluate the correlation
between exosomal levels and SRD5A2 expression, in addition to
explore the role of miRNAs in the regulation SRD5A2 expression in
three of Iraqi infertile men as asthenozoospermia, oligozoospermia,
azoospermia. A few studies included determination of exosome
levels such as Elsharkawi and colleagues|31] which estimated the
exosome concentration in urine and serum as novel biomarkers.

In our study, seminal plasma levels in normozoospermic individuals
were significantly higher than in other infertile men. This may be
linked to decreased exosome levels in male infertility, influenced
by factors like inflammatory conditions, such as orchitis caused
by infections like uropathogenic Escherichia coli. Inflamed testes

produce exosomes that carry pro-inflammatory signals, like miR—
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155-5p, disrupting the immunosuppressive environment needed for
normal testicular function. This inflammatory response can reduce
exosome levels and contribute to infertility[33].

A similar study found that unilateral varicocele, a condition
affecting male fertility, leads to dysregulation of exosome-associated
proteins where significant changes in the expression of proteins like
ANXA? and KIF5B in seminal plasma are noted, which are essential
for exosome function. This dysregulation can impair exosome
machinery, resulting in reduced exosome levels and compromised
sperm function. Exosome levels can be influenced by environmental
factors like pH, temperature, and storage conditions. Research shows
that extreme pH and repeated freeze-thaw cycles significantly reduce
exosome concentration, potentially affecting their role in fertility[34].

The SRD5A2 gene regulates testosterone biosynthesis by encoding
the 5-a-reductase enzyme, which converts testosterone into DHT.
This enzyme is crucial for spermatogenesis and sperm maturation
due to its androgen dependence. However, no studies have examined
SRD5A2 mRNA or miRNA in male infertility.

Our study revealed significantly lower SRD542 mRNA
expression in men with asthenozoospermia and oligozoospermia
compared to normozoospermic men, while azoospermic men
exhibited higher expression. The decreased SRD5A?2 levels can
be attributed to factors such as small prostate size and female
pseudohermaphroditism during fetal development, which leads to
reduced SRD5A2 expression. Additionally, epigenetic modifications,
including DNA methylation, histone modifications, and miRNA
changes, likely contribute to the diminished SRD5A2 expression in
some infertile men by altering gene expression without changing the
DNA sequence]25].

Genetic variants in the SRD5A2 gene can significantly reduce
enzyme activity and testosterone conversion, contributing to
infertility, with mutations linked to 46, XY disorders of sex
development disrupting DHT biosynthesis, and conditions like
varicocele associated with lower SRD5A2 content in sperm further
exacerbating infertility issues[35.36].

Through bioinformatic analysis, we identified five miRNAs
associated with SRD5SA2 expression to investigate their regulatory
roles in three groups of fertile and infertile sperm samples. We then
conducted qRT-PCR to measure the expression levels of miR—6090,
hsa-miR-5189-5p, miR-23a-5p, miR-1914-3p, and miR-4540
in seminal fluid. Our results confirmed that the levels of hsa—miR-
5189-5p, miR—6090, and miR-23a-5p were significantly higher in
infertile men compared to miR—1914-3p and miR-4540. Among
these, hsa—miR-5189-5p showed the highest expression in infertile
men, suggesting that these three miRNAs play a crucial role in
regulating SRD5A2 gene expression in male infertility.

The correlation analysis revealed that miR-5189-5p and miR-

6090 have a significant negative correlation with men suffering from

asthenozoospermia and oligozoospermia, while showing a positive
correlation with azoospermic men. These findings align with the
SRD5A?2 expression levels, which decrease in asthenozoospermia
and oligozoospermia but increase in azoospermia. Notably, our
validation confirms that miR-5189-5p and miR-6090 regulate
SRD5A?2 expression in male infertility. Our results highlight their
potential as sperm quality biomarkers and as promising candidates
for further investigation into their roles in spermatogenesis.

Exosome levels were high in azoospermic men and showed a
significant positive correlation with SRD5SA2 expression, while
levels were low and negatively correlated with SRD5A2 in
asthenozoospermic men. The mean expression values of hsa—miR—
5189-5p and miR-6090 were also elevated, with a significant
positive correlation between exosome levels and these miRNAs
in all three groups: asthenozoospermia, oligozoospermia, and
azoospermia. This highlights the importance of transferring these
microRNAs within seminal fluid. Exosomes serve as a novel delivery
medium that transmits genetic information over long distances for
diagnostic purposes|20].

This transfer of miRNAs via exosomes is a critical aspect of
male reproductive biology, offering insights into the molecular
mechanisms underlying fertility and the potential for developing
novel diagnostic and therapeutic strategies for male infertility[23,37].
The intricate network of proteins and miRNAs within seminal
exosomes suggests a complex regulatory mechanism that impacts
gene expression, contributing to the maintenance of sperm quality
and fertility potential. This regulatory capacity of exosomes
underscores their potential as biomarkers for diagnosing male
infertility and as therapeutic targets for enhancing reproductive
outcomes[38,39].

Despite the novel findings of this study regarding the roles of
seminal exosomes, miRNAs, and SRD5A2 gene expression in
male infertility, several limitations must be acknowledged. First,
the sample size was relatively small and restricted to a single
geographical region (Iraq), which may limit the generalizability
of the findings to broader populations with varying genetic and
environmental backgrounds. Second, while bioinformatics tools were
employed to predict miRNA targets, in vitro functional validation
of the miRNA—SRD5A2 interactions was not conducted, which may
limit the mechanistic insights drawn from expression correlations
alone. Third, although potential confounding variables such as
smoking and genitourinary disorders were excluded, other factors
like hormonal profiles, lifestyle influences, and environmental
exposures were not systematically assessed. Additionally, the use
of ELISA for exosome quantification provides total levels but lacks
detailed profiling of exosomal subpopulations or surface markers,
which could provide more nuanced insight into their origin and

function. Lastly, the cross-sectional design limits causal inferences;
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thus, longitudinal studies and functional assays are recommended for
future investigations.

In conclusion, this study indicates the significant roles of exosomes,
miRNAs, and the SRD542 gene in male infertility among Iraqi
men with asthenozoospermia, oligozoospermia, and azoospermia.
Our results indicate that lower exosome levels in seminal plasma
correlate with infertility, potentially linked to testicular inflammatory
conditions. Additionally, the altered expression of SRD542 mRNA
and specific miRNAs, particularly hsa—miR-5189-5p, miR-6090,
and miR-23a-5p, highlights their potential as biomarkers for male
infertility. This study provides a foundation for further research into
the molecular mechanisms of male infertility and the development of

targeted diagnostic and therapeutic strategies.
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