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Aim. This study aimed to assess seminal miRNA relationship with seminal apoptotic markers and oxidative stress (OS) in infertile
men associated with varicocele (Vx).Methods. In all, 220 subjects were divided into the following groups: fertile normozoospermic
men, fertile normozoospermic men with Vx, infertile oligoasthenoteratozoospermic (OAT) men without Vx, and infertile OAT
men with Vx. They were subjected to history taking, clinical examination, and semen analysis. In their semen, the following were
estimated: miRNA-122, miRNA-181a, and miRNA-34c5 using quantitative real-time PCR, apoptotic markers (BAX, BCL2) protein
expression, and OS markers [malondialdehyde (MDA) and glutathione peroxidase (GPx)]. Results. The mean levels of seminal
miRNA-122, miRNA-181a, and miRNA-34c5 were significantly reduced in infertile OATmen with Vx compared with other groups
coupled with Vx grade and Vx bilaterality. Seminal miRNA-122, miRNA-181a, and miRNA-34c5 were positively correlated with
sperm concentration, total sperm motility, sperm normal morphology, seminal GPx, and seminal BCL2 and negatively correlated
with seminal MDA and seminal BAX. Conclusions. Seminal miRNA-122, miRNA-181a, and miRNA-34c5 are decreased in infertile
OAT men with Vx associated with increased Vx grade and Vx bilaterality. In addition, they are positively correlated with sperm
parameters and negatively correlated with OS, apoptotic markers.

1. Introduction

MicroRNAs (miRNA) are a family of small noncoding
RNAs of 22 nucleotides that regulate posttranscriptional gene
silencing through base pair binding to untranslated region
of their target mRNAs [1]. Several miRNAs are implicated in
regulating B-cell differentiation and T-cell receptor signaling,
whereas others are associated with inflammation, innate
immune responses, and apoptosis [2].

miRNAs were initially detected in the human spermato-
zoa by Ostermeier et al. [3].They may participate in the sper-
matogenesis process because many miRNAs are produced
plentifully in male germ cells. Wang et al. [4] speculated
that seminal miRNAs, as minimal invasive biomarkers, could
provide useful information about gene expression in themale

reproductive system. Therefore, seminal miRNAs possessed
immense potential for forensic body fluid identification being
expressed in a tissue specific manner and being less prone to
degradation [5].

Varicocele (Vx) is defined as dilated veins of the pampini-
form plexus in the spermatic cord. Several studies tried to
explicate how Vx impairs male fertility including scrotal
hyperthermia, retrograde flow of metabolites, Leydig cell
dysfunction, hypoxia, impaired testicular artery perfusion,
and disrupted blood-testis barrier [6, 7]. Additionally, Vx
associated cases were verified to have increased seminal OS
as well as seminal apoptotic markers [8–10].

This study aimed to assess seminal miRNA relationship
with seminal apoptotic markers and OS in infertile men with
Vx.
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2. Materials and Methods

This case-controlled study included 220 men that were
consecutively recruited from the University Hospital, after
institutional review board approval and informed consent.
Exclusion criteria were radiation, smoking, leukocytosper-
mia, gonadotoxin, abnormal karyotyping, and immunolog-
ical factors. These subjects were divided into fertile normo-
zoospermic volunteers (𝑛 = 52), fertile normozoospermic
men with Vx (𝑛 = 43), infertile OAT men without Vx
(𝑛 = 62), and infertile OAT men with Vx (𝑛 = 63). Fertile
groups included men who initiated at least one natural
pregnancy in the previous year whereas infertile groups
included men from couples that failed to conceive after at
least 1 year of regular unprotected intercourse in spite of
normal female factor. Normozoospermiameans sperm count
> 15 million sperm/ml, sperm motility > 40%, and normal
sperm morphology > 4% whereas OAT means sperm count
< 15 million sperm/ml, sperm motility < 40%, and normal
sperm morphology < 4%. All participants were subjected to
history taking, clinical examination, and semen analysis. Vx
diagnosis was performed with the subject in the standing
position in a temperature-controlled roomby inspection then
palpation with/without Valsalva maneuver aided with high
resolution Doppler ultrasonography.

Semen samples were collected twice, 2 weeks apart after
4-5 days of sexual abstinence. These samples were examined
after liquefaction according to the WHO guidelines [11].
In the semen, the following were estimated: miRNA-122,
miRNA-181a, and miRNA-34c5 by quantitative real-time
PCR, apoptotic markers (BAX, BCL2) protein expression,
and OS markers (malondialdehyde (MDA), glutathione per-
oxidase (GPx).

2.1. miRNAAssay. Semen sampleswere centrifuged for 5min
at 13,400𝑔 and then 100ml of the supernatant seminal
plasma was used for total RNA isolation using equal volume
of TRIzol Reagent (Life Technologies Co., Carlsbad, CA,
USA). Three steps of phenol/chloroform purification were
added in order to get rid of proteins. The concentration and
purity of RNA were determined using NanoDrop� ND-1000
whereas its quality was verified by denaturing agarose gel
electrophoresis. Reverse transcription was performed on 5 ng
of total RNA in a final volume of 20𝜇l (incubated for 60min
at 37∘C and 5min at 95∘C and maintained at 4∘C) using the
miRNeasy Reverse Transcription kit (Qiagen, Valencia, CA,
USA).

miR-122, miR-181a, and miR-34c-5 were evaluated by
qRT-PCR analysis. cDNA template was mixed with SYBER
green master mix (Qiagen, Valencia, CA, USA) in a final
volume of 25 𝜇l. The mix was added to a custom 96-well
miScript miRNA PCR array plate enriched with forward and
reverse miRNA-specific Primers. Real-time PCR reactions
were performed using Step one plus system (Applied Biosys-
tems, Foster city, CA, USA) with the following conditions:
95∘C for 15min, then 40 cycles at 94∘C for 15 sec, 55∘C
for 30 sec, and 70∘C for 34 sec. Expression of miRNAs was
reported as the ΔCt value calculated by subtracting the CT
values of miRNA SNORD68 from the CT values of the target

miRNAs. The 2−ΔΔ(Ct) method was used to determine the
relative quantitative levels of individual miRNAs [12].

2.1.1. Estimation of Seminal MDA [13–15]. Thiobarbituric
acid method was used, whereas 100𝜇l of seminal plasma
was added to 0.9ml distilled water into a glass tube. Then
0.5ml of thiobarbituric acid reagent (0.67 g 2-thiobarbituric
acid dissolved in 100ml distilled water with 0.5 g NaOH and
100ml glacial acetic acid) was added and heated for 1 hour
in a water bath. After cooling, the tubes were centrifuged for
10min at 4000𝑔 and the supernatant absorbance was read on
a spectrophotometer at 534 nm.

2.1.2. Estimation of Seminal GPx [16]. Ransel glutathione per-
oxidase kit (Randox Labs, Crumlin, UK)was usedwhereGPx
catalyzes the oxidation of glutathionewith cumene hydroper-
oxide. In presence of glutathione reductase and nicotinamide
adenine dinucleotide phosphate (reduced form) (NADPH),
glutathione disulphide is converted into glutathione with a
concomitant oxidation of NADPH to NADP+. The decrease
in the absorbance was measured at 340 nm at 37∘C (pH 7.2).

2.1.3. Seminal BAX and BCL2 Protein Expression [17]. Three
hundred 𝜇L seminal plasma was vortexed with 3𝜇L protease-
inhibitor cocktail (Sigma-Aldrich, Saint Louis, MO, USA)
and centrifuged at 2000𝑔 for 10min; then the supernatantwas
centrifuged for 20min at 10000𝑔 at 4∘C. For protein expres-
sion Western blot assay, seminal plasma was diluted at 1 : 1
with prechilled phosphate-buffered solution containing 1.0%
(v/v) protease-inhibitor cocktail.The concentration of diluted
seminal proteins was measured using the bicinchoninic
acid method using bovine serum albumin as a standard.
Fifty 𝜇g of protein was loaded on 12% sodium dodecyl
sulfate polyacrylamide gel electrophoresis and was electro-
transferred to nitrocellulose membranes using a Bio-Rad
semidry transfer system. All gels were equilibrated in transfer
buffer (0.125M Tris, 0.096M glycine) for 1 hour at 4∘C and
then transferred at 15 V for 20min. Immuno-detection of the
Western blot was conducted by incubating the membranes
with a blocking buffer containing 5% nonfat milk in Tris-
buffered saline tween-20 (TBST) buffer (0.5mmol/L Tris-
HCl, 45mmol/L NaCl, and 0.05% Tween 20 (pH 7.4)). The
membranes were incubated at 4∘C overnight with BAX and
BCL2 primary antibodies (Stressgen, San Diego, CA, USA)
at 1 : 3000 and 1 : 5000 dilutions then washed with TBST
buffer and incubated with horseradish peroxidase-labeled
rabbit anti-mouse IgG antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) for 2 hours. The membranes were
washed twice for 20min with TBST and once with TBS.
Antibody binding to proteins was visualized with enhanced
chemiluminescence detection system (Amersham, Arlington
Heights, IL, USA). Densitometric analysis of BAX and BCL2
bands was carried out using the Gel Image Scan System
(Tianren, Shanghai, China) expressed relative to beta actin.

2.2. Statistical Analysis. Statistical analysis was carried out
using the Windows software SPSS version 21 (SPSS Inc.,
Chicago, IL, USA). One way ANOVA test was used for
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Table 1: Comparison of different parameters in the investigated groups (mean ± SD, range).

Fertile men Fertile men with Vx OAT men OAT men with Vx
𝑛 52 43 62 63
Age (years) 30.0 ± 2.9 (25–37) 30.3 ± 3.8 (25–39) 29.3 ± 3.3 (23–36) 29.0 ± 3.6 (24–39)
Sperm count (106/ml) 70.2 ± 0.6 (21–97) 68.1 ± 7.5 (31–86) 7.9 ± 3.1 (1.6–12)a,b 7.4 ± 2.8 (2–12)a,b

Sperm motility (%) 60.4 ± 6.7 (45–71) 58.8 ± 5.2 (48–65) 21.5 ± 7.9 (9–36)a,b 14.6 ± 6.6 (5–25)a,b

Sperm normal morphology (%) 6.8 ± 1.0 (6–9) 5.93 ± 0.82 (4–7) 2.7 ± 1 (0–4)a,b 2.8 ± 0.5 (1–3)a,b

Seminal BAX 1.24 ± 0.4 (0.1–2.04) 7.0 ± 1.5 (4–9.6)a 9.7 ± 1 (7.7–12)a,b 13.6 ± 2.6 (10.1–17.6)a,b,c

Seminal BCl2 1.3 ± 0.4 (0.44–1.9) 0.82 ± 0.5 (0.23–1.78)a 0.45 ± 0.1 (0.11–0.62)a,b 0.23 ± 0.1 (0.12–0.46)a,b,c

Seminal GPx (U/ml) 57.5 ± 4.5 (39–68.7) 33.5 ± 2.5 (28.9–39.1)a 27.9 ± 3.8 (15.4–37.4)a,b 19.9 ± 3.9 (14.2–28.2)a,b,c

Seminal MDA (nmol/ml) 1.2 ± 0.4 (0.09–2.03) 6.2 ± 1.6 (2.7–9.12)a 7.6 ± 1.6 (5–11)a,b 10.6 ± 1.9 (6.8–14.2)a,b,c

Seminal miRNA-122 54.3 ± 4.2 (40.7–68.4) 33.6 ± 4.5 (25.8–43.7)a 26.8 ± 5.1 (16.9–42)a,b 20.0 ± 4.7 (10.2–33.8)a,b,c

Seminal miRNA-181-a 23.1 ± 3.0 (16.4–30.6) 14.9 ± 2.5 (9.8–20.3)a 13.5 ± 3.2 (7.1–25.8)a,b 7.4 ± 1.9 (4.03–10.8)a,b,c

Seminal miRNA -34c-5 10.9 ± 1.8 (7.1–14.8) 8.3 ± 1.6 (5.04–11.6)a 6.7 ± 2.0 (3.2–10.8)a,b 2.8 ± 1 (1.7–4.8)a,b,c
aStatistical difference compared with fertile men (controls).
bStatistical difference compared with fertile men with Vx.
cStatistical difference compared with OAT without Vx.

BAX

BCL2

Beta actin

Fertile men Fertile men
with Vx

Infertile OAT
men

Infertile OAT
men with Vx

BCL2

Beta actin

Figure 1: Western blot image of seminal BAX and BCL2 expressed
relative to beta actin in the investigated groups.

comparisons with Tukey post hoc test whereas Pearson
correlation was applied for relations between tested variables.
𝑃 value < 0.05 was set as statistically significant.

3. Results

Seminal miRNA-122, miRNA-181a, and miRNA-34c5, sem-
inal GPx enzyme, and seminal BCL2 were significantly
reduced whereas seminal MDA and seminal BAX were sig-
nificantly increased in infertile OAT men with Vx compared
with other groups (Table 1, Figure 1). Seminal miRNA-122,
miRNA-181a, and miRNA-34c5 were significantly reduced
in grade III Vx cases compared with other Vx grades and
in bilateral Vx cases compared with unilateral Vx cases
(Table 2).

Seminal miRNA-122, miRNA-181a, and miRNA-34c5
showed significant positive correlation with sperm concen-
tration (𝑟 = 0.688, 𝑟 = 0.656, 𝑟 = 0.695, and 𝑃 = 0.001),
sperm motility (𝑟 = 0.732, 𝑟 = 0.677, 𝑟 = 0.756, and

𝑃 = 0.001), sperm normal morphology (𝑟 = 0.738, 𝑟 =
0.701, 𝑟 = 0.719, and 𝑃 = 0.001), seminal GPx (𝑟 = 0.805,
𝑟 = 0.805, 𝑟 = 0.787, and 𝑃 = 0.001), and seminal BCL2
(𝑟 = 0.740, 𝑟 = 0.676, 𝑟 = 0.727, and 𝑃 = 0.001) and they
showed significant negative correlation with seminal MDA
(𝑟 = −0.814, 𝑟 = −0.782, 𝑟 = −0.781, and 𝑃 = 0.001) and
seminal BAX (𝑟 = −0.793, 𝑟 = −0.791, 𝑟 = −0.780, and 𝑃 =
0.001) (Figures 2–4). Seminal miRNA-122 showed significant
positive correlation with seminal miRNA-181a and miRNA-
34c5 (𝑟 = 0.764, 𝑟 = 0.728, 𝑃 = 0.001) and seminal miRNA-
181a showed significant positive correlation with miRNA-
34c5 (𝑟 = 0.729, 𝑃 = 0.001) (Figure 5).

4. Discussion

RNA is not just a simple messenger between DNA and pro-
teins but new roles for these molecules are lately raised, such
as regulation of genome organization and gene expression.
In the current study, there was a significant decrease in
seminal plasma miRNA-122, miRNA-181a, and miRNA-34c5
in infertile OAT men with Vx compared with other inves-
tigated groups. In addition, they were positively correlated
with sperm concentration, spermmotility, and spermnormal
morphology and negatively correlated with seminal OS and
the tested apoptotic markers.

Growing evidence has designated that miRNAs are
involved in the regulation of heat and OS responses, the
two raised elements contributing to Vx-related sperm dys-
function [18, 19]. In their study, McCallie et al. [20] showed
that morphologically similar blastocysts of infertile men have
lowered expression of six miRNA compared with fertile men.
Wang et al. [4] pointed out that seven miRNAs (miRNA-
34c-5p, miRNA-122, miRNA-146b-5p, miRNA-181a, miRNA-
374b, miRNA-509-5p, and miRNA-513a-5p) are markedly
decreased in the seminal plasma of asthenozoospermic
men compared with normozoospermic men. Liu et al. [21]
observed high levels of miRNA-34c in adult pachytene
spermatocytes and round spermatids being important to the



4 BioMed Research International

Ta
bl
e
2:
Es
tim

at
ed

pa
ra
m
et
er
sa

cc
or
di
ng

to
V
x
gr
ad
ea

nd
V
x
bi
la
te
ra
lit
y
(m

ea
n
±
SD

).

V
x
gr
ad
eI

(𝑛
=
27
)

V
x
gr
ad
eI
I(
𝑛
=
41
)

V
x
gr
ad
eI
II
(𝑛
=
38
)

U
ni
la
te
ra
lV

x
(𝑛
=
26
)

Bi
la
te
ra
lV

x
(𝑛
=
80
)

A
ge

(y
ea
rs
)

30
.6
±
3.
4

29
.3
±
3.
7

29
.0
±
3.
9

30
.7
±
3.
5

29
.2
±
3.
7

Sp
er
m

co
un

t(
10
6
/m

l)
59
.7
±
32
.0

36
.4
±
30
.3

a
7.3
±
3.
1a
,b

50
.8
±
34
.1

24
.1
±
27
.9

c

Sp
er
m

m
ot
ili
ty
(%

)
48
.2
±
20
.9

38
.7
±
22
.4

a
14
.3
±
6.
7a
,b

44
.8
±
22
.9

27
.2
±
20
.7

c

Sp
er
m

no
rm

al
m
or
ph

ol
og

y
(%

)
5.
3
±
1.5

4.
6
±
1.
6a

2.
2
±
0.
9a
,b

4.
8
±
1.6

3.
6
±
1.
9c

Se
m
in
al
BA

X
8.
1±

2.
3

10
.3
±
4.
2a

13
.0
±
2.
7a
,b

9.0
±
3.
1

11
.4
±
3.
8c

Se
m
in
al
BC

L2
0.
74
±
0.
5

0.
5
±
0.
4a

0.
17
±
0.
1a
,b

0.
64
±
0.
5

0.
38
±
0.
4c

Se
m
in
al
G
Px

(U
/m

l)
31
.4
±
6.
0

27
.8
±
6.
3a

18
.3
±
3.
5a
,b

29
.9
±
6.
8

23
.5
±
7.
1c

Se
m
in
al
M
D
A
(n
m
ol
/m

l)
7.9
±
2.
6

8.
1±

2.
8

10
.4
±
1.
9a
,b

7.8
±
2.
4

9.1
±
2.
6c

Se
m
in
al
m
iR
N
A-

12
2

28
.9
±
9.4

27
.3
±
7.1

20
.7
±
7.
2a
,b

27
.3
±
8.
5

24
.5
±
8.
9c

Se
m
in
al
m
iR
N
A-

18
1-a

13
.3
±
4.
1

11
.7
±
4.
1a

6.
7
±
2.
0a
,b

12
.2
±
4.
2

9.6
±
4.
3c

Se
m
in
al
m
iR
N
A
-3
4c
-5

6.
7
±
2.
9

6.
1±

2.
8

2.
7
±
1.
1a
,b

6.
1±

2.
9

4.
6
±
2.
9c

a S
ta
tis
tic

al
di
ffe
re
nc
ec

om
pa
re
d
w
ith

V
x
gr
ad
eI

ca
se
s(
𝑃
<
0
.0
5
).

b S
ta
tis
tic

al
di
ffe
re
nc
ec

om
pa
re
d
w
ith

V
x
gr
ad
eI
Ic
as
es

(𝑃
<
0
.0
5
).

c S
ta
tis
tic

al
di
ffe
re
nc
ec

om
pa
re
d
w
ith

un
ila
te
ra
lV

x
ca
se
s(
𝑃
<
0
.0
5
).



BioMed Research International 5

100.00

80.00

60.00

40.00

20.00

0.00

Seminal miRNA 122

60.0040.0020.000.00

Sp
er

m
 co

nc
en

tr
at

io
n 

(1
0
6
/m

l)

(a)

80.00

60.00

40.00

20.00

0.00

Seminal miRNA 122

60.0040.0020.000.00

Sp
er

m
 m

ot
ili

ty
 (%

)

(b)

Seminal miRNA 122

60.0040.0020.000.00

20.00

15.00

10.00

5.00

0.00

Se
m

in
al
BA

X

(c)
Seminal miRNA 122

60.0040.0020.000.00

2.00

1.50

1.00

0.50

0.00

Se
m

in
al

 B
CL

2

(d)

Seminal miRNA 122

60.0040.0020.000.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

Se
m

in
al

 G
Px

 (U
/m

l)

(e)
Seminal miRNA 122

60.0040.0020.000.00

14.00

12.00

10.00

8.00

6.00

4.00

2.00

0.00

Se
m

in
al

 M
D

A
 (n

m
ol

/m
l)

(f)

Figure 2: Seminal miRNA-122 (X-axis) significant positive correlations with sperm concentration (a), (b) sperm motility, (e) seminal GPx,
and (d) seminal BCL2 and significant negative correlations with (c) seminal BAX and (f) seminal MDA.
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Figure 3: Seminal miRNA-181a (X-axis) significant positive correlations with (a) sperm concentration, (b) sperm motility, (e) seminal GPx,
and (d) seminal BCL2 and significant negative correlations with (c) seminal BAX and (f) seminal MDA.
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Figure 4: Seminal miRNA-34c5 (X-axis) significant positive correlations with (a) sperm concentration, (b) spermmotility, (e) seminal GPx,
and (d) seminal BCL2 and significant negative correlations with seminal (c) BAX and (f) seminal MDA.
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Figure 5: Seminal miRNA-122 significant positive correlation with seminal miRNA-181a (a) and miRNA-34c5 (b). Significant positive
correlations of seminal miRNA-181a and miRNA-34c5 (c).

first cell division via modulating BCL2 expression, which
is a direct target of miRNA-34c. Ji et al. [22] pointed out
that the expression of miRNA-15a was significantly decreased
in the spermatozoa of infertile men associated with Vx
compared with fertile controls repressing expressed stress-
induced chaperone protein. In this context, Wenhao et al.
[23] showed that miRNAs are involved in regulating the
expression of HSP40, HSP70, and HSP90 affecting sperm
function with significant differences in expression between
oligoasthenozoospermic and normozoospermic men.

The estimated seminal miRNAs showed significant
decrease with increased Vx grade and Vx bilateral cases.
Different studies pointed out the deleterious effects with
increased Vx grade and its bilaterality. Vivas-Acevedo et al.
[24] and Mostafa et al. [25] showed that elevated Vx grade
could determine the extent of altered semen quality. Cocuzza
et al. [26] pointed out that as Vx grade increased, seminal OS
increases and sperm concentration decreases. Also, Mostafa

et al. [27] observed that seminal OS is related to increased Vx
grade as well as bilaterality in infertile OAT men associated
with Vx.

The limitations of this study included the need to assess
these seminal miRNAs after varicocele repair linked with
semen parameters, OS, apoptotic markers, and pregnancy
rates as noninvasive biomarkers for post-Vx repair seminal
improvement.

It is concluded that seminal miRNA-122, miRNA-181a,
and miRNA-34c5 are decreased in infertile OAT men with
Vx associated with increased Vx grade and Vx bilaterality. In
addition, they are positively correlated with sperm parame-
ters and negatively correlated with OS, apoptotic markers.
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