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is an invasive and expensive procedure; thus, a clinical marker that can 
indicate which patients are most likely to benefit from varicocelectomy 
would be useful. The surgical procedure would then only target those 
patients who have a high chance of obtaining ejaculated spermatozoa 
after varicocelectomy.

Micro‑RNAs (miRs) are a naturally occurring class of noncoding 
regulatory RNAs that modulate protein expression by binding to 
the 3’‑untranslated region of mRNA, inhibiting mRNA translation 
and affecting nearly 30% of all protein‑coding genes.8 Some miRs 
previously identified in cells and tissues have also recently been 
found in extra‑cellular fluids such as semen plasma, serum, saliva, 
and urine.9 One study has shown that reduced microRNA‑188‑3p 
expression contributes to apoptosis of spermatogenic cells in patients 
with azoospermia.10 Seminal plasma micro‑RNAs (Let‑7 and miR‑19b) 
are potential biomarkers for spermatogenic status.9 Another study has 
shown expression of miR‑15a and its target gene heat shock protein 
family A (Hsp70) member 1B (Hspa1B) in the spermatozoa of infertile 
men with varicoceles exhibiting oxidative stress.11 Our previous study 
also revealed that seminal miR‑192a expression was significantly 
higher in patients with idiopathic NOA; however, whether seminal 
miR‑192a expression is associated with varicocele repair in men with 
NOA remains unknown.12

INTRODUCTION
Clinical varicoceles have been reported in 4.3%–13.3% of infertile 
men with nonobstructive azoospermia (NOA).1 Previous studies have 
indicated that varicocelectomy may improve sperm production. Weedin 
et al.2 recently published a meta‑analysis of 11 studies from the previous 
20 years. This involved 233 patients with NOA and varicoceles who 
underwent varicocelectomy. Overall, 39.1% (91/233) of patients had 
motile spermatozoa in the ejaculate following varicocele repair. A total 
of 10.3% (24/233) pregnancies were reported, of which 6.0% (14/233) 
were spontaneous. A similar study by Esteves and Glina showed that 
47.1%  (8/17) of men with NOA had spermatozoa in the ejaculate 
after varicocelectomy.3 Kim et al.4 also found that 42.9% (12/28) of 
men with NOA had motile spermatozoa in the ejaculate after surgery. 
Furthermore, Pasqualotto et al.5 reported improved semen quality after 
varicocelectomy in men with NOA who exhibited germ cell aplasia in 
a single large testis biopsy. A recent meta‑analysis showed that motile 
spermatozoa were detected in the ejaculate of 60.0% (18/30) of men 
with hypospermatogenesis, 46.2%  (12/26) of men with maturation 
arrest, and 2.9% (1/34) of men with Sertoli cell‑only syndrome who 
underwent microsurgical subinguinal varicocelectomy.6

Overall, about 10%–50% of patients with NOA may show motile 
spermatozoa in the ejaculate after varicocelectomy.7 Varicocelectomy 
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In the present retrospective study, we examined the expression of 
seminal miR‑192a in men with NOA and clinical varicoceles following 
microsurgical subinguinal varicocelectomy who either did or did not 
achieve postoperation ejaculatory spermatozoa. We evaluated how 
the expression of seminal miR‑192a affects apoptosis and proliferation 
of GC‑2 germ cell lines. The overall aim of the study was to identify 
noninvasive predictors of achieving successful ejaculatory spermatozoa 
following varicocelectomy.

PATIENTS AND METHODS
Study design and patients
This study was approved by Shanghai General Hospital Research and 
Ethics Committee  (license number of ethics statement: 2012‑01). 
All patients provided written informed consent. Patients with 
clinically palpable varicoceles  (grades 1–3) were confirmed to have 
NOA by Doppler ultrasonography and repeated semen analysis. 
NOA with clinical varicocele patients following microsurgical 
subinguinal varicocelectomy with successful (Group A, n = 27) and 
unsuccessful (Group B, n = 33) ejaculatory spermatozoa, and 30 fertile 
controls from January 2014 to December 2016. Semen samples were 
obtained by masturbation into a sterile wide‑mouth container after 
3–5 days of sexual abstinence, and testicular tissue specimens were 
obtained during varicocelectomy. Doppler ultrasonography of the 
scrotum was performed before and after surgery. Sex hormones were 
measured by chemiluminescence assay.

Patients were excluded from the study if they had an abnormal 
karyotype, Y chromosome micro‑deletion, a history of alcohol or drug 
abuse, diabetes or hypertension, or a history of vasectomy or other 
surgery within the previous 3 months.

Surgical procedure
Microsurgical subinguinal varicocelectomy was performed as 
previously described.13 Briefly, the subcutaneous tissue and fascia of 
scarpa were divided by electrocautery. The testis was then externalized, 
and a testicular biopsy was obtained. The external spermatic veins 
and gubernacular veins were ligated. The testis was then returned 
to the scrotum. A rubber band was applied, below the cord and fix. 
Under 4–6 ‑fold magnification, the external and internal spermatic 
fasciae were opened. The vas deferens and vessels were separated with 
another rubber band to avoid injury. The magnification was increased 
to 10‑fold. All veins were doubly ligated while preserving the testicular 
artery, cremasteric arteries, cremaster muscle fibers, vas deferens 
nerves, and lymph vessels. Finally, the wound was closed in layers after 
the procedure. All patients were followed for 6 months postoperatively.

Hematoxylin and eosin staining
Deparaffinized and rehydrated specimens were stained with 
hematoxylin for 15  min, followed by eosin for 10  min at room 
temperature. They were then mounted in neutral resin and visualized 
by light microscopy (940552, Nikon, Tokyo, Japan).

Sample collection and RNA isolation
The semen samples were first centrifuged for 5 min at 1600 g, and the 
supernatant centrifuged for 15 min at 16 000 g, and 1 ml of the resultant 
supernatant was used for total RNA isolation. The total RNA was isolated 
from the seminal plasma using an RNeasy Micro Kit (cat. No. 74004; 
Qiagen, New York, USA) according to the manufacturer’s protocol. Eight 
rounds of phenol/chloroform purification were performed to eliminate 
proteins and ensure collection of pure seminal plasma total RNA. The 
concentration of the RNA samples was determined using a Nano‑Drop 
1000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA).

Quantitative real‑time polymerase chain reaction  (PCR) of miR 
expression
According to the manufacturer’s instructions (miScript PCR Starter Kit, 
cat. No. 218193; Qiagen), RNA was reverse transcribed in a final volume 
of 20 ml containing 4 µl 5 × miScript HiSpec Buffer, 2 µl 10 × miScript 
Nucleics Mix, 2 µl miScript Reverse Transcriptase Mix, 7 µl RNase‑free 
water, and 5 µl template RNA. The mix was incubated at 37°C for 60 min 
and 95°C for 5 min, and then held at 4°C. Real‑time quantification was 
then performed using an Applied Biosystems 7300 Real‑Time PCR 
System (Applied Biosystems, Waltham, MA, USA).

Each real‑time PCR included 0.5  ml universal reverse primer, 
0.5 ml sense primer, 1 ml EvaGreen (Biotium, Hayward, CA, USA), 
1 U ml − 1 TaqMan (Biotium), and 1 ml reverse transcription product. 
The reactions were incubated in a 96‑well optical plate at 95°C for 
10 min, followed by 40 cycles at 95°C for 15 s and 60°C for 1 min. 
U6 snRNA was used as the endogenous control gene to normalize 
the miR‑192a content among different samples. The expression of 
miR‑192a relative to U6 snRNA was determined using the 2−∆Ct method. 
The tests were repeated three times per experiment.

Cell proliferation and apoptosis analysis
GC‑2 cells were seeded at a density of 1000 cells per well in 96‑well 
microplates in Dulbecco's Modified Eagle Media/Nutrient Mixture 
F‑12 (DMEM/F12) supplemented with 2% (w/v) fetal bovine serum. 

Table 1: Baseline characteristics of nonobstructive azoospermia 
patients with varicocele

Demographic variables Postvaricocele repair

Sperm positive 
(n=27)

Sperm negative 
(n=33)

Age (year), mean±s.d. 27.01±0.46 29.03±0.93

Infertility interval (year), mean±s.d. 2.54±0.32 2.14±0.76

BMI (kg m−2), mean±s.d. 24.23±2.27 23.72±2.71

Grade of varicocele (n)

1 7 10

2 12 13

3 8 10

Side of varicocele (n)

Unilateral 20 24

Bilateral 7 9

FSH (mIU ml−1), mean±s.d. 21.93±4.63 23.41±7.23

The differences in selected demographic variables between the cases and controls 
were evaluated by the Chi‑square test. BMI: body mass index; FSH: follicle‑stimulating 
hormone; s.d.: standard deviation

Figure 1: Comparison of miR‑192a expression in (a) seminal plasma and 
(b) testicular tissue. Panel a shows the expression levels of seminal miR‑192a 
in Group B is over 2‑fold higher than in Group A or the controls. (b) Similar 
results were obtained for testicular miR‑192a expression between patients 
Group A and Group B. Group A: 27 men with spermatozoa in the ejaculate 
following surgery; Group B: 33 men without spermatozoa in the ejaculate 
follow surgery; Group C: 30 controls. **P < 0.001, the number is a relative 
level as relative to U6 snRNA, and the box is the 25th–75th centiles, the line 
is the median, the whiskers is the 10th and 90th centiles.
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They were then transfected with mimics control, miR‑192a mimics, 
a inhibitor control, or an miR‑192a inhibitor and maintained in a 
humid 5%  (v/v) CO2 atmosphere at 37°C. After 5  days of culture, 
the proliferation potential of GC‑2  cells was assessed by CCK‑8 
assay (cat. No. CK04; Dojin Laboratories, Tokyo, Japan) according to 
the manufacturer’s instructions. To investigate the role of miR‑19b in 
apoptosis, GC‑2 cells were homogenized in immunoprecipitation assay 
lysis buffer (Solarbio, Shanghai, China) containing protease inhibitors. 
The lysate was centrifuged at 16 000 g for 20 min at 4°C. After removal 
of the supernatant, 1 ×  loading buffer was added to the sample. The 
protein concentration was measured with a protein assay kit (Qiagen) 
according to the manufacturer’s instructions. Approximately 20 µg of 
protein was loaded on each gel and electrotransferred to polyvinylidene 
difluoride membranes by standard procedures. Caspase‑3 was detected 
using a rabbit polyclonal antibody to Caspase‑3  (1:300; Proteintech, 
Chicago, IL, USA), followed by a mouse anti‑rabbit secondary antibody 
(1:2000; Multi Sciences Biotech, Chicago, IL, USA). The band intensity 
was quantified relative to that of actin beta (ACTB; Multi Sciences Biotech) 
using ImageQuant TL 7.0 software (GE Healthcare, Little Chalfont, UK).

Statistical analyses
Data analysis was performed with SPSS 19.0  (IBM Corp., Armonk, 
NY, USA). The differences in selected demographic variables 
between the cases and controls were evaluated by the Chi‑square test. 
Statistical analyses for miR expression levels were performed by the 
Mann–Whitney U‑test. P ≤ 0.001 was considered statistically significant.

RESULTS
Patients’ clinical characteristics
The patients’ clinical characteristics are summarized in Table 1. Age, body 
mass index, varicocele grades, and follicle‑stimulating hormone (FSH) 
levels were similar between Group A and Group B (P > 0.05).

Levels and expression of miR‑192a in seminal plasma and testicular tissue
To determine whether the level of miR‑192a in seminal plasma or 
expression in testicular tissue is associated with sperm recovery in 
patients with NOA following varicocelectomy, the level of miR‑192a 
in seminal plasma and testicular tissue was compared between patients 
in Group A, Group B and controls. Figure 1a shows that the level of 

seminal miR‑192a in Group B was more than 2‑fold higher than that in 
Group A and the controls. Similar results were obtained for testicular 
miR‑192a expression between patients in Groups A and B (Figure 1b). 
However, the seminal miR‑192a level was very similar between patients 
in Group A and controls (P = 0.17).

Induction of GC‑2 cell apoptosis by miR‑192a
To investigate the role of miR‑19b in cell proliferation, we transfected miR 
mimics control, miR‑192a mimics, miR inhibitor control, and miR‑192a 
inhibitor into GC‑2 cells (Figure 2). A high level of miR‑192a mimics 
induced apoptosis of GC‑2 cells. Western blot was used to quantify the 
expression levels of Caspase‑3 protein and showed an increase in Caspase‑3 
in the miR‑192a mimics group compared with the other groups (Figure 3).

DISCUSSION
The past decade has witnessed a growing interest in the management 
of clinical varicoceles in men with NOA.14 However, whether 
varicocelectomy is beneficial for men with NOA and varicoceles 
remains controversial, and many such patients exhibit no spermatozoa 
in the postoperative ejaculate, and varicocelectomy is an invasive and 
expensive procedure.7 Thus, if research reveals a predictive marker for 
successfully finding sperm in the ejaculate after varicocelectomy in 
patients with NOA, prescreening of men with NOA should be performed 
to determine which patients will benefit from varicocelectomy.

Seminal miRs may be a potential biomarker for the spermatogenesis 
status in men with NOA because they are released from living cells of 
the testis and their expression is very stable and resistant to degradation 
by ribonucleases.15 Our study clearly showed different expression 
levels of the seminal plasma miR‑192a between Group A and Group 
B. The expression pattern in testicular tissue is the same as that in the 
seminal plasma; thus, we speculate that the higher expression level of 
miR‑192a in the seminal plasma might be due to germ cell secretion. Its 
physiological functions can regulate the expression of target genes that 
are induced by varicoceles; such functions include testicular hypoxia, 
venous hypertension, elevated temperature, increased oxidative stress, 
and increased levels of catecholamines in the spermatic vein.7,16–18 
Growing evidence has indicated that miRs have critical functions in 
regulating germ cell development in male rodents.

To identify these physiological functions, we transfected GC‑2 cells 
with miR mimics controls, miR‑192a mimics, miR inhibitor controls, 
and miR‑192a inhibitors mimics. The miR‑192a induced GC‑2 cells 
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Figure 2: Transfection efficiency of miR‑192a mimics and inhibitor 
in GC‑2 cells. (a) Phase‑contrast microscopy of mimics control. (b) 
The transfection efficiency of miR‑192a mimics using FAM‑labeled 
miRNA mimic control oligonucleotides. (c) Phase‑contrast microscopy 
of inhibitor control. (d) The transfection efficiency of miR‑192a 
inhibitor using FAM‑labeled miRNA inhibitor control oligonucleotides. 
Scale bar = 20 µm for all panels. FAM: fluorescein amide marker.
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Figure 3: The effect of miR‑192a on the proliferation and apoptosis of GC‑2 cells. 
(a) Cell proliferation was measured using a 3‑(4,5‑dimethylthiazol‑2‑yl)‑2, 
5‑diphenyltetrazolium bromide assay. (b) Western blot analysis of the protein 
Caspase‑3 at 72 h after transfection. (c) Quantification of western analysis. 
Data are presented as the mean of three experiments. ACTB: actin beta; OD: 
optical density. **P<0.01.
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apoptosis; however, no significant change was observed in the 
proliferation of cells. We also found that Caspase‑3 protein increased 
in the miR‑192a mimics group compared with the other groups. 
Caspase‑3 (apoptosis‑related cysteine peptidase) is a member of the 
cysteine‑aspartic acid protease family, which plays a central role in the 
execution phase of cell apoptosis and cleaves and activates Caspases 6, 
7, and 9. Thus, we suspect that miR‑192a induces GC‑2 cell apoptosis 
through Caspase‑3 protein.

Our study has several limitations. First, it was a single‑center 
retrospective study. Second, men with NOA and clinical varicoceles 
represent a small group of infertile men. Future studies with a larger 
sample size are needed to validate this association. Third, more seminal 
miRs expression profiling should be performed using micro‑array 
assay, and the biological functions of miRs and their target genes 
should be identified.

CONCLUSIONS
The seminal plasma miR‑192a expression level may be a useful clinical 
marker for prediction of successfully obtaining spermatozoa in the 
ejaculate after varicocelectomy in men with NOA and varicoceles. 
However, a prospective study with a large number of patients is required 
to confirm this finding.
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