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ABSTRACT. The prevalence of Y chromosome microdeletions among
azoospermic, severe oligozoospermic, moderate oligozoospermic, and
mild oligozoospermic patients with varicocele-related and idiopathic
infertility shows conflicting data in Asian countries. We aimed to detect
this frequency in Northeast China, and investigated spermatogenic
defects whether associated with varicocele or Y chromosome
microdeletions. All samples underwent a thorough physical examination,
semen analysis, and PCR analyses for Y chromosome microdeletions.
We randomly selected 150 infertile non-obstructive azoospermic
patients with left varicocele (Group 1), 150 idiopathic non-obstructive
azoospermic infertility patients (Group 2), 150 infertile severe
oligozoospermic patients with left varicocele (Group 3), 150 idiopathic
severe oligozoospermic infertility patients (Group 4), 150 infertile
moderate oligozoospermic patients with left varicocele (Group 5), 150
idiopathic moderate oligozoospermic infertility patients (Group 6), 150
infertile mild oligozoospermic patients with left varicocele (Group 7),
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150 idiopathic mild oligozoospermic infertility patients (Group 8), and
60 healthy unrelated men with proven fertility were recruited as control
subjects (Group 9). We observed that our samples from Northeastern
China had a higher frequency of microdeletions among the non-
obstructive azoospermic individuals with varicocele, as compared with
other Asian countries. Furthermore, the spermatogenic defect is due to
the underlying Y chromosome microdeletion, and not the varicocele
itself. Although varicocele is not the cause of male infertility, it may be
associated with male infertility in the Northeastern Chinese population.

Key words: Varicocele; Male infertility; Y chromosome microdeletion;
Azoospermia; Severe oligozoospermia

INTRODUCTION

Varicocele is an abnormal dilation of the pampiniform plexus of testicular veins,
whereby the veins are swollen and twisted over the testicle, ranging from azoospermia to oli-
gozoospermia (Moro et al., 2000). It occurs on the left side in 78-93% of cases (Redmon et al.,
2002), and effects approximately 40% of the reproductive-aged population (Marmar, 2001).

The Y chromosome contains a few genes that control spermatogenesis, and most of
the microdeletions related to azoospermia or oligozoospermia occur in the long (q) arm of the
Y-chromosome. Within the Yq region, the azoospermia factor (AZF) region is divided into 3
subregions (AZFa-c) that are approximately 800 kb, 3.2 Mb, and 3.5 Mb in size, respectively
(Briton-Jones and Haines, 2000; Gatta et al., 2002). The genes in the AZF region are consid-
ered critical for spermatogenesis, and the frequency of Y chromosome microdeletions has
been associated with the severity of spermatogenic defects (Krausz et al., 2001). Y chromo-
some microdeletions are considered to be one of the most important genetic causes leading to
male infertility.

To date, varicocele is often considered as the common cause of male infertility in
some studies. Indeed, for centuries, the literatures have indicated an association between
varicocele and male infertility. For instance, some reports recognized that semen quality could
be improved after varicocele repair. This was observed by Tulloch (1952), who described a
patient with bilateral varicocele and azoospermia, whose sperm count increased to 27 x 10°
after surgical corrections and he conceived a child. Also, Redmon et al. (2002) have shown
the hypothesis that varicocele may not have any association with or effect on male fertility
or it may be associated with, but is not the cause of, male subfertility. However, the primary
cause of infertility is still unclear. Genetic abnormalities are thought to contribute to the cause
of many unexplained cases of male infertility. Y chromosome microdeletions are particularly
intriguing, and conflicting results have been reported with respect to the prevalence of Y chro-
mosome microdeletions in varicocele patients.

The aim of the present study was to detect the prevalence of Y chromosome mi-
crodeletions in azoospermic, severe oligozoospermic, moderate oligozoospermic, and mild
oligozoospermic patients among men with varicocele-related and idiopathic infertility in a
Northeast Chinese population. By comparing these results with previously published reports,
we investigated whether the spermatogenic defect was associated with varicocele or Y chro-
mosome microdeletions.
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MATERIAL AND METHODS
Patients

We evaluated 3600 infertile male patients aged 20-47 years who attended the outpatient
infertility clinic of the Andrology and Urology Departments of the First Hospital of Changc-
hun, Jilin Province, Northeastern China, between November 6, 2006 and October 22, 2014. All
patients underwent a thorough physical examination, semen analysis, and PCR analyses for Y
chromosome microdeletions. We randomly selected 150 infertile non-obstructive azoospermic
patients with left varicocele (Group 1), 150 idiopathic non-obstructive azoospermic infertility
patients (Group 2), 150 infertile severe oligozoospermic patients with left varicocele (at least
three semen samples with sperm counts of <5 million/mL, Group 3), 150 idiopathic severe
oligozoospermic infertility patients (Group 4), 150 infertile moderate oligozoospermic patients
with left varicocele (at least three semen samples with sperm counts of 5-10 million/mL, Group
5), 150 idiopathic moderate oligozoospermic infertility patients (Group 6), 150 infertile mild
oligozoospermic patients with left varicocele (at least three semen samples with sperm counts
of 10-20 million/mL, Group 7), 150 idiopathic mild oligozoospermic infertility patients (Group
8), and 60 healthy unrelated men with proven fertility (attending the Physical Examination
Center, First Hospital for routine examination) were recruited as control subjects (Group 9).

The Ethics Committee of First Hospital approved this study, and all patients provided
informed consent to participate in the study.

Sample collection and routine semen analysis

Semen analysis was performed for all patients according to the recommendations
of the World Health Organization (1999). Semen samples were collected after 3-5 days of
sexual abstinence, and they were left to liquefy for 30 min at 37°C. Semen analysis included
assessment of sperm concentration and motility. Throughout the study, the same technician
performed all semen analyses. Concentration and motility were evaluated using computer-
assisted sperm analysis (CASA; WLJY-9000, China). Sperm motility was assessed by cat-
egorization into four grades of motility at 37°C: Grade A - rapid progressive sperm; Grade B
- slow progressive sperm; Grade C - non-progressive sperm; and Grade D - immotile sperm.
Sperm viability was evaluated by Eosin Y staining.

DNA and PCR analyses

Genomic DNA was isolated from peripheral blood lymphocytes using the Tiangen
Blood DNA Extraction Mini Kit (Beijing Tiangen Biotech Co. Ltd., China). DNA samples
obtained from normal men with proven fertility and normal women were used as positive and
negative controls. And water was used as a blank control.

Based on the recommendations of the European Academy of Andrology and the Euro-
pean Molecular Genetics Quality Network, the patients were tested for the markers proposed
by Simoni et al. (2004): sY84,sY86,sY127,sY134,sY143,sY152,sY254,sY255 and sY 157,
with sY 14 (sex-determining region of the Y chromosome) and sex-chromosomal zinc-finger
genes (ZFX/ZFY) as internal controls. PCR was carried out in a total volume of 20 pL. APCR

Genetics and Molecular Research 14 (2): 6583-6590 (2015) ©FUNPEC-RP www.funpecrp.com.br



R.L. Dai et al. 6586

thermal cycler (Veriti 96-well PCR; Applied Biosystems, Carlsbad, CA, USA) was used to com-
plete the PCR amplification. Each experiment was performed at least twice. Results were con-
sidered positive when a clear amplification product of the expected size was obtained. In cases
of negative results, PCR was repeated two more times or until acceptable results were achieved.

Statistical analysis

The SPSS software (ver. 11.5; SPSS, Inc., Chicago, IL, USA) was used to perform sta-
tistical calculations. Differences were considered to be statistically significant when P < 0.01.

RESULTS

PCR for Y chromosome microdeletions were performed on all patients and controls.
Microdeletions were found in 18.00% (27/150) of the non-obstructive azoospermic patients
with left varicocele and in 6.00% (9/150) of the idiopathic non-obstructive azoospermic infer-
tility patients. Furthermore, Y chromosome microdeletions were found in 11 severe oligozoo-
spermic patients with left varicocele (7.33%), 5 idiopathic severe oligozoospermic infertility
patients (3.33%), 4 moderate oligozoospermic patients with left varicocele (2.67%), and 2
idiopathic moderate oligozoospermic infertility patients (1.33%). There were no Y chromo-
some microdeletions in mild oligozoospermic and control groups (Table 1).

Table 1. Details on seminal and Y chromosome microdeletion analysis in different groups of patients.

Group  Type of infertility N Seminal pattern No. of No. of microdeletion in AZF region
microdeletions

AZFa AZFb AZFc AZFbtc

1 Left varicocele 150 Azoospermia 27 2 2 14 9
2 Idiopathic infertility 150 Azoospermia 9 1 1 5 2
3 Left varicocele 150 Severely oligozoospermia 11 0 0 11 0
4 Idiopathic infertility 150 Severely oligozoospermia 5 0 0 5 0
5 Left varicocele 150 Moderate oligozoospermia 4 0 0 4 0
6 Idiopathic infertility 150 Moderate oligozoospermia 2 0 0 2 0
7 Left varicocele 150 Mild oligozoospermia 0 0 0 0 0
8 Idiopathic infertility 150 Mild oligozoospermia 0 0 0 0 0
9 Fertility control 60 Normal 0 0 0 0 0

Among the 27 with microdeletions in Group 1, 2 patients had microdeletions in the
AZFa region, 2 had microdeletions in the AZFb region, 14 had microdeletions in the AZFc
region, and 9 had microdeletions in the AZFb+c regions. Among the 9 with microdeletions in
Group 2, 1 patient had microdeletions in the AZFa region, 1 had microdeletions in the AZFb
region, 5 had microdeletions in the AZFc region, and 2 had microdeletions in the AZFb+c re-
gions. All of the severely oligozoospermic and moderate oligozoospermic patients (including
Groups 3, 4, 5, and 6) had microdeletions in the AZFc regions (Table 1).

A comparison of Y chromosome microdeletion frequencies in non-obstructive azo-
ospermic patients with varicocele between this study and previous Asian studies that used the
same inclusion criteria is shown in Table 2. In our study, 27 non-obstructive azoospermic pa-
tients (18.00%, 27/150) had Y-chromosome microdeletions, which is different from the results
presented by other Asian studies, including those involving India, Turkey, and Eastern China
(Jiangsu Province). Particularly disparate was the study by Sagnak et al. (2010) who thought
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that none of the patients in Turkey carried Y chromosome microdeletions. However, our re-
sults were consistent with those obtained in the study of Eastern China (Shandong Province).

Table 2. Comparison of the Y chromosome microdeletion frequency in azoospermic patients with varicocele in

this study and other Asian studies.

Authors Country No.of  No. of varicocele  No. of varicocele  Frequency of  Deleted subregions
loci tested patients patients with microdeletion
microdeletions (%)
Rao et al. (2004) India 18 57 1 1.75%* AZFc
Dada et al. (2007) India 6 72 4 5.56* AZFa; AZFa+b; AZFb+c
Sagnak et al. (2010) Turkey 19 51 0 0** NR
Gao et al. (2012) Eastern China 6 47 11 23.40 AZFc; AZFa; AZFb;
(Shandong Province) AZFb+c
Song et al. (2005) Eastern China 6 81 3 3.70%* AZFa; AZFc
(Jiangsu Province)
This study Northeast China 9 150 27 18.00 AZFa; AZFb; AZFb+c;

AZFc

*P < 0.05, compared with our study. **P < 0.01, compared with our study. NR = not reported.

A comparison of Y chromosome microdeletion frequencies in severely oligozoosper-
mic patients with varicocele between this study and previous Asian studies is shown in Table
3. In our study, 11 severely oligozoospermic patients (7.33%, 11/150) had Y chromosome
microdeletions. Previous studies are consistent with the results of the present study, with the
exception of those observed in the Eastern China (Shandong Province) study.

Patients of Group 1-8 all had some degree of testicular damage (Table 4).

Table 3. Comparison of the Y chromosome microdeletion frequency in severely oligozoospermic patients with

varicocele in this study and other Asian studies.

Authors Country No.of  No. of varicocele  No. of varicocele patients Frequency of Deleted
loci tested patients with microdeletions microdeletion (%)  subregions
Rao et al. (2004) India 18 57 1 1.75 AZFc
Dada et al. (2007) India 6 72 3 4.17 AZFc
Sagnak et al. (2010)  Turkey 19 51 1 1.96 AZFc
Gao et al. (2012) Eastern China 6 57 11 19.30* AZFc
(Shandong Province)
Song et al. (2005) Eastern China 6 81 1.23 AZFc
(Jiangsu Province)
This study Northeast China 9 150 11 7.33 AZFc
*P < 0.05, compared with our study.
Table 4. Number of patients with testicular damage in different groups.
Group N Seminal pattern No. of patients
Bilateral testis small Left testis small Normal
1 150 Azoospermia 89 26 35
2 150 Azoospermia 74 8 68
3 150 Severely oligozoospermia 71 8 71
4 150 Severely oligozoospermia 41 18 91
5 150 Moderate oligozoospermia 11 16 123
6 150 Moderate oligozoospermia 7 13 130
7 150 Mild oligozoospermia 5 6 139
8 150 Mild oligozoospermia 3 2 145
9 60 Normal 0 0 60
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DISCUSSION

Although it has long been recognized that varicoceles are closely related to male in-
fertility, few studies have specifically examined whether varicoceles are associated with any
genetic factors leading to spermatogenic defects in non-obstructive azoospermic, severe oli-
gozoospermic, moderate oligozoospermic, and mild oligozoospermic infertile men with vari-
cocele-related and idiopathic infertility. Y chromosome microdeletions are considered to one
of the most important genetic causes related to male infertility. The selection of an appropriate
sequence tagged site (STS) loci is critical in the determination of Y chromosome microdele-
tion frequency. The European Academy of Andrology and the European Molecular Genetics
Quality Network guidelines indicate that the use of six STS loci (sY84, sY86, sY127, sY 134,
sY254, sY255) results in the detection of up to 95% of all reported Y chromosome microde-
letions in the AZF regions. This study chose nine STS loci, sY84 and sY86(AZFa), sY127,
sY 134, and sY143(AZFb),sY152,sY254,sY255, and sY157(AZFc), to detect Y chromosome
microdeletions.

Varicoceles have long been associated with male infertility as they are commonly
found among infertile people and have been associated with bad seminal quality in the World
Health Organization (1992). Varicoceles have an incidence of 10-15% in the general popula-
tion, 30-35% in primary infertile men, and 69-81% in secondary infertile men (Gorelick and
Goldstein, 1993; Sabanegh et al., 2012).

In this study, Y chromosome microdeletions were detected in 18% (27/150) of non-
obstructive azoospermic patients with varicocele, 7.33% (11/150) in severely oligozoospermic
patients, and 2.67% (4/150) in moderate oligozoospermic patients, but no microdeletions were
detected in the mild oligozoospermic group. These results demonstrate that the spermatogenic
defect is likely due to the underlying Y chromosome microdeletions, and not the varicocele
itself. This is in contrast to previous studies, such as the one presented by Jarow (2001),
which reported that adolescent boys with varicocele showed decreased testicular volume and/
or testicular growth. Moreover, Agarwal et al. (2007) found that sperm concentration and
motility increased after varicocelectomy. Even the most recent meta-analysis demonstrated
an improvement in semen parameters after treatment for varicocele (Baazeem et al., 2011).

The frequency of Y chromosome microdeletions was also assessed for those patients
with idiopathic infertility. These microdeletions were detected in 6.00% (9/150) of the idio-
pathic non-obstructive azoospermic infertility patients, which was lower than the microdele-
tion frequency of the non-obstructive azoospermic patients with varicocele. Moreover, 3.33%
(5/150) of idiopathic severe oligozoospermic infertility patients possessed Y chromosome
microdeletions, which was lower than the microdeletion frequency of the severely oligozoo-
spermic patients with varicocele. Likewise, 1.33% (2/150) of idiopathic moderate oligozoo-
spermic infertility patients possessed these microdeletions, which was again lower than the
microdeletion frequency of the moderate oligozoospermic patients with varicocele. No micro-
deletions were observed in the mild oligozoospermic patients. Thus, it appears that varicocele
may be associated with male infertility, but it is unlikely to be the cause of this disorder.

When comparing the Y chromosome microdeletion frequencies in non-obstructive
azoospermic patients with varicocele determined in this study with that of previous Asian
studies, several differences are evident. The Y chromosome microdeletion frequency of non-
obstructive azoospermic patients with varicocele in our study was higher than that from other
Asian Coutries, involving patients from India, Turkey, and Eastern China (Jiangsu Province)
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(Table 2). However, the data presented in this study is consistent with that found for patients
in Eastern China (Shandong Province). It is interesting to note that microdeletion frequencies
varied in different parts of the same country. The variation among Asian countries may be due
to ethnic, regional, and STS selection differences for patient samples. The latter factor may be
especially true for the study of Turkish patients where none of the patients carried Y chromo-
some microdeletions.

In contrast to the above comparison, Y chromosome microdeletion frequencies in se-
verely oligozoospermic patients with varicocele between our study (7.33%, 11/150) and previ-
ous Asian studies were very similar (Table 3). Specifically, only the microdeletion frequency
from Eastern China (Shandong Province) differed significantly from those presented in this
study. Interestingly, all studies of Asian severely oligozoospermic patients with varicocele had
microdeletions in the AZFc regions (Table 3).

In conclusion, we recognized that our samples from Northeastern China had a higher
frequency of microdeletions among non-obstructive azoospermic patients with varicocele
than other Asian countries. Our results demonstrated that spermatogenic defects are due to the
underlying Y chromosome microdeletions, and varicoceles are simply a phenotype in infertil-
ity patients. Although varicocele is not the true cause of male infertility, it appears to be associ-
ated with male infertility in the Northeastern Chinese population. These results emphasize the
importance of genetic counseling and screening for Y chromosome microdeletions for infertile
men with varicocele before varicocelectomy, to determine appropriate treatment plans.
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