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Abstract
Background: To investigate the correlation between Y chromosome microdeletion and cytogenetic
analysis in patients with azoospermia.

Methods: A total of 516 patients with azoospermia were enrolled from March 2015 to December 2019.
Karyotype analysis(G-banding) was performed with peripheral blood.Y-chromosome azoospermia factor
(AZF) were detected by quantitative fluorescent polymerase chain reaction (QF-PCR).

Results: Chromosome abnormality was detected in 66 of the 516 azoospermia patients, with an
abnormal rate of 12.8% In addition, 7.8% cases(40/516) presented with Y-chromosome AZF
microdeletions, in which 27 cases patients with karyotype of 46,XY(67.5%,27/40) and 13 cases of
chromosome abnormalities (32.5%,13/40).

Conclusion: The incidence of Y chromosome microdeletion was higher in the patients with karyotype of
46,XY. Conventional cytogenetics cannot directly reflect the microdeletions of Y chromosome. Therefore,
the combination of this two detection methods can help to clarify the genetic causes of patients with
azoospermia and provide a theoretical basis for clinical assisted reproductive technology.

Background
About 10–15% of couples with childbearing age worldwide are infertile, and the World Health
Organization(WHO) considers that 50% of infertile couples are caused by male factors[1]. Besides, The
azoospermia and occult azoospermia account for 10–20% in male infertility. Several factors have been
implicated in male with azoospermia such as genetic abnormality, abnormal sex hormone level,
abnormal immunity, age, environment and others. The main cause of genetic factor involved in male with
azoospermia, which was the most concerned by clinic ,were chromosome abnormality and Y
chromosome microdeletion. Microdeletion in the AZF region of the Y chromosome controlling
spermatogenesis located in the q11 region of Y chromosome. These aetiological examination is helpful
for clinical treatment to assisted reproductive technology to reduce the economic burden of patients. In
the present study, the frequency and type of major chromosomal abnormalities including Y chromosome
microdeletions of 516 patients with azoospermia were investigated, which is to help identify the genetic
etiology of male azoospermia.

Methods
Subjects:

A total of 516 patients diagnosed as azoospermia were collected in the reproductive health and infertility
department in our hospital from March 2015 to December 2019.The age ranged from 21 to 52, with an
average age of 31.7. All the patients were examined by physical examination and semen routine analysis
to rule out varicocele, endocrine disorders, genital inflammation, immune abnormalities, physical and
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chemical factors causing sperm loss.The diagnostic criteria for azoospermia are in accordance with the
definitions and methods of WHO’s 5th edition of the "Human Sperm Examination and Handling
Laboratory Manual" [2]. The sperm density is checked at least 3 times or more, and no sperm was seen
after centrifugation .This study was approved by the Ethics Committee of Guangdong Women and
Children Hospital

Cytogenetic analysis

Informed consent was taken from the patients and donors prior to collection of 4 ml heparinised blood
samples. Chromosome investigations were performed on cultures of peripheral blood lymphocytes using
standard techniques. Karyotype analysis using GTG-banding was performed following standard
procedures, At least 5 metaphases were analysed and 20 karyotypes were counted for each patient and
increased up to more than 30 to 100 metaphases in case of mosaicism to confirm the result. the
karyotypes were reported in accordance with the up-to-date International System for Human
Cytogenomics Nomenclature 2016 (ISCN2016) [3].

Y chromosome microdeletion analysis

Genomic DNA was obtained from EDTA blood samples extracted from patients. Six sequence tagged
sites (STS) in the AZF region were used as markers for analysis of microdeletion. The STS markers were
the zinc finger Y-chromosomal gene and the sex-determining region of the Y chromosome(SRY)
geneincluded asinternal control (IC). PCR primers were labelled by FAM, JOE and TAMRA fluorescently.
With the exception of the ZFX/ZFY primer, other primers and amplification conditions were carried out in
accordance with the European reproductive society (EAA) 2004 guidelines and EMQN standards [4].
Finally, the results of capillary electrophoresis were analyzed by GeneMaker (version2.2.0) software.

Results
Cytogenetic anlysis

A total of 66 chromosome abnormalities were detected in 516 azoospermia patients,with a detection rate
of 12.8%(66/516).Of these ,fifty-seven (86.36%,57/66) sex chromosome abnormalities were detected,
including four cases with sex chromosome structural abnormalities, 44 sex chromosomal
aneuploidies(SCA), four cases with disorders of sex development(DSD), and 9 cases with mosaicism .In
addition,9 cases (13.64%,9/66) of autosomal structure rearrangement were also detected as shown in
Table 1.

Y chromosome microdeletion

AZF deletion was detected in 40 of the 516 patients diagnosed with azospermia, with a total deletion rate
of 7.8%(40/516), including 5 AZFa(12.5%,5/40),1 AZFb(2.5%,1/40),20 AZFc(50.0%,20/40),9
AZFb+AZFc(22.5%,9/40), and 4 AZFa+AZFb+AZFc(10.0%,4/40) as shown in Table 1.
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Table 1
Summary of Y chromosome microdeletion and karyotype in 516 patients with azoospermia

Type karyotype Case(Abnormal
ratio %)

AZF microdeletions Loss
ratio
(%)

a b c bc abc  

Nomal
karyotype

46,XY 450(87.2) 5 1 19 2 - 67.5

Abnormal
karyotype

47,XXY 39(7.56) - - - - - 0

46,XX 4(0.78) - - - - 4 10

mos 47,XXY/46,XY 2(0.39) - - - - - 0

46,X,del(Y)(q11.22) 4(0.78) - - 1 2 1 10

47,XYY 1(0.19) - - - - - 0

mos 45,X/46,XY 2(0.39) - - - 1 - 2.5

mos 45,X/46,X,Yqh- 2(0.39) - - - 1 - 2.5

mos 46,X,del(Y)
(q11.22q11.23)/45,X

1(0.19) - - - 1 - 2.5

mos

46,X,del(Y)
(q11.22)/46,X,idic(Y)

(q11.22)/45,X/46,XY

1(0.19) - - - 1 - 2.5

mos 45,X/46,X,der(Y;Y)t(q?
11.23;q11.2)del(Y)(p?11.1)

1(0.19) - - - 1 - 2.5

46,XY,t(18;22)(p11.2;q11.1) 1(0.19) - - - - - 0

46,XY,t(1;22)(q12;p12),14p+ 1(0.19) - - - - - 0

46,XY,t(2;5)(q13;q13) 1(0.19) - - - - - 0

45,XY,der(13;14)(q10;q10) 2(0.39) - - - - - 0

46,XY,der(1)?inv(1)(p36.2q21)?
inv(1)(p31q36.1)

1(0.19) - - - - - 0

46,XY,inv(1)(p33q44) 1(0.19) - - - - - 0

46,XY,inv(15)(q11.2q24) 1(0.19) - - - - - 0

46,XY,inv(1)(q34.2q24) 1(0.19) - - - - - 0

AZF:azoospermia factor;MOS:mosaicism
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Type karyotype Case(Abnormal
ratio %)

AZF microdeletions Loss
ratio
(%)

a b c bc abc  

Total   516(100) 5 1 20 9 5 100

AZF:azoospermia factor;MOS:mosaicism

Discussion
Chromosome abnormality and Y chromosome microdeletion are two genetic factors that most common
caused in patients with azoospermia[5].Deletions involving the three AZF regions on Yq11 have been
verified to affect spermatogenesis and to cause infertility. In this study, the detection rate of
chromosomal abnormalities in 516 patients with azoospermia was 12.8%, which is similar with the
litreature 14.71%(Li Fu et al, 2012)[6]. We found that the most frequent chromosome aberration was
47,XXY in patients with azoospermia, accounting for 49.4% of the chromosomal abnormalities, which
was consistent with the 51.14% reported by M. Zhang [7]. Klinefelter syndrome (KS) refer to congenital
testicular seminiferous tubule hypoplasia. The classic karyotype for men with KS is 47,XXY. The SRY
gene, which controls testicular development with male phenotype, is present on the Y chromosome.
However, Y chromosome function is inhibited due to the extra X chromosome, affected the development
of testicular convoluted tubules by hyaline degeneration and fibrosis of spermatogenic tubules. The
clinical manifestations of KS were spermatozoa, small and hard testicles, and dysplasia of secondary
sexual characteristics. Neither AZF microdeletion of Y chromosome was detected in 165 cases of 47, XXY
in patients with azoospermia or occult azoospermia reported by Liu[7],nor in our report. It was suggested
that there was no significant correlation between the etiology of azoospermia and Y chromosome
microdeletion in patients with KS, which indicates that may be there is no necessary for detection of AZF
microdeletions may in patients with KS.

There are more than 2,000 genes on the autosomes that are involved in spermatogenesis from domestic
and foreign research. Several studies have found genes associated with spermatogenic function on
chromosome 1, including scp-1,tsMCAK,MTHFR,MSH4, and mmp-23 [8–9]. In this paper, there were 9
cases of autosomal abnormalities were be found in 516 patients with azoospermia, among which
chromosome 1 was the most common, accounting for 44.4% of autosomal abnormalities, including 3
cases of inversion and 1 case of balanced translocation of chromosome 1, none of which had AZF
microdeletion. Previously published literature showed that the number of broken sites on chromosome 1
is higher than other autosomes in male infertility, especially in azoospermatism patients[10]. All of these
findings demonstrated that structural abnormalities of chromosome 1 may be highly correlated with
azoospermatism patients. After the translocation or inversion of chromosome 1, if these broken sites are
located in the genes involved in the formation of spermatogenesis, the integrity of the gene is destroyed,
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affecting gene expression and causing sperm disorder. Its mechanism remains to be further research in
the future.

In our study, we found that 40 out of 516 patients with azoospermia suffered from the AZF microdeletion
of Y chromosome, with a total frequency of 7.8%, be similar to what Ferlin [11] has reported. The three
regions of AZF that can be fruency missing are named as AZFa, AZFb, and AZFc. They are located at the
near, middle and far ends of Yql1.23. AZFa microdeletion can lead to sertoli cell only syndrome, which is
characterized by decreased of mesenchymal cells and Sertoli cell through clinical pathologic
examination, with the dysplasia of seminal convoluted tubules. And AZFb microdeletion can result in the
Maturation and growth of spermatogoniums and primary spermatocytes, whose symptoms are
azoospermia. However AZFc microdeletion is so much complex that can result in from a normal
phenotype sperm to azoospermia. It was found that half of males with AZF microdeletion of Y
chromosome were AZFc microdeletions, which was the most common deletion type, followed by AZFb + 
AZFc(22.5%), AZFa(12.5%), AZFa + AZFb + AZFc(10.0%), and AZFb(2.5%).The inability to produce sperm
associated with the loss of one or more regions of AZFa and AZFb. Zoospermatism patients with AZFc
microdeletions of Y chromosome can obtain mature sperm by testicular puncture, and the progeny can
be injected by intracytoplasmic sperm injection (ICSI)[12–13].However, AZFc microdeletions still risk
vertical transmission to male offspring. Therefore, to detect the regions of AZF microdeletions of patients
with azoospermia provides a scientific basis for the choice of ICSI assisted fertility therapy in the
future.By the way, genetic counseling was provided for the selection of female embryos by genetic
diagnosis before ICSI treatment for patients with AZFc microdeletions, which reduced the unnecessary
invasive surgery and reduced the psychological pressure and financial burden of patients.

The main genes that determines the development of spermatogenic cells in the testicular convoluted
spermatogenic duct is located on q11 of Y chromosome, and this partial deletion or rearrangement may
result in the deletion or alteration of a series of genes related to spermatogenic function on Y
chromosome. Among the 4 cases with 46, XY, del(Y) (q11.22) karyotypes we detected, we found a
significant cytogenetic deletion of the long arm of the Y chromosome, which involved AZF microdeletions
in different regions, including 1 case of AZFc region deletion, 2 cases of AZFb + AZFc region deletion, and
1 case of AZFa + AZFb + AZFc region deletion. In addition, we detected AZF gene deletions in different
regions and showed azoospermia in these Y chromosome long arms with significant deletions. We also
found that AZF was present at the position q11 on the Y chromosome. in our study we found that all of
this 4 patients with AZF microdeletions was localized in q11.22 on Y chromosome, and the molecular
level showed different AZF deletion. These results suggest that the possibility of AZF microdeletion was
higher in patients with asthenia who are cytogenetically deficient in long arm q11.22 of Y chromosome,
and the missing region needs to be confirmed by molecular genetics.

In conclusion, chromosomal abnormalities and Y chromosome microdeletions are important genetic
factors affected male with azoospermia. The majority of azoospermic patients with Y-chromosome AZF
microdeletions have normal karyotypes. Conventional cytogenetics cannot directly reflect the situation of
AZF microdeletion and must be clearly diagnosed by molecular genetics. The combined detection of



Page 7/8

these two methods helps to clarify the genetic causes of patients with azoospermia before receiving
assisted reproduction treatment, thus reducing the psychological burden of patients, while avoiding
unnecessary clinical treatment.

Abbreviations
AZF:azoospermia factor;QF-PCR:quantitative fluorescent polymerase chain reaction;WHO:World Health
Organization;DSD:disorders of sex development;KS:Klinefelter syndrome;SRY:sex-determining region of
the Y chromosome;ICSI:intracytoplasmic sperm injection
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