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Microdeletion of Y-chromosome and Their High Impact on Male Infertility

INTRODUCTION

Male infertility is a multifactorial genetic disorder. WHO
defined infertility as an inability to conceive naturally after
at least 1-year of unprotected intercourse. It is expected
that 15% of couples worldwide who seeks children have
infertility while male factor alone contributes about 50%
in childless couples. In more than half of infertile male are
unknown idiopathic causes. Semen analysis shows abnormal
conditions such as azoospermia, oligozoospermia,
teratozoospermia, asthenozoospermia, necrospermia, and
pyospermia.l® The prevalence of primary and secondary
infertility varies between 29% and 71%, but about 30%
of cases of reduced infertility are still unknown. The
Y-chromosomes play a significant role in maintaining fertility
in human. Hence, it is essential to understand the molecular
structure of Y-chromosome and their regions associated
with infertility. Y-Chromosome is one of the smallest
chromosomes. It consists of euchromatic, heterochromatic
regions, and covered 95% by male-specific region. There are
60 million nucleotides including 156 transcription units, 78
protein-coding genes, and 27 distinct proteins as shown in
Figure 1.

Both ends of the Y-chromosome contains pseudo autosomal
regions (PARs) join up with the X-chromosome during
crossing over (meiosis). The region outside PARs does
not play a significant role in linkage and known as the
nonrecombining region of the Y-chromosome. However,
molecular deletion studies of Y-chromosomes (Yq11.21,
Yq11.22, and Yq11.23) are based on sequence tagged sites
have identified the loci responsible for the production and
differentiation of sperm. A large number of factors are

known to interfere with spermatogenesis. Undoubtedly,
among the genetic factors associated deletion of
azoospermic factor (AZF) are known to play a crucial role in
regulating infertility. Y-chromosomal imbalance contributes
about 14% of azoospermic and 5% of oligozoospermia
and plays a significant role in infertility with abnormal
seminograms.”l The expected phenotype ranges from
oligozoospermia to azoospermia, and have a variable
impact because of the same karyotype within the same
family has been reported earlier.® In most of the cases, the
distal region of Y-chromosome is translocated to the short
arm of an acrocentric chromosome and can be visualized by
fluorescence in situ hybridization This seems to be relevant
for diagnosing of microdeletion of Y-chromosome in
karyotypes of 47, XXY or mosaic 46, XY/47, XXY cases with
clinical features characterized by testicular hypotrophy,
azoospermia and increased FSH levels. The deletion
frequency varies in azoospermic cases due to different
regions (AZFa, AZFb, and AZFc) with various karyotypes. The
incidence (0.5-1.0%) of Robertsonian translocations varies
between two acrocentric chromosomes (i.e., chromosomes
13, 14, 15, 21, and 22), resulting either in a single abnormal
chromosome or dicentric chromosome, leading to reported
cases of male infertility.®1% In this review, the authors have
has initially selected relevant articles from the last five years
using PubMed or Google Search as the primary tool during
the preparation of this article. The author’s contributions
on the deletion of AZF regions and the impact on male
infertility in Indian population was also incorporated.

De novo microdeletion of Y-chromosome occurs due to
recombination events between repetitive DNA sequences
during meiosis in infertility.""'3 The euchromatic region

Figure 1: Schematic representation of DNA of Y-chromosome regions linked with male infertility in human
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of Yq11 locus regulate spermatogenesis, and AZF has
been further divided into four nonoverlapping coding
regions with varying sizes (1.0-3.0Mb) designated as
AZFa, AZFb, AZFc, and AZFd.'*" Although a definite
genotype-phenotype correlation has not been clear during
microdeletions of Y-chromosome. The larger deletions or
multiple AZFa regions are usually linked to Sertoli cell-only
syndrome. The AZFb or AZFc regions are restricted to
moderate oligozoospermia, whereas AZFd region is linked
to mild oligozoospermia or even normal sperm counts with
abnormal sperm morphological features suggesting the lack
of correlation exist between genotype-phenotype.!'8l

ROLE OF MICRODELETION OF
AZOOSPERMIC FACTOR IN INFERTILITY

Azoospermic factor a region

The short arm of Y-chromosome contains AZFa region
having four single copies of genes USP9Y, DBY, UTY, and
TB4Y. The USP9Y encode protein ubiquitin hydrolase playing
an important role in preventing degradation and removal
of conjugated ubiquitin proteins. The DBY gene encodes
RNA helicase which regulates the transformational event
of mRNA in spermatogonia and pachytene spermatocytes
during spermatogenesis.'! However, it is still unknown
whether all genes belonging to AZF region have been
defined to be associated with changes in phenotype, that
is, hypospermatogenesis indicates that this gene (USP9Y)
is probably not essential for the initiation and completion
of spermatogenesis, rather it enhances the quality and
efficiency of the process./?-22

Azoospermic factor b region

The AZFb region contains at least one functional RNA
binding motif (RBM) located in the distal portion of Yq
structure and includes active copies of two gene family
with multiple copies. RBMY, a testis-specific splicing factor
is homologous to RBMX gene. Both the X and Y derivative
protein are highly expressed in differentiating cells and
promote mitotic activity in spermatogonia.?*?? Typically,
AZFb region is partially overlapped with AZFc region (DAZ).
AZFDb also encodes the phosphatase which is involved in
the apoptotic event in defective spermatozoa.? Another
region of AZFb encodes RBMY protein expressed in the
nuclei of spermatocytes and also in round spermatids
during spermatogenesis.*

Azoospermic factor c region

The deletion of AZFc is more relevant because of high
frequency (3%) in infertile population and contains repeated
sequences.® AZFc region includes two copies DAZ1 and
DAZ2 and is involved in encoding testis-specific RNA binding
proteins which interact with the DAZAP1 and regulate the
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transportation of mRNA in late spermatids and spermatozoa
during spermatogenesis. The expression of DAZ has also
been found in multiple cell compartments at various
points during germ cell proliferation and development.*-%!
Similarly, the genes of CDY family ubiquitously are expressed
as basic nuclear proteins in spermatids and exhibit histone
acetyltransferase activity with four alternative spliced
transcripts encoding three different proteins.”"

SIGNIFICANCE AZOOSPERMIC FACTOR
MUTATION

In general, it is believed that men with severe infertility
should be screened for microdeletions of Y-chromosomes
as a part of preclinical investigations because of deletions
itself significantly predicts diagnostic, prognostic, and
preventive values. Many epigenetic factors including
repetitive sequences of the Y-chromosome help in the
interpretation functions during spermatogenesis.B! In
azoospermic cases, the presence of a complete and the
absence of AZFa or AZFb regions have a negative prognostic
value for testicular sperm retrieval.*2%!

THE RELEVANCE OF GENETIC
COUNSELING FOR INFERTILE COUPLES

Geneticcounselingisaspecifiedareathatneedsdevelopment.
It is critical to educate the couples about “risks factor” as
they pursue assisted reproductive techniques (ART). There
are three common diagnoses which have a genetic risk for
testing such as obstructive azoospermia, nonobstructive
azoospermia, and oligozoospermia. These procedures are
quite relevant because ICSI-derived male children seem to
be more prone to inherit microdeletion. Similarly, in the
case of oligozoospermia, sperm concentration decreases
during cryopreservation, and hence, the need to inform
the patients who failed to take a decision about such
investigations.

CONCLUSIONS AND OUTLOOK
PERSPECTIVES

In fact, microdeletions of Y-chromosome represent an
important cause of male infertility, and genetic screening
becomes an essential tool to those having a sperm
concentration <5 X 10%ml. Due to the advancement of
technology, we can help to solve infertility problem by
ART. However, a variable frequency of genotype-phenotype
correlation has been observed in the cases of deletion
of AZFa, AZFb, and AZFc regions of Y-chromosome but
epigenetic factors cannot be entirely ignored. There
is a need for further research on genetic screening for
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mutational spectra in homologues chromosomes to search
for a new candidate gene(s) linked to infertility. The deletion
studies will help in the accumulation of data for better
diagnostic methods and expansion of genetics knowledge
in the reproductive biology of male infertility. In spite
of tremendous efforts in the field of molecular biology,
the noninvasive technique should be evolved to answer
unresolved issues such as the definition of the function of
AZF genes with variable frequency of specific deletions in
the human population.

Acknowledgment

AKS is thankfully acknowledged to the Department of
Biotechnology, Government of India wide letter no. BT/PR/
BT/PR14671/MED/12/487/2015 for providing the financial
assistance to carry out such study.

Ajit Kumar Saxena, Ramanuj Kumar Gupta

Department of Pathology/Laboratory Medicine, Cytogenetic and
Molecular Genetics Laboratory, All India Institute of Medical Sciences,
Patna, Bihar, India

Address for correspondence:

Dr. Ajit Kumar Saxena,

Department of Pathology/Laboratory Medicine,

All India Institute of Medical Sciences, Patna - 801 507, Bihar, India.
E-mail: draksaxenal@rediffmail.com

REFERENCES

1.  Dohle G, Weidner W, Jungwirth A, Colpi G, Papp G, Pomerol J, et al.
Guidelines on male infertility. Eur Assoc Urol 2004;2:30-2.

2. Poongothai ], Gopenath TS, Manonayaki S. Genetics of human male
infertility. Singapore Med ] 2009;50:336-47.

3. TseJY, Yeung WS, Lau EY, Ng EH, So WW, Ho PC. Deletions within the
azoospermia factor subregions of the Y chromosome in Hong Kong
Chinese men with severe male-factor infertility: Controlled clinical
study. Hong Kong Med ] 2000;6:143-6.

4.  DadaR,GuptaNP,Kucheria K. Molecularscreening for Yq microdeletion
in men with idiopathic oligozoospermia and azoospermia. | Biosci
2003; 28:163-8.

5. Hellani A, Al-Hassan S, Igbal MA, Coskun S. Y chromosome
microdeletions in infertile men with idiopathic oligo- or azoospermia.
J Exp Clin Assist Reprod 2006; 3:1.

6.  Ambasudhan R, Singh K, Agarwal JK, Singh SK, Khanna A, Sah RK, et al.
Idiopathic cases of male infertility from a region in India show a low
incidence of Y-chromosome microdeletion. J Biosci 2003; 28:605-12.

7. Olesen C, Hansen C, Bendsen E, Byskov AG, Schwinger E,
Lopez-Pajares I, et al. Identification of human candidate genes for
male infertility by the digital differential display. Mol Hum Reprod
2001;7:11-20.

8.  Foresta C, Ferlin A, Gianaroli L, Dallapiccola B. Guidelines for the
appropriate use of genetic tests in infertile couples. Eur ] Hum Genet
2002;10:303-12.

9.  Vogt PH. Molecular genetics of human male infertility: From genes to
new therapeutic perspectives. Curr Pharm Des 2004;10:471-500.

10. Nagvenkar P, Desai K, Hinduja I, Zaveri K. Chromosomal studies in
infertile men with oligozoospermia & non-obstructive azoospermia.
Indian ] Med Res 2005;122:34-42.

11. Ferlin A, Arredi B, Foresta C. Genetic causes of male infertility. Reprod
Toxicol 2006;22:133-41.

12.

13.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Liu RZ. AZF deletions and male infertility. Zhonghua Nan Ke Xue
2012;18:963-8.

Rajender S, Rajani V, Gupta NJ, Chakravarty B, Singh L, Thangaraj K.
SRY-negative 46, XX male with normal genitals, complete
masculinization, and infertility. Mol Hum Reprod 2006;12:341-6.
Krausz C, Forti G, McElreavey K. The Y chromosome and male fertility
and infertility. Int ] Androl 2003;26:70-5.

Skaletsky H, Kuroda-Kawaguchi T, Minx PJ, Cordum HS, Hillier L,
Brown LG, et al. The male-specific region of the human Y
chromosome is a mosaic of discrete sequence classes. Nature
2003;423:825-37.

Foresta C, Moro E, Ferlin A. Y chromosome microdeletions and
alterations of spermatogenesis. Endocr Rev 2001;22:226-39.

Sun C, Skaletsky H, Rozen S, Gromoll J, Nieschlag E, Oates R,
et al. Deletion of azoospermia factor an (AZFa) region of human Y
chromosome caused by recombination between HERV15 proviruses.
Hum Mol Genet 2000;9:2291-6.

Kamp C, Hirschmann P, Voss H, Huellen K, Vogt PH. Two long
homologous retroviral sequence blocks in proximal Yql1 cause
AZFa microdeletions as a result of intrachromosomal recombination
events. Hum Mol Genet 2000;9:2563-72.

Ditton HJ, Zimmer J, Kamp C, Rajpert-De Meyts E, Vogt PH. The
AZFa gene DBY (DDX3Y) is widely transcribed, but the protein is
limited to the male germ cells by translation control. Hum Mol Genet
2004;13:2333-41.

Elliott DJ, Bourgeois CF, Klink A, Stévenin ], Cooke HJ. A mammalian
germ cell-specific RNA-binding protein interacts with ubiquitously
expressed proteins involved in splice site selection. Proc Natl Acad
Sci U S A 2000;97:5717-22.

Elliott DJ. The role of potential splicing factors including RBMY,
RBMX, hnRNPG-T and STAR proteins in spermatogenesis. Int | Androl
2004;27:328-34.

Ehrmann I, Elliott DJ. Post-transcriptional control in the male germ
line. Reprod Biomed Online 2005;10:55-63.

Stouffs K, Lissens W, Verheyen G, Van Landuyt L, Goossens A,
Tournaye H, et al. Expression pattern of the Y-linked PRY gene suggests
a function in apoptosis but not in spermatogenesis. Mol Hum Reprod
2004;10:15-21.

Shinka T, Sato Y, Chen G, Naroda T, Kinoshita K, Unemi Y, et al.
Molecular characterization of heat shock-like factor encoded on
the human Y chromosome, and implications for male infertility. Biol
Reprod 2004;71:297-306.

Fernandes S, Huellen K, Goncalves ], Dukal H, Zeisler J,
Rajpert De Meyts E, et al. High frequency of DAZ1/DAZ2 gene
deletions in patients with severe oligozoospermia. Mol Hum Reprod
2002;8:286-98.

Xu EY, Moore FL, Pera RA. A gene family required for human germ
cell development evolved from an ancient meiotic gene conserved in
metazoans. Proc Natl Acad Sci U S A 2001;98:7414-9.

Reynolds N, Cooke HJ. The role of the DAZ genes in male fertility.
Reprod Biomed Online 2005;10:72-80.

Vera Y, Dai T, Hikim AP, Lue Y, Salido EC, Swerdloff RS, et al. Deleted
in azoospermia associated protein one shuttles between nucleus
and cytoplasm during normal germ cell maturation. ] Androl
2002;23:622-8.

Reijo RA, Dorfman DM, Slee R, Renshaw AA, Loughlin KR, Cooke H,
et al. DAZ family proteins exist throughout male germ cell development
and transit from nucleus to cytoplasm at meiosis in humans and mice.
Biol Reprod 2000;63:1490-6.

Moore FL, Jaruzelska J, Fox MS, Urano ], Firpo MT, Turek PJ, et al.
Human Pumilio-2 is expressed in embryonic stem cells and germ
cells and interacts with DAZ (Deleted in Azoospermia) and DAZ-like
proteins. Proc Natl Acad Sci U S A 2003;100:538-43.

Kleiman SE, Yogev L, Hauser R, Botchan A, Bar-Shira Maymon B,
Schreiber L, et al. Members of the CDY family have different expression

Journal of Basic and Clinical Reproductive Sciences « July - December 2016 « Vol 5 - Issue 2 59



32.

33.

34.

35.

36.

Saxena and Ramanuj: Y-chromosome and infertility

patterns: CDY1 transcripts have the best correlation with complete

. This is an open access article distributed under the terms of the Creative Commons
spermatogenesis. Hum Genet 2003;113:486-92. P

Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak,

Lahn BT, Tang ZL, Zhou ], Barndt R], Parvinen M, Allis CD, et al. and build upon the work non-commercially, as long as the author is credited and the
Previously uncharacterized histone acetyltransferases implicated new creations are licensed under the identical terms.

in mammalian spermatogenesis. Proc Natl Acad Sci U S A

2002;99:8707-12. Access this article online
Ginalski K, Rychlewski L, Baker D, Grishin NV. Protein structure Quick Response Code

prediction for the male-specific region of the human Y chromosome. Website:

Proc Natl Acad Sci U S A 2004;101:2305-10. WWW.jbCTS.Org
Pandey LK, Pandey S, Gupta J, Saxena AK. Loss of the AZFc region due

to a human Y-chromosome microdeletion in infertile male patients.

Genet Mol Res 2010;9:1267-73. DOI:

Foresta C, Ferlin A, Moro E. Deletion and expression analysis of AZFa Hokk

genes on the human Y chromosome revealed a major role for DBY in
male infertility. Hum Mol Genet 2000; 9:1161-9.

Krausz C, Quintana-Murci L, McElreavey K. Prognostic value
of Y deletion analysis: What is the clinical prognostic value How to cite this article:
of Y chromosome microdeletion analysis? Hum Reprod 2000;
15:1431-4.

“Quick Response Code” link for full text articles

The journal issue has a unique new feature for reaching to the journal’s website without typing a single letter. Each article on its first page has
a “Quick Response Code”. Using any mobile or other hand-held device with camera and GPRS/other internet source, one can reach to the full
text of that particular article on the journal's website. Start a QR-code reading software (see list of free applications from http://tinyurl.com/
yzlh2tc) and point the camera to the QR-code printed in the journal. It will automatically take you to the HTML full text of that article. One can
also use a desktop or laptop with web camera for similar functionality. See http://tinyurl.com/2bw7fn3 or http://tinyurl.com/3ysr3me for the free
applications.

60 Journal of Basic and Clinical Reproductive Sciences « July - December 2016 + Vol 5 « Issue 2



