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Abstract

Background: Infertility isamajor problem that is very
challenging for scientists, as numerous causes are reported
asidiopathic. Genetic, viral, anatomical, immunological and
environmental factors can all play arolein infertility. Male
factors account for amost 50% of infertility cases, genetic
abnormalities either structural or numerical account for almost
10 to 15% of the problem. While Klinefelter syndromeis
considered the most common genetic cause of maleinfertility,
microdeletions of azoospermiafactors (AZF) on the long arm
of the Y chromosome are the second common. AZF locus
carries the genes responsible for spermatogenesis, hence any
microdeletion in the subregions of the AZF locus, AZFa,
AZFb or AZFc will result in severe oligospermia or azoosper-
mia, consequently infertility. The role of geographical and
ethnic variations in the frequency of AZF microdeletionsis
still debatable.

Aimof Sudy: To evaluate the frequency of Y chromosome
microdeletionsin AZF loci in Egyptian men. Thirteen markers
in AZF regions were tested; AZFa (sY 86, sY 87, sY615), AZFb
(sY127, sY 134, sY142), AZFc (sY 197, sY 254, sY 255, sY 1291,
SY 1125, sY 1206, sY 242) and analyzed for its clinical signif-
icance in infertile Egyptian men.

Patients and Methods: This case-control study was con-
ducted in the Andrology and Clinical Pathology Departments;
Faculty of Medicine, Cairo University. In this research, fifty
infertile men (19-50 years) who are unable to have children
in spite of having frequent non protective sexual intercourse
for more than 2 years, were included as cases, while 50 age-
matched males as controls. Each subject was tested for thirteen
markersin AZF region to determine their association and
role, if any, in infertility. Genesin each of the AZFa, AZFb,
AZFc subregions were tested and analyzed by Real Time
polymerase (PCR) according to established protocols.

Results: Among the 50 infertile men screened for micro-
deletion, twenty subjects are found to have microdel etions
(40%) which is statistically significant (p-value <0.001), seven
of which show at least one microdeletion, the rest range from
two to ten microdel etions. The frequency of AZFa microde-
letion is not significant (p-value = 0.495), however AZFb and
AZFc microdeletions are significantly present (p-value =
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0.006 and <0.001, respectively). The overall frequency of
AZFc microdeletionsis the most prevalent (38%). The highest
frequency of microdeletion is observed in genes Y 1291 on
the AZFc locus (26%) which is considered statistically signif-
icant with p-value <0.001. Subjects with combined AZFa
microdel etion with either AZFb or AZFc are not statistically
significant. Nevertheless, combined AZFc and AZFb micro-

deletion are statistically significant with p-value <0.001. AZF
microdeletions are not observed in any of the control subjects.

Conclusion: Our results suggest that the frequency of Y
chromosome AZF microdeletions, especially AZFc microde-
letions, is elevated in Egyptian males with severe sperma-
togenic failure and hence a high risk of infertility.

Key Words. AZF — Y-chromosome — Microdel etion — Azoosper-
mia — Egyptian male infertility — AZFa — AZFb
—AZFc.

Introduction

INFERTILITY isone of the most challenging
problemsfor scientists. Anatomical, viral, genetic
and environmental causes can all play arolein
infertility. Male is considered the major reason for
thisin around half of the cases [1] . Genetic abnor-
malities either structural or numerical accounts for
amost 10-15% of the problem, Klinefelter syn-
drome being the most common [2,3] . The majority
of genes responsible for the process of sperma-
togenesis are located in the azoospermia factor
(AZF) locus of the long arm of the Y chromosome
(YQ) [45] . Therefore, any microdeletion, deletion
or polymorphism on the long arm of the Y chro-
mosome can affect spermatogenesis consequently,
severe oligospermia (2-5%) or azoospermia (5-
10%) results [6,7] . AZF regions, mainly AZFa,
AZFb and AZFc, are the most common structural
chromosomal anomaly, hence any microdeletion
will lead to failure or defective spermatogenesis
consequently, infertility [3,8-10] . For instance, AZFa
microdel etion may cause azoospermia and Sertoli
cell-only syndrome [11,12] . AZFb microdeletion
may result in defective spermatogenesis maturation
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and also Sertoli cell-only syndrome [13]. Finally
AZFc microdeletions, which are the most prevalent

mutation, may result in mild affection in sperm
count to azoospermia [11,14] . Deletions are however
too small to be studied by karyotyping, advanced
molecular techniques made it quite easier to iden-

tify deletions and microdel etions by polymerase
chain reaction, for instance [15]. Studying different
markers on the AZF subregions will help in better
understanding the different types of microdeletions
and its associations with different clinical presen-
tations, hence better and earlier diagnosis of infer-

tility cases consequently timely and appropriate
management [16,17] . It is of note, that the advance-

ment in reproductive therapy and the early diagnosis
helped in successful therapy with the aid of repro-
ductive techniques such as intracytoplasmic sperm
injection and other ways that are more effective
in young age [18].

Patients and M ethods

Patients and controls:

The study was conducted at andrology outpa-
tient clinic, El Kasr El Aini, Cairo University from
January 2019 to August 2021. A group of 50 male
subjects (aged from 19 to 45 years) were enrolled
at the outpatient clinic and chosen for this study.
All male cases were infertile, failing to conceive
after two years of non-protective sexual inter-
course. All subjects were subjected to physical
examination.

This case-control study was conducted in the
Andrology and Clinical Pathology Departments;
Faculty of Medicine, Cairo University. For every
patient included in the study, an informed consent
was obtained before data collection and after ex-
planation of the study objectives. In this research,
fifty infertile men age (19-50 years) who are unable
to have children in spite of having frequent, unpro-
tected sexual intercourse were included as cases.
All cases were medically fit, free form any con-
genital disorder, with normal sexual life and diag-
nosed with infertility while 50 age-matched males
as controls. They were screened for Y chromosome
microdeletions AZFa (sY 86, sY 87, sY615), AZFb
(sY 127, sY 134, sY 142), AZFc (sY 197, sY 254,
SY 255, sY 1291, sY 1125, sY 1206, sY 242) to de-
termine their role if any in infertility. The thirteen
genes on the AZF subregions were analyzed by
Real Time Polymerase (PCR) according to estab-
lished protocols.

Controls are those with at least one live-born
children. Those excluded are the hypertensive,
diabetic or with anatomical obstruction. Datawere

collected directly by the researcher for each par-
ticipant with regard to age, occupancy, medication
and chronic illness.

Laboratory evaluation:

Two to four ml blood was withdrawn from
patients in a vacuette tube with an anticoagul ant
either EDTA (2.0mg/ml concentration) or sodium
citrate anticoagulant. The Real Time PCR genotyp-
ing kit (DNA technology) is planned to extract and
amplify DNA from the' Y chromosome from pe-
ripheral blood sample and detect any microdel etion
(sY 84, sY 86, sY 127, sY 134, sY 142, sY 242, sY 254,
SY 255, sY 615, sY 1125, sY 1197, sY 1206, sY 1291).
It also includes a sex-determining region Y protein
(SRY gene) to ensure the sample withdrawn is
from amale, it aso encloses an additional genomic
target to make sure that serving as sample intake
control (SIC). The PCR mix includes three fluo-
rescent dyes (Fam, Hex and Rox) and quencher
molecules. The intensity of the fluorescenceis
directly proportion to the presence of microdeletion
in the sample which is measured automatically by
a software.

Satistical analysis:

Data was coded and statistically analyzed using
the statistical package for the Social Sciences
(SPSS) version 28 (IBM Corp., Armonk, NY, USA).
Data was summarized using frequencies (number
of cases) and relative frequencies (percentages),
For comparing categorical data, Chi square (X )
test was utilized. Exact test was used instead when
the expected frequency islessthan 5 [19]. p-values
less than 0.05 were considered as statistically
significant.

Results

In our research 40% (20/50) of the infertile
men had a minimum of one microdeletion in one
or more loci of the AZF, hence statistically signif-
icant with ap-value <0.001 (Table 1). Thirteen
genes on the three AZF subregions (AZFa, AZFb
and AZFc) were studied from the DNA extracted
from blood using real time PCR for any microde-
letion.

AZFamicrodeletions revealed the least frequen-
cy only 4% (2 patients) with one patient showing
microdeletionsin all the three genesin the AZFa
region (Fig. 2). Men, having microdeletionsin
AZFalocus, did not show any microdeletionsin
the rest of the loci studied. In thisresearch. p-value
for AZFalocusis 0.495 which is not statistically
significant, as per Table (1).
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Table (1): Frequency of microdeletion in thirteen genes on AZF loci.

] Cases Control
AZF Region  Gene p-value
Count % Count %
AZFa sY 86 Deletion 1 20 0 0.0 1
Normal 49 98.0 50 100.0
sY84 Deletion 1 2.0 0 0.0 1
Normal 49 98.0 50 100.0
sY615 Deletion 2 4.0 0 0.0 0.495
Normal 48 96.0 50 100.0
AZFb sy 127 Deletion 5 10.0 0 0.0 0.056
Norma 45 90.0 50 100.0
sY134 Deletion 5 10.0 0 0.0 0.056
Normal 45 90.0 50 100.0
sY 142 Deletion 7 14.0 0 0.0 0.012
Norma 43 86.0 50 100.0
AZFc sY 1197 Deletion 7 14.0 0 0.0 0.012
Normal 43 86.0 50 100.0
sY254 Deletion 7 14.0 0 0.0 0.012
Normal 43 86.0 50 100.0
sY 255 Deletion 6 12.0 0 0.0 0.027
Normal 44 88.0 50 100.0
sY 1291 Deletion 13 26.0 0 0.0 <0.001
Normal 37 74.0 50 100.0
sY 1125 Deletion 3 6.0 0 0.0 0.242
Normal 47 94.0 50 100.0
sY 1206 Deletion 7 14.0 0 0.0 0.012
Normal 43 86.0 50 100.0
sY 242 Deletion 7 14.0 0 0.0 0.012
Norma 43 86.0 50 100.0
Deletioninany Deletion 20 40.0 0 0.0 <0.001
Normal 30 60.0 50 100.0

Moreover, the majority of microdeletions are
detected in the AZFc, as per Fig. (2), with the
highest frequency revealed in the sY 1291 (22 %)
and the least frequency was found in the sY 1125
(6%) (Table 1). The frequency of microdeletions
for the genes studied in the AZFc region is 38%
which is statistically significant with p-value <0.001
(Table 2). No microdeletion isrevealed in the control
group.

AZFb microdeletions did not show any statis-
tical significance for each of the three genes studied
except for sY 142 microdel etion where frequency
of occurrence in our subjects reached 14% (p-value
=0.012), as per Table (1). Nevertheless, the fre-
quency of AZFb microdeletions for three genes
studied in this subregion (16%) was statistically
significant with p-value equal to 0.006.

Table (2) and Fig. (2). Microdeletions detected
in the AZFb loci were also found in AZFc loci,
except two cases that were not found in SY 1125.
Four cases (8%) showed microdeletionsin the
three AZFb loci, where these cases also showed
microdeletions in the seven loci of AZFc, as per

Fig. (1).

Thirteen genes on the AZF locus were studied
inthe DNA extracted from the patients, as per
Table (1). The frequency that any case has at |east
one microdeletion in any of the genes of the AZF
loci studied in thisresearch is 40% which is statis-
tically significant (p-value <0.001). The frequency
of AZFamicrodeletion as well as either AZFb or
AZFcis50% (Tables 3,4).

On the other hand, the frequency that cases
have AZFb microdeletion is associated with AZFc
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microdeletion is 100%, hence statistically signifi-

cant withp-value <0.001) (Table 5). In other words,

AZFb microdel etions are always associated with
at least one microdeletion in AZFc. Screening for
the SYR gene revealed no abnormalitiesin the
fertile control group.

Table (6) shows the number of cases that have
the microdeletions in each subregion. For example,
in AZFc there are seven genes studied in this
study, where there are three patients who have
microdeletions in all subregions studied (6%0).
From this table we can conclude that 14% of all
the 50 cases have at |east one microdel etion of
the AZF locus.

Table (2): Frequency of microdeletion in the overal (AZFa,
AZFb and AZFc) loci.

Cases Control
p-value
Count % Count %
AZFa locus:
Deletion 2 4 0 0 0.495
Normal 48 96 50 100
AZFb locus:
Deletion 8 16 0 0 0.006
Normal 42 84 50 100
AZFc locus:
Deletion 19 38 0 0 <0.001
Normal 31 62 50 100

Table (3): Frequency of AZFamicrodeletion and AZFb micro-

deletion.
AZFalocus
Deletion Normal p-value
Count % Count %
AZFb locus:
Deletion 1 50.0 7 14.6 0.297
Normal 1 50.0 41 85.4

Table (4): Frequency of AZFaand AZFc microdeletions.

AZFalocus
Deletion Normal p-value
Count % Count %
AZFc locus:
Deletion 1 50.0 18 375 1
Normal 1 50.0 30 62.5

Table (5): Frequency of AZFb and AZFc microdeletions.

AZFb locus
Deletion Normal p-value
Count % Count %
AZFc locus:
Deletion 8 100.0 1 26.2 <0.001
Normal 0 0.0 31 73.8

Table (6): Total number of microdeletions in each patient.

Microdeletions Number %

in subregions  of cases
AZFalocus number of 3 1 2.0
deletion 1 1 2.0
0 48 96.0
3 4 8.0
2 1 2.0
AZFb locus number of 1 3 6.0
deletion 0 42 84.0
7 3 6.0
6 2 4.0
5 1 2.0
AZFc locus number of 3 2 4.0
deletion 2 3 6.0
1 8 16.0
0 31 62.0
Total number of deletionsin 10 2 4.0
each patient 9 2 4.0
8 1 2.0
5 2 4.0
3 4 8.0
2 2 4.0
1 7 14.0
0 30 60.0
30
AZFa Normal
1
0 0
1
0 7 1
AZFb AZFc

Fig. (1): Diagram manifests the count of normal and total
AZFa, AZFb and AZFc microdeletions and their
combinations.
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Fig. (2): Microdeletion Frequency in AZFa, AZFb and AZFc
in 50 infertile men.

Discussion

Chromosomal abnormalities are considered a
very high-risk factor for infertility, as microdeletion
in AZF will directly affect spermatogenesis, con-
sequently infertility [20]. As Klinefelter syndrome
accounts for almost 64.7% and considered the
commonest genetic cause of infertility in men,
microdel etion comes second [21] . In the presented
research, the total prevalence of AZF microdeletion
for the thirteen genes studied was 40%. Thisis
rather comparable to a Sudanese research with a
frequency of 37.5% AZF microdeletions [22] . On
the other hand, it isin disagreement with a Chinese
study where AZF microdeletion is rather low
(12.87%). Y et, thislow prevalenceis still consid-
ered more than the national Chinese average [23].
Nevertheless, all these frequencies are in agreement
with the reported percentages of AZF deletions
which range from 1 to 55% [23,24] . This wide range
(1-55%) and discrepancy in frequencies may be a
attributed to the geographical and ethnic variation.

With respect to literature, AZFc is the most
prevalent deletion in male infertility followed by
AZFb then AZFawhich israther rare [25]. Thisis
in concordance with our research, where AZFc
microdeletions are 38%, AZFb are 16% and AZFa
microdeletions are 4%. In a Syrian research by Al-
Achkar et al., the frequency of AZFc microdeletion
was 34.8% and AZFb was 15.2% which is compa-
rable to our results [26] . Similarly, in a Serbian
study by Ristanovic et al., it was reported that
AZFc microdel etion frequency was the highest

119

when compared to the other AZF microdel etions,
besidesit is being considered the most common
genetic cause of idiopathic infertility in Serbian
men [27] . In disagreement with our results, aMo-
roccan study by Imken et a., reported very low
frequency for AZFc microdeletions (3.15%) [28]
and a Sudanese study by El Said et al., revealed
the highest frequency is AZFamicrodeletion [22].
A possible explanation for this discrepancy could
be due to ethnic or geographical factors, yet itis
till debatable if they have a consequential rolein
infertility [29].

The three regions microdeletions can lead to
five microdeletion patterns [11,30], as presented in
Fig. (1). Combined microdeletions revealed some
thought-provoking results as they may have an
impact on prognosis and management. To start
with, Al-Achkhar et al., reported combined micro-
deletions for the three AZF subregions in one case
only, which isin concordance with our research
results [26] . Similarly, a Moroccan study by Imken
et a., reported infertile men with AZFb microde-
letion have AZFc microdeletion aswell [28]. Our
research revealed the same finding, as per Fig. (1).

AZF islocated on the long arm of the Y chro-
mosome and subregions of the AZF locus are
responsible for different stepsin spermatogenesis,
hence reflects different patients manifestations.
For instance, AZFaisresponsible for the early
stages of spermatogenesis and survival of germ
cells, thus these patients will suffer from azoosper-
mia [6,15,31,32] . Therefore, intracytoplasmic sperm
injection (1CSl) for these patients might be inef-
fective. In our research, AZFa microdel etions were
not statistically significant, where only 2 patients
were not normal (4%), one of which showed dele-
tionsfor al the AZFa markers tested. AZFa showed
the least frequency in comparison to the other two
loci. Thisisin agreement with literature [25].

AZFDb, on the other hand, is responsible for the
maturation of spermatozoa. Therefore, microdele-
tions in this region cause absence of spermatozoa
and hence these patients are good candidates for
ICSI [6,33] . According to literature and in agreement
with our results, frequency of the AZFb microde-
letion is the second common after AZFc.

AZFc, however, isresponsible for the final
steps in spermatogenesis, hence any microdeletion
in thisregion will result in defect in the quantity
and quality of sperm [23,34] . Therefore, semen
cryopreservation in early adulthood will be rela-
tively effective for infertile men with AZFc micro-
deletion [16] . In our research, this microdel etion



120 Azoospermia Factors Microdeletion & Correlation to Male Infertility

was the most frequent, hence eligible for treatment
especially those who are young and had AZFc
microdeletion solely.

Conclusion:

In summary, the frequencies of AZF microde-
letions and chromosomal abnormalitiesin infertile
men from Egypt were comparable with those of
infertile men from other countries and regionsin
theworld. Thus, it is advised to conduct molecular
testing for Y chromosome microdel etions as an
imperative step in diagnosis, management and
genetic counseling of infertile Egyptian men. The
early detection of Y chromosome microdeletions
in infertile men not only identifies the etiology of
oligospermia and azoospermia, but also helps for
the clinical management of both infertile male and
his future male offspring.
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