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Abstract. Disorders of sexual development in boys and adolescents represent an
urgent problem in pediatric endocrinology and medical genetics, as they can lead
not only to endocrine and reproductive dysfunction but also to persistent
infertility in adulthood. One of the possible factors influencing spermatogenesis
and the formation of the male phenotype may be microdeletions of the AZF
(azoospermia factor) locus on the Y chromosome. Detection of AZF
microdeletions in individuals with disorders of sexual development is a
promising aspect of studying the pathogenesis of sexual anomalies, their early
diagnosis, and optimization of hormonal correction strategies. Materials and
Methods: The study included 488 children under observation for sexual
development disorders. AZF gene analysis was performed in 30 boys and
adolescents with bilateral cryptorchidism, anorchia or monorchia, a combination
of cryptorchidism with microorchidism, and cryptorchidism combined with
hypospadias. A general clinical and specialized andrological examination was
conducted. Testicular volume was measured using the Prader orchidometer. The
stages of puberty were assessed according to Tanner’s classification. Serum
levels of testosterone, follicle-stimulating hormone (FSH), and luteinizing
hormone (LH) were determined. Molecular genetic analysis for the detection of
AZF deletions on the Y chromosome was carried out using the following STS
markers: AZFa: sY86, sY84, sY615; AZFb: sY127, sY134, sY142; AZFc:
sY242, sY254, sY255, sY1197, sY1206, sY1125, sY1291. The analysis was
performed by real-time polymerase chain reaction (PCR). The result shows
deletions in the AZF region were detected in 16 out of 30 examined patients,
indicating the possible prevalence of microstructural abnormalities of the Y
chromosome in this clinical group and confirming the high diagnostic value of
PCR analysis.
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1 Introduction

The Y chromosome is one of the smallest in the human genome and contains a rela-
tively limited number of genes—approximately 80-90, most of which are male-specific
and involved in the regulation of spermatogenesis, the formation of secondary sexual
characteristics, and the determination of the male phenotype [1-4]. Among these, the
Azoospermia Factor region on the long arm of the Y chromosome is particularly criti-
cal, as microdeletions within its AZFa, AZFb, and AZFc loci are a primary genetic
cause of male infertility [5]. These microdeletions can lead to conditions ranging from
azoospermia to severe oligozoospermia, significantly impacting reproductive potential
[6, 7].

The Y chromosome is characterized by a unique structural organization that includes
numerous palindromic and repetitive regions, making it highly susceptible to unequal
crossing-over and other recombination errors [8, 9]. Such genetic aberrations, specifi-
cally microdeletions within the AZF region, are recognized as significant contributors
to male infertility, accounting for approximately 10% of cases involving non-obstruc-
tive azoospermia or severe oligozoospermia [10]. Molecular analysis using multiplex
PCR with specific sequence-tagged sites markers from the AZF region is crucial for
identifying these microdeletions, which include sY84, sY86, sY127, sY134, sY254,
and sY255, alongside control markers like SRY and ZFX/ZFY [11, 12].

The AZF region is divided into three functionally significant subregions—AZFa,
AZFb, and AZFc—whose deletions are associated with varying degrees of spermato-
genic impairment, ranging from oligozoospermia to complete azoospermia[l3—15].
According to current data, carriers of AZF locus deletions may present with a wide
spectrum of clinical manifestations, including cryptorchidism, hypospadias, microor-
chidism, hypogonadism, and, in some cases, a combination of these conditions [14, 16,
17]. This suggests the existence of a common pathogenetic mechanism associated with
defects in Y-chromosome genes involved not only in spermatogenesis but also in the
early stages of gonadal formation and differentiation[14, 18].

Based on accumulated evidence, the concept of Testicular Dysgenesis Syndrome
(TDS) has been proposed, encompassing several disorders of male sexual develop-
ment—cryptorchidism, hypospadias, azoospermia, and testicular cancer [19, 20]. It is
believed that these conditions may share a common genetic basis associated with mu-
tations or deletions on the Y chromosome, as well as the influence of adverse environ-
mental factors during the prenatal period [20-22]. Thus, the study of Y-chromosome
structural rearrangements, particularly microdeletions in the AZF region, is of great
importance for understanding the molecular mechanisms of disorders of sexual devel-
opment, assessing fertility prognosis, and developing personalized management strate-
gies for male patients with endocrine and reproductive pathologies.

The current research aims to evaluate the diagnostic and prognostic significance of
detecting microdeletions in the AZF locus on the Y chromosome in boys and adoles-
cents with disorders of sexual development. This study specifically focuses on the prev-
alence of AZF microdeletions in individuals presenting with cryptorchidism, anorchia,
monorchia, and combinations of these conditions with microorchidism or hypospadias,
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aiming to establish a link between these genetic anomalies and phenotypic presenta-
tions. Understanding these correlations is crucial for early diagnosis, genetic counsel-
ing, and optimizing treatment strategies for male infertility and other developmental
anomalies.

2 Materials and Methods

From a group of 488 male patients followed by a pediatric endocrinologist for various
disorders of sexual development, 30 boys and adolescents were selected for molecular
genetic testing for AZF deletions. These individuals exhibited clinical signs of hy-
pogonadism accompanied by abnormalities of the testes and external genitalia, includ-
ing bilateral cryptorchidism, anorchia or monorchia, combinations of cryptorchidism
with microorchidism, and cryptorchidism with hypospadias. All patients underwent
general clinical, general, and specialized andrological examinations. Anthropometric
parameters, secondary sexual characteristics, and stages of puberty were assessed ac-
cording to Tanner’s classification [23]. Testicular volume was measured using the
Prader orchidometer. The hormonal profile was evaluated by determining serum levels
of testosterone, follicle-stimulating hormone (FSH), and luteinizing hormone (LH) us-
ing standard enzyme-linked immunoassay (ELISA) methods. When necessary, ultra-
sound of the pelvic organs and magnetic resonance imaging (MRI) of the abdominal
area were performed to determine testicular localization and volume.
All patients underwent standard cytogenetic analysis with differential G-banding of
chromosomes. To identify microdeletions in the AZF (Azoospermia Factor) locus of
the Y chromosome, real-time polymerase chain reaction (PCR) analysis was conducted
using standard STS markers for three subregions: AZFa: sY86, sY84, sY615; AZFb:
sY127, sY134, sY142; AZFc: sY242, sY254, sY255, sY1197, sY1206, sY1125,
sY1291.

The PCR results were interpreted according to international diagnostic criteria for
Y-chromosome microdeletions. The structural anomalies of the Y chromosome were
examined comprehensively using both cytogenetic and molecular genetic methods.

3 Results and Discussion

AZF deletions were identified in 16 patients (53.3%) out of the 30 examined—the spec-
trum of tested AZF regions on the Y chromosome is shown in Figure 1. Figure 1 also
illustrates several detected cases of AZF deletions. In some patients, the diagnosis of
AZF locus deletion was predictable, as cytogenetic testing had already revealed abnor-
malities of the sex chromosomes in their karyotypes. Such cases included:

e A patient with a mosaic karyotype 45,X/46X,del(Y)(qter) (40%/60%), in whom a
deletion of AZF (delAZFa+b+c) was identified — shown as Patient P1 in Fig. 1.
A patient with a 46,XY gh+ karyotype, who also exhibited a large Y-chromosome
deletion (delAZFa+b+c) — shown as Patient P4 in Fig. 1.
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o A patient with Klinefelter syndrome (47,XXY), in whom a deletion of the AZF re-
gion marker sY242 was detected — shown as Patient P16 in Fig. 1.
In the remaining patients, the karyotype was normal male type. In patients with iden-
tified AZF deletions, the clinical signs of hypogonadism were accompanied by ab-
normalities of the testes and external genitalia such as cryptorchidism, anorchia,
monorchia, microorchidism, and hypospadias. In the patient with a 45,X clone in the
karyotype, growth retardation was noted. Hormonal assays of testosterone, follicle-
stimulating hormone (FSH), and luteinizing hormone (LH) showed variable devia-
tions from normal ranges. Establishing a clear correlation between the detected AZF
mutations and clinical data was not possible due to the limited number of observa-
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Fig. 1. Spectrum of the AZF regions of the Y chromosome tested in the present study, along
with several detected AZF deletions in patients (P1, P4 ... P16 — patients with identified dele-

tions).

The conducted molecular genetic study of deletions in the AZF region proved to be
highly informative, indicating a possible prevalence of microstructural anomalies of the
Y chromosome in children and adolescents with disorders of sexual development [24,
25]. Due to the limited number of cases, it is difficult to draw general conclusions about
correlations between clinical manifestations of sexual development disorders and iden-
tified AZF mutations in patients. However, it can be stated unequivocally that the use
of this approach made it possible to clarify the results of cytogenetic testing and deter-
mine potential pathogenetic mechanisms underlying the detected abnormalities.

A review of the literature reveals that deletions of genes within the AZF locus are
linked to impaired Leydig and Sertoli cell function, potentially leading to hypogonad-
ism and male infertility [14, 26, 27]. Therefore, artificial hormonal stimulation in car-
riers of AZF deletions requires special caution, as it may increase the risk of gonadal
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malignancy. These data should be taken into account when choosing the strategy for
hormonal correction of hypogonadism in childhood and adolescence.

Based on the obtained results, it is recommended to include testing for microdele-
tions of the AZF locus on the Y chromosome as part of the comprehensive evaluation
of boys with disorders of sexual development. The use of molecular genetic and cyto-
genetic methods is justified as an essential stage of diagnosis for this category of pa-
tients, as it enhances diagnostic accuracy, facilitates assessment of infertility risk, and
aids in selecting the optimal therapeutic strategy. This comprehensive approach is par-
ticularly crucial given that variations in male hormone physiology and gonadal mor-
phology have been previously linked to Y chromosome microdeletions.

Practical Recommendations

It is recommended to include molecular genetic testing for AZF locus deletions on
the Y chromosome in the diagnostic algorithm for boys and adolescents with disorders
of sexual development (including cryptorchidism, microorchidism, anorchia/mon-
orchia, and hypospadias). Testing for AZF microdeletions should be performed before
initiating hormone therapy, since the presence of such abnormalities may indicate
Leydig and Sertoli cell dysfunction and increase the risk of adverse effects during arti-
ficial stimulation. When AZF locus deletions are detected, the high risk of future infer-
tility should be considered, and parents and patients must be informed about the need
for long-term follow-up and potential reproductive limitations. The results of molecular
genetic analysis should be viewed as a prognostic criterion for fertility, helping to refine
patient management tactics and individualize hormonal and surgical correction. Cyto-
genetic and molecular genetic methods should become an integral part of the compre-
hensive examination of patients with disorders of sexual development to improve diag-
nostic accuracy, prevent complications, and optimize therapeutic and rehabilitative
measures.

4 Conclusion

This study effectively demonstrated the significant prevalence of AZF locus microdele-
tions on the Y chromosome in boys and adolescents with disorders of sexual develop-
ment, identifying these deletions in 16 out of 30 examined patients. Our findings un-
derscore that microstructural abnormalities of the Y chromosome are frequently asso-
ciated with clinical signs of hypogonadism and various testicular/external genital anom-
alies, including cryptorchidism, anorchia, monorchia, microorchidism, and hypo-
spadias. The molecular genetic analysis proved highly informative, complementing cy-
togenetic testing and elucidating potential pathogenetic mechanisms underlying these
conditions. Recognizing the link between AZF deletions and impaired Leydig and Ser-
toli cell function, along with a potential increased risk of gonadal malignancy with hor-
monal stimulation, is crucial. Therefore, we recommend integrating molecular genetic
testing for AZF locus deletions into the comprehensive diagnostic algorithm for boys
and adolescents with DSD before initiating hormone therapy. This approach enhances
diagnostic accuracy, refines fertility risk assessment, and enables the development of
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personalized management strategies, ensuring informed patient and parental counseling
regarding long-term follow-up and potential reproductive limitations.
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