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Analysis of microdeletions on the long arm of the human Y chromosome, that are associated with
spermatogenic failure, allowed us to define three regions of Yq (AZFa, AZFb and AZFc) recurrently deleted
in infertile males. Microdeletions were detected in 16 of total 355 (4,5%) infertile men.

Mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene, which also involved in
male infertility, were detected in 22 out of 355 analyzed infertile men. The most common mutation was
F508del (17 of total 22 mutations). 5T allele of CFTR gene associated with congenital bilateral absence of
the vas deferens was detected in 16 of total 355 (4,5%) patients.

Molecular-genetic analysis of the Y-chromosome microdeletions and CFTR gene mutations as well as
genetic counseling are necessary conditions for the diagnostics of patients with male infertility, especially if
they are involved in an assisted reproductive technology program.
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Introduction. It is a known fact that the infertility
occurs approximately in 13-18% of couples and up to
50% cases represent the male reproductive
infringement [1]. For approximately 31,7% of men the
reason of infertility was not established (idiopathic
infertility) [2]. It was proposed, that, first of all, the
infertility could be caused by immunologic or genetic
factors.
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The spermatogenic process depends on interaction
of many genes, which are located on autosome and
Y-chromosome [3]. Study of these genes is important
taking into account that approximately 2% of men have
the infertility due to severe damage of spermatogenesis
(different forms of oligospermia and azoospermia).

In 1976 Zuffardi et al proposed that AZF
(azoospermia factor) gene (Yql1.23) is specific for
spermatogenesis [4]. Three regions were distinguished
in this gene— AZFa, AZFb and AZFc. Microdeletions in
all these regions lead to the damage of spermatozoa
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Fig. 1. Electropherograms of PCR products of the sequences sY 117,
sY124 and SY 134 (AZFbregion) (1,8% agarose gel): M —molecular
mass marker Ladder 100 bp; 1, 3, 5 — availability sY117, sY124,
sY134; 2, 4, 6 — deletion sY117, sY124, sY134; SRY - internal
control PCR

formation and maturation [5, 6]. Microdeletion
frequency in AZF gene of Y-chromosome in infertile
men varies from 1% to 55% in different studies [1, 7].

In the AZFc region of Y-chromosome DAZ
(deleted in azoospermia) gene was identified [7]. It has
been show that it encodes RNA-binding protein, which
is specific for testis [8]. The DAZ protein is present in
the cytoplasm of late spermatids and in the tails of
mature sperm. This protein participates in the
translational control of mRNAs in the germ cells and
also in the formation of the complex tail structure. DAZ
protein is absent in sperm tails of patients with deletion
of AZFc [7].

CFTR (cystic fibrosis transmembrane conductance
regulator) gene is also involved in the development of
male infertility. Azoospermia occurs in all males with
cystic fibrosis (CF). But in some patients azoospermia
is related to congenital bilateral absence of the vas
deferens (CBAVD). One mutation in the CFTR gene
and/or T5 — variant polymorphic splice site of exon 9
were found in 80% of these patients.

It is interesting to note that in overwhelming
majority of investigated patients no other clinical
manifestation of cystic fibrosis was found. CFTR
mutations caused CBAVD in approximately 1% of
infertile males [9].
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The aim of this work was to study the correlation
between oligo-/ azoospermia and microdeletions in
AZFa, AZFb and AZFc regions as well as specific
mutations and T-polymorphism of CFTR gene intron §
in men.

Materials and methods. Patients from clinics
“ISIDA” (Kyiv), “ISIDA-Dnepr-IVF”
(Dnipropetrovs’k), “Nadia” (Kyiv), “Sim’Ya”
(Donetsk), Institute of Reproductive Medicine (Kyiv)
and Centre “Implant” (Kharkov), who were referred for
ICSI (intracytoplasmic sperm injection), were involved
to this study after their agreement.

DNA samples were isolated and purified from
leukocytes using standard proteinase K/SDS digestion
— phenol/chloroform extraction — ethanol precipitation
method [10].

We have analyzed DNA samples from 355 men
with different forms of infertility (azoospermia — no
sperm in e¢jaculate even after centrifugation and
oligospermia — sperm count 1-106/ml). 621 DNA
samples of women (donors of oocytes from different
regions of Ukraine) were taken as control group which
is representative for evaluation of population frequency
of CFTR mutations in autosomal genes.

Analysis of 8 mutations of the CFTR gene
(delF508, 1677delTA, CFTRdele2,3(21kB)) was
performed by polymerase chain reaction (PCR) with
restriction analysis (N1303K, R117H, 621+1G-T,
P1290S, W1282X) and were visualized in 1,8%
agarose and 10% PAGE [11].

Microdeletions of the long arm of Y-chromosome
in loci: sY746, sY84, sY85, sY86, USP9Y, sY117,
sY124, sY127, sY134, sY141, sY153, sY240, sY 146,
sY254, sY255, sY158, sY160 were studied by
multiplex-PCR (fig. 1, 2) [12].

T-polymorphism of intron 8 of CFTR gene was
studied by fragment analysis of Cy5 labeled PCR
products using DNA analyzer “A.L.F.express” (fig. 3).
After scanning A.L.F-gel the data were processed using
ALFwin Sequence Analyser 2.11 (Amersham
Pharmacia Biotech) program. Statistics was calculated
using Fisher’s exact test.

Results and  discussion.  Analysis  of
microdeletions of Y-chromosome long arm was
performed on 355 men with azoospermia (n=135) and
oligospermia (n=220). Sequence deletion from AZFb



MOLECULAR-GENETIC ANALYSIS OF AZF GENE DEFECTS LOCATED ON Y-CHROMOSOME, AND CFTR GENE

B % 4
T T T T T 5
180 190 200 210 220 b.p.

Fig. 3. Comparison of PCR amplification products of polythimidine
tract of the CFTR gene intron 8 (A.L.F.-express)
Genotypes: ST/ST (1); 7T/9T (2); ST/7T (3); ST/9T (4); 9T/9T (5)

region was identified in one patient with oligospermia
(sperm count 5-66/ml) (fig. 1). This is in agreement
with data that deletions of this region are associated
with heterogenic phenotype resulting in azoospermia,
oligospermia and normospermia. At the same time, it
was observed, that the spermatogenesis dysfunction
occurs during meiosis and maturation at the level of
spermatocyte and spermatid [5].

We have also detected the deletion in AZFc region
(sY153 — sY158) in another patient with difficult
diagnosis (primary diagnosis - oligospermia, the further
diagnostics showed azoospermia — the single
morphologically abnormal spermatozoa) (fig. 2).
Interestingly, the same deletions in AZFc region were

Fig. 2. Separation of PCR
products corresponding to
SRy Sequences sY141, sY255, sY158
290 p(AZFc region) in 1,8% agarose
231 lgel: M — molecular mass marker
Ladder 100 bp; 2,4, 5,7, 8,9 —
126 bavailability sY255, sY158,
sY141; 3, 6, 10 — deletion sY255,
100 b-sY158; 1 — negative control PCR;
SRY - internal control PCR

identified in eight patients with no sperm in ejaculate
(azoospermia). It is possible that the cells detected in
the first case were spermatogonia but not differentiated
spermatozoa. It could be stipulated by abnormal
morphology of those cells. Therefore, we can conclude
that deletion of AZFc leads to the damage of
spermatogenesis at its early stages.

Moreover, we have detected also the deletion of
AZFc region in the patient with severe azoospermia (no
germ cells in the testicular biopsies at all). This patient
had shorter deletion of AZFc region (sY240-sY254). In
addition, the same deletion was found in another patient
with oligospermia. In more five patients with
azoospermia we have found different length deletions
of AZFc region and all of them encompass DAZ gene
sequence (puc. 4).

Taking into account all data presented for 15
patients, we can suggest that the key factor of
spermatogenesis damage is DAZ gene deletion
independently on its absolute length. All shown
spermatogenesis dysfunctions in 15 patients with DAZ
gene deletions were similar to type 2 Sertoly cells
syndrome when no germ cells in the ejaculate or
solitary spermatogonia were observed. Our data
confirm the hypothesis that such pathologic
development processes take place at early stages of
spermatogenesis [4, 5]. Taking into account clinically
established phenotype heterogeneity of these 15
patients, we can suggest the presence of tissue
mosaicism of deletions comprising DAZ gene or even
whole AZFc region. It is quite likely that some patients
without deletions in the DNA samples from leucocytes
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Table 1

The frequency of microdeletions from AZFa, AZFb, AZFc regions
in patients with different forms of infertility from European and
Asian countries

County invengaed | Nomberoffound | (B0
patients deletions

Turkey 50 4 8,0
Russia 810 61 7,5
France 72 5 6,9

Japan 113 7 6,2
Ukraine 355 16 4,5
Croatia 85 1 1,2

might have local tissue mosaicism with deletions in
Yql1. This is supported by studies of microdeletions in
sex and somatic cells of infertile men confirming the
hypothesis of tissue mosaicism [13].

The common frequency (4,5%) of microdeletions
in our investigated group of men is an agreement with
data obtained by another authors from European and
Asian countries (table. 1) [1, 14-17].

For the couples, where men had microdeletions of
the long arm of Y-chromosome, medical-genetic
counseling and prenatal diagnostics of fetus sex were
recommended (because males inherit these deletions).
They also were recommended to use donor’s sperm in
an in vitro fertilization program.

In compliance with data of Cystic Fibrosis
Mutation  (www.genet.sickkids.on.ca/cftr/statisticsPa-
ge.html) for cystic fibrosis patients 1550 different
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patients

mutations of CFTR gene were found. The frequency of
14 analyzed mutations of CFTR gene in probands from
337 cystic fibrosis patients is as following (%): delF508
— 40,8; N1303K — 2,65; CFTRdele2,3 (21kb) — 1,4;
G542X - 0,6; W1282X — 0,5; R334W —0,3; R553X —
0,3; 1677deleTA — 0,3; G551D — 0,16; R347P — 0,3;
1717-1GaA —-0,3; R117H-0; 621+1G-T - 0; P1290S —
0. This makes out 47,61% from the total quantity of
mutant chromosomes. Thus, 52,39% of mutant
chromosomes were not identified in this group of
patients. Some frequency divergences of these
mutations between group of cystic fibrosis patients
from Ukraine and patients from West European
countries [18] could be explained not only
interpopulational differentiation but also by mistakes in
establishing of clinical cystic fibrosis diagnosis for
group of patients we analyzed.

To clarify the contribution of CFTR gene mutations
of spermatogenesis infringement in 355 patients with
non-obstructive forms of male infertility we analyzed
eight mutations that are most frequent among cystic
fibrosis patients in Ukraine. Only heterozygous carriers
were found in investigated group: in 17 patients
delF508 was found, in 3  patients —
CFTRdele2,3(21kB), in 1 patient — R117H and in 1 —
1677delTA. Therefore, the frequency of analyzed eight
major mutations in the CFTR gene (delF508, N1303K,
CFTRdele2,3 (21kb), W1282X, 1677deleTA, R117H,
621+1G-T, P1290S) is 3,1%. It is in agreement with the
frequency of CFTR gene mutations in patients with
congenital bilateral absence of the vas deferens from
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Table 2
Distribution of the CFTR gene mutations in men with different
forms of infertility and control group

Frequency of mutations, %

Mutations CFTR
gene Investigated group
(355 individuals —
710 chromosomes 7)

Control group
(621 individuals —
1242 chromosomes 7)

delF508 2,40 0,73
01677delTA* 0,14 -
CF;le}dlfllgtE)Z,3 0.42 0,08

N1303K - 0.16

R117H** 0,14 -

621+1G-T - B

P1290S - -

W1282X - -

Amount 3,10 0,97

Mutation was found* and not found** in cystic fibrosis patients
from Ukraine.

different countries [19]. The total frequency of CFTR
gene mutations in control group (n=621) is 0,97 %, that
is significantly lower (p<0,001) than in group of men
with non-obstructive forms of spermatogenesis
infringement (n=355) (table. 2).

It is important to note that we have detected R117H
mutation in the group of patients with spermatogenesis
infringement. This mutation was found neither in a
control group nor among cystic fibrosis patients. It
should be empathized that according to results from
another laboratories this mutation is characteristic for
the patients with congenital bilateral absence of the vas
deferens [20].

In our opinion, studying the role of
T-polymorphism, particularly its 5T variant (CFTR
gene 8 intron), leading to the disappearance of its exon
9 splicing site in the spermatogenesis infringement is
very interesting and important subject (fig. 3).

For 14 from 355 individuals 5T allele was found in
compound with 7T and 9T alleles. In two patients
homozygous 5T allele was present. Thus, the frequency

of 5T wvariant carriers in this group is 4,5%.
Approximately the same percentage of 5T allele
carriers was found in the men with congenital bilateral
absence of the vas deferens from different countries. By
the way, in Denmark, Italy and Greece the frequency of
this allele was even lower than in our investigated
group (table. 3) [19].

The results obtained confirm the suggestion that
alterations of structure and/or expression of CFTR gene
are associated with spermatogenesis infringement but
not only with a congenital bilateral absence of the vas
deferens. This hypothesis is quite probable since the
level of CFTR gene expression in cells from the
different departments of male genital is very high.

Methodological approaches described in this paper
are currently in use not only as a part of DNA-analysis
test-systems for selective screening programs,
prophylactic and treatment strategy selection for
genetic forms of male infertility, but also for further
medical genetic counseling in clinics and genetic
centers where the assisted reproductive technologies
are applied.

The authors would like to thank clinical staff of
“ISIDA”, “ISIDA-Dnepr-IVF”, “Nadia”, “Sim’Ya”
clinics, Institute of Reproductive Medicine and Centre
“Implant” for providing blood samples and clinical
information.

Table 3
The frequencies of 5T variants carriers’ men with different forms
of infertility found in different countries

Number of Number of found
Country et ST variants Amount percent
France 109 35 32,1
Spain 384 29 7,6
USA 88 12 13,6
Germany 114 8 7,0
Poland 100 6 6,0
Denmark 172 6 3,5
Italy 230 4 1,7
Greece 210 1 0,5
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Decaii O.4., [lamnyxa B.M., Conosiios O.0., Jlisuwuys JI.A.

MosexkynsipHO-reHeTHUHU aHani3 nedekriB rena AZF Y-xpomo-

comu ta reda TPBM npu wonoBiwomy Ge3rumiai

Pesrome

Ananiz mikpodeneyiii 0062020 nieua Y-xpomocomu ar0OuHU, AKI
acoyiiiosamni 3 NOPYWEeHHAM CnepMamozenesd, 00360JI5E GUABIAMU
Odenemogani nociioosnocmi mpwvox pezionie na Yq (AZFa, AZFb i
AZFc) y 6esnnionux uwonosixie. Mikpodeneyii 6yau euseneHi y
16-mu 3 355-mu (4,5%) uonosikis iz 6e3naidosam.
Mymayii 6 ceni mpancmemOpanHo2o pezyisimopno2o 0OiKa my-
rkosicyuoosza (TPEM), ski makooc 3anyyeHi 00 UOJN08IY020
6e3nnioos, Oyau eusgieni y 22-x iz 355-mu obcmedcysanux uo-
106iKi6 i3 6e3nniooam. Hatiposnoegciodocenoio mymayieio 6yna
F508del (17 3 22-x idenmudghixosanux mymayiti). 5T anenv 2ena
TPBEM, skuu  acoyiuoganuii i3  6p00dNCeH0I0  080OIUHOIO
8i0Cymuicmio cim sl 8UHOCHUX NPOMOKIE, 0y6 gusgnenuti y 16-mu 3
355-mu (4,5%) nayicumis.
Monexynsapro-eenemuunuii ananiz mikpooeneyit Y-xpomocomu i
mymayii eena TPEM, a makosc eenemuune KOHCYIbIMYBAHHS € He-
006XIOHUMU  OIACHOCMUYHUMY — eleMeHmamu OJisi NAyicHmis i3
6e3n1i00saM, 0COOIUBO, AKWO BOHU BKAKUYEHI 00 Npocpamu 00-
NOMIICHUX PeNnPOOYKMUSHUX MEXHONO02I.

Kuniouosi crnosa: cnepmamoczenes, mikpooeneyii Y-xpomocomu,
2en TPEM, wonogiue 6e3niioos

Qecair O.A., [lamnyxa B.H., Conosves A.A., JTuswiuy JI.A.

MonexynsipHo-reHeTHuecKuil ananus pedexron rena AZF Y-xpo-

Mocombl ¥ rena TPBM npu myxckoM Oecruionuu

Pesrome

Ananus mukpooeneyuii OIUHHO2O niaeya Y-XpoMOCOMbl uenoeeKd,
KOmopble accoyuuposansl ¢ HapyuleHuem cnepmamozenesd, no360-
Jslem GulAGNAMb Oelemuposanble Y4acmku mpex pecuonos na Yq
(AZFa, AZFb u AZFc) y 6ecnioouwix myoscuun. Mukpooereyuu
ObL1u 6biAGaeHbLY 16-mu u3 355-mu (4,5%) myoicuun c 6ecnioouem.
Mymayuu 6 2ene mpancmemOpanno2o pe2yisimopHo2o 6eikda MyKo-
sucyuoosza (TPEM), komopsie makice 6061e4eHbl 8 MyH#cKoe bec-
niodue, Ovinu eviagrenvl y 22-x uz 355-mu  obcredosamvix
becnnoonvix myxcuun. Haubonee pacnpocmpanennoti mymayueu
ovina F508del (17 uz 22-x uoenmughuyuposannvix mymayuii). 5T
annens cena TPEM, komopwiil accoyuuposan ¢ 8poA#cOeHHbIM 08YC-
MOPOHHUM OMCYMCMEUEM CEMABLIHOCAWUX NPOMOKO8, Dbl GbIAG-
nen y 16-mu uz 355-mu (4,5%) nayuenmos.
MounexynsipHo-eeHemudeckuil aHaiu3 MUKpooeieyuil Y-xpomocomol
u mymayiu eena TPEM, a maxoice cenemuueckoe KOHCYIbMUpo8a-
Hue AGNAIOMCS HeOOXOOUMbIMU OUACHOCMUYECKUMU DeMeHMAMU
015t nayuenmos ¢ becnioouem, 0CoOeHHO, eciiu OHU BKIIOUEHbL 8
npoPaAMMY 8CHOMO2AMENbHBIX PENPOOYKMUBHBIX MEXHOIO2UL.

Knrwuesvie cnosa: cnepmamozenes, mukpooeneyuu Y-xpomoco-
mot, een TPBEM, myscckoe becniooue
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