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A b s t r a c t :  Y chromosome deletions in the three azoospermia factor (AZF) 
regions constitute the most common genetic cause of spermatogenic failure. The aim of 
this study was to estimate the length and boundaries of the AZF deletions and to cor-
relate the AZF deletions with the sperm concentrations, testicular histology, Y haplo-
groups and the ethnic origin of the men with deletions. PCR analysis of STS loci in the 
three AZF regions was used to characterize the deletions. Y haplogroup was predicted 
from a set of 17 Y short tandem repeats (STR) marker values. A total of nine men out of 
218 infertile/subfertile men showed the presence of Y microdeletions. In eight patients 
the results were consistent with the presence of AZFc deletions, while in one patient a 
larger deletion involving both AZFb and AZFc regions was detected. In two patients, 
the deletion, initially diagnosed as AZFc, involved part of the distal part of the AZFb 
region and in one of them the deletion also extended into the region distal to the AZFc. 
The 3.5Mb AZFc deletion, due to homologous recombination between b2 and b4 ampli-
cons, was detected in six men (66.7% of all Y deletions), thus being the most common 
type of AZF deletion among infertile men from the Republic of Macedonia. Patients 
with the 3.5 Mb AZFc deletion had azoospermia or severe oligozoospermia and variable 
histological results [Sertoly cell only syndrome (SCOS), maturity arrest (MA) and 
hypospermatogenesis (HSG)]. They were of different ethnic origin (Macedonian, Alba-
nian and Romany) and belonged to different Y haplogroups (I1b, J2, E3b and G).  
 
Key words: male infertility, azoospermia, oligozoospermia, AZF deletions, AZFc, AZFb+c, 
Y haplogroup. 
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Introduction 

 
 At least one in ten couples of reproductive age face difficulty con-
ceiving a child despite an extensive period of unprotected sexual intercourse [1]. 
Male factor infertility is responsible for about 50% of these cases [2]. Inade-
quate or absent sperm production is a primary factor in a substantial percentage 
of these cases [1]. Y chromosome deletions constitute the most common genetic 
cause of such spermatogenic failure [3–6]. In 1976, Tiepolo and Zuffardi provi-
ded the first evidence that the long arm of the the Y chromosome is required for 
fertility in men, when they karyotyped 1170 men and found that six azoosper-
mic men were missing most of the long arm of Y chromosome [3]. Subse-
quently, this cluster on Yq11 became known as the azoospermia factor or AZF. 
The use of polymerase chain reaction (PCR) of sequence tagged sites (STS) has 
made possible the detection of small, interstitial deletions invisible to karyoty-
ping [7]. Later, the AZF region was subdivided into 25 deletion intervals (D1-
D25) and the existence of three non-overlapping subregions, designated AZFa, 
AZFb and AZFc (Figure 1A), was proposed [5]. The frequency of AZF dele-
tions in infertile men ranges in worldwide surveys from 5 to 20% [8,9]. Y 
microdeletions are found almost exclusively in patients with azoospermia or 
severe oligozoospermia [10]. The prevalence of Y microdeletions among the 
infertile males from the Republic of Macedonia was 6.4%, among patients 
with azoospermia 16.7% and among those with severe oligozoospermia 2.8% 
[11]. 

Men with AZFa, AZFb or large deletions involving two to three AZF 
regions are always associated with azoospermia and testis histology of Sertoly 
cell only syndrome (SCOS) or meiotic arrest (MA) [6, 12, 13]. Deletions invol-
ving the AZFc region account for up to 90% of all Yq deletions with pheno-
types varying from azoospermia to severe oligozoospermia [4, 6, 14] and occa-
sionally to milder oligozoospermia [15]. Although natural transmission of Y 
microdeletions has been reported, majority of the cases arise as a de novo event 
[16]. Recently, partial AZFc deletions, which remove a number of genes and 
transcription units, have also been described [17]. However whether and to what 
extend partial AZFc deletions affect spermatogenesis is still controversial [18]. 
Partial and polymorphic AZF deletions have been also reported in the AZFa 
[19] and AZFb regions [20]. 

Recent molecular analysis and sequencing of Yq have revealed eight 
large palindromic regions containing an array of different ampliconic sequences 
[21, 22]. They make up almost all of the AZFc sequence and 50% of the AZFb 
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sequence (Figure 1B). The AZFc region consists of 11 families of transcription 
units, most of which are exclusively expressed in testises. Distant homologous 
recombination between specific palindromic sequences is believed to be the 
mechanism for various Yq deletions (Figure 1C) [17, 19, 23]. The most com-
mon AZFc deletion is 3.5Mb in size and is caused by recombination involving 
b2 and b4 sequences [21].  

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
AZFa AZFb AZFc

AZF locus in Yq11
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gr/gr deletion (g1/g2; r1/r3; r2/r4): 1.6Mb

b1/b3 deletion: 1.6Mb
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AZFb+c deletion (P5 /distal P1): 7.7Mb

AZFb+c deletion (P4 /distal P1): 7.0Mb

Partial AZFc deletions {

Figure 1. Schematic view of the AZF locus in Yq11.  Deletion map of AZF locus: 25 intervals (D1-D25)
and three AZF regions (AZFa, AZFb and AZFc).  Complete AZFa deletion, caused by recombination 
of two homologous HERV15Yq1/q2 bloks. Structural organisation of the different amplicons in the AZFb
and AZFc regions belonging to five palindromic structures (P1-P5).  Partial and complete AZFc,  AZFb and 
AZFb+c deletions caused by recombination between different amplicons.
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The aim of this study was to estimate the length and boundaries of the 

AZF deletions and to correlate the AZF deletions with the sperm concentrations, 
testicular histology, Y haplogroups and the ethnic origin of the men with deletions. 
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Material and methods 
 
 Two hundred and eighteen infertile/subfertile males, attending the 
Andrology Outpatient Clinic, at the Endocrinology and Metabolic Disorders 
Clinic, Faculty of Medicine in Skopje, were enrolled in the study. Semen ana-
lyses were performed according to the published guidelines [24]. Semen ana-
lysis showed azoospermia in 99 men, severe oligozoospermia (< 5 × 106/ml) 
in 52, mild oligozoospermia (> 5 × 106/ml) in 27, and normozoospermia in 40 
men. Testicular biopsy was performed by open surgery; the testicular tissue 
sample was fixed in Bouin's solution, and the histological examination of 
spermatogenesis was performed on hematoxylin and eosin-stained sections.  
 DNA was isolated by standard Proteinase K/phenol-chloroform extra-
ction/ ethanol precipitation method [25]. All patients were initially screened 
for the presence of deletions in the three AZF regions, following the guideli-
nes for molecular diagnosis of Y microdeletions [26, 27]. The screening was 
performed by two multiplex PCR reactions analyzing six STS loci in the three 
AZF regions (sY84 and sY 86 in AZFa; sY 127 and sY 134 in AZFb; and 
sY254 and sY 255 in AZFc), as described previously [11]. Patients that 
showed presence of Y microdeletion were further analyzed by PCR ampli-
fication of additional 26 STS loci in the three AZF regions (sY82, sY83, 
sY87, sY88, sY114, sY 638, sY 591, sY 119, sY 121, sY135, sY 136, sY 138, 
sY 139, sY 141, sY142, sY143, sY1196, sY1197, sY1192, sY152, sY157, 
sY158, sY1054, sY1125, sY1201, sY160). The sequences of the oligonucle-
otide primers used for PCR analysis of the 26 STS were drawn from the 
GeneBank (accession numbers are given in Figure 2). The PCR was carried 
out in a total volume of 50 µl. The reaction mixture included 50–250 ng of 
each DNA sample, 1 × PCR buffer, 1.5 µmol/l MgCl2, 200µmol/l deoxy-
nucleotidetriphosphate (dNTP), 50 pmol of each primer pair and 1U Taq DNA 
polymerase. After an initial denaturation step at 950C for 5 min during which 
the Taq polymerase was added, cycle parameters were: 35 cycles of dena-
turation at 950C for 1 min, annealing at 56–620C for 1 min, and extension at 
720C for 1 min and 30 sec. The programs were followed by the final extension 
step at 720C for 7 min. The PCR reaction products were then analyzed by 
electrophoresis on 1.5–2.5% agarose gels containing ethidium bromide (0.1 
mg/ml) and visualized under UV light. The deletion of the loci was confirmed 
when a PCR product of expected size was not obtained after three PCR expe-
riments. As a control, one sample of female, one sample of fertile male 
genomic DNA and one sample which contained all reaction components, but 
in which water instead of DNA was added (blank sample), were run with each 
set of primers. 
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 Schematic presentation of AZF deletions found in nine
infertileinfertilemen. Shaded boxes indicate presence of STS; white boxes indicate absence of

P1-P9, patients with AZF deletion; C, control - fertile

Slika 2.  [ematski prikaz na  deleciite otkrieni kaj devet
infertilni ma`i. Temnite blokovi poka`uvaat prisustvo na
belite blokovi poka`uvaat otsustvo na . , pacienti so
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The Y haplogroup was predicted from a set of Y STR marker values 
using an Excel-based program, where an arbitrary number of STR markers is 
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input and a "fit score" for 10 haplogroups (E3a, E3b, G, I1a, I1b, I1c, J2, N3, 
R1a and R1b) is returned [28]. Seventeen Y STR markers (DYS456, DYS 389I, 
DYS390, DYS 389II, DYS458, DYS19, DYS 385a/b, DYS 393, DYS 391, 
DYS 439, DYS 635 (Y GATA C4), DYS 392, Y GATA H4, DYS 437, DYS 
438, DYS 448), were analyzed by one multiplex PCR reaction, using the 
AmpFlSTR Y-filerTM PCR Amplification Kit (Applied Biosystems, Foster City, 
CA, USA) and individual Y STR alleles were typed using ABI-PRISM 310 
Genetic Analyzer and GeneScan software (Applied Biosystems). 
 
 

Results 
 

A total of nine infertile/subfertile men with Y microdeletions were 
detected during the screening. In eight patients the results were consistent with 
the presence of AZFc deletions, namely the two STS in AZFc (sY254 and 
sY255) were lacking. One patient showed a larger deletion involving both AZFb 
and AZFc regions (sY127, sY134, sY254 and sY255 deleted).  

Patients that showed presence of Y microdeletion were further analyzed 
by PCR amplification of additional 26 STS loci in the three AZF regions. 
Schematic presentation of the AZF deletions in the nine infertile men is shown 
in Figure 2. In order to estimate the length and boundaries of the AZFc dele-
tions we performed PCR amplification of several STS markers (sY1197, 
sY1196, sY1192, sY1054, sY1125, sY1201) for detection of the most common 
AZFc deletion [21]. PCR analysis of these STSs showed absence of PCR 
products from the sY1192 and sY1054, and presence of PCR products from the 
sY1196, sY1197, sY1125 and sY1201 in six of the eight patients with AZFc 
deletions. Thus, six patients (66.7% of all the Y microdeletions) had the most 
common AZFc deletion of 3.5 Mb, which is a result of a homologous recom-
bination between amplicons b2 and b4. All other tested STS loci were present in 
the six patients with the 3.5Mb AZFc deletion. In patient P6, diagnosed as 
having an AZFc deletion during the screening for Y microdeletions, the distal 
end of the deletion was identical to that of the 3.5Mb AZFc deletion (sY1054 
absent; sY1125, sY1201 and sY160 present). In patient P7, also diagnosed as 
carrying AZFc deletion, the deletion extended distal from the AZFc region 
(sY1054, sY1125, sY1054 and sY160 absent). The proximal end of the Y dele-
tion in patients P6 and P7 was identical and was determined within a region 
bounded by sY139, which was present and sY141 which was absent. Thus, the 
Y deletions in these two patients were not limited to the AZFc region, but they 
involved a part of the distal part of the AZFb region (STSs sY142, sY143 and 
sY141 lie in the distal part of the AZFb region). However, the length of these 
two deletions was smaller than the AZFb+c deletion determined in patient P2. 
The proximal end of the AZFb+c deletion was determined between sY114 and 
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sY638. The distal end of the AZFb+c deletion extended 3’ from the distal end 
of the AZFc region (sY1054, sY1125, sY1054 and sY160 absent). Thus, the 
AZFb+c deletion in our patient differed from the AZFb+c deletions, extending 
from palindrome P5 to distal-P1 and from palindrome P4 to distal-P1 in which 
STSs sY1054, sY1125, sY1201 and sY160 were not deleted [23].  

Sperm counts, testicular histology, Y haplogroup and the ethnic origin of 
the patients with Y microdeletions are given in Table 1. Eight patients were azo-
ospermic and only one patient had sperm concentrations of < 0.1 × 106/ml, consis-
tent with the diagnosis of severe oligozoospermia. Testicular histology was avai-
lable from six of the nine patients and showed SCOS in three azoospermic patients 
(two of them with the 3.5Mb AZFc deletion), maturity arrest in two azoospermic 
patients (one of them with the 3.5Mb AZFc deletion) and hypospermatogenesis 
(HSG) in one patient with severe oligozoospermia and 3.5Mb AZFc deletion.  

Four different Y haplogroups were detected in men with Y microdele-
tions. The most common haplogroup was I1b (four patients), which is also the most 
common haplogroup among men from R. Macedonia (unpublished results). Three 
patients belonged to haplogroup J2 which is the most common haplogroup among 
Romanies and the third most common haplogroup among Macedonians (un-
published results). One patient belonged to haplogroup E3b, which is the second 
most common haplogroup among men from R.Macedonia (unpublished results), 
and one man belonged to haplogroup G. One patient was of Albanian, one of 
Romany and seven of Macedonian ethnic origin. 

 
Table 1 – Tabela 1 
 

Sperm count, testicular histology, ethnic origin, AZF region deleted, size of the deletion 
and Y haplogroup in patients with Y microdeletions 

Broj na spermatozoidi, histopatolo{ki naod na testisi, etni~ko poteklo, golemina 
na delecijata i Y haplogrupa kaj pacientite so Y mikrodelecija 

 
Patient Sperm 

count 
(x106/ml) 

Testicular 
histology 

Ethnic 
origin 

AZF 
region 
deleted 

Approx. 
deletion 

size 

Haplogrou
p 

P 1 0 n.d. Albanian AZFc 3.5Mb I1b 
P 2 0 n.d. Macedonian AZFb+c > 7.7Mb I1b 
P 3 < 0.1 HSG Romany AZFc 3.5Mb J2 
P 4 0 SCOS Macedonian AZFc 3.5Mb I1b 
P 5 0 SCOS Macedonian AZFc 3.5Mb J2 
P 6 0 MA Macedonian AZFc > 3.5Mb I1b 
P 7 0 SCOS Macedonian AZFc > 3.5Mb J2 
P 8 0 MA Macedonian AZFc 3.5Mb E3b 
P 9 0 n.d. Macedonian AZFc 3.5Mb G 
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Discussion 
 
 The screening for the presence of Y microdeletions among infertile/sub-
fertile men from R.Macedonia, using six STSs (two in each AZF region) identi-
fied nine patients with Y deletion, of whom eight with AZFc and only one with 
AZFb+c. Analysis of additional STSs showed that six patients had an identical 
deletion with proximal end within a 349 kb region bounded by STSs sY1192 
and sY1197, and distal end within a 229 kb region bounded by STSs sY1054 
and sY1125. Assuming the homologous recombination between amplicons b2 
and b4, the size of this deletion was 3.5Mb [21]. This deletion was first descri-
bed in 47 of the 48 studied individuals who lacked STS sY254, but possessed 
sY142 (proximal to AZFc) and sY160 (distal to AZFc) [21]. Two of the patients 
with a result of the initial screening consistent with AZFc deletion in fact had 
deletions that extended into the distal part of the AZFb region. The proximal 
end of the deletion in the two patients was identical and located between STS 
sY139 and sY141. The distal end of the deletion was same as the distal end of 
the 3.5Mb AZFc deletion in one and extended into the region distal to the AZFc 
in the other patient. Both patients were Macedonian and with a semen analysis 
showing azoospermia. They belonged to different Y haplogroups (I1a and J2) 
and showed different testicular histology results (SCOS and MA).  
 The 3.5Mb AZFc deletion was found only in patients with azoospermia 
and oligozoospermia. Patients with this deletion demonstrate variable testicular 
histology results: SCOS, MA and HSG. Others have also shown that patients 
with identical 3.5 Mb AZFc deletion have a variable, but always low, level of 
spermatozoal generation, as well as variable histological results [29]. Individu-
als with the 3.5Mb AZFc deletion were of different ethnic origin, four were 
Macedonian, one was Albanian and one was Romany. They also belonged to 
different haplogroups; I1b (two men), J2 (two men), E3B (one man) and G (one 
man). Thus, the 3.5Mb AZFc deletion occurs on different Y chromosomes and 
in men of different ethnic origin. 
 One of our patients had a deletion of both AZFb and AZFc regions. Ho-
wever this deletion differed from the common 7.7Mb AZFb+c deletion which 
extends from P5 to the distal arm of P1 and spare distal AZFc region. The 
AZFb+c deletion in our patient extended distal from the AZFc region, probably 
involving the heterochromatic region of the Y chromosome. The mechanism for 
the occurrence of the AZFb+c deletion, as well as for the two AZFc deletions, 
that are different from the 3.5Mb AZFc deletion and extend into the distal part 
of the AZFb region, cannot be predicted. Although homologous recombination 
between repetitive sequences is the most common mechanism for the occur-
rence of Y deletions, it was proposed that in addition to homology, factors such 
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as propensity for breaks could account for the P5, P1.1 and P1.2 deletion hot-
spots [23]. We did not detect any patient with a deletion of the AZFa or AZFb 
region or with a deletion involving all three AZF regions. 

 
 

Conclusion 
 

 3.5Mb AZFc deletion due to homologous recombination between b2 
and b4 amplicons is the most common type of Y microdeletion among infertile 
men from the Republic of Macedonia. Patients with this deletion have azoosper-
mia or severe oligozoospermia, and variable histological results (SCOS, MA 
and HSG). They are of different ethnic origin (Macedonian, Albanian and Ro-
many) and belong to different Y haplogroups (I1b, J2, E3b and G). 
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Delecii vo trite azoospermija faktor (AZF) regioni na Y hromo-
zomot pretstavuvaat naj~esta genetska pri~ina za defekti vo spermatogenezata. 
Celta na ova istra`uvawe be{e da se odredat dol`inata i granicite na 
AZF deleciite i istite da se koreliraat so koncentraciite na spermato-
zoidi, histopatolo{kiot naod od testisite, Y haplogrupite i etni~kata pri-
padnost na ma`ite so delecii. AZF deleciite bea karakterizirani so PCR 
analiza na pove}e „bele`eni mesta vo sekvencata“ (sequence tagged sites – 
STS) lokusi vo trite AZF regioni. Y haplogrupata be{e predvidena preku 
vrednostite na alelite od 17 ispituvani „kratki tandem povtoruvawa“ (short 
tandem repeats – STR) markeri. Prisustvo na Y mikrodelecii be{e najdeno 
kaj 9 od skriniranite 218 infertilni/subfertilni ma`i. Kaj osum pacienti 
rezultatite od inicijalnoto skrinirawe uka`uvaa na prisustvo na AZFc 
delecija, dodeka kaj eden pacient be{e utvrdeno prisustvo na pogolema 
delecija koja gi opfa}a i AZFb i AZFc regionite. Kaj dvajca pacienti, be{e 
utvrdeno deka AZFc delecijata vsu{nost zafa}a i del od proksimalniot 
kraj na AZFb regionot, a kaj eden delecijata se protega i vo regionot dis-
talno od AZFc. AZFc delecijata od 3,5Mb, koja e rezultat na homologna re-
kombinacija me|u b2 i b4 amplikonite be{e najdena kaj {est ma`i (66,7% 
od site Y delecii). Taka, taa e naj~est tip na AZF delecija me|u infertil-
nite ma`i od R. Makedonija. Pacientite so 3.5Mb AZFc delecija se mani-
festiraat so azoospermija i te{ka oligozoospermija i so razli~ni histo-
patolo{ki naodi na testisite [Sertoly cell only syndrome (SCOS), maturacio-
nen arest (MA) i hipospermatogeneza (HSG)]. Tie se so razli~no etni~ko 
poteklo i pripa|aat na razli~ni Y haplogrupi. 
 
Klu~ni zborovi: ma{ki infertilitet, azoospermija, oligozoospermija, AZF 
delecii, AZFc, AZFb+c, Y haplogrupa. 
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Figure 1. Schematic view of the AZF locus in Yq11.  Deletion map of AZF locus: 25 intervals (D1-D25)
and three AZF regions (AZFa, AZFb and AZFc).  Complete AZFa deletion, caused by recombination 
of two homologous HERV15Yq1/q2 bloks. Structural organisation of the different amplicons in the AZFb
and AZFc regions belonging to five palindromic structures (P1-P5).  Partial and complete AZFc,  AZFb and 
AZFb+c deletions caused by recombination between different amplicons.
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Slika 1. [ematski prikaz na  lokusot vo .  Deleciona mapa na  lokusot: 25 
intervali ( ) i tri  regioni (  i ).  Kopmletna  
delecija, nastanata kako rezultat na rekombinacija me|u dve homologni  
sekvenci. Strukturna organizacija na razli~nite amplikoni vo  i  regionite 
koi pripa|aat na pet palindromi ( ).  Parcijalni i kompletni  i 
delecii nastanati so rekombinacija me|u razli~ni amplikoni.

AZF Yq11 AZF
D1-D25 AZF AZFa, AZFb AZFc AZFa

HERV15Yq1/q
AZFb AZFc

P1-P5 AZFc, AZFb AZFb+c

A)

B)
C)

A/1)

 

 
 
 



sY 82
sY 83
sY 86
sY 84
sY 87
sY 88
sY 114
sY 638
sY 591
sY 119
sY 121
sY 127
sY 134
sY 135
sY 136
sY 138
sY 139
sY 141
sY 142
sY 143
sY 1196
sY 1197
sY 1192
sY 152
sY 254
sY 255
sY 157
sY 158
sY 1054
sY 1125
sY 1201
sY 160

P
1

P
2

P
3

P
4

P
5

P
6

P
7

P
8

P
9

C

G40972
G64734
G49207
G12019
G12020
G49210
G12044
G38355
G34987
G11997
G38341
G11998
G12001
G12038
G40974
G66535
G12002
G66537
G38345
G38347
G67167
G67168
G67166
G12039
G38349
G65827
G12005
G12006
G67163
G67164
G67170
G38343

GeneBank
Ass. No  STS

} AZFa

AZFb

AZFc

Figure 2. Schematic presentation of AZF deletions found in nine infertile 
men. Shaded boxes indicate presence of STS; white boxes indicate absence of  STS.
P1-P9, patients with AZF deletion; C, control - fertile men.

Slika 2. [ematski prikaz na  deleciite otkrieni kaj devet 
infertilni ma`i. Temnite blokovi poka`uvaat prisustvo na ;
belite blokovi poka`uvaat otsustvo na . , pacienti so 

 deleci; , kontrola - fertilen ma`. 
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Figure 2. Schematic presentation of AZF deletions found in nine infertile men. Shaded 
boxes indicate presence of STS; white boxes indicate absence of STS. P1-P0, patients 
with AZF deletion; C, control – fertile men. 
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