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ABSTRACT
PCR-based screening of microdeletions in the azoospermic factor (AZF) on the Yq chromosome is an accepted
means of identifying a common genetic cause of male infertility, responsible for 5–15% of cases associated
with a low sperm count (#5 3 106 sptz/ml). Based on an extensive analysis of the literature, we have established a cost-effective preliminary PCR-based diagnostic screening test, with a set of six pairs of primers (“setof-6”) that have the capability of detecting up to 95% of the Y microdeletion cases already published. These
primers are: sY84 in AZFa, sY114, sY129, sY143 in AZFb, and sY149, sY254 in AZFc. Initially, the set-of-6
was tested with 13 other pairs of primers covering the three AZF subregions. A sample of 114 infertile men
was tested and 10 (8.8%) microdeletions were found, 3 of which were among the 26 (11.5%) idiopathic
azoospermic men. These results showed that all detected microdeletions would be identified using the set-of6 only. Another sample of 34 patients was subsequently tested using the set-of-6 and 3 (8.8%) microdeletions
were found in this group. A comparison of our results with those reported in the literature showed similar
microdeletion detection frequencies, demonstrating that the set-of-6 primers provides a reliable, simple and
cost-effective way of detecting AZF deletions.

INTRODUCTION

A

and the loss of
euchromatic portions of the long arm of the human Y chromosome (Yq11) was first proposed by Tiepolo and Zuffardi
(1976), who suggested the existence of an Azoospermic factor
(AZF). Since then, a growing body of evidence has demonstrated that the pathogenesis of a substantial fraction (5–15%)
of male infertility cases, previously diagnosed as idiopathic, is
related to microdeletions in Yq11.
Three distinct, non-overlapping subregions have been distinguished in Yq11 (Vogt et al., 1996, 1997), each of them bearing candidate genes or gene families related to infertility:
USP9Y (also known as DFFRY) and DBY in AZFa (Foresta et
al., 2000a), RBM in AZFb (Ma et al., 1993; Elliott, 2000), and
DAZ in AZFc (Reijo et al., 1995). Although deletions of these
subregions appear to be related to differences in the severity of
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disruption of spermatogenesis, the roles of these three “loci”
have not been elucidated, and a clear genotype–phenotype correlation is still lacking.
Comprehensive deletion-based maps of the Y chromosome
(Vollrath et al., 1992), as well as detailed sequence information (Blanco et al., 2000; Elliott, 2000; Foresta et al., 2000a;
Saxena et al., 2000; Stuppia et al., 2000; Kuroda-Kawaguchi
et al., 2001) have become available in recent years. Microdeletion screening of azoospermic, or severely oligozoospermic, men is currently performed by PCR amplification
of discrete segments of Yq11 using specific primers that amplify the so-called sequence-tagged sites (STSs).
The overall prevalence of microdeletions should be around
12% in azoospermic and 3.4% in oligozoospermic patients (Simoni et al., 1998). When testicular biopsy data are available
and Sertoli Cell Only (SCO) syndrome Type I is diagnosed, the
highest microdeletion frequency is found (Foresta et al., 1998).
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In these cases, loss of long segments of the Y chromosome is
involved, often including the heterochromatic region. Although
microdeletions resulting exclusively in the loss of AZFa are
rare, they are apparently the smallest microdeletions that can
result in SCO.
The use of the intracytoplasmic sperm injection (ICSI) procedure has by-passed natural selection, allowing the transmission of genetic alterations responsible for male infertility
(ESHRE, 2000). Y-chromosome microdeletions are unequivocal examples of a 100% father-to-son transmission of a genetic
trait by the ICSI method (Silber et al., 1998; Kamischke et al.,
1999; Page et al., 1999), reinforcing the importance of this
screening procedure in general andrology practice (Krausz et
al., 2000), especially with the growing use of ICSI.
The substantial prevalence of Y microdeletions in infertile
men, the worsening of sperm parameters over time in some
types of microdeletions, the unequivocal risk of its transmission, and the relatively regular pattern of the deletions were
compelling reasons to develop a cost-effective test using a short
set of primers.
Here we report the molecular analysis of the Y chromosome
in a sequential series of 148 Brazilian infertile men referred
from different clinics. On the basis of literature data, we propose a quick, cheap, and reliable diagnostic protocol using an
initial set of six pairs of primers (“set-of-six”), which is able to
detect up to 95% of the microdeletion cases already published.

count category. We considered as nonidiopathic all those cases
in which obstruction, varicocele (uni- or bilateral), cryptorchidism, systemic disease, infection, or abnormal karyotypes
(including terminal Yq microdeletions, low-frequency sex chromosome mosaicism, and polymorphic variants, like inversions),
were present.

AZF DNA analysis
Genomic DNA was extracted from blood samples (drawn in
EDTA-coated tubes) using the GFX™ Genomic Blood DNA
Purification Kit (Amersham Pharmacia Biotech Inc.). DNA
samples were obtained from men with a documented history of
fertility and from fertile females, and used as positive and negative controls, respectively.
Based on a review of the literature (see Table 2), we chose
a set of six primers—AZFa sY84; AZFb sY114, sY129, and
sY143; AZFc sY149 and sY254—found to be frequently
deleted in infertile men with low sperm counts. Initially, the
three AZF regions were amplified by PCR using a broader
set of 19 pairs of primers. For AZFa, we used the sY84
marker; for AZFb, sY113, sY114, sY124, sY129, sY132,
sY142, RBM1, RBM2, and sY143; for AZFc, sY153, sY147,
sY149, sY254, sY202, sY465, sY156, and sY157; and sY160
to check for the presence of the heterochromatin (Vollrath et
al., 1992; Ma et al., 1992; Kobayashi et al., 1994; Reijo et
al., 1995). In addition, a pair of primers that amplify SRY
(sex determining region on the Y chromosome) was used in
all patients to verify the presence of Y-specific DNA. A total of 114 patients were tested with this initial set of primers.
Thirty-four more patients were tested using a shorter set of
six pairs of primers. In these later cases, patients with AZFc
microdeletions were further tested for the sY160 marker to
verify the presence of heterochromatin. Patient P117 was further tested for additional markers (sY127, EIF1AY, sY130,
and sY131).
PCRs were carried out in 25-ml reaction volumes containing: 50 ng of genomic DNA; 1.5 mM MgCl 2; dNTP mix (0.2
mM each), 0.5 mM of each oligonucleotide primer; and 1.5 U
of recombinant Taq DNA polymerase in a final concentration
of 13 PCR reaction buffer. All reagents were obtained from
Life Technologies Gibco BRL. Each primer pair was individually tested against a patient’s DNA, male and female DNA
controls, and a blank. Thirty cycles of amplification were carried out in a PTC-100 MJ thermocycler as follows: 1 min at
94°C, 1 min at the annealing temperature (see Vollrath et al.,
1992; Ma et al., 1992; Kobayashi et al., 1994; Reijo et al.,
1995), and 1 min at 72°C. The amplification cycles were pre-

PATIENTS AND METHODS
Blood samples from 185 consecutive patients attending different infertility clinics were sent to our lab to be screened for
Yq-chromosome microdeletions. Thirty-seven cases, although
submitted for PCR analysis, were excluded from the study either because of a lack of complete information on semen parameters, hormone values, and karyotype, or because they did
not fulfill our sperm count criteria of #5 3 106 sperm/ml. This
information, as well as an informed consent, was obtained for
all of the remaining 148 patients, and for the 10 normal men
of proven fertility whose blood samples were drawn prior to
vasectomy and used as controls.
Screening for AZF deletions was performed in blood samples from 70 azoospermic (after centrifugation) men, from 41
severe oligozoospermic (,1 3 106 sptz/ml), or cryptozoospermic (few sperm after centrifugation), and from 37 moderate
oligozoospermic (1 3 106 to 5 3 106 sptz/ml) men. Table 1
shows the idiopathic and nonidiopathic cases in each sperm

TABLE 1. MICRODELETION [Ydelq] FREQUENCIES
Zero
Sperm count

n

Idiopathic
Nonidiopathic

30
40

n Ydelq (%)
a3

(10)
6a (15)

AND

INFERTILITY CHARACTERISTICS

106

106

,1 3

sptz/ml

148 PATIENTS

sptz/ml

n

n Ydelq (%)

n

n Ydelq (%)

17
24

1 (5.9)
—

18
19

2 (11.1)
1 (5.3)0

Total
aFour

1–5 3

IN THE

of these patients had large terminal deletions detected by karyotyping.

Total (Ydelq %)
65 (9.2)
83 (8.4)
148 (8.8)
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TABLE 2. SELECTED DATA

Authors

ON

Y CHROMOSOMAL MICRODELETIONS SCREENING

Number of
STSs

Ma et al. (1992)
Reijo et al. (1995)
Hargreave et al. (1996)
Kent-First et al. (1996)

30
84
23
85

Najmabadi et al. (1996)
Nakohori et al. (1996)
Qureshi et al. (1996)
Reijo et al. (1996)
Vogt et al. (1996)
Girardi et al. (1997)
Kremer et al. (1997)
Mulhall et al. (1997)
Peterlin et al. (1997)
Pryor et al. (1997)

26
23
23
118
76
35
8
?
18
85

Selva et al. (1997)
Shirakawa et al. (1997)
Simoni et al. (1997)
van der Ven et al. (1997)
Vereb et al. (1997)
Brandell et al. (1998)
Foresta et al. (1998)
Grimaldi et al. (1998)
Liow et al. (1998)
Oliva et al. (1998)
Silber et al. (1998)
Stuppia et al. (1998)
Chang et al. (1999)
Ferlin et al. (1999)
Foresta et al. (1999)
Kamischke et al. (1999)
Kim et al. (1999)
Kleiiman et al. (1999)
Krausz et al. (1999a)
Krausz et al. (1999b)
Page et al. (1999)
Seifer et al. (1999)
Cram et al. (2000)

12
4
5
30
1 (DAZ)
35
29
18
16
2(DAZ) 1 10
52
27
27
38
31
8
37
20
6
22
40
14
22

Martinez et al. (2000)
Österlund et al. (2000)
Van Landuyt et al. (2000)

9
13
3 initial
127
28
20
13

Fujisawa et al. (2001)
Krausz et al. (2001)
Tzschach et al. (2001)

IN

INFERTILE MEN 1992–2001
Detection with the
set-of-6 STSs
proposed

Deletions
Number of patients

Number

%

Number

%

19
89
117
32 fathers
32 sons
60
153
100
35
370
160
164
83
72
200 (all sperm count
categories)
81
25
168
204
168
286
18 (SCO)
67
202
186
81
126
5
140 (,5 3 106)
60 criptorchidism
father&son
40
133
134 unselected
131
3 fathers & 4 sons
53
86 fathers
99 ICSI sons
128
192
402
229
54
138
97

2
12
11
1
3
11
20
8
2
13
10
7
8
6
14
9 (#5.10 6)
2
4
5
2
5
22
10
5
6
10
14
16
5
40
11
2
8
9
3
21
7
5
2
—
9
4
8
1
14
9
—

10.5
13.5
9.4
3.1
9.4
18.3
13.1
8.0
5.7
3.5
6.3
4.3
9.6
8.3
7.0

2
12
11
0
2
6
18
7
2
13
10
7
6
6
7/9

100
100
100
0
66.7
54.6
90
87.5
100
100
100
100
100
100
77.8

2.5
16.0
3.0
0.98
3.0
7.7
55.5
7.5
3.0
5.4
17.3
12.7

9.4
2.3
—
7.0
2.1

2
4
5
2
5
22
10
5
3
10
14
5
5
33
10
2
7
9
3
20
7
5
2
—
9
4

100
100
100
100
100
100
100
100
100
100
100
31.2
100
82.5
91
100
87.5
100
100
95.2
100
100
100
—
100
100

2.2
25.9
6.5
—

9
9
9
—

100
64.3
100
—

28.6
18.3
20
6.0
2.2
19.6

Table shows number of STSs (markers) used, number of patients screened, microdeletion frequencies and percentage of possible diagnosis using the set-of-6 pairs of primers proposed in this work.

ceded by a 4-min denaturing step at 98°C, and followed by a
final extension step at 72°C for 5 min. The PCR products were
separated on a 1.5% agarose gel by electrophoresis in TAE
(Tris, acetic acid, EDTA) buffer, stained with ethidium bromide, and photographed.

A negative result was scored when the amplification product was not obtained after three PCR attempts, two of them in
less-stringent annealing conditions. For patient P117, a Southern blot was obtained to confirm the deletion of the sY129
marker.

a FSH

P13
P33
P61
P62
P66
P67
P76
P79
P91
P117
P153
P162
P175

Age (y)

Patient number

11.4
8.2
8.5
4
17
5.2
6.3
6.7
11.8
5.1
37.8
6.6
4.3

(1–10)
(0.5–10)
(0.5–10)
(0.5–10)
(0.5–10)
(0.5–10)
(1–10)
(0.5–10)
(1–10)
(0.5–10)
(1–8)
(0.5–10)
(0.7–11)

7
3.8
4.1
5.8
6.2
3
5.9
3.1
4.9
2.1
20.2
2.8
1.6

(1–8)
(1–8)
(1–8)
(1–8)
(1–8)
(2–12)
(1–8)
(1–8)
(1–8)
(0.8–7.6)
(2–12)
(1–8)
(0.8–7.6)

LH (ref)
nd
bilat.SCO
nd
nd
bilat SCO
nd
nd
nd
unilat.SCO
nd
nd
nd
nd

ON THE

18.2
18.8
16.2
17.0
11.4
22.0
14.8
17.6
13.2
12.3
5.0
18.2
13.5

R
17.6
17.4
15.4
16.8
8.6
20.2
14.0
23.2
12.8
10.6
4.4
crypt
12.4

L

Testicular
volume (ml)

LABORATORY DATA

Testicular
biopsy

AND

—
—
—
—
1
—
—
—
—
—
1
—
—

R
—
—
—
—
2
—
—
—
—
—
2
crypt
1

L

Varicocele

13 PATIENTS
WITH

Karyotype
46, XY
46,XY
45,X,2Y,1mar
46,XY
45,X,2Y,1mar
46,XY
46,XY(delqh)
46,XY
46,XY(delqh)
46,XY
46,XY
46,Xy
46,XY

Sperm count
(/ml)
0.1 3 106
zero
zero
2.5 3 106
zero
zero
zero
zero
zero
3.2 3 106
zero
3.106
zero

Yq MICRODELETIONS

bcbchcabchbbchcbchbccb-

AZF

and LH in mUI/ml. R, right; L, left; SCO, Sertoli Cell Only Syndrome; bilat, bilateral; unilat, unilateral; nl, normal; nd, not done; crypt, cryptorchidism.

27
32
34
31
34
36
37
36
37
30
27
43
44

FSH (ref)

Hormonesa

TABLE 3. CLINICAL

113/114
149/254
114 ® 160
149/254
84 ® 160
142/143
114 ® 160
149/254
114 ® 160
131/129
149/254
149/254
114/129/143

STSs

del(Yq)
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RESULTS
A total of 148 patients were screened for the presence of Yq
microdeletions, and the overall microdeletion frequency was
found to be 8.8% (n 5 13). No microdeletions were found in
the 10 normal men of proven fertility used as controls (Table
1). The clinical and laboratory findings of the 13 patients with
Yq deletions appear in Table 3, and the schematic representation of these deletions is depicted in Fig. 1. All of the patients
with microdeletions refused to ask their male relatives to be
tested to check for the de novo status of the microdeletions
found.
Eighty-three nonidiopathic cases were studied with an overall deletion frequency of 8.4% (n 5 7), mostly represented by
large terminal deletions (n 5 4) involving the three AZF regions (patient P66) or AZFb/AZFc (patients P61, P76, P91).
All four cases with terminal deletions had no sperm in the ejaculate and testicular biopsies were read as SCO syndrome in the
2 patients with elevated follicle-stimulating hormone (FSH) lev-

189
els. Three other microdeletions were found, as follows: one
AZFb microdeletion in an azoospermic patient (P175) with secondary infertility, unilateral grade one varicocele and normal
hormonal levels; two AZFc microdeletions, one in an azoospermic man (P153) with very high FSH (37.8 mUI/ml; normal
range: 1–8 mUI/ml) and luteinizing hormone (LH) (20.1
mUI/ml; normal range: 2–12 mUI/ml) levels, small testicles,
and bilateral varicocele, and another AZFb microdeletion in a
moderately oligozoospermic man (P162) with left inguinal testicle and normal hormonal levels. No microdeletions were
found in the 24 severe nonidiopathic oligozoospermic cases.
Varicoceles were reported in 44.6% (n 5 37) of the nonidiopathic cases: either isolated (n 5 25; 12 unilateral, 13 bilateral), or in association with cryptorchidism (n 5 2), karyotype
abnormalities (n 5 5), obstruction (n 5 2), or AZF deletions
(n 5 3).
Karyotype abnormalities were present in 19 of the 83
(22.9%) nonidiopathic cases and were mostly represented by
sex chromosome mosaicism (n 5 7), terminal Yq deletions

FIG. 1. A schematic representation of the Y chromosome showing the AZF regions and the Yq microdeletions found in our
patients. The STSs inside solid frames represent the set-of-6 (see text); inside dotted frames are shown the STSs used only for
studying patient P117. Positive PCR results for particular STSs are indicated by black boxes, absence is shown in white, and
weekly positive PCR results in gray.
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(n 5 4), 47,XXY (n 5 2), and an 18;Yq translocation (n 5 1)
with no apparent loss of AZF euchromatic material. The remaining chromosomal abnormalities (n 5 5) involved autosomal chromosomes and included a Robertosonian translocation,
a bisatellited chromosome marker, a pericentromeric inversion
of chromosome 2, and two mosaics for complex rearrangements.
Obstruction was the third most frequent cause of nonidiopathic infertility, present in 14 (16.9%) cases: 2 cases of
CBAVD (congenital bilateral agenesis of vas deferens); one
case of CUAVD (congenital unilateral agenesis of vas deferens); 3 cases of obstruction after testicular trauma; 3 cases of
infection sequelae; 4 cases of epididymal cysts; one case of
iatrogenic obstruction after hernia surgery.
Among the 65 idiopathic cases of infertility, six (9.2%) microdeletions were detected, three in AZFb (patients P13, P67,
and P117), and three in AZFc (P33, P62, P79) region (Fig. 1).
The AZFb microdeletions involved small segments and a variety of phenotypes (Table 3). One AZFb (sY113/sY114) microdeletion was detected in a patient (P13) with primary infertility and severe oligozoospermia who had a seminal analysis
within the normal range (34 3 106 sptz/ml) 1 year before he
was tested for Yq microdeletions. The second AZFb microdeletion was found in an azoospermic man (P67) and included the markers sY142 and sY143. The PCR for RBM1 and
RBM2 [using the primers described by Ma et al. (1992) and
modified by Kobayashi et al. (1994)] resulted in weak bands
on the agarose gel. The third AZFb deletion was detected in a
patient (P117) with moderate oligozoospermia (3.2 3 106
sptz/ml) and globozoospermia present in 96% of the sperm; this
microdeletion involved the sY129 marker, confirmed by Southern blot, and further PCR investigation with other markers
(sY127, EIF1AY; sY130, sY131) indicated a deletion of approximately 200,000 bp.
The three AZFc microdeletions in idiopathic infertile men
also included a spectrum of phenotypes. One was detected in
an azoospermic man (P33) with testicular histology compatible
with bilateral SCO syndrome, another one was found in an
azoospermic man who refused to allow testicular biopsy (P79),
and the third was detected in a moderately oligozoospermic man
(P62).
An isolated deletion of AZFa was not found in our patient
sample. The 4 patients (P66, P61, P76, and P91) with large terminal deletions were found to be weakly positive for the multicopy RBM1 and RBM2 gene family. The azoospermic patient
(P67) with the sY142-sY143 microdeletion refused testicular
aspiration followed by ICSI for fertilization, choosing instead
the semen donor approach.

DISCUSSION
This work shows that the microdeletion frequency found in
our series of 148 infertile men using the set-of-6 approach is
comparable to the frequencies reported in the literature (Table
2). The selection of the markers to compose the set-of-6 was
based on an extensive review of the literature, with attention
to the most frequently deleted markers in the infertile men
screened. The efficiency of the set-of-6 (anticipated by the literature analysis and confirmed by the experimental work) en-

ables us to propose its use as a routine diagnostic screening
test.
As previously stated by Simoni et al. (1998), the criteria for
selecting the patients, rather than the number of markers (STSs)
used in the screening protocol, are the critical factors underlying the large variation in the Y-microdeletion frequencies reported in the literature (from 0.9% to 55.5%; see Table 2).
The use of a large number of specific Y markers is necessary only if one is interested in the precise characterization of
microdeletion breakpoints or in gene mapping. In fact, to
achieve an improvement in the detection of Y microdeletions,
some invasive procedures are mandatory, as with the use of testicular tissue for molecular cytogenetics and gene expression
studies. Such procedures are time consuming, costly, and, furthermore, not recommended by international specialists’ consensus reports, such as the ESHRE Capri Workshop Group
(2000) and its proposals for the initial work-up of azoospermic
men.
The microdeletions missed with the set-of-6 were: (1) those
found by reverse transcriptase (RT)-PCR in testicular tissue
(Ferlin et al., 1999; Foresta et al., 1999); (2) those involving
discontinuous STSs (Najmabadi et al., 1996; Stuppia et al.,
1998; Kim et al., 1999; Fujisawa et al., 2001), or single STSs
(Kent-First et al., 1996; Qureshi et al., 1996; Pryor et al., 1997;
Fujisawa et al., 2001); (3) the ones involving the RBM gene
family (Nakahori et al., 1996; Pryor et al., 1997) or found in
infertile men with normal sperm counts (Pryor et al., 1997).
In this work, we initially used a panel of 19 markers. The
first noticeable finding was that the patients with large terminal deletions, including three (P66) or two (P61, P76, and P91),
AZF subregions, were all weakly positive for the “specific”
RBM primers (Ma et al., 1993; Kobayashi et al., 1994). The
same was found for another patient (P67) with an interstitial
AZFb deletion. Considering that RBM is a multicopy gene family, with members spreading over the short and long arms of
the Y chromosome (Elliot, 2000), these positive results could
represent the PCR amplification of some members of the RBM
family other than the functional copy mapped in the interval
6B, close to the AZFb/AZFc limit (Elliott et al., 1997). Another
important piece of information on the RBM gene family is the
absence of RBM2 in a large series of fertile Japanese men
(Nakahori et al., 1994). Although the importance of the RBM
gene for human fertility is recognized (Elliott, 2000), our PCR
results warrant the exclusion of RBM primers for diagnostic
purposes.
The choice of sY129 (also mapped in AZFb), instead of
sY127 as proposed by Simoni et al. (1999), was due to the fact
that patient P117 was positive for sY127 and negative for
sY129. Further PCR investigation of patient P117, using other
markers (see Fig. 1), suggested the deletion of a 200,000-bp
segment flanked by markers sY130 and sY132. This segment
contains a human endogenous retroviral (HERV) sequence of
8471bp (GenBank accession NT_011903). HERVs are known
to influence gene expression, as tissue- and stage-specific enhancers. The closest gene to this HERV sequence is the EIF1AY
gene, which stabilizes the binding of the initiator Met-tRNA to
ribosomal subunits. The loss of this HERV sequence might have
somehow impaired EIF1AY expression and might have contributed to the phenotype of globozoospermia presented by
P117.
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The sY153 marker was withdrawn from our set of primers
because it was absent in an infertile man with normal sperm
concentration (89 3 106 sptz/ml), described by Pryor et al.
(1997).
We chose to screen the AZFb region at its proximal and distal limits, using the markers sY114 and sY143, respectively.
Discontinuous microdeletions are mostly found in the AZFb region, the only AZF segment that is still lacking a systematic
study of structure and complete nucleotide sequence. Such studies became available for AZFa and AZFc in the last few years
and identify breakpoint hot spots (Blanco et al., 2000; Kamp
et al., 2000; Kuroda-Kawaguchi et al., 2001).
A major subclass of AZFa microdeletions was recently characterized as a result of intrachromosomal recombination events
between two highly homologous HERV sequences. This mechanism leads to a regular pattern of euchromatic loss encompassing the AZFa USP9Y/DBY/UTY segment during meiosis
(Blanco et al., 2000; Kamp et al., 2000). HERVs are a major
subclass of dispersed repeats, accounting for about 1% of the
human genome. Their pathogenic role is to sponsor illegitimate
recombination. The segment lost through this recombination
event includes sY84, a flanking marker on the 59 end of USP9Y
(Brown et al., 1998; Sargent et al., 1999). More upstream markers like sY85, sY86 [proposed by Simoni et al. (1999)], and
sY83 would only detect potentially nonfunctional genes and
highly degenerated sequences (Sargent et al., 1999).
It has been suggested that both USP9Y and DBY are involved
in the AZFa phenotype of SCO (Sun et al., 1999; Foresta et al.,
2000a,b). Deletion of the entire USP9Y (Sargent et al., 1999),
or a mutation leading to a truncated protein (Sun et al., 1999),
is responsible for a milder AZFa phenotype (hypospermatogenesis). However, when the deletion also involves DBY, the effects on spermatogenesis are worse, indicating that USP9Y and
DBY might work in strict dependence of one another.
Using new PCR-based assays and new STSs to study the genomic sequence of AZFc, Kuroda-Kawaguchi et al. (2001)
found out that the AZFc region is a complex, organized, and
elaborate mosaic of amplicons and palindromes, extending for
3.5 kb. All but one of 48 infertile men with AZFc deletions analyzed by these authors shared almost identical breakpoints,
suggesting that such clustering of breakpoints is the result of
homologous recombination between amplicons and a frequent
cause of AZFc deletions (Kuroda-Kawaguchi et al., 2001). The
euchromatic segment most frequently lost in AZFc deletions
contains four copies of the sY254 marker (included in our setof-6 pair of primers), one for each DAZ gene in the cluster.
The data discussed above on AZF structure “add Y-chromosomally based infertility to a growing list of diseases resulting from illegitimate recombination between flanking repeats” (Blanco et al., 2000). The diagnostic screening for
Y-chromosome microdeletions could be, therefore, restricted to
the euchromatic segments between specific repeats.
Some authors (Girardi et al., 1997; Chang et al., 1999; Österlund et al., 2000; Calogero et al., 2001) report that AZFc microdeletions are involved in the worsening of sperm parameters over time. This could explain, at least in part, the wide
spectrum of phenotypes in AZFc microdeletions (depending on
when the test is performed). It is even possible that the same
could apply to AZFb deletions: we detected 2 patients with
AZFb deletions and worsening of sperm parameters over time

(P13), or secondary infertility associated with a varicocele
(P175).
Finally, it is worthwhile to consider the cases of Y microdeletions associated with nonidiopathic infertility. Microdeletions in nonidiopathic infertility have been reported in
the literature at a rather high frequency (Foresta et al., 1999;
Krausz et al., 1999b; the present study). The deterioration of
sperm parameters might be accelerated in patients with microdeletions associated with varicoceles, such as patient P175,
reinforcing the need for AZF microdeletion screening and follow-up of these infertile men. It was recently reported that men
with microdeletions and varicoceles do not respond to varicocelectomy (Cayan et al., 2001). However, the study included
only 3 men, all with signs of testicular function breakdown already established. An inexpensive Y-microdeletion screening
test would be helpful in the management of varicocele, especially in those cases without testicular failure at the time of
study, and in cases of subclinical or grade one varicocele in
young men, for whom there is not always a clear indication for
varicocelectomy.
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