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Purpose: To determine the frequency and type of microdeletions on the Y chromosome, and
to evaluate cytogenetic findings in unselected ICSI candidates at a Danish Fertility Clinic.
Methods: Genomic DNA was extracted from blood samples, which were collected prospec-
tively from 400 ICSI candidates attending the Fertility Clinic at Aarhus University Hospital,
Denmark. Twenty-five sequence tagged sites (STSs) spanning the azoospermia factor (AZF)
regions of the Y chromosome were amplified in 5 multiplex sets to investigate Y microdele-
tions. Semen analysis, karyotype analysis, and histological evaluation of testicular biopsies
were also performed.

Results: Y microdeletions were detected in 3 (0.75%) of 400 unselected ICSI candidates. The
frequency of Y microdeletions was found higher in azoospermic men (2%) than in oligo-
zoospermic men (0.6%). Two patients having oligozoospermia had Y microdeletions in the
AZFc region only, whereas the patient having azoospermia had Y microdeletions spanning
the AZFb and AZFc regions. No microdeletion was detected in the AZFa region. Chromo-
somal anomalies were found in 6.1% of azoospermic men and in 2.7% of oligozoospermic
men. A high frequency of cytogenetic abnormalities was found in normozoospermic men with
fertilization failure (7.4%).

Conclusions: The frequency of Y microdeletions both in the unselected ICSI candidates and
subgroups classified as azoospermic and oligozoospermic seems rather low compared to results
of previous studies, which have been quite varying. It is possible that in addition to patient
selection criteria, ethnical and geographical differences may contribute to these variations.
Cytogenetic evaluation of normozoospermic men with fertilization failure seems indicated
because of a high frequency of cytogenetic abnormalities.

KEY WORDS: Intracytoplasmic sperm injection; karyotyping; male infertility; oligo-azoospermia;
Y-chromosome microdeletions.

INTRODUCTION the oocyte enables pregnancy in couples where the

man has oligozoospermia or azoospermia. Neverthe-

Intracytoplasmic sperm injection (ICSI) has caused
a revolution in the treatment of severe male infer-
tility. Direct injection of a single spermatozoon into
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less, the etiology of male factor infertility is generally
poorly understood. Recently, small interstitial dele-
tions (microdeletions) on the Y chromosome have
been suggested to be associated with a failure of sper-
matogenesis. Thus, several recent reports have inves-
tigated the relationship between male factor infertility
and partial deletions in the azoospermia factor (AZF)
region (1-14).

Because the presence of Y microdeletions is as-
sociated with impaired spermatogenesis, the obvious
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consequence is that male infertility will be transmitted
to offspring, if ICSIis used. Analysis of microdeletions
on the Y chromosome therefore, is recommended
for patients who are candidates for ICSI treatment.
The prevalence of Y microdeletions in populations
of oligozoospermic or azoospermic men is well docu-
mented in several studies and reported to range from
1t0 58.3% (1-14). However, there are very few stud-
ies on the prevalence of Y microdeletions in series of
unselected ICSI candidates showing a frequency be-
tween 2.2 and 6.5% (15-18). By restricting patient
selection criteria to those with azoospermia or se-
vere oligozoospermia, some microdeletions causing
less severe impairment of spermatogenesis might be
missed. Indeed, Y microdeletions have been reported
in patients having either less severe spermatogenic
defects (>5 million sperm per milliliter) or normo-
zoospermia (2,6,7).

The wide variation in prevalence of Y deletions de-
scribed in the literature is explained by several factors
including methodological aspects, selection criteria of
the patients and geographical or ethnical differences.

The purpose of the present study therefore was to
describe the frequency and type of Y microdeletions
in a population of unselected ICSI candidates at a
Fertility Clinic in Denmark using a multiplex PCR
protocol and to compare our results with those from
other parts of the World.

MATERIAL AND METHODS

Patients

In this study 400 blood samples were collected
prospectively from men in couples, who were candi-
dates for ICSI due to male factor infertility with or
without fertilization failure in previous IVF attempts.
There were no exclusion criteria. All participants gave
written consent according to the study protocol, which
was approved by the Regional Ethics Committee.

Semen analysis was performed according to the
criteria of the World Health Organization guide-
lines (19). On the basis of their mean sperm con-
centrations, participants were categorized in five
groups: 1) azoospermia, 2) severe oligozoosper-
mia (<1 million sperm per milliliter), 3) moderate
oligozoospermia (1-<5 million sperm per milliliter),
4) mild oligozoospermia (5-20 million sperm per
milliliter), and 5) normozoospermia (>20 million
sperm per milliliter).

Explained etiology referred to patients with azoos-
permia that was obstructive (retrograde ejaculation,
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testis, epididymis or prostate infection, agenesis of the
vas deferens and/or abnormal vasography results) or
nonobstructive (testicular atrophy, high serum FSH
concentration, abnormal testicular biopsy and/or cli-
nical hypogonadism). Unclassified cases refer to pa-
tients with incomplete examination.

Multiplex PCR Amplification of STS

Genomic DNA was extracted from whole blood
and processed using digestion of cellular proteins and
subsequent salting out of the proteins with sodium
chloride, and ethanol precipitation of DNA (20).

We have recently described a multiplex PCR pro-
tocol for screening of Y microdeletions, which was
optimized to work under identical conditions for all
25 sequence-tagged sites (STSs) used in five multiplex
PCR sets (21). Each multiplex set contains five dif-
ferent primer pairs covering the euchromatic region
between subinterval 5 and 6 of Yqll (AZFa, b and
¢ regions), where microdeletions have already been
reported.

Multiplex PCR analysis was performed as de-
scribed previously (21). Briefly, with 500 ng of ge-
nomic DNA in a final volume of 50 uL, includ-
ing a reaction buffer (Applied Biosystems, New
Jersey), 0.4 mM of ANTP mix (Boehringer Mannheim,
Germany), 40 pmol of each primer, and 5 IU Ampli
Taq Gold DNA polymerase (Applied Biosystems,
New Jersey). Amplifications were carried out on a
Thermocycler (Gene Amp 9700, Applied Biosystems,
New Jersey) with the following program: initial denat-
uration at 95°C for 10 min and subsequent series of
45 of cycles 94°C for 45 s (denaturation), 60°C for
1 min (annealing), 72°C for 2 min (extension). A final
extension was carried out at 72°C for 7 min. Samples
were electrophoresed on a 2% agarose gel, stained
with ethidium bromide, and visualized using ultravi-
olet transillumination.

The locus designation and PCR product size of
25STSsin five multiplex PCR sets are listed in Table 1.

Internal Quality Control for the Diagnosis
of Y Microdeletions

Female genomic DNA, as a negative control and a
DNA sample, which was known to present all 25 PCR
products after amplification in the five multiplex PCR
sets as a positive control were used. Furthermore,
to distinguish a negative result from a technical fail-
ure a STS for SRY (sY14), which is localized in Yp,
was used as a control primer. To control for reagent
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Table I. Twenty-Five STSs in Five Multiplex PCR Sets Used for Detecting of Y Microdeletions
Multiplex set STSs Left primer Right primer Base pair Intervals
Multiplex sY14  GAATATTCCCGCTCTCCGGA GCTGGTGCTCCATTCTTGAG 472 1
PCR1 sY132 GAGAGTCATAATGCCGACGT TGGTCTCAGGAAGTTTTTGC 143 6A
sY84 AGAAGGGTCTGAAAGCAGGT GCCTACTACCTGGAGGCTTC 326 5C
sY152 AAGACAGTCTGCCATGTTTA ACAGGAGGGTACTTAGCAGT 125 6C
sY272 GGTGAGTCAAATTAGTCAATGTCC CCTTACCACAGGACAGAGGG 93 6F
Multiplex Y269 CTCTGGGACAAGTGTTCCTITG CATTGGCATGAATGTGTATTCA 94 6E
PCRII sY139 TTCAGAGGAATCATGTGGGT AATGTTTCATCACCATTATCCC 120 6B
sY153 GCATCCTCATTTTATGTCCA CAACCCAAAAGCACTGAGTA 139 6C
sY155 ATTTTGCCTTGCATTGCTAG TTTTTAAGCCTGTGACCTGG 349 6D
sY138 CACATGAAGCACTGGAACTG AGGGCCTGAGTCTCCAGG 170 6A
Multiplex sY160 TACGGGTCTCGAATGGAATA TCATTGCATTCCTTTCCATT 236 7
PCR III sY143 GCAGGATGAGAAGCAGGTAG CCGTGTGCTGGAGACTAATC 311 6B
sY144 TCATCTGCCACCATCAACAT ACGTGTTTCTACACCTGCCC 143 6B
sY255 GTTACAGGATTCGGCGTGAT CTCGTCATGTGCAGCCAC 126 6D
sY254 GGGTGTTACCAGAAGGCAAA GAACCGTATCTACCAAAGCAGC 350 6D
Multiplex sY243 GTTTCTTCATAAGCAACCAAATTG CAGATTATGCCACTGCCCTT 118 6E
PCR IV SPGY TTTCACATACAGCCATTAAGTTTAGC CAATTTTGATAGTCTGAACACAAGC 400 6D
RBM1 ATGCACTTCAGAGATACGG CCTCTCTCCACAAAACCAACA 800 6B
sY273 GGTCTTTAAAAGGTGAGTCAAATT AGACAGAGGGAACTTCAAGACC 93 6F
sY164 AATGTGCCCACACAGAGTTC TGGAAGACCAGGATTTCATG 590 5Q
Multiplex sY117 GTTGGTTCCATGCTCCATAC CAGGGAGAGAGCCTTTTACC 262 SM
PCRV sY166 GAACTCCAATCATTCCCTGA TTGGCTCTACTTTTCCCCTT 115 6F
sY150 GGGAGAGTCACATCACTTGG TTGAATTATCTGCCTGAGTGC 158 6C
sY277 GGGTTTTGCCTGCATACGTAATTA CCTAAAAGCAATTCTAAACCTCCAG 310 6D
sY158 CTCAGAAGTCCTCCTAATAGTTCC ACAGTGGTTTGTAGCGGGTA 231 6E

contamination, a sample with PCR reaction mixture
without DNA added was used also.

In our protocol, the PCR result was confirmed by
Southern blot analysis when less than three consecu-
tive STSs were missing to circumvent the misdiagnosis
of Y microdeletions due to polymorphism.

Chromosomal Analysis

Chromosome analysis in peripheral blood was per-
formed routinely in all ICSI candidates using a stan-
dard protocol (22).

Testis Biopsy

Biopsies were performed macroscopically through
a scrotal incision. The tissue sample was subdivided
into two pieces; one was used for direct microscopy
for the isolation of spermatozoa, the other was fixed
in Bouin’s solution for later histological examination.
Histological evaluation of spermatogenesis was per-
formed on hematoxylin and eosin-stained sections.

RESULTS

The age of the 400 ICSI candidates ranged from
24 to 60 years (mean age, 35 years). Of the 400 ICSI

candidates 388 were Danish. Overall, Y microdele-
tions were found in 3 (0.75%) of the 400 unselected
ICSI candidates (Table II). All three men having
Y microdeletions were Danish.

According to the semen analysis, the cohort con-
sisted of 49 azoospermic men, 149 with severe
oligozoospermia, 94 with moderate oligozoospermia,
81 with mild oligozoospermia, and 27 normozoosper-
mic men. Of the 49 azoospermic men examined,

Table II. Frequency of Y Microdeletions According to Sperm

Counts
No
microdeletion Microdeletions Total
Azoospermia 48 1(2%) 49
Oligozoospermia 322 2(0.6%) 324
Severe 147 2(1.3%) 149
oligozoospermia
(<1 million)
Moderate 94 0(0%) 94
oligozoospermia
(1-<5 million)
Mild 81 0(0%) 81
oligozoospermia
(5-20 million)
Normozoospermia 27 0(0%) 27
(>20 million)
Total 397 3 400
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15 could be classified as having obstructive azoosper-
mia, 16 as nonobstructive azoospermia, and 18 as
unclassified azoospermia. Y microdeletions were
demonstrated in 1 of the 49 azoospermic men (2%),
2 of the 149 severe oligozoospermic men (1.3%), and
in none of the moderate oligozoospermic or normo-
zoospermic men (0% ). When azoospermic men were
subclassified according to the histological and clin-
ical findings, the frequency of Y microdeletions in
nonobstuctive azoospermic men was found to be 6.2 %
(1/16).

Patient 1 and 2 had contiguous Y microdeletions in
the AZFc region, while patient 3, who had azoosper-
mia presented a noncontiguous deletion in the AZFb
and AZFc region (Fig. 1). Table III summarizes the
size of the deleted segments and clinical characteris-
tics of these men having Y microdeletions.

Karyotype analysis of the 400 unselected ICSI can-
didates revealed the presence of abnormalities in
14 cases (3.5%); 9 translocations (7 robertsonian, 2 re-
ciprocal), 2 numerical sex chromosome aberrations
(one 47 XXY, one 47 XYY), 2 inversions, and 2 total
deletions in the heterochromatin part of the Y chro-
mosome (one of them has an addition of unknown
DNA to the q arm of the Y chromosome) (Table IV).
All men having Y microdeletions were cytogeneti-
cally normal. A high frequency of cytogenetic abnor-
malities (7.4%) was found in normozoospermic men
with fertilization failure (2/27).

Testicular biopsies were available for 29 azoosper-
mic men showed 5 SCOS, 5 hypoplasia, 6 atrophy, and
13 normal histology. Scrotal surgery revealed congen-
ital aplasia of the deferentic duct in two cases.

DISCUSSION

Using arecently developed multiplex PCR protocol
we demonstrated that Y microdeletions were present
in 3 of 400 ICSI candidates (0.75%). The overall fre-
quency of chromosomal abnormalities was 3.5%.

Determination of Y microdeletions in men treated
with ICSI has important clinical and ethical impli-
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Pl P2 P3
sY14 (SRY) 1
sY84 5C } AZFa
sY117 SM )
sY164 5Q
sY132 6A
sY138 6A > AZFb
sY139 6B
RBMI 6B
sY143 6B
sY144 6B 7
sY150 6C \
sY152 6C
sY153 6C
sY155 6D
sY255 6D
§Y254 6D
SPGY 6D > AZFc
sY277 6D
§Y243 6E
5Y269 6E
sY158 6E
sY272 6F
sY273 6F
sY166 6F j
sY160 7

Fig. 1. Schematic presentation of Y microdeletions found for three
men in this study. The positions of STSs used in the multiplex PCR
are indicated. Patient number (PI, P2, P3) is shown on the top of
the panel. The solid box indicates presence of STSs.

cations because these microdeletions and probably
the related infertility can be transmitted to male
offspring. However, there are very few previous stud-
ies on the prevalence of Y microdeletions in se-
ries of unselected ICSI candidates (15-18) show-
ing frequencies of Y microdeletions varying between
2.2 and 6.5% (Table V). In the present study, the

Table III. Clinical Parameters of Three ICSI Candidate Men Having Y Microdeletions

Patient no. Age Sperm count (x10/6 mL) Karyotype Extent of deletions  Testicular biopsy
1 37 Severe oligo 46XY AZFc* Not available
2 42 Severe oligo 46XY AZFcP Not available
3 43 Azoospermia 46XY AZFb-AZFc¢ Sertoli-cell only

4STSs deleted: sY152, sY153, sY155, sY158, sY243, sY254, sY255, sY269, sY277, SPGY.
bSTSs deleted: sY152, sY153, sY155, sY158, sY243, sY254, sY255, sY269, sY277, SPGY.
¢STSs deleted: sY117,sY132,sY138,sY139, sY152, sY153, sY155, sY254, sY255,sY277, RBM1, SPGY.
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Table IV. Presented Karyotype Analysis of 400 ICSI Candidate

Men
Sperm Chromosomal abnormalities Total
Azoospermia 3(6.1%) 49
o 1 47, XXY
e 1 45, XY, der (15;21) (q10; q10)
e 1 46, XY, inv (10) (p11; g21)
<1 million 3(2%) 149

1 45, XY, der (13; 14) (q10; q10)
e 1 45, XY, der (13;15) (q10; q10)
1 46, XY, t (12; 15) (q24; q24)

3(3.1%) 94

1 46, XY, der (14;21) (q10; q10)
1 46, XY, der (1;9) (p21; q21)
o 145, XY, der (14; 21) (q10; q10)

3(3.6%) 81

1 45, XY, der (13; 14) (q10; q10)
1 46, XY, inv (Y) (pl1; q21)
1 46, X, del (Y) (q12)

2(7.4%) 27

147, XYY
o 1 46, X, der (Y) del (Y) (q12)
add (Y)(q11.23)

1-<5 million

5-20 million

>20 million

overall frequency of Y microdeletions was found to
be lower not only in unselected ICSI candidates, but
also in specific subgroups classified on the basis of
sperm concentration. The frequency of Y microdele-
tions in unselected azoospermic men ranges between
2.8 and 8% in the literature (8,9,12,16,17), which

Bor, Hindkjzr, Kolvraa, and Ingerslev

seems somewhat higher than in the present popula-
tion of the azoospermic men (2%). Consistent with
the general trend, the present study shows that men
with severe spermatogenic failure have a higher fre-
quency of microdeletions than less severely affected
men (2, 1.3, and 0.6% in azoospermic, severe oligo-
zoospermic, and oligozoospremic men, respectively)
(Table II).

Several factors may explain variations in the preva-
lence of Y deletions in the literature. Differences in
patient selection criteria—especially the degree of
spermatogenic failure—may play a role. Indeed, even
varying proportions of occlusive versus spermato-
genic failure in azoospermic individuals may have
an impact. A high prevalence of Y microdeletions
(up to 55%) has been found in azoospermic men,
who were well-classified based on histological and
clinical examination (1,5,6,10,14,18). Recently, two
studies from Sweden and Ireland showed alow preva-
lence of Y microdeletions in highly selected groups
of patients (12,13). Interestingly, two of the four pa-
tients with microdeletions out of the 139 nonobstruc-
tive azoospermic men reported from Sweden were
actually immigrants. In these studies ethnical or geo-
graphical differences were suggested to have impact
on the frequency of Y microdeletions. The low fre-
quency of Y microdeletions also found in the present
study may be explained by epidemiological varia-
tion, but we believe that more studies on the preva-
lence of Y microdeletions in well-defined series from

Table V. Results of Present and Previous Screenings for Y Microdeletions in Unselected ICSI Candidate Men

No. of STSs PCR No. with
No. of patients used method microdeletions (%) Country Reference

402 3 Individual 9(2.2%) Belgium Van Landuyt et al. (17)
164 8 Multiplex 7 (4.3%) Netherlands Kremer et al. (15)

19 azoospermia 0 (0)

111 oligozoospermia 7(6.3%)

34 normozoospermia 0(0)
134 6 Individual 3(22%) Italy Krausz et al. (16)

22 azoospermia 1(4.5%)

42 cryptozoospermia 2(4.7%)

26 severe oligozoospermia 0(0)

27 oligozoospermia 0 (0)

17 normozoospermia 0(0)
138 14 Duplex 9(6.5%) France Krausz et al. (38)

27 azoospermic 6(22%)

51 cryptozoospermia 3(5.8%)

48 oligozoospermia 0(0)

12 normozoospermia 0 (0)
400 25 Multiplex 4(0.75%) Denmark Present study

49 azoospermia 1(2%)

149 severe oligozoospermia 2(1.3%)

94 moderate oligozoospermia 0(0)

81 mild oligozoospermia 0(0)

27 normozoospermia 0(0)
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different geographical areas are needed in order to
determine the impact of geographical and/or ethnical
variation.

Methodological reasons for a low frequency of
Y deletions in the present study is less likely. We
decided to use 25 STSs, which can detect most of
the microdeletions reported in previous studies
(3-18). A STS-based mapping strategy allows rapid
screening of a large number of infertile patients for
Y microdeletions. However, it is still a question how
many and which loci should be included in screening
for Y microdeletions. So far, definite conclusions
have not yet been made. It has been suggested
that use of a larger number of STSs in a screening
protocol does not necessarily increase the frequency
of microdeletions detected (23). However, it is still
premature to rely on a small number of STSs in the
analyses due to risk of missing deletions. Thus, 20-30
STSs has been suggested to be sufficient to provide
a good coverage of the important regions of the Y
chromosome (24). Supporting this, it has been shown
recently that more than 99% of all existing microdele-
tions can be detected using 48 STSs in a multiplex
PCR (6). We believe that a larger number of STSs
may provide additional information to evaluate the
correlation between the type of Y microdeletions
and clinical phenotype in infertile men, since the
genetic regulation of spermatogenesis is not fully
evaluated.

In the present population, the positions of the dele-
tions and the associated phenotypes in the three pa-
tients with Y microdeletions are similar to those pre-
viously reported in the literature. Two patients having
severe oligozoospermia were deleted in the AZFc re-
gion only. Patient 3, who had azoospermia, presented
a deletion from AZFc to AZFb. A high frequency
of Y microdeletions in the AZFa region has been re-
ported to occur in patients with Sertoli cell-only syn-
drome (SCOS) (14). However, we did not detect mi-
crodeletions in the AZFa region in five azoospermic
men with SCOS.

It is worth noting that the deleted STSs in pa-
tient 3 are not contiguous. In the literature, mul-
tiple, noncontiguous deletions along a particular
Y chromosome have been reported in many stud-
ies (7,14,25-31). Although it is possible that these
represent more than one separate microdeletion
in the same patient, as has been previously re-
ported (25,26,28), it is also likely that the order of
these STSs may not correct in the published map.
The STS map of Y chromosome has been revised
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several times and its accuracy is still questioned
(25,32-37). Another explanation of the noncon-
tiguous deletions is that some STSs may repre-
sent repetitive or polimorphic sequences. As we
have discussed clearly in our previous study (21)
that, there are controversial conclusions on which
STSs are polymorphic or repetitive in the literature
(6,8,24,26,29). In the present study, sY144 and sY 164,
which are claimed to be repetitive, result in the non-
contiguous deletion in patient 3. However, it is impor-
tant to note that Y microdeletions have been detected
by using these STSs, which possibly rules out the
assumption that these STSs represent repetitive se-
quences (32,38).

In the present study, the percentage of abnormal
karyotype in the azoospermic, oligozoospermic, and
normozoospermic men is comparable with data in
the literature (3,39,40). A high frequency of cytoge-
netic abnormalities was found in normozoospermic
men with fertilization failure (7.4%). Because kary-
otype analysis were performed in the small number
of normozooospermic men (n = 27), it is rather dif-
ficult to draw any ultimate conclusion. However, it
is important to note that, this finding is in agree-
ment with recent study in which 430 normozoosper-
mic men were investigated for cytogenetic abnor-
malities (40). Therefore, we suggest that karyotyping
should be performed for all ICSI candidates including
normozoospermic men, who are enrolled into ICSI
treatment.

Screening for Y microdeletions in a Danish popu-
lation of ICSI candidates showed a prevalence, which
may seem low, but at a level similar to the preva-
lence of genetic mutations causing other diseases
(usually less than 0.5%). Therefore, this frequency of
Y microdeletions seems high enough to suggest rou-
tine screening of all ICSI candidates—irrespective of
their sperm concentration—until the role of Y mi-
crodeletions in spermatogenesis has been sufficiently
evaluated.

In conclusion, screening for Y microdeletions in
a Danish population of ICSI candidates showed a
low prevalence compared to results of previous stud-
ies, which have been quite varying. It is possible
that in addition to patient selection criteria, ethni-
cal and geographical differences may contribute to
these variations. Further studies on the prevalence
of Y microdeletions in patients from different ethni-
cal groups and/or different geographical areas could
be helpful to elucidate a potential epidemiological
variation.
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