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Y chromosome deletions encompassing the AZFc region
have been reported in 13% of azoospermic men and 7%
of severely oligozoospermic men. We examined the impact
of these Y deletions on the severity of testicular defects in
51 azoospermic men undergoing intracytoplasmic sperm
injection (ICSI) after testicular sperm extraction (TESE)
and 30 men with severe oligozoospermia undergoing ICSI
after ejaculation of spermatozoa. In addition, five azoo-
spermic patients shown previously to have Y chromosome
deletions underwent histological evaluation of their pre-
viously obtained testis biopsy specimens. A further 27
azoospermic men underwent TESE-ICSI, but not Y
chromosome DNA testing. Ten of 51 azoospermic men
(20%) who underwent TESE-ICSI and Y-DNA testing
were found to be deleted for portions of the Y chromosome
AZFc region. Of these 10, five had spermatozoa retrievable
from the testis, and in two cases the wives became pregnant.
Of the 41 azoospermic men with no Y chromosome deletion,
22 (54%) had spermatozoa retrievable from the testis, and
in 12 cases (29%) the wives became pregnant. Four of 30
(13%) severely oligozoospermic patients were found to be
deleted for AZFc and in three (75%) of these pregnancy
was achieved. The other 26 severely oligozoospermic
couples who had no AZFc deletions underwent ICSI, and
12 (46%) have an ongoing or delivered pregnancy. The
embryo implantation rate was not significantly different
for azoospermic (22%), oligozoospermic (16%), Y-deleted
(14%) or Y-intact (18%) men. Of the total of 19 infertile
men who had Y chromosome deletions, 14 had deletions
within Y chromosome intervals 6D—6F, in the AZFc region.
Twelve of those 14 had some spermatozoa (however few in
number) in the ejaculate or testis. Five of the Y-deleted
men had deletions that extended more proximally on the
Y chromosome, and in none of these could any spermatozoa
be observed in either ejaculate or testis. These results
support the concept that, in azoospermic or oligozoospermic
men with Y chromosome deletions limited to intervals 6D—
6F (AZFc), there are generally very small numbers of
testicular or ejaculated spermatozoa. Larger Y deletions,
including and extending beyond the AZFc region and

extraction

total absence of testicular spermatozoa. In those cases
where spermatozoa were retrieved, the presence of Y
deletions had no obvious impact on fertilization or preg-
nancy rate.
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Introduction

Azoospermic men with germinal failure often have tiny foci
of intact spermatogenesis somewhere in their testes (Silber
and Rodriguez-Rigau, 1981; Silbet al., 1995b). This dis-
covery has allowed otherwise sterile men to father children
by utilizing testicular sperm extraction (TESE) and intracyto-
plasmic sperm injection (ICSI) (Palermet al., 1992; Van
Steirteghemet al,, 1993; Devroeyet al, 1995; Silberet al.,
1995a, 1996). In about 60% of these cases, a tiny amount of
spermatozoa is produced in the testis, though this is insufficient
to spill over into the ejaculate (Silbet al., 1997).

Deficient spermatogenesis in men has been considered likely
to have a genetic aetiology (Tiepolo and Zuffardi, 1976;
Johnsoret al, 1989). Recently, a number of laboratories have
reported submicroscopic deletions of certain portions of the Y
chromosome in azoospermic and severely oligozoospermic
men (Vogtet al, 1996; Maet al, 1993; Najmabadet al.,
1996; Nakahoriet al, 1996; Qureshiet al, 1996; Chai
et al, 1997; Elliotet al, 1997; Forestat al, 1997; Girardi
et al, 1997; Kremeret al,, 1997; Mulhallet al., 1997; Pryor
et al, 1997; Simoniet al, 1997; van der Veret al, 1997
Verebet al, 1997). In our laboratory, about 13% of men with
non-obstructive azoospermia, and 7% of those with severe
oligozoospermia, have been found to be deleted for a particular
portion of the Y chromosome, the AZFc region, which contains
the DAZ gene cluster (Reijet al., 1995, 1996; Saxenet al.,
1996). These deletions have been shown to be new mutations
not present in fathers or brothers, nor in normal fertile controls.
All of these results suggest that genes on the Y chromosome
play an important role in spermatogenesis.

We wished to determine what impact the size and extent of
deletions encompassing the AZFc region might have on the
type and severity of spermatogenic defect in azoospermic and
severely oligozoospermic patients who are undergoing TESE
and ICSI, and what effect, if any, these deletions might have
on the fertilization and pregnancy rate.

Materials and methods
Fifty-one men with non-obstructive azoospermia and 30 men with

encompassing more Y genes, tend to be associated with a severe oligozoospermia<(lx10%ml in the ejaculate) underwent
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Y-chromosomal sequence tagged site (STS) mapping, and TESResting. Of the total of 78 cases (51 Y-tested and 27 not
ICSI or ICSI alone in an attempt to conceive a child. None of theY—tested), neither embryo transfer rate, 2 pronuclei (2PN)
azoospermic men had obstruction, and all were documented to haygytjlization rate, cleavage rate nor the delivered pregnancy
Sertoli cell-only’, maturation arrest, or a combination of the two. 5¢q per initiated cycle was affected by whether the pathology

Five additional azoospermic men who were found to be Y-deleteqN . .
N . as Sertoli cell-only, maturation arrest, post chemotherapy,
elected not to attempt TESE-ICSI but underwent quantitative histo- Y P by

logical evaluation of a previously obtained testis biopsy. An additionalmumps or (r:]ryptorchld atroph¥ (Taple “2'
27 men with non-obstructive azoospermia were not studied for Y Among the 31 men (out of 78) in whom no spermatozoa

chromosome deletions, but nonetheless underwent TESE-ICSI.  Were found at TESE (40%), round spermatids were also not
We searched for a relationship between the presence of testicul&und, either in the TESE procedure itself, or in the examination

or ejaculated spermatozoa and the presence or absence, and size @hfistological sections. Round spermatids were never observed

location, of a Y-chromosomal deletion. The method of quantitativein the absence of elongated spermatids or spermatozoa.

study of testicular histology was previously reported (Silserl,, Y deletions limited to intervals 6D-6F (the AZFc region;
199§). The methodology for TESE—ICSI has also been descrlbeptigure 1) were generally associated with finding some
previously (Devroeet al, 1995; Silberet al, 1995a, 1996). spermatozoa at TESE, while larger Y defects (extending more

Using the polymerase chain reaction (PCR), we searched for y4yimally and/or more distally) were associated with finding
chromosome deletions in azoospermic or severely ollgozoospermlﬁo spermatozoa at TESE (Figure 1; Tables IV and V). Five

men by testing genomic DNA for the presence or absence of as ma . h .
as 52 DNA landmarks (STS) distributed across the entirety of the \r}y—deleted azoospermic patients did not undergo TESE-ICSI,

chromosome (Figure 1). All tests were performed on DNA purifiedb.u'[ underwent quantitative Scru“n.y of their previous testis
from blood leukocytes or lymphoblastoid cell lines. All Y-DNA Piopsy. Ten Y-deleted azoospermic men underwent TESE-
markers employed had been placed previously on a physical map ¢€SI. Thus, a total of 15 Y-deleted azoospermic men were
the chromosome; the markers represented all known genes and gesigldied for the presence of testicular spermatozoa. In these
families in the non-recombining region of the Y chromosome (Footenon-obstructive azoospermic men, a few spermatozoa sufficient
et al, 1992; Vollrathet al, 1992; Lahn and Page, 1997; Vogt for ICSIwere found in the testes of eight of the 10 with deletions
et al, 1997). limited to intervals 6D—6F, but absolutely no spermatozoa were
found in the testes of any of the five azoospermic men with
deletions which extended more proximally and/or more distally.
Results Even in one of the two patients with limited Y deletions who
Of the 51 azoospermic men who underwent TESE-ICSI, 1@lid not have sufficient spermatozoa for ICSI, a few spermatozoa
(20%) were found to be deleted for the AZFc region, whichwere noted on extensive histological evaluation. Thus, there
encompasses tHeAZ gene cluster (Table 1). Of those 10, five was a clear trend toward larger deletions causing more severe
(50%) had spermatozoa retrievable from the testis, and thgpermatogenic defects. The four oligozoospermic men who
wives of two (20%) became pregnant. Of the 41 azoospermiwere Y-deleted also all had small deletions limited to intervals
men with apparently intact Y chromosomes, 22 (54%) hadbD-6F.
spermatozoa retrievable from the testis, and the wives of 12 Thus, a total of 19 Y-deleted men were scrutinized for
(29%) became pregnant. spermatozoa either at TESE, in the testicular biopsy, or simply
Of the 26 severely oligozoospermie {xX10°/ml) men with by the presence of some spermatozoa in the ejaculate (Table
apparently intact Y chromosomes undergoing ICSI, the wive¥/). Fourteen (73%) had deletions limited to interval 6D—6F,
of 12 (46%) now have an ongoing or delivered pregnancy. Ond 12 of those (86%) had spermatozoa in the testis or
the four oligozoospermic couples that were Y-deleted, thesjaculate. Five of the 19 Y-deleted men had deletions extending
wives of three (75%) have an ongoing or delivered pregnancheyond 6D—6F, and none of those had any spermatozoa
(Table II). Among a total of 14 couples (azoospermic anddetected in the testes or ejaculate. It is not clear whether this
oligozoospermic) with Y deletions undergoing ICSI, five (36%)is caused by the terminal nature of these large deletions in
have healthy ongoing or delivered pregnancies. The pregnandgur of the five cases, or because of the absence of additional
rate per embryo transfer in cases where spermatozoa wespermatogenesis genes on their Y chromosome. Part or all of
found was not dramatically different for azoospermic (36%),the AZFc region was absent in all of our Y-deleted azoospermic
oligozoospermic (46%), Y-deleted (42%) or Y-intact (50%) and severely oligozoospermic patients. When the deletion
men. extended beyond AZFc, encompassing additional testis-specific
Y chromosome testing was not done in 27 azoospermic megenes, no spermatozoa could be found.
undergoing TESE-ICSI. In 19 of these cases, the pathology When spermatozoa were recoverable in azoospermic or
was either cryptorchidism, mumps or post-chemotherapwligozoospermic men, there was no significant difference in
azoospermia, but not idiopathic Sertoli cell-only or maturationpregnancy rate with ICSI whether the man was Y-deleted or
arrest. From the outset we viewed this as a distinct aetiologicaf-intact. In azoospermic men, the pregnancy rate was 29%
group in which Y deletions were very unlikely. The clinical for Y-intact and 20% for Y-deleted cases. In oligozoospermic
results with this group of azoospermic patients undergoingnen, the pregnancy rate was 46% for Y-intact and 50% for
TESE-ICSI did not differ from those of the group with Y-deleted cases.
idiopathic germinal failure, i.e. Sertoli cell-only or maturation The histological classification of the azoospermic men did
arrest. Eight of these 27 TESE-ICSI cases had Sertoli cell-onlgot appear to relate in a straightforward manner with the extent
or maturation arrest, but declined to undergo Y-chromosomabr site of deletion. Of the 10 patients with deletions limited
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Figure 1. Y chromosome deletions in 19 azoospermic or severely oligozoospermic men. Towards the right, the Y chromosome is
represented by a long rectangle; 43 deletion intervals [1A1A through 7, as defined by Vetlat{1992)], the short arm (Yp), centromere

(in black; interval 4B), and long arm (Yq) are labelled. To the right of the chromosome are indicated the names and positions of

10 X-homologous genes and 11 testis-specific genes or gene families (Lahn and Page, 1967 aMog®97). On the extreme right are

listed GenBank accession numbers (or references) for the 52 STS for which we tested the patients. (GenBank accession numbers provide
electronic access to PCR primer sequences and reaction conditions. Note: STS with accession humbers G40977 and G38345 appear to Ir
near, but not necessarily withiRBM genes.) [References (1): Schiele¢lal., 1997; (2) Agulniket al., 1994; (3) Maet al., 1993.] The bars

to the left of the chromosome represent the portions of the Y chromosome that were found to be present in: (i) seven azoospermic men in
whom no spermatozoa were found in testis biopsies; (ii) eight azoospermic men in whom spermatozoa were found in testis biopsies; and
(iii) four severely oligozoospermic men. The experimentally demonstrated presence of an STS in an individual is indicated by a black
segment; the inferred presence (by interpolation) of an STS in an individual is indicated by a minus; inferred absence is indicated by the
absence of any symbol. White boxes represent positive PCR results that should be interpreted in the context of the four-specific repeat
nature of the sequences being considered; these positive results may simply reflect the existence of closely related, cross-amplifying
sequences in other portions of the Y chromosome. Some of these results have been reported previouslyalR4i®95). At the extreme

left of the figure, the approximate boundaries of the AZFa, AZFb and AZFc regions (as defined bgt \@hgtL996) are shown.
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Table I. Y chromosome deletions and TESE-ICSI for azoospermia Table IV. Presence or absence of spermatozoa in testes of azoospermic men
in relation to the presence of absence of Y deletion

Y-intact (%) Y-deleted (%)

Total Spermatozoa Spermatozoa
No. of cycles 41 10 cases found (%) not found
No. with spermatozoa 22 (54) 5 (50)
No. of Ml 290 87 Y deletion detected 15 8 (53) 7
No. with 2 pronuclei (2PN) 123 (42) 41 (47) No Y deletion detected 41 22 (54) 19
No. cleaved 76 (62) 24 (58)
No. of sacs 17 (22) 3 (13)
No. pregnant (ongoing or delivered) 12 (29) 2 (20)
Table V. Extent of Y deletion in all infertile men (azoospermic and severely
oligozoospermic)
Table II. Y-chromosomal deletions and ICSI for oligozoospermia Deletions Total Some No
cases spermatozoa spermatozoa
Y-intact (%) Y-deleted (%) present (%)
No. of cycles 26 8 Limited to intervals 6D—6F 14 12 (86) 2
No. with spermatozoa 26 a6 Extending beyond intervals 6D—6F 5 0 5
No. of Ml 312 70
No. of 2 pronuclei (2PN) 200 (64) 48 (68)
N g'fe;"‘;’(f: 1%3 ggg 3; ((565)) males. The commonly deleted region was located in the distal
No. pregnant (ongoing or delivered) 12 (46) 3 (50) portion of interval 6, subsequently referred to as AZFc (Reijo
_ _ et al, 1995; Vogtet al, 1996). The fathers of the Y-deleted,
*Four patients. Two patients each went through two cycles. infertile men were shown to have intact Y chromosomes,

demonstrating that the deletions had arisé® novo and
providing strong evidence that the deletions were the cause of
the spermatogenic failure observed in these men. DAZ

Table Ill. TESE-ICSI for non-obstructive azoospermia

All cases  Sertoli Maturation gene cluster was identified within the small, commonly deleted
(%) cel-only —arrest (%)  region, and has autosomal homologues (Reijoal, 1995;
() Saxenat al.,, 1996; Ruggitet al., 1997). TheDAZ genes have

No. of cycles 78 33 26 been shown to be transcribed specifically in spermatogonia and
No. with spermatozoa 47 (60.3) 17 (52) 16 (61.5) primary spermatocytes (Menlat al., 1997).
“g: g; I\2M|Ioronuc|ei (2PN) 6?;;6 (40) 24795 (38) 0%3 (a1) S_hortly thereafter, ICSI with testicular and epididymal sperm
No. cleaved 157 (61) 49 (52) 65 (78)  retrieval methods were developed for the treatment of couples
No. of sacs 25(16) 12 (24) 8(12)  with azoospermia (Schoysmaat al, 1993; Devroeyet al.,

No. pregnant (ongoing or delivered)  17(22) 7)) 77  1994; Silberet al., 1994, 1995c; Tournayet al., 1994). TESE
and ICSI could thus be utilized to achieve pregnancy for

to AZFc, three had maturation arrest, five had Sertoli cellthe wives of men with azoospermia caused by deficient
only, and two had a combination of maturation arrest andPermatogenesis (Devroey al, 1995; Silberet al, 1995a,b,
Sertoli cell-only. Of the five patients with deletions extending1996). Men with the most severe spermatogenic defects causing

beyond AZFc, four were Sertoli cell-only, and one wasCOomplete azoospermia were often found, in an extensive
maturation arrest. testicular biopsy, to have a minute number of spermatozoa (or

mature spermatids) very sparsely present; these spermatozoa
) ) could then be used for ICSI. This TESE-ICSI procedure was
Discussion based on quantitative studies of spermatogenesis dating back
In this report, we undertook to summarize and analyse théo the late 1960s (Steinberger and Tjioe, 1968; Zuckerman
results of Y chromosome deletion analysis in men withet al., 1978; Silber and Rodriguez-Rigau, 1981).
severe spermatogenic defects who were undergoing therapeuticSevere oligozoospermia (which is readily treated with ICSI)
attempts for their wives to conceive with TESE and ICSI.  is thus simply a quantitative variant of azoospermia in which
Cytogenetic studies dating back to 1976 had shown, in #here is a minute level of spermatogenesis in 60% of azoo-
very small number of azoospermic men, gross defects visiblepermic men, though this is below the threshold necessary for
in the long arm of the Y chromosome, implying the existencesperm to ‘spill over’ into the ejaculate (Silbet al., 1997).
of an azoospermic factor somewhere in that region (Tiepolo For the purpose of comparing Y-chromosomal deletions to
and Zuffardi, 1976). In 1992, comprehensive Y-chromosomathe degree of spermatogenic defect, azoospermic men with at
maps constructed using yeast artificial chromosomes (YACleast a few spermatozoa retrievable from the testes should
and STS created the possibility for more detailed study of thgerhaps be considered together with very severely oligozoo-
Y chromosome in infertile men (Footet al., 1992; Vollrath  spermic men. Azoospermic men in whom no spermatozoa at
et al,, 1992). A detailed Y-chromosomal mapping study of aall could be retrieved from the testis may be in a different
large series of severely infertile men with clearly identified category.
phenotypes revealed a common deletion in 13% of azoospermic In oligozoospermic men, or azoospermic men in whom
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testicular spermatozoa can be retrieved, the presence or absendso are relatively good or relatively poor candidates for
of Y deletions apparently has no effect on fertilization or TESE-ICSI.

pregnancy rates. Furthermore, in azoospermic men, the pres-

ence or absence of a Y deletion correlates poorly with Whethe,&cknowledgements
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