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Abstract Since the association between Y chromosome
deletions and spermatogenic failure was demonstrated in
1976, there have been many reports of Y chromosome
microdeletions. Peripheral blood lymphocytes (PBLs) have
been used for the analysis because the method is conve-
nient, materials are easy to obtain, and PBL genomic DNA
is similar to that of germ cells such as spermatozoa. How-
ever, PBLs originate from somatic tissue, not from germ
cells. In this study, we analyzed 30 spermatozoa in semen
ejaculated by an infertile male with Y chromosome
microdeletions, while 50 spermatozoa from a normal fertile
male were used as a control. The same Y chromosome
microdeletion as that found in PBL was identified in each of
the 12 spermatozoa which contained the Y chromosome in
the infertile patient. These results indicated that spermato-
zoa (germ cells) had the same Y chromosome microdeletion
as PBL (somatic cells). This supports the conjecture that
microdeletions are transmitted to the next generation via
the treatment of infertility by intracytoplasmic sperm
injection.
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Introduction

Disorder of spermatogenesis is a major cause of male infer-
tility. However, little is known about the possible contribu-
tions of genetic factors to disordered spermatogenesis
(Vogt 1998). Some male infertilities may be caused by mu-
tations that disrupt male germ cell development without
affecting the soma. Although several genes related to infer-
tility have been identified in invertebrates, such specific
human genes have not yet been identified (Vogt 1998;
McElreavey and Krausz 1999). Since Tiepolo and Zuffardi
demonstrated Y chromosome microscopic deletion in
azoospermic men in 1976, some critical loci have been de-
termined in the Y chromosome (Tiepolo and Zuffardi
1976). Recently, the concept of the azoospermia factor
(AZF) has been proposed, and three loci related to AZF
(AZFa, AZFb, AZFc) have been mapped on the long arm
of the Y chromosome (Vogt et al. 1996).

To date, many reports of AZF loci microdeletions have
been published (Reijo et al. 1995; Qureshi et al. 1996;
Stuppia et al. 1996; Foresta et al. 1997; Pryor et al. 1997;
Simoni et al. 1997; van der Ven et al. 1997). For the analysis
of Y chromosome microdeletions, polymerase chain reac-
tion (PCR) has generally been performed, using DNA iso-
lated from the peripheral blood lymphocytes (PBLs) of
infertile males, because it is easy to obtain the requisite
materials and isolate the DNA (Reijo et al. 1995; Qureshi et
al. 1996; Stuppia et al. 1996; Pryor et al. 1997; Liow et al.
1998). Generally, the genomic DNA from PBL is consid-
ered to be the same as that in germ cells such as spermato-
zoa. However, PBLs originate from the mesoderm, not
from the germ cells. Therefore, the results of the above
studies do not directly indicate the existence of Y chromo-
some microdeletions in germ cells. Therefore, it is impor-
tant to show that germ cells such as spermatozoa have the
same microdeletions as those in PBL.

Recent advances in assisted reproductive technology
(ART) have made it possible to find various remedies
for infertility, especially in males. One of these techniques,
the intracytoplasmic injection of a spermatozoon into the



oocyte, can induce fertilization and pregnancy, even when
the number of spermatozoa in the ejaculated semen is
extremely low or spermatozoa are absent in the semen.
Accordingly, this method is indicated for infertility associ-
ated with severe oligozoospermia or azoospermia, as well as
the idiopathic forms of these disorders. Because genetic
components, such as Y chromosome microdeletions, have
been proposed as the pathogenetic mechanism for idio-
pathic severe oligozoospermia and azoospermia, the in-
creasing use of ART has led to another problem. Namely,
fertilization by intracytoplasmic sperm injection (ICSI) may
result in transmission of the genetic defect that caused the
spermatogenic failure to the male offspring. Several re-
searchers have demonstrated that male offspring resulting
from ICSI treatment had the same microdeletions as their
fathers (De Krester 1995; Kent-First et al. 1996; Thielemans
et al. 1998; Jiang et al. 1999).

In this study, we analyzed Y chromosome microdeletions
in single spermatozoa and compared these deletions with
the deletions identified in PBLs. We demonstrated that the
Y chromosome microdeletions in spermatozoa were, in
fact, the same as the PBL deletions. This suggests the some
types of ART therapy, such as ICSI, may be responsible for
the transmission of the Y chromosome microdeletions to
succeeding generations.

Subjects and methods

Patient

An infertile Japanese man with severe oligozoospermia
(sperm count, 1 X 10°/ml) was analyzed for Y chromosome
microdeletions. The patient had the normal male karyotype
(46,XY). Serum follicle stimulating hormone (FSH) and
luteinizing hormone (LH) levels were 12.71U/1 and 6.51U/I,
respectively. Serum testosterone level was 349ng/dl. PCR
analysis of DNA isolated from PBL indicated micro-
deletions in the Y chromosome (Kato 1998). Informed
consent was obtained for the study, and ejaculated
spermatozoa were collected and washed with phosphate
buffered saline (PBS). Single spermatozoa were isolated
with a micromanipulator (Narishige, Tokyo Japan) and
placed in separate microtubes. Spermatozoa in semen
ejaculated by a normal fertile male who had at least one
offspring were also collected and used as control.

Polymerase chain reaction

Genomic DNA was prepared from the single spermatozoa
of the patient and of the normal control, using the conven-
tional method (Zhang et al. 1992). Random primers were
commercially purchased (Operon Technologies, Alameda,
CA, USA). Primers for PCR were synthesized as follows.
SRY forward, GAATATTCCCGCTCTCCGGA; SRY re-
verse, GCTGGTGCTCCATTCTTGAG; SRY-1, GAATA
TTCCCGCTCTCCGGAG:; SRY-2, ACCTGTTGTCCAG
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TTGCACT; sY254 forward, GGGTGTTACCAGAAGG
CAAA; sY254 reverse, GAACCGTATCTACCAAAGC
AGC. A single human spermatozoon was placed in an indi-
vidual microtube containing 5ul of an alkaline lysis solution
(200mM KOH/50mM dithiothreitol). After 10-min incuba-
tion at 65°C, 5ul of neutralization solution (900mM Tris
HCI, pH 8.3/300mM KCl/200mM HCI) was added. To each
lysed and neutralized sample was added Sul of random
primer (400uM solution), 6ul of 10 X K" free PCR buffer
(25mM MgCl,/gelatin 1mg/ml/100mM Tris HCI, pH 8.3),
3ul of a mixture of the four dNTPs (each at 2mM), and 1.87
units of Thermus aquaticus DNA polymerase (AmpliTaq
Gold; Roche Molecular Systems, Branchburg, NJ, USA).
Distilled deionized water was then added to bring the solu-
tion to 60ul. After a preheating step at 92°C for 10min,
PCR was performed, using 50 cycles of denaturing at 92°C
for 1 min, annealing at 37°C for 2min and primer extension
at 55°C for 4min. This was followed by a final incubation
step at 55°C for Smin. A second PCR was carried out with
SRY forward/reverse primers or sY254 primers, as de-
scribed before (Kasumi et al. 1993). Two microliters of the
first PCR solution was used for the second-round PCR.
Samples in PCR buffer (5S0mM KCI, 15mM MgCl,, 0.01%
gelatin, 10mM Tris HCI, pH 8.3) were combined with ANTP
(20uM dATP, 20uM dTTP, 20uM dGTP, 20uM dCTP)
mixed with 1uM oligonecleotides as primer and 1.87 units
of Thermus aquaticus DNA polymerase (AmpliTaq Gold;
Roche Molecular systems). After a preheating step at 95°C
for 10min, PCR was carried out, using 35 cycles of denatur-
ing at 95°C for 40s, annealing at 57°C for 80s, and primer
extension at 72°C for 2min. This was followed by a final
incubation step at 72°C for 7min. For the amplified SRY
fragment, a third nested PCR was performed with SRY-1/2
primers. The amplified DNA was analyzed, using gel
electrophoresis, performed with 2% NuSieve GTG
agarose (FMC BioProducts, Rockland, ME, USA) and
1% Seakem GTG agarose (FMC BioProducts) gel in
TAE buffer (40mM Tris-acetate, 1mM ethylenediamine
tetraacetic acid).

Results

The PCR amplified DNA products were analyzed by gel
electrophoresis (Fig. 1). As shown in Fig. 1, 30 spermatozoa
from the infertile patient were analyzed, and SRY frag-
ment, which indicated the existence of the Y chromosome,
was successfully amplified in 12 spermatozoa. Because
microdeletions, including the sY254 fragment, were identi-
fied in PBLs from this patient, these 12 spermatozoa were
examined for microdeletions in the sY254 regions which
contained the deleted in azoospermia (DAZ) gene. As
shown in Fig. 1, no amplified sY254 fragments were found
in any of the DNA products from the 12 spermatozoa. On
the other hand, analysis of 50 spermatozoa from the normal
fertile male showed amplified sY254 fragments in 13 of the
15 spermatozoa with amplified SRY fragments (Fig. 2). The
results indicated that the Y chromosome microdeletions
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Fig. 1. Polymerase chain reaction
(PCR) products from single sper-
matozoa in an oligozoospermic
male. Arrows indicate PCR prod-
ucts amplified using primer set
(SRY and sY254), as detailed in
“subjects and methods”. M, Size
marker (®X174/Haelll digest).
P, Positive control: DNA with
microdeletions from peripheral
blood lymphocytes (PBLs) in an
oligozoospermic male. Numbers
indicate samples from different
spermatozoa

SRY

123456 7 8M9101112131415

Fig. 2. PCR products from single
spermatozoa in a normal fertile
male. Arrows indicate PCR
products amplified using primer 1
set (SRY and sY254), as detailed
in “subjects and methods”. M,
Size marker (®X174/Haelll di-
gest). P, Positive control: DNA
with microdeletions from PBLs
in an oligozoospermic male.
Numbers indicate samples from
different spermatozoa

SRY

identified in spermatozoa from the infertile patient were the
same as those found in the PBLs from the patient.

Discussion

In an infertile patient with severe oligozoospermia,
microdeletions in the DAZ region in each spermatozoon
analyzed were found to be the same as those identified in
PBLs. This indicates that analysis of PBL is sufficient to
detect microdeletions in spermatozoal DNA, with the
exception of some special cases, such as the presence of
mosaicism.

In this study, we used two-step or three-step PCR be-
cause only very small amounts of DNA could be isolated
from a single spermatozoon. Therefore, it is possible that all
of the DNA in a given spermatozoon was not amplified or
analyzed in our study. As seen in Figs. 1 and 2, the SRY
fragment was successfully amplified in only 12 of 30 sperma-
tozoa from the infertile patient and in 15 of 50 spermatozoa
from the control fertile male. These results could indicate
some technical problems, such as loss of DNA. However,
we used only samples that were confirmed to contain the Y
chromosome, based on the existence of SRY. Interestingly,
of the 15 control spermatozoa in which the SRY gene was
successfully amplified, 13 showed that the sY254 fragment
containing the DAZ gene was also amplified. Although the
sample number was small, this finding indicated that the Y
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chromosome was present in only 13 samples, or that the
PCR technique was insufficient. Although this may be a
technical problem because of the extremely small amount
of DNA, it also suggests that de-novo deletions may be
occurring during spermatogenesis.

Before ART such as ICSI was developed, genetic factors
related to male infertility were not transmitted to succeed-
ing generations, because they critically affected spermatoge-
nesis. Therefore, it was considered that microdeletions in
the Y chromosome were a de-novo disorder that occurred
during spermatogenesis. In this study, it was found that
several spermatozoa from a fertile male contained the
microdeletion. In light of these findings we now have to
consider the possibility of transmitting a genetic disorder to
the next generation whenever ART is considered as possible
therapy for an infertile couple. Although there are no data
available on the impact of ICSI on the transmission of ge-
netic factors to future generations, the same microdeletions
were actually identified in the offspring and infertile fathers
in several other studies (De Krester 1995; Kent-First et al.
1996; Thielemans et al. 1998; Jiang et al. 1999). We have also
confirmed the same microdeletions in infertile males and
their sons (H. Kato, manuscript in preparation). However,
little is known about the relationship between spermatoge-
nesis disorders and microdeletions (Vogt 1998; McElreavey
and Krausz 1999). Therefore we need to pursue the study of
spermatogenesis as these offspring develop and mature, in
order to clarify the relationship between spermatogenesis
disorders and microdeletions.
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