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Purpose: The effect of paternal age on the nondisjunction
of sex chromosomes is controversial. Also, the prevalence
of chromosomal anomalies in infertile patientsis controver-
sial, it has been reported that the sex chromosomal aneu-
ploidy rate following treatment with intracytoplasmic sperm
injection (ICS) is higher than in naturally conceived preg-
nancies. We investigated the influence of paternal age and
oligozoospermia on the nondisjunction of spermatozoa.
Methods: We determined the rate of aneuploidy for gono-
somes and autosomes, using two-color fluorescence in situ
hybridization (FISH) of the X and Y chromosomes and chro-
mosomes 12 and 18 in 10 donors under 25 years of age
who had a normal sperm count (=20 X 10%ml), 10 donors
over the age of 39 years with idiopathic infertility and nor-
mozoospermia (=20 X 10%ml), and 5 oligozoospermic
donors (<20 X 10%ml).

Results: There was no obvious relationship between increas-
ing age and autosomal disomy (disomy 12 and disomy 18).
Neither autosomal disomy nor diploidy was increased in
any group. The frequency of X-, Y-, XX-, and YY-bearing
sperm did not differ significantly among groups, but the
frequency of XY-bearing sperm was significantly higher in
the older infertile group than in the control donors.
Conclusions: The incidence of nondisjunction of paternal
sex chromosome in meiosis | was higher in older men with
idiopathic infertility. The present results suggest that the
risk of producing XXY fetuses is higher among men >39
years of age with idiopathic infertility.
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INTRODUCTION

Chromosomal aneuploidy isacommon cause of spon-
taneous abortion and intrauterine fetal death. Because
aneuploidy most often arises in germ cells, the preva-
lence of nondisjunction has been estimated by screen-
ing for aneuploidy in human germ cells. Human sperm
chromosoma aberration has been investigated using
the zona-free hamster egg penetration test (1), which
can detect structural chromosomal aneuploidies. Fluo-
rescence in situ hybridization (FISH) hasrecently been
used to detect chromosomal aneuploidies in human
spermatozoa. FISH allows cytogenetic analysis of a
larger number of spermatozoa in a shorter period of
time and does not require sperm-fertilizing ability. Fur-
thermore, the use of multicolor FISH makesit possible
to distinguish between meiosis| and meiosis|| nondis-
junction in sex chromosomes. Autosomal disomy can
arisefrom nondigjunction in both meiosis| and meiosis
[1. In sex chromosomes, nondisjunction during meiosis
I results in an XY disomy, whereas nondigunction
during meiosis Il results in an XX disomy or aYY
disomy.

Intracytoplasmic sperminjection (ICSI) hasrecently
been used to treat male infertility. Because this method
avoids natural sperm selection, itisimportant to inves-
tigate the aneuploidy sperm rate of |CSl-treated
patients. Constitutional chromosomal abnormalities
have been found in 4.6-10.6% of oligozoospermic
patients (2—4). Cytogenetic analysis has shown that
theincidence of sex chromosome aberrationsis signifi-
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cantly increased in fetuses conceived by ICSI (5,6).
These observations suggest that oligozoospermic
patients should be counsel ed about therisk of transmit-
ting de novo chromosomal aberrations and fertility
problems to their offspring. To our knowledge, four
previous studies have examined the incidence of diso-
mic spermatozoa in infertile men. Although Gut-
tenbach et al. (7) and Miharu et al. (8) reported that
the incidences of disomy and diploidy were no higher
in infertile patients than in healthy males, Moosani et
al. (9) found a significant increase in the frequencies
of disomy on chromosome 1 and XY disomy in chro-
mosomaly normal infertile men. Bernardini et al.
reported that the frequency of disomic sperm chromo-
somes 1, 17, and sex chromosomes was significantly
higher in patients with severe oligoasthenoterato-
zoospermia than in fertile donors and patients with
idiopathic infertility (10).

The issue of whether older men are at an increased
risk of producing aneuploid offspring remains unre-
solved (11, 12). Studies of 21 trisomy have suggested
that maternal age is related to the etiology of nondis-
junction (13). The incidence of trisomic pregnancies
is 2—4% among women aged 20 to 25 years compared
with approximately 33% among women aged 43 years
or older (14). Theorigin of the supernumerary chromo-
some of the trisomy (21 trisomy, 16 trisomy, 13 tri-
somy, XXX, and XXY) has been investigated in DNA
marker studies (15—17). Theresults of studies examin-
ing the effect of paternal and maternal age are conflict-
ing. MacDonald et al. (18) reported that the incidence
of 47,XXY increased significantly with increases in
maternal age but was not associated with the mean
paternal age. In contrast, Lorda-Sanchez et al. (19)
reported that the incidence of paternally derived
47, XXY increased significantly with increases in
paternal age. Paternally derived trisomy is relatively
rare. Therefore disomic human sperm is abetter source
for investigating the effect of paternal age on the etiol-
ogy of nondigunction (11). Although the mgjority of
maternally derived trisomies are believed to be related
to maternal meiosis| errors, the majority of paternally
derived trisomies appear to result from paternal meio-
sis Il errors. FISH analysis of sperm nuclel in the
gonosoma chromosomes could provide information
regarding the meiotic stage of sex chromosomal non-
disunction during spermatogenesis.

In the present study, we used FISH to elucidate the
effect of paternal age and the sperm count on the
occurrence of chromosomal nondisjunction and to
determine which meiotic stage of sex chromosomal
nondigiunction is related to paternal age.

ASADA ET AL.

MATERIALS AND METHODS

Semen Sample

Semen samples were obtained from 25 male donors:
10 healthy donors under the age of 25 years, 10 patients
over the age of 39 years with idiopathic infertility, and
5 donors with oligozoospermia (<20 X 10%ml). All
subjects gave consent for the use of semen specimens
to be used for research purposes. Idiopathic infertility
was diagnosed when a clinical pregnancy was not
achieved after at least 2 years of sexual activity with
a partner whose fertility workup was normal. Sperm
shape abnormalities, sperm motility (>50%), and
sperm concentrations (=20 X 106/ml) (20) werewithin
the normal ranges in both healthy donors and patients
with idiopathic infertility. Abnormalities in sperm
shape were within the norma range in the oligo-
zoospermic patients in this study, but the sperm con-
centration was abnormal (5 X 10° to 20 X 10%/ml).

Preparation of Spermatozoa

Semen samples were washed three times in a phos-
phate-buffered saline (PBS) solution and twice with
ethanol:glacial acetic acid (3:1). The cell pellet was
diluted again with ethanol:glacial acetic acid (3:1) and
air-dried on slides.

Decondensation of the sperm is essential for in situ
hybridization. The DNA of human spermatozoa is
tightly compacted in the nucleus with protamines, argi-
nine-rich nuclear proteins which are specific to sper-
matozoa. Proper decondensation of sperm chromatinis
necessary for FISH. Decondensation can be performed
with a number of agents, including dithiothreitol
(DTT), Triton X-100, lithium diidosalicylate, and tryp-
sin (21-26). In the present study, decondensation was
performed with 25 mM DTT (Sigma, St Louis, MO).
Slides were incubated for 5 to 60 min in a freshly
made solution of 25 mM DTT. We did not use trypsin
to preserve spermatozoa morphology.

Preparation of Mitotic Chromosome Spreads

Mitotic chromosomes from normal male and female
peripheral blood lymphocytes were used as controls
to examine the accuracy of the FISH procedure for
each DNA probe.

DNA Probes

DNA probes were purchased from Oncor, Inc.
(Gaithersburg, MD). Probes were labeled with either
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biotin or digoxigenin. Y chromosome-specific «-satel-
lite DNA (DY Z3, digoxigenin labeled) and X chromo-
some-specific a-satellite DNA probes (DXZ1, biotin
labeled) were used for gonosomes. Chromosome-spe-
cific a-satellite DNA probes (D12Z3, biotin labeled,
and D18Z1, digoxigenin labeled) were used for
autosomes.

Fluorescence In Situ Hybridization

The FISH procedure was dightly modified from
the original detection protocol of chromosome in situ
hybridization system recommended by Oncor Inc.
Slides were denatured in 70% formamide/2X standard
sdline citrate (SSC = 0.15 M NaCl, 0.015 M sodium
citrate) for 2 min at 70°C and immediately dehydrated
in cold (4°C) 70 and 100% ethanol solutions. The DNA
probe (1 ml) (DYZ3 and DXZ1 or D12Z3 and D18Z21)
was combined with 20 wl of Hybrisol VII (Oncor).
The probe solution was denatured at 70°C for 5 min
and immediately chilled in an ice bath. The probe
solution (20 wl) was then placed on slides and covered
with a coverdip. The preparations were incubated in
a humidified chamber for 12 to 18 hr at 37°C. The
slides were washed at 43°C in 65% formamide/2X
SSC for 15 min, in 2X SSC for 8 min, and in 4X SSC
for 5 min.

Biotin-labeled probes were detected with rhoda-
mine—avidin (Biomeda, Foster City, CA; diluted 1:100
in 4x SSC and 1% BSA), and digoxigenin-labeled
probes were detected with anti-digoxigenin-fluores-
cein (Boehringer Mannheim, GmbH; diluted 1:200 in
4x SSC and 1% bovine serum abumin). After being
incubated for 45 min at 37°C with rhodamine—avidin
and anti-digoxigenin-fluorescein, slides were washed
with 4X SSC, 4X SSC/0.1% Tween 20, 4X SSC, and
2X SSC. Sperm nuclei were counterstained with 20
wl of DAPI (4, 6'-diamidino-2-phenylindole; 1 g/
ml; Sigma, St. Louis, MO, USA).

Counting and Statistical Analysis

We examined randomly selected portions of the
dlide. Sperm nuclei were considered to be disomic for
a specific chromosome if hybridization yielded two
compact distinct signals of equal size separated by a
distance of a least one diameter of the signal size
within that cell (24). Sperm nuclei with indistinct mar-
gins or with diffuse signals were excluded from scor-
ing. FISH preparations were anayzed under a
fluorescent microscope (NIKON FXA) equipped with
either an FITC/rhodamine/DAPI triple-band passfilter
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set, FITC single-band pass filter set, or rhodamine
single-band pass filter set, each of which was selected
for a different objective. Two-color FISH for gono-
somes does not distinguish sex chromosome disomy
from diploidy. Therefore, the sex chromosome disomy
rate was adjusted based on an estimated meiotic error
ratio of 1:3, which reflects the ratio at which diploidy
occurs during meiosis | and meiosis 1l (8,27). The chi-
square test was used to examine the ratio of X-to Y-
bearing sperm. The distribution of signals scored for
X, Y, 12, and 18 was assessed using Fisher's exact
probability test. The Mann—Whitney U test was used
to compare the disomy rates of donors under 25 years
of age, donors over 39 years of age, and oligozoosper-
mic patients.

RESULTS

Human lymphocyte mitotic chromosomes exhibited
asignal in the centromeric region of both chromosome
12 and chromosome 18 in male and female prepara
tions probed with biotin-labeled D12Z73 and digoxi-
genin-labeled D18Z1. When mitotic chromosome
preparations were probed with digoxigenin-labeled
DYZ3 and bictin-labeled DXZ1, signals were located
inthe centromere of thesingle X and single Y chromo-
some in male preparations. In female preparations,
the signals were located in the centromeres of both
X chromosomes.

We scored approximately 102,371 sperm nuclei in
each semen sample. More than 2000 sperm nuclei in
each DNA probe set were counted. X-bearing sperm
accounted for 44.64 to 54.55% of the total sperm, and
Y-bearing sperm accounted for 45.19 to 55.04% of the
total sperm (Table 1). The ratio of X- to Y-bearing
sperm was 1:1 except for donors Y-5, Y-8, Y-10, A-
3, A-5, and A-7 (P < 0.05). However, the mean ratio
of X- to Y-bearing sperm was 1:1. The adjusted fre-
guency of sex chromosomal disomy ranged from 0.04
to 0.17% for the XX disomy, from 0.00 to 0.19% for
the YY disomy, and from 0.02 to 0.35% for the XY
disomy (Table II). Nullisomic sperm for sex chromo-
somes ranged from 0.00 to 0.20%. In the absence of
an internal control DNA probe (for autosomes), the
excess number of nullisomic sperm was scored because
it was not possible to differentiate between nullisomy
and nonhybridization without aninternal control. Since
an internal probe was not used to detect gonosomal
disomy, the nullisomic sperm rate for sex chromo-
somes was assumed to be higher than the exact rate
(25).
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Tablel. Frequency of X, Y, XX, YY, and XY Sperm
Sperm cells (%)
Donor X Y XX YY XY Null2
<25 years old
Y-1 47.54 52.13 0.09 0.09 0.14 0.00
Y-2 49.27 50.10 0.04 0.10 0.10 0.20
Y-3 51.91 48.07 0.09 0.05 0.09 0.09
Y-4 50.59 49.05 0.12 0.04 0.10 0.10
Y-5 54.22 45.19 0.15 0.15 0.16 0.08
Y-6 53.27 46.40 0.09 0.09 0.09 0.05
Y-7 48.32 50.92 0.19 0.09 0.19 0.09
Y-8 53.50 46.24 0.13 0.04 0.04 0.04
Y-9 51.70 47.93 0.05 0.01 0.09 0.09
Y-10 54.36 45.23 0.14 0.05 0.10 0.14
>39 years old
A-1 52.23 47.06 0.09 0.23 0.37 0.00
A-2 51.41 48.01 0.10 0.14 0.29 0.05
A-3 44.64 55.04 0.08 0.04 116 0.04
A-4 47.74 52.81 0.15 0.09 0.16 0.05
A-5 54.55 45.10 0.10 0.05 0.15 0.05
A-6 52.06 47.38 0.09 0.19 0.24 0.05
A-7 54.16 45.40 0.13 0.09 0.18 0.04
A-8 52.68 46.76 0.09 0.14 0.24 0.09
A-9 47.62 52.10 0.05 0.09 0.09 0.05
A-10 47.40 52.13 0.19 0.10 0.14 0.04
Oligozoospermia patients
O-1 0.10 0.03 0.06
0-2 0.12 0.12 0.20
0-3 0.33 0.22 0.33
04 0.15 0.25 0.37
0O-5 0.03 0.03 0.06

2 Indicates sperm lacking a sex chromosome. Null sperm include monosomic sperm for sex chromosomes and hybridization failure.

The detected disomy rate ranged from 0.04 to 0.16%
for chromosome 18 and from 0.04 to 0.21% for chro-
mosome 12 (Table I11); the diploid sperm rate ranged
from 0.04 to 0.10%. No significant difference was
found among donors in the distribution of disomy
detected on chromosomes 12 and 18 and diploid sperm.
The mean frequency of disomy for chromosome 12,
chromosome 18, and the sex chromosomes is shown
with the reported frequencies in Table 1V. The most
freguent disomy in the present study was the meiotic
I sex chromosome disomy (XY disomy). The fre-
quency of XY disomy was significantly higher than
the frequencies of chromosome 12 disomy, chromo-
some 18 disomy, XX disomy, and YY disomy (P <
0.05). The overal frequency of sex chromosome diso-
mies (XX disomy + YY disomy + XY disomy) was
significantly higher than the frequency observed for
disomy 12 and disomy 18 (P < 0.01).

Age had no effect on the frequencies of XX and
YY disomies (Table Il). The frequency of the XY
disomy was higher in the older group than in the
younger donors. The mean frequency of XY spermin

donors older than 39 years of age was significantly
higher in donors younger than 25 years of age (Fig. 1).

DISCUSSION

Multicolor FISH iswidely regarded asthe gold stan-
dard for detection of disomic sperm (28) and has been
used to determine the frequency of disomic sperm
associated with chromosomes 12, 18, X, and Y (8, 11,
24,25, 29-32) (summarizedin TablelV). Thereported
and examined rate of disomy ranges from 0.02 to
0.35% and differs according to the chromosome and
among donors. Human cytogenetic data also suggest
that nondisjunction does not affect all chromosomes
equally and that the chromosome-specific nondisjunc-
tion rate is related to sex (33). Several studies have
shown that XY disomy is significantly more frequent
than XX, YY, or autosomal disomy (11,30,32). The
XY disomy was also significantly more frequent than
autosomal disomy (chromosome 12 and chromosome
18), XX disomy, and Y'Y disomy in the present study.
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Tablell. Adjusted Frequency of XX, YY, and XY Sperm in 20

Donors?
Sperm cells (%)
Donor XX YY XY
<25 years old
Y-1 0.05 0.05 0.12
Y-2 0.03 0.09 0.09
Y-3 0.08 0.04 0.08
Y-4 0.11 0.03 0.09
Y-5 0.14 0.14 0.15
Y-6 0.07 0.07 0.08
Y-7 0.18 0.08 0.18
Y-8 0.10 0.00 0.02
Y-9 0.04 0.00 0.08
Y-10 0.13 0.04 0.09
>39 years old
A-1 0.05 0.19 0.35
A-2 0.08 0.12 0.28
A-3 0.06 0.02 0.15
A-4 0.14 0.07 0.15
A-5 0.09 0.04 0.20
A-6 0.07 0.17 0.23
A-7 0.11 0.07 0.17
A-8 0.08 0.13 0.23
A-9 0.04 0.08 0.08
A-10 0.17 0.08 0.13
Mann-Whitney U test,
P vaue? 091 0.91 0.01

@ The frequencies of disomy for sex chromosomes are adjusted by
the diploid frequency.

b Mann—-Whitney U test for difference between young donors (<25
years old) and older donors (>39 years old).

Tablelll. Aneuploidy Frequency for Chromosomes 12 and 182

Disomic and monosomic sperm for chromosome 12
and 18(%)

Donor (12,18,18) (12,12,18) (12—) (—,18) (12,12,18,18)

Y-1 0.10 0.05 0.15 0.05 0.10
Y-2 0.09 0.09 0.05 0.00 0.09
Y-3 0.08 0.04 0.00 0.00 0.04
Y-4 0.12 0.05 0.00 0.10 0.05
Y-5 0.04 0.10 0.04 0.04 0.04
Y-6 0.10 0.10 0.00 0.00 0.05
Y-7 0.04 0.17 0.00 0.08 0.04
Y-8 0.12 0.04 0.04 0.04 0.10
Y-9 0.04 0.12 0.04 0.04 0.04
Y-10 0.10 0.10 0.00 0.04 0.04
A-1 0.05 0.10 0.05 0.10 0.10
A-2 0.05 0.05 0.05 0.00 0.05
A-3 0.10 0.10 0.05 0.10 0.05
A-4 0.04 0.09 0.04 0.00 0.04
A-5 0.12 0.10 0.05 0.05 0.05
A-6 0.16 0.21 0.05 0.00 0.05
A-7 0.13 0.09 0.00 0.09 0.05
A-8 0.04 0.12 0.00 0.04 0.04
A-9 0.08 0.04 0.04 0.04 0.04
A-10 0.12 0.05 0.12 0.05 0.05

2 Results represent the percentage of observed sperm for each
subject.
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Meiosis| errors are predominant in maternally derived
nondisjunction, whereas meiosis || errors are predomi-
nant in paternally derived nondisjunction. In addition,
a reduced recombination rate is reportedly associated
with both maternally and paternally derived meiosis |
errors (19,34). A reduced recombination rate and a
reduced chromosomal map have been detected in
maternally derived nondisjoined chromosomes 21 and
X (meiosis | error). Hassold et al. demonstrated an
absence of recombination in the pseudoautosomal
region of X and Y chromosomes in most cases of
paternally derived 47, XXY (35). Reduced recombina
tion is common in cases of both paternal and maternal
meiosis | nondisunction (36). This reduction tends to
be observed in acrocentric chromosomes or chromo-
somesthat have arelatively short portion to pair (X-Y
pairing). Thus, pairing failure seems to influence the
etiology of nondisjunction.

Analysisof DNA polymorphism has provided infor-
mation about the meiotic stage of nondisjunction in
autosomal chromosomes (15). For male sex chromo-
somes, meiosis | nondigiunction is easily distinguished
from meiosis Il nondigunction because XX disomy
and YY disomy are equivalent to meiosis Il nondis-
junction and XY disomy is equivalent to meiosis |
nondisjunction. The present data suggest that meiosis
| errors are more common than the meiosis |1 errors
in male gonosomal disomy. Studies investigating the
DNA polymorphic markers for XXY syndrome and
XXX syndrome (19,37—39) have shown that the mater-
nal XX disomy rate is the same as the paternal XY
disomy rate and that the maternal XX disomy rate is
significantly higher than the paternal XX disomy rate.
If we assume that the genomic imprinting effect for the
X chromosome does not ater theviability of paternally
derived XXX embryos (40), the prevalences of XXX
and XXY embryos suggest that male XY nondisjunc-
tion predominates. Theincidence of Y Y-bearing sperm
in the present study (0.09%) was similar to the fre-
quency of 47,XYY trisomy in clinicaly recognized
pregnancies (0.05%) (41). The frequency of XY-bear-
ing sperm (0.17%) was three times greater than the
incidence of 47,XXY trisomy (0.05%). The difference
in the frequencies of YY- and XY-bearing sperm may
explain the difference in the incidences of 47,XYY
(0.07%) and 47,XXY (0.14%) fetuses, as determined
from analysis of amniocentesis results (42). In the
present study, the null sperm category included mono-
somic sperm for sex chromosomes and hybridization
failures. Thus the rate of monosomic sperm for sex
chromosomes would be lower than the null sperm
frequency (0.00 to 0.20%). Determining the precise
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Fig. 1. Frequency of XY, XX, and YY sperm from donors <25 years old, donors >39
yearsold, and oligozoospermic patients. The frequencies shown are not adjusted for diploidy.
Results represent the mean = SE. Frequency of XY sperm differs significantly between
young donors and aged donors: [, <25 years old; N, >39 years old; [, oligozospermic

patients. *P < 0.05.

monaosomic frequency in oocytes and the fetus and the
origin of monosomy is difficult because most monoso-
mic pregnancies tend to be aborted before implanta-
tion. In the XO syndrome, which is the only
monosomic condition that can be easily analyzed, 80%
of the lost X chromosomes are of paternal origin (39).
Although the reason for this finding has not yet been
clarified, three possibilities have been proposed. A
genomic imprinting effect is observed in early stages

TablelV. Reported Disomy Rates for Chromosomes 12, 18, X,
and Y Using Multicolor FISH

Study 12 18 XX YY XY
Guttenbach et al. (29) 004 006 0.09
Williams et al. (24) 008 004 0.06 0.09
Miharu et al. (8) 0.07 0.04
Bischoff et al. (25) 030 025 038 008 0.13
Springs et al. (30) 016 011 007 021 0.15
Chevret et al. (32) 004 001 034
Griffin et al. (11) 002 003 0.10
Springs et al. (31) 016 011 007 021 0.15
Present study 007 008 008 011 017

of normal embryonal development and this effect on
the X chromosome may dter the viability of XO
fetuses (40,43). In contrast to the maternally derived
X chromosome, the paternally derived X chromosome
may be inactive during meiotic division. These find-
ings suggest that genomic imprinting influences the
early stages of fetal development. Another possibility
is that the number of monosomic oocytes is reduced
during meiotic division of oocytes. Finally, the paterna
X chromosome may be more easily removed than the
maternal X chromosome during postzygotic division,
which appears to be the most probable explanation
because the paternal X chromosome is at risk of being
lost between fertilization and the first cleavage (44).
Further investigations of oogenesis and fetal devel op-
ment are needed to evaluate these possible explana-
tions.

In the present study the frequency of sex chromo-
somal nondisiunction (meictic | nondigunction) was
increased in older normozoospermic patientswith idio-
pathic infertility. XX and YY disomies were not age
dependent, but therate of XY disomy was significantly
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related to age (P < 0.05), suggesting that paternal
gonosomal meiatic | nondisunction is age dependent.
Although some studies have demonstrated a significant
increase in the frequency of XY disomy in infertile
men with abnormal semen analysis (oligozoospermia,
teratozoospermia, or asthenozoospermia) and older
men (9,11), the largest molecular study on the parental
origin of sex chromosomal trisomy found no evidence
of a direct relationship between nondisjunction and
paternal age (18). The failure of previous molecular
studies to demonstrate a paternal age effect on nondis-
junction of sex chromosomes may be due to the limita-
tions of satistica analysis of the incidence of
paternally derived trisomy (11, 12). The age-dependent
increase in the frequency of XY disomy (sex chromo-
somal meiosis|) also suggests an age dependent mech-
anism for nondisjunction. Both maternal and paternal
sex chromosomes are susceptible to meiosis | nondis-
junction and this effect is age dependent, which sug-
gests that a common mechanism exists for meiosis |
in spermatogenesis and oogenesis. Fitzgerald et al.
(45) reported that the incidence of sex chromosomal
aneuploidy was positively related to age in cultured
lymphocytes from both sexes. They reported that pre-
mature division of the X-chromosome centromere was
strongly associated with X-chromosome aneuploidy.
This phenomenon has been explained by age-related
dysfunction in the X-chromosome centromere, sug-
gesting an age-related mechanism for chromosome
separation, especialy in the sex chromosome. The
present study failed toidentify asignificant age-related
increase in disomy 12 and disomy 18. Further study
of autosomes is necessary to determine whether pater-
nal age affects the disomic frequency.

The present study showed no increase in the fre-
quency of sex chromosomal disomy in oligozoosper-
mic patients. Although some previous studiesfound no
differencein the rates of disomy and diploidy between
infertile patients and healthy males (7, 8), others
observed an increased risk of interstitial deletions on
the long arm of the Y chromosome (46) and an
increased frequency of disomic sex chromosomes and
chromosome 1 in spermatozoa (9). Furthermore In’t
Veld et al. (47) reported that the frequency of aneuploid
sperm was markedly increased in one oligoasthenoter-
atozoospermic patient. FISH analysis of this patient
showed the virtual absence of normal haploid sperm
(<2%) and the presence of diploid (40%) and triploid
sperm (24%). In another study, an increased frequency
of mitosis with separated centromeres was found in
four members of a subfertile family in Spain (48). The
frequency of aneuploid sperm is assumed to differ
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among patients. Thus, some patients may be particu-
larly susceptible to meiotic and mitotic nondisjunction.
Because there were only 5 oligozoospermic patients
in the present study and there was considerable vari-
ability, further studieswith more patients are needed to
determine which oligoospermic patient risks producing
aneuploid sperm.

Although Martin et al. (49) reported that analysis
of human sperm karyotype indicated no significant
relationship between the frequency of chromosomally
and morphologicaly abnormal spermatozoa, sperm
karyotyping depends on thefertilizing ability of sperm.
FISH analysis is now the best method to detect the
aneuploid frequency of human sperm that demonstrate
no fertilizing ability. Although intracytoplasmic sperm
injection (1CSl) has been used for oligozoospermic and
teratozoospermic patients, this therapeutic approach
avoidsnatural sperm selection. Therefore, ICSl-treated
patients risk producing chromosomally abnormal off-
spring (4,5,47). The present data suggest that patients
with idiopathic infertility do not have a higher risk of
producing autosomal chromosomally abnormal off-
spring than fertile males. However, older infertile nor-
mozoospermic patients had an increased risk of
producing XXY fetuses in the present study. Some
authors have suggested that the frequency of disomic
spermatozoa is higher in oligozoospermic and terato-
zoospermic patients (10, 47). These observations sug-
gest that ICSl-treated patients should be informed of
the risk of chromosomal aberration prior to undergo-
ing treatment.

CONCLUSIONS

The present results suggest that sex chromosomal
nondisjunction occurs more frequently than autosomal
nondigjunction in spermatogenesis and that the rate of
sex chromosomal and autosomal nondisjunction does
not appear to be increased in oligozoospermic patients
inthisstudy. Thefreguency of male-origin nondisjunc-
tion of sex chromosomes during meiosis | showed an
age-dependent increase.

REFERENCES

1. Kamiguchi Y, Mikamo K: An improved, efficient method for
analyzing human sperm chromosomes using zona-free hamster
ova. Am J Hum Genet 1986;38:724—740

2. MatsudaT, Horii Y, OguraK, NonomuraM, OkadaK, Yoshida
O: Chromosomal survey of 1001 subfertile males: Incidence



58

10.

11

12.

13.

14.

15.

16.

17.

18.

and clinical features of males with chromosomal anomalies.
Acta Urol Japon 1992;38:803—-809

. Retief AE, Van ZJ, Menkveld R, Fox MF, Kotze GM, Brusnicky

J. Chromosome studies in 496 infertile males with a sperm
count below 10 million/mL. Hum Genet 1984;66:162—164

. Bonaccorsi AC, Martins RH, Vargas F, Franco JJ, Botler J:

Genetic disorders in normally androgenized infertile men and
the use of intracytoplasmic sperm injection as a way of treat-
ment. Fertil Steril 1997;67:928—-931

. Bonduelle M, Wilikens A, Buysse A, Van AE, Wisanto A,

Devroey P, Van SA, Liebaers |: Prospective follow-up study
of 877 children born after intracytoplasmic sperm injection
(ICSl), with gaculated epididymal and testicular spermatozoa
and after replacement of cryopreserved embryos obtained after
ICSl. Hum Reprod 1996;11 (Suppl 4):131-155, 156159

. Liebaers |, Bonduelle M, Van AE, Devroey P, Van SA: Sex

chromosome abnormalities after intracytoplasmic sperm injec-
tion [Letter; Comment]. Lancet 1995;346:1095

. Guttenbach M, Martinez EM, Michelmann HW, Engel W,

Schmid M: Incidence of diploid and disomic sperm nuclei in
45 infertile men. Hum Reprod 1997;12:468—473

. MiharuN, Best RG, Young SR: Numerical chromosome abnor-

malities in spermatozoa of fertile and infertile men detected
by fluorescence in situ hybridization [see Comments]. Hum
Genet 1994; 93:502-506

. Moosani N, Pattinson HA, Carter MD, Cox DM, Rademaker

AW, Martin RH: Chromosomal analysis of sperm from men
with idiopathic infertility using sperm karyotyping and fluores-
cence in situ hybridization. Fertil Steril 1995;64:811-817
Bernardini L, Martini E, Geraedts J°, Hopman AH, Lanteri S,
Conte N, Capitanio GL: Comparison of gonosomal aneuploidy
in spermatozoa of normal fertile men and those with severe
male factor detected by in-situ hybridization. Mol Hum
Reprod 1997;3:431-438

Griffin DK, Abruzzo MA, Millie EA, Sheean LA, Feingold E,
Sherman SL, Hassold TJ: Non-disjunction in human sperm:
Evidence for an effect of increasing paternal age. Hum Mol
Genet 1995;4:2227—-2232

Rouseaux S, Hazzouri M, Pelletier R, Monteil M, Usson Y,
Sele B: Disomy rates for chromosomes 14 and 21 studied by
fluorescent in-situ hybridization in spermatozoafrom three men
over 60 years of age. Mol Hum Reprod 1998;4:695—-699
Gaulden ME: Maternal age effect: the enigma of Down syn-
drome and other trisomic conditions. Mutat Res
1992;296:69-88

Hassold TJ, Jacobs PA: Trisomy in man. Annu Rev Genet
1984;18:69-97

Antonarakis SE, Petersen MB, McInnisMG, et al.: Themeiotic
stage of nondisjunction in trisomy 21: Determination by using
DNA polymorphisms. Am J Hum Genet 1992;50:544-550
Fisher IM, Harvey JF, Morton NE, Jacobs PA: Trisomy 18:
studies of the parent and cell division of origin and the effect
of aberrant recombination on nondisunction. Am J Hum
Genet 1995;56:669-675

Zaragoza MV, Jacobs PA, James RS, Rogan P, Sherman S,
Hassold T: Nondisjunction of human acrocentric chromosomes:
Studies of 432 trisomic fetuses and liveborns. Hum Genet
1994,94:411-417

MacDonald M, Hassold T, Harvey J, Wang LH, Morton NE,
Jacobs P: The origin of 47,XXY and 47,XXX aneuploidy:
heterogeneous mechanisms and role of aberrant recombination.
Hum Mol Genet 1994;3:1365-1371

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

ASADA ET AL.

Lorda SI, Binkert F, Maechler M, Robinson WP, Schinzel AA:
Reduced recombination and paternal age effect in Klinefelter
syndrome. Hum Genet 1992;89:524-530

WHO (1992) WHO Laboratory Manual for the examination
of human semen and sperm-cervical mucus interaction. 3rd ed.
Guttenbach M, Schmid M: Determination of Y chromosome
aneuploidy in human sperm nuclei by nonradioactive in situ
hybridization. Am J Hum Genet 1990;46:553—-558

Coonen E, Pieters MH, Dumoulin JC, Meyer H, Evers JL,
Rademakers FC, Geraedts JP: Nonisotopic in situ hybridization
as amethod for nondisjunction studies in human spermatozoa.
Mol Reprod Dev 1991;28:18—-22

Martin RH, Chan K, Ko E, Rademaker AW: Detection of
aneuploidy in human sperm by fluorescence in situ hybridiza-
tion (FISH): Different frequencies in fresh and stored sperm
nuclei. Cytogenet Cell Genet 1994;65:95-96

Williams BJ, Ballenger CA, Malter HE, Bishop F, Tucker M,
Zwingman TA, Hassold TJ: Non-disjunction in human sperm:
results of fluorescence in situ hybridization studies using two
and three probes. Hum Mol Genet 1993;2:1929-1936
Bischoff FZ, Nguyen DD, Burt KJ, Shaffer LG: Estimates of
aneuploidy using multicolor fluorescence in situ hybridization
on human sperm [published Erratum appearsin Cytogenet Cell
Genet 1995;69 (3-4):189]. Cytogenet Cell Genet 1994;
66:237-243

Martin RH, Ko E, Chan K: Detection of aneuploidy in human
interphase spermatozoa by fluorescence in situ hybridization
(FISH). Cytogenet Cell Genet 1993;64:23—26

Goldman AS, Fomina Z, Knights PA, Hill CJ, Walker AP,
Hulten MA: Analysis of the primary sex ratio, sex chromosome
aneuploidy and diploidy in human sperm using dual-colour
fluorescence in situ hybridisation. Eur J Hum Genet
1993;1:325-334

Rademaker A, Spriggs E, Ko E, Martin RH: Reliability of
estimates of diploid human spermatozoa using multicolour flu-
orescence in-situ hybridization. Hum Reprod 1997;12:77—-79
Guttenbach M, Schakowski R, Schmid M: Incidence of chro-
mosome 3, 7, 10, 11, 17 and X disomy in mature human sperm
nuclel as determined by nonradioactive in situ hybridization.
Hum Genet 1994;93:7-12

Spriggs EL, Rademaker AW, Martin RH: Aneuploidy in human
sperm: results of two-and three-color fluorescence in situ
hybridization using centromeric probes for chromosomes 1,
12, 15, 18, X, and Y. Cytogenet Cell Genet 1995;71:47-53
Spriggs EL, Rademaker AW, Martin RH: Aneuploidy in human
sperm: the use of multicolor FISH to test various theories of
nondisjunction. Am J Hum Genet 1996;58:356—362

Chevret E, Rousseaux S, Monteil M, Pelletier R, Cozzi J, Sele
B: Meiotic segregation of the X and Y chromosomes and
chromosome 1 analyzed by three-color FISH in human
interphase spermatozoa. Cytogenet Cell Genet 1995;71:126—
130

Pellestor F: Differential distribution of aneuploidy in human
gametes according to their sex. Hum Reprod 1991;6:1252—
1258

. Mohandas TK, Speed RM, Passage MB, Yen PH, Chandley

AC, Shapiro LJ: Role of the pseudoautosomal region in sex-
chromosome pairing during male meiosis: Meiotic studies in
a man with a deletion of dista Xp. Am J Hum Genet
1992;51:526-533

Hassold TJ, Sherman SL, Pettay D, Page DC, Jacobs PA:
XY chromosome nondisjunction in man is associated with

Journal of Assisted Reproduction and Genetics, Vol. 17, No. 1, 2000



EFFECT OF AGE ON NONDISJUNCTION OF SPERMATOZOA

36.

37.

38.

39.

40.

41.

42.

Journal of Assisted Reproduction and Genetics, Vol. 17, No. 1, 2000

diminished recombination in the pseudoautosomal region. Am
J Hum Genet 1991;49:253-260

Abruzzo MA, Hassold TJ: Etiology of nondisjunction in
humans. Environ. Mol Mutagen 1995;26:38—47

Carothers AD, Filippi G: Klinefelter's syndrome in Sardinia
and Scotland. Comparative studies of parental age and other
aetiological factors in 47,XXY. Hum Genet 1988;81:71-75
May KM, Jacobs PA, Lee M, Ratcliffe S, Robinson A, Nielsen
J, Hassold TJ: The parental origin of the extra X chromosome
in 47, XXX females. Am J Hum Genet 1990;46:754—761
Hassold TJ, Arnovitz K, Jacobs PA, May K, Robinson D: The
parental origin of the missing or additional chromosome in
45X and 47,XXX females. Birth Defects Orig Article Ser
1990;26:297-304

Tada T, Takagi N, Adler ID: Parental imprinting on the mouse
X chromosome: effects on the early development of XO, XXY
and XXX embryos. Genet Res 1993;62:139-148

Maeda T, Ohno M, Matsunobu A, Yoshiharak, Yabe N: A
cytogenetic survey of 14,835 consecutive liveborns. Jinrui
ldengaku Zasshi 1991;36:117-129

Benn PA, Hsu LY, Carlson A, Tannenbaum HL: The centralized
prenatal genetics screening program of New York City 111: The
first 7,000 cases. Am J Med Genet 1985;20;369—-384

45.

46.

47.

49.

59

. Hunt PA: Survival of XO mouse fetuses. effect of parental

origin of the X chromosome or uterine environment? Devel op-
ment 1991; 111:1137-1141

. Russell WL, Kelly EM, Hunsicker PR, et al.: Effect of radiation

dose-rate on the induction of X-chromosome loss in femae
mice. In Report of the United Nations Science Commitee onthe
Effect of Atomic Radiations. New York, United Nations, 1972
Fitzgerald PH, McEwan CM: Total aneuploidy and age-related
sex chromosome aneuploidy in cultured lymphocytes of normal
men and women. Hum Genet 1977;39:329—-337

Reijo R, Alagappan RK, Patrizio P, Page DC: Severe oligo-
zoospermiaresulting from deletions of azoospermiafactor gene
on Y chromosome. Lancet 1996;347:1290—-1293

Veld P, Broekmans FJ, de, FH, Pearson PL, Pieters MH, Koaij
R: Intracytoplasmic sperminjection (ICSl) and chromosomally
abnormal spermatozoa. Hum Reprod 1997;12:752—754

. Gabarron J, Jimenez A, Glover G: Premature centromere divi-

sion dominantly inherited in a subfertile family. Cytogenet Cell
Genet 1986;43:69-71

Martin RH, Rademaker A: The relationship between sperm
chromosomal abnormalities and sperm morphology in humans.
Mutat Res 1988;207:159-164



