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Sex chromosome micromosaicism in infertile men
with normal karyotypes
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Objective: To define the prevalence of low-level sex chromosome mosaicism in a cohort of infertile men.
Design: Prospective cohort study of infertile men.
Setting: Tertiary university infertility center.
Patient(s): One hundred one consecutive men who presented with primary infertility for evaluation.
Intervention(s): Fluorescent in situ hybridization for X and Y was performed on 200 cells, and if an aberrant sex
chromosome complement was noted, 400 cells were counted. For this study, any abnormality in sex chromosome
complement was defined as micromosaicism.
Main Outcome Measure(s): Low-level sex chromosome mosaicism.
Result(s): Sixty-seven of these men (67%) had no mosaicism, and 34 men (34%) had micromosaicism. The
median percentage of abnormal chromosomes in these men was 2%. The mean age of the men without micromo-
saicism was lower than for men with micromosaicism (31.1 years vs. 35.2 years). A trend toward higher FSH levels
in men with low-level mosaicism was seen. Median sperm density and percent motility were higher in normal men.
Percent normal morphology was identical between groups.
Conclusion(s): We found low-level sex chromosome mosaicism in 34% of infertile men who presented for eval-
uation. Men with low-level mosaicism were significantly older. Low-level mosaicism may emerge with advanc-
ing age and may therefore help to explain the decline in fertility potential seen in older men. (Fertil Steril�

2010;93:1903–6. �2010 by American Society for Reproductive Medicine.)
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Infertile men typically present with a variety of endocrine and
genetic problems. Particularly for men with severe oligo- or
azoospermia, genetic defects are extremely common and pres-
ent at an increased risk compared with the general population
(1, 2). This increased risk prompts many infertility centers to
recommend genetic counseling for men with severe oligo- and
azoospermia; however, the sensitivity of karyotype and other
genetic tests, such as for Y chromosome microdeletions, in
explaining all cases of male infertility is not known (3).

Further advances in cytogenetics and molecular techniques
have vastly increased our ability to detect small abnormalities
and low-level mosaic alterations not previously possible. The
development of fluorescent in situ hybridization (FISH)
allows for the rapid determination and counting of specific
chromosomes or regions, such that it is possible to analyze
for more cells easily than was previously possible (4–6).
Fluorescent in situ hybridization has become an integral
part of chromosome evaluation in preimplantation and prenatal
diagnosis.
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A recent study in Germany investigated the presence of
chromosomal aberrations in infertile couples undergoing
intracytoplasmic sperm injection (7). This group found that
13.1% of patients had an abnormal karyotype, 5.9% of men
and 9.7% of women (some patients had multiple anomalies).
Importantly, low-level mosaicism of sex chromosomes was
found in 4% of patients overall and in 11 of 781 men
(0.7%). This degree of mosaicism was defined as the presence
of two or more cell lines in 50–100 metaphase cells examined.
The significance of this finding in the men was not discussed.

In women, low-level sex chromosome mosaicism has been
cited to explain recurrent abortions or unsuccessful assisted
reproduction cycles (8, 9). In men, low-level sex chromo-
some mosaicism has not been consistently defined; however,
the most useful definition is having fewer than 5% of the sex
chromosomes displaying mosaicism.

In this study, we sought to define the prevalence of low-
level sex chromosome mosaicism or ‘‘micromosaicism’’ in
a group of men presenting for a male infertility evaluation.
MATERIALS AND METHODS

We identified 101 consecutive men who presented with
primary infertility for evaluation due to oligoasthenosper-
mia at a large IVF practice from January 2006 until Octo-
ber 2006. Patients underwent a basic male infertility
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evaluation, including an extensive history and physical ex-
amination. Semen analysis was performed, along with
a hormonal evaluation measuring T, LH, and FSH levels.
Among men with azoospermia or severe oligospermia
(sperm density <5 � 106/mL), karyotype of peripheral
lymphocytes was performed, along with analysis for Y
chromosome microdeletions and cystic fibrosis mutations
when clinically indicated.

Data collected included patient age, number of nuclei
counted, specific chromosomal pattern, T level, LH level,
FSH level, sperm density, total sperm count, percent motility,
and normal morphology (Kruger).

Chromosome analysis was performed with the standard
methodology, 72-hour cultures (RPMI), hypotonic exposure,
and Trypsin-Wright’s staining. Fifty cells were examined as
per protocol (LabCorp, Stratford, CT).

Fluorescent in situ hybridization was performed with Vy-
sis probes (Abbott Molecular, Des Plaines, IL) specific for X
(DXZ1) and Y (DYZ1). Two hundred nuclei were examined.
If sex chromosome abnormalities were noted, then an addi-
tional 200 cells were evaluated. For XX males, the presence
of SRY was also investigated with LSI SRY. In our laboratory
5% is the standard cutoff point for diagnosing sex chromo-
some mosaicism. For this study, however, any deviation
from a normal male sex chromosome complement, 46,XY,
was defined as low-level or micromosaicism according to
Peschka et al. (7).

Data were compiled in an Excel spreadsheet (Microsoft,
Redmond WA). Statistical analysis was performed with the
Student’s unpaired t-test to compare normally distributed
TABLE 1
Baseline and demographic data.

Variable Normal

Number 67
Age (y) 31.1
Testosterone (ng/dL) 421.5
FSH (IU/L) 7.3
LH (IU/L) 4.5
Y microdeletions (n) 0 (n ¼
Cystic fibrosis mutations (n) 11 (n ¼
5T alleles 8 (n ¼
Sperm density (median) (�106/mL) 2.7
Total sperm count (median) (�106/mL) 6.8
Motility (median) (%) 33.0
Morphology (median) (% normal Kruger) 0.0

Note: Values are means unless otherwise noted.
a P< .05.
b Trend for significance.
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data between groups (Excel) and with the Mann-Whitney U
test (eatworms.swmed.edu) to compare non-normally distrib-
uted data. Significance was set at 0.05.
RESULTS

One hundred one men had peripheral blood sent for FISH
analysis of their sex chromosomes. Sixty-seven men had no
mosaicism, and 34 had low-level sex chromosome mosai-
cism. Fourteen men had multiple cell lines, and 20 had one
cell line in addition to the normal 46,XY. The median per-
centage of abnormal chromosomes in these men was 2%.

Men with micromosaicism were significantly older on
average. Men without mosaicism had a mean (�SD) age
of 31.1 � 8.9 years, compared with 35.2 � 7.1 years in
men with micromosaicism (P<.001). Among men with
low-level mosaicism, 13 were azoospermic and 9 had se-
vere oligoasthenoteratospermia (OAT). Men without low-
level mosaicism had azoospermia in 9 cases and OAT in
25 cases.

The median levels of T and LH were not significantly dif-
ferent, though a trend toward a higher FSH level was encoun-
tered in men with micromosaicism (Table 1). Semen analysis
data were also compared. A trend toward higher median
sperm densities and percent motility in the men without
low-level mosaicism was encountered.

The three most frequent aneuploid patterns observed were
45,X, 47,XXY, and 47,XYY, which were observed in nearly
equal frequencies (Table 2). Sixteen men (47.01%) had
multiple aneuploid cell lines observed.
FISH
Low-level

mosaicism on FISH
P value for

comparison

34
35.2 <0.001a

405.4 0.63
2 11.6 0.06b

9 6.2 0.16
34) 0 (n ¼ 22)
34) 0 (n ¼ 22)
34) 0 (n ¼ 22)
5 1.4 0.25
0 2.5 0.28
0 14 0.12
0 0 0.92
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TABLE 2
Distribution of abnormal FISH results.

Mutation n

45,X 14
47,XXY 15
47,XYY 17
48,XXYY 8
Multiple 16
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We identified 11 men with cystic fibrosis mutations, 8 of
whom had the 5T allele. There were no patients with or with-
out low-level mosaicism who had Y microdeletions in our
series. None of the men with low-level mosaicism had cystic
fibrosis mutations.
DISCUSSION

Within the past decade there has been an enormous prolif-
eration in the number of tests available for men with infer-
tility. Initially, hormonal tests, semen analysis, and
karyotype were all that was available to test men with infer-
tility. These tests, although important, could only begin to
elucidate the potential causes of male infertility. With the
advent of sophisticated genetic testing and more specific di-
agnostic tests, the specific cause of male infertility is now
more likely to be known.

Y microdeletions have been tested for more than 5 years
and may account for up to 33% of cases of infertility among
men with azoospermia and hormonal abnormalities (10).
These diagnoses not only imply a cause but also may predict
outcome for sperm retrieval (11). Cystic fibrosis mutations
and DNA fragmentation studies are commonly informative,
but many authorities routinely cite a 20%–30% rate of idio-
pathic infertility in men.

Sex chromosome mosaicism has recently been investi-
gated in men and women with recurrent pregnancy loss
during assisted reproductive cycles (12, 13). Here, we inves-
tigated a group of 101 consecutive men presenting for male
infertility evaluation. In addition to the standard evaluation,
we sent peripheral blood for chromosome analysis and to
determine whether low-level sex chromosome mosaicism
were present.

In our group, older age was associated with a significantly
higher risk of having low-level sex chromosome mosaicism.
Men with micromosaicism had trends toward lower sperm
densities, lower percent motilities, and higher FSH levels.

Because age has recently been recognized to be a factor in
explaining declining sperm counts and declining male fertil-
ity, it is not surprising that our study found lower sperm
counts and increased risk of genetic alterations among older
Fertility and Sterility�
men (14, 15). Perhaps increasing male age results in alter-
ations in sperm production or results in the accumulation
of DNA damage that impairs meiotic function and results
in higher frequency of abnormal karyotypes, albeit at low
levels.

However, our series found that in 34% of infertile men
screened, mosaicism at a level of <5% was found. Perhaps
increasing the sensitivity of this examination will help
explain infertility in men who would otherwise be consid-
ered to have normal evaluation results. This may also help
to guide treatment in couples, if we find that low-level mo-
saicism is associated with worse IVF outcomes, although
this remains to be studied. According to a large cohort study,
the incidence of X chromosome loss in normal women was
3.5% (7).

These data suggest that a more sophisticated level of anal-
ysis can be applied to infertile men that may allow for a por-
tion of those considered to have ‘‘idiopathic’’ infertility to be
properly diagnosed and have a cause associated with the
fertility difficulty.

The presence of cystic fibrosis mutations in men without
micromosaicism and the absence in cases with micromosai-
cism suggest two different pathways of pathogenesis, both
leading to male infertility. Undoubtedly even more pathways
will emerge as newer technologies become available. As
such, therapies may be more specifically targeted to the indi-
vidual’s condition.
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