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spermatozoa in patients with azoospermia
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Azoospermic patients can now father children once spermatozoa have been retrieved from the epididymis or
the testis. However, there are concerns about the risk of chromosomal abnormalities since an increase in sperm
aneuploidy rate has been reported in samples from patients with abnormal sperm parameters. The purpose of
this study was therefore to evaluate the sperm aneuploidy and diploidy rates for chromosomes 8, 12, 18, X and
Y in spermatozoa extracted from the epididymes (n=10) or the testes (n=6) of patients with azoospermia.
Ejaculated spermatozoa of healthy men (n=14) served as control. Epididymal and testicular spermatozoa had
an aneuploidy rate significantly higher than that found in ejaculated spermatozoa. The aneuploidy and diploidy
rates of testicular spermatozoa were higher, but not significantly different, than those found in epididymal
spermatozoa. This study has shown that azoospermic patients have an increased sperm aneuploidy rate. They
should therefore be given appropriate genetic counselling before entering in-vitro fertilisation programs.
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Introduction
Nowadays even with few spermatozoa extracted from the

epididymis or the testis it is possible for patients with

obstructive (OA) or non-obstructive azoospermia (NOA) to

achieve pregnancy through intracytoplasmic sperm injection

(ICSI).1 However, the use of this technique has raised a great

deal of concern since it may increase the risk of transmitting

genetic diseases to the offspring. Indeed, male infertility is

associated with an increased frequency of abnormal caryo-

type2 which not only impairs spermatogenesis but results in

the production of cytogenetically abnormal spermatozoa.

Moreover, recent reports have shown that patients with

abnormal sperm parameters, despite a normal blood

karyotype, have an increased sperm aneuploidy rate which

correlates negatively with sperm density and with the

percentage of normal forms.3 ± 11 Therefore, there seems to

be a direct relationship between spermatogenetic damage

and sperm chromosome abnormalities. Since azoospermia

represents the most severe degree of spermatogenetic

impairment and given that mature germ cells can be

retrieved from the epididymes or the testes of azoospermic

patients and used to perform ICSI, we thought it was worth

evaluating the aneuploidy rate of these cells. To accomplish

this, we studied the aneuploidy rate of chromosomes 8, 12,

18, X and Y by applying the multicolor fluorescence in-situ

hybridisation (FISH) on spermatozoa retrieved from epidi-

dymes or the testes in a group of non-selected patients with

OA or NOA undergoing an ICSI program.

Subjects and methods
Patient selection

Twenty-one unselected azoospermic patients, attending our

Andrology and Reproductive Endocrinology Unit (AREU) for
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their infertile status, were enrolled in this study. Spermatozoa

were retrieved by epididymal sperm aspiration (PESA) from

10 patients with OA; eight of them had congenital bilateral

absence of the vas deferens (CBAVD), one had acquired OA

and one had post-vasectomy azoospermia. Testicular sperm

aspiration (TESA) or testicular sperm extraction (TESE) was

performed on 11 patients. No, or too few, spermatozoa were

retrieved in five of them; consequently, these patients had to

be excluded from the study because their testicular sperm

aneuploidy rate could not be evaluated. Of the six patients

studied, four had NOA, one had retrograde ejaculation as a

result of pelvic lymphonode eradication for testicular

teratocarcinoma, and one had acquired OA. PESA, TESA or

TESE were performed under local anaesthesia by funicular

infiltration, as previously reported.12 Fourteen healthy men

with normal sperm density, motility and morphology,

according the WHO criteria,13 served as controls. All patients

and controls had a normal karyotype, evaluated by means of

a standard cytogenetic technique.14 The protocol was

approved by the local ethical committee. An informed

written consent was obtained from each patient and control.

Semen preparation for FISH analysis

An aliquot of spermatozoa retrieved from the epididymis or

the testis was washed three times in phosphate buffered

saline (pH 7.2) and centrifuged at 650 g for 10 min. The

sediment was then fixed in methanol/acetic acid (3 : 1). The

fixed specimens were stored at 7208C until further proces-

sing. The sperm head decondensation was achieved by

incubation with 25 mmol/l dithiothreitol, as previously

reported.11 The treatment did not disrupt the sperm

structure, including the tail, allowing an unequivocal

differentiation between the spermatozoa and the other cells

present in the ejaculate.

DNA probes

A double- and a triple-colour FISH were carried out on each

patient and control, using alpha centromeric probes for

chromosomes 8, 12, 18, X and Y. The probe mixture for triple

FISH consisted of a repetitive DNA sequence of centromeric

probes for chromosome X (pDMX1), labelled FITC, for

chromosome Y (pLAY5.5) labelled Cy3 and for chromosome

12 (pBR12) labelled FITC and Cy3. The probe mixture for

double-colour FISH consisted also of a repetitive DNA

sequence of centromeric probes for chromosome 8 (pZ8.4)

and for chromosome 18 (2Xba), labelled FITC or Cy3,

respectively. The probes were provided by Prof M Rocchi,

University of Bari (Bari, Italy).

Hybridisation procedure

Hybridisation was performed as previously reported.11

Briefly, each slide was denatured with a solution of 70%

formamide/26SSC (pH 7.5) at 808C for 150 s. The slides were

immersed in a 70, 90 and 100% ethanol series for 3 min each

and dried by air. The probes, precipitated and denatured at

808C for 8 min, were applied directly to the slides which were

then covered with a coverslip and sealed with rubber cement.

Hybridisation occurred overnight in a dark humidified

container at 378C, after which the coverslip was removed

and the slides were immersed three times in a post-

hybridisation wash of 50% formamide/26SSC at 378C for

5 min, 26SSC three times at 428C for 5 min and 26SSC/

0.1% Tween 20 at room temperature for 5 min. The slides

were then mounted in 4',6-diamidino-2-pheneylindole

Table 1 Aneuploidy rates of spermatozoa extracted from the epididymis, the testis or the ejaculate

Epididymal Testicular Ejaculated
spermatozoa spermatozoa spermatozoa

(n=10) (n=6) (n=14)

Sex chromosomes
X-bearing spermatozoa (%) 51,12 (48.19 ± 57.43) 49.91 (31.25 ± 51.09) 49.76 (48.81 ± 51.55)
Y-bearing spermatozoa (%) 47.22 (39.56 ± 50.4)* 47.19 (43.75 ± 62.5)* 49.86 (48.07 ± 51.81)
XY disomy (%) 0 (0 ± 1.39) 0 (0 ± 0) 0 (0 ± 0.17)
XX disomy (%) 0.56 (0.34 ± 3.60)* 1.23 (0.73 ± 6.25)*{ 0.20 (0 ± 0.51)
YY disomy (%) 0.59 (0 ± 1.43)* 0.77 (0 ± 2.50)* 0.16 (0 ± 0.39)
Total disomy (%) 1.38 (0.75 ± 5.76) 2.07 (1.02 ± 6.25)* 0.43 (0 ± 0.90)
Nullisomy rate 0 (0 ± 0.37) 0 (0 ± 1.02) 0 (0 ± 0)

Autosomes
Chromosome 8 disomy (%) 0.68 (0 ± 1.94)* 1.03 (0 ± 8.70)* 0.18 (0.05 ± 0.38)
Chromosome 12 disomy (%) 0 (0 ± 0.17) 0 (0 ± 0.48) 0 (0 ± 0.20)
Chromosome 18 disomy (%) 0.37 (0 ± 2.34)* 1.23 (0.5 ± 8.70)*,{ 0.20 (0.05 ± 0.45)
Total disomy (%) 1.2 (0 ± 4.09)* 2.23 (0.96 ± 17.4)* 0.46 (0.15 ± 0.65)
Chromosome 8 nullisomy (%) 0 (0 ± 0.28) 0 (0 ± 4.79) 0 (0 ± 0.10)
Chromosome 12 nullisomy (%) 0 (0 ± 0.11) 0 (0 ± 0.63) 0 (0 ± 0)
Chromosome 18 nullisomy (%) 0 (0 ± 1.94) 0 (0 ± 2.39) 0 (0 ± 0.20)
Total nullisomy (%) 0 (0 ± 2.95) 0 (0 ± 7.81) 0 (0 ± 0.25)

Results are expressed as medians with the range in parenthesis; *P50.05 vs Ejaculated spermatozoa, Mann-Whitney test; {P50.05 vs
Epididymal spermatozoa, Mann-Whitney test.
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(DAPI) counterstain and antifade and stored in the dark at

48C with a view to carrying out microscope observation. The

slides were observed using an Axiophot fluorescence micro-

scope (C. Zeiss, Oberkochen, Germany) with an appropriate

set of single band filters for DAPI, FITC, and Cy3. Only intact

spermatozoa bearing a similar degree of decondensation and

clear hybridisation signals were scored; disrupted or over-

lapping spermatozoa were excluded from analysis. Sperma-

tozoa were regarded as abnormal if they presented two (or

more) distinct hybridisation signals for the same chromo-

some, each equal in intensity and size to the single signal

found in normal monosomic nuclei. We considered only

clear hybridisation signals, similar in size, separated from

each other by at least one signal domain and clearly

positioned within the sperm head. Divided (split) signals

were not scored as disomies. Spermatozoa were scored as

nullisomic if they showed no signal for a given chromosome,

whereas the signal of the other chromosome tested was

present. Finally, a spermatozoon was considered diploid in

case it manifested two signals for each tested chromosome

and in case the tail as well as the normal oval shape of a sperm

head were evident. The absence of FISH signals in a

spermatozoon head showing DAPI stain was considered a

case of no-hybridisation.11

Statistical analysis

Results are shown as median and range throughout the study.

The data were analysed using the Mann ± Whitney test. SPSS

9.0 was used for statistical calculation. The coefficient of

variation (CV) of the total sperm aneuploidy rate was

calculated by dividing the standard deviation by the mean

and multiplying the result by 100. A significant statistical

difference was accepted when the P value was lower than

0.05.

Results
The median age of the patients who underwent PESA (32

years, range 28 ± 41) or TESA/TESE (37 years, range: 30 ± 39)

was significantly higher (P50.05) than that of the controls

(26 years, range 19 ± 35). A total of 64 092 spermatozoa was

scored: 7060 epididymal spermatozoa (median 429, range

177 ± 1900), 2723 testicular spermatozoa (median 300, range

39-1314) and 54 309 ejaculated spermatozoa (median 3930,

range 3512 ± 4018). The degree of sperm head decondensation

and readability and the hybridisation efficiency rate (always

greater than 99%) of epididymal and testicular spermatozoa

were similar to those obtained with ejaculated spermatozoa.

Sex chromosome aneuploidy rate (Table 1)

The percentage of X-bearing spermatozoa retrieved from the

epididymes or the testes was not statistically different from

that found in ejaculated spermatozoa, whereas the percen-

tage of Y-bearing spermatozoa was significantly lower in both

groups compared to that found in ejaculated spermatozoa

(P50.05). A very low XY disomy rate was found in all three

groups of spermatozoa, suggesting a low rate of chromosome

nondisjunction during the first meiotic division. On the

other hand, significantly higher XX and YY disomy rates

were found in epididymal and testicular spermatozoa

compared to those in ejaculated spermatozoa (P50.05).

The XX disomy rate found in testicular spermatozoa was

significantly higher than that in epididymal spermatozoa

(P=0.03). Overall, the sex chromosome disomy rate was

significantly higher in spermatozoa retrieved from the

epididymes or the testes compared to that in ejaculated

spermatozoa (P50.001 for both groups). No statistical

significant difference was found between the two groups of

azoospermic patients. The sex chromosome nullisomy rate

was very low and not statistically different in the three

groups.

Chromosomes 8, 12 and 18 aneuploidy rate (Table 1)

The chromosomes 8 and 18 disomy rates were significantly

higher in epididymal and testicular spermatozoa compared

to those in ejaculated spermatozoa (P50.05). The chromo-

some 18 disomy rate was higher in spermatozoa extracted

from the testes with respect to that found in epididymal

spermatozoa (P=0.03). The chromosome 12 disomy rate was

very low in all three groups. As against the controls,

epididymal and testicular spermatozoa had a significantly

higher disomy rate (P50.01). The testicular autosome

disomy rate showed an upward trend compared to epididy-

mal spermatozoa (P=0.07). The nullisomy rates for the three

autosomes studied were very low in all three groups.

Total abnormal chromosome rate

The total aneuploidy rate for the chromosome studied is

reported in Figure 1. Epididymal and testicular spermatozoa

had significantly higher sperm aneuploidy rates compared to

ejaculated spermatozoa (P50.001 for both groups). The total

aneuploidy rate of the azoospermic patients showed a

marked inter-individual variation. All NOA patients had

values substantially higher than the controls, whereas one

patient of the epididymal group had values within the

normal range and three had values close to the upper range

observed in the control group. The median diploidy rate

found in spermatozoa retrieved from the testis (0.32%, range:

0 ± 1.95%) was higher than that found in epididymal (0%,

range: 0 ± 2.4%) or ejaculated spermatozoa (0.04%, range: 0 ±

0.20%). This difference, however, did not reach statistical

significance.

Discussion
The FISH technique used to evaluate sperm chromosome

abnormalities needs to score an adequate number of cells in

order to give meaningful results. However, it is not always

possible to retrieve a large number of spermatozoa from the

epididymes or, which is more difficult, from the testes of
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azoospermic patients. Despite this limitation, it was worth-

while to carry out this study to evaluate the sperm

aneuploidy rate in azoospermic patients requiring therapeu-

tic PESA, TESA and/or TESE, given the paucity of substantial

information on these patients and the frequent use of these

spermatozoa in ICSI programs.

It is widely known that infertile patients have a higher

frequency of constitutional chromosomal abnormalities

which is more marked in patients with azoospermia.15,16

Even among infertile men with a normal blood karyotype,

the frequency of chromosomal abnormalities restricted to

the germ line is considerable.17,18 Furthermore, infertile men

with impaired spermatogenesis may have an increased risk of

producing aneuploid germ cells as a consequence of

chromosomal pairing and/or disjunction errors during

mitosis and/or meiosis15,19 which may constitute the under-

lying pathogenetic cause of the increased sperm aneuploidy

rate found in patients with abnormal semen parameters. So it

seems likely that patients with a more severe spermatoge-

netic impairment, such as those with NOA, are more prone to

mitotic and/or meiotic errors during cell division and

proliferation.9 This derangement in the meiotic process

may be the consequence of a compromised testicular

environment associated with impaired spermatogenesis, as

shown in mice.20

This study has shown that patients with OA or NOA have a

high rate of numerical chromosome abnormalities in

spermatozoa extracted from the epididymis or the testis

respectively, confirming recent preliminary results.7,21 Thus

these data extend the high aneuploidy rate found in

ejaculated spermatozoa of infertile men with various degree

of semen abnormalities (which others and ourselves have

demonstrated3 ± 11,) to spermatozoa extracted from the

epididymes or the testes of patients with azoospermia.

The results of the present study are at variance with those

of Martin and collaborators who evaluated the aneuploidy

rate of testicular spermatozoa retrieved from three patients

with NOA.22 Although these patients had an elevated disomy

rate for chromosomes 13, 21 and XY compared to the

controls, the difference did not reach statistical significance.

This discrepancy may relate to the low number of patients

studied or to the relatively low degree of testicular damage

found in these three patients, as suggested by their normal

serum FSH levels. Alternatively, it may indicate that the

various possible causes of NOA have a different effect on the

sperm aneuploidy rate, some disturbing the mechanisms of

chromosome segregation during germ cell mitosis and/or

meiosis to some extent and others only having minimal

effects.

Both heterochromosomes and autosomes contributed to

the increased aneuploidy rate found in both groups of

azoospermic patients. Chromosome 12 showed the lowest

aneuploidy rate and there was a very low frequency of

nullisomic spermatozoa. This was similar to what we found

in the ejaculated spermatozoa of patients with abnormal

sperm parameters.11 Interestingly, azoospermic patients had

a significantly lower number of spermatozoa bearing the Y

chromosome, suggesting that a higher number of Y-

spermatozoa does not go through spermatogenesis. We have

also observed a marked inter-individual variability in the

aneuploidy rate among azoospermic patients. This variation

was larger in testicular spermatozoa (CV: 89.6%) compared to

the spermatozoa retrieved from the epididymis (CV: 65.3%).

This was predictable since patients with NOA are a more

heterogeneous group with a severer spermatogenetic impair-

ment and thus with a greater impact on chromosome

segregation errors. Indeed, FSH and LH serum levels in the

testicular group were significantly higher than those found in

the epididymal one (12.2+4.2 IU/l vs 3.6+0.4 IU/l and

10.0+1.9 IU/l vs 2.9+0.2 IU/l, respectively). Since the use of

testicular spermatozoa in ICSI programs leads to a lower

ongoing pregnancy and delivery rates as a result of a higher

abortion rate compared to epididymal or ejaculated sperma-

tozoa,12,23 it can be hypothesised that this is an effect of a

higher number of aneuploid spermatozoa found in these

patients.24 The finding that also patients with OA have an

increased sperm aneuploidy rate compared to controls

suggests that a certain degree of spermatogenetic impairment

exists also in these patients.25

In conclusion, this study has shown that spermatozoa

retrieved from the epididymes or the testes of patients with

azoospermia have an increased aneuploidy rate. This implies

that whenever spermatozoa from patients with OA or NOA

are used for ICSI may generate embryos with unbalanced

genetic makeup and therefore an increased risk of chromo-

somal abnormality for the offspring. These patients should

therefore be offered appropriate genetic counseling and

preimplantation or prenatal diagnosis should be carefully

considered.

Figure 1 Individual aneuploidy rate for chromosomes 8, 12,
18, X and Y in spermatozoa retrieved from the epididymis
(n=10) or the testis (n=6) of patients with azoospermia. The
aneuploidy rate found in ejaculated spermatozoa of 14 healthy
men is shown as control.
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