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Abstract

Purpose To investigate the effects of male ageing on DNA
fragmentation and chromatin packaging in the spermatozoa
of oligoasthenoteratozoospermic (OAT) patients.

Methods Sixty-one OAT patients and 49 men with proven
fertility (controls) were included in the present study. DNA
fragmentation was detected by terminal deoxynucleotidyl
transferase-mediated dUTP-nick end labelling (TUNEL) assay,
while chromatin packaging was assessed by chromomycin Aj
(CMA;) staining.

Results In the patient group, semen volume, percentage of
normally shaped spermatozoa and sperm motility decreased
significantly (P<0.05) with age, while sperm concentration
and the percentage of TUNEL and CMA; positive
spermatozoa showed a statistically significant increase with
age (P<0.05). In the control group, conventional semen
parameters as well as DNA fragmentation and chromatin
packaging did not show a statistically significant change
with age (P>0.05).

Conclusion Increased age in OAT patients is associated
with an increase in sperm concentration, DNA fragmenta-
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tion and poor chromatin packaging, as well as a decline in
semen volume, sperm morphology and motility.
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Introduction

In developed countries, it has become socially acceptable to
delay fatherhood, but the inherant consequences of this
trend remain poorly understood. Although, it is well known
that maternal age is a significant contributor to human
infertility [1], advanced paternal age has been associated
with decreased semen parameters, chromosomal abnormal-
ities and reduced fertility [2]. As reported by Wyrobek et
al., it has been associated with diseases of complex etiology
such as schizophrenia and with autosomal dominant
inherited diseases such as achondroplasia and Apert’s
syndrome [1]. Additionally, several studies have shown
that older men seem to produce more sperm with DNA
damage [1, 3, 4], which derives from three potential
sources: oxidative stress, abortive Fas-mediated apoptosis
or deficiencies in natural processes such as recombination
and chromatin packaging that induce DNA strand breaks
[5].

The effects of male age on sperm DNA damage are
significant for men attending reproductive clinics, although
concerns have been raised about the risk of transmission of
damaged DNA to the offspring, particularly at levels that
exceed the DNA repair capacity of the oocyte [4-7].
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Moreover, negative correlations have been observed be-
tween the stability of DNA in the sperm nucleus and the
fertilising capacity of spermatozoa in vivo and in vitro [8—11].

The aim of the current study was to determine any possible
correlation between male age of oligoasthenoteratozoosper-
mic (OAT) patients and the level of spermatozoal DNA
fragmentation by using the terminal deoxynucleotidyl trans-
ferase-mediated dUTP-nick end labelling (TUNEL) assay. It
is known that fertility decreases in women >35 years old. In
addition, it has been reported that men over 35 years are twice
more likely to require more than 12 months to impregnate
their female partners compared to men that are less than 25
years old [12]. We therefore used 35 year of age as a cut-off
point to determine any synergistic effect that may lead to
genetic defects in couples >35 years old. The hypothesis that
the presence of DNA damage in mature spermatozoa is
correlated with poor chromatin packaging due to under-
protamination [13, 14] has been studied, by chromomycin
Az (CMA;) staining. The results obtained were compared to
normal fertile donors (controls). Finally, the association
between male age and conventional semen parameters was
analysed and compared to normal fertile donors.

Materials and methods
Patients

Sixty-one patients were referred to the Department of
Assisted Reproduction at Elena Venizelou hospital with the
view of participating in an ICSI program, after experiencing
at least 2 years of infertility. A severe male factor condition
was the main cause of infertility due to oligoasthenoterato-
zoospermia. Furthermore, 49 healthy donors, with proven
fertility, were also included in the study in order to evaluate
possible differences between fertile and infertile men. In
order to eliminate the potential confounding effects of the
duration of sexual abstinence [15], all semen samples were
collected after 45 days of sexual abstinence.

After liquefaction for 30 min at room temperature, all
semen samples were first analysed to evaluate volume,
concentration, linear progressive motility and morphology,
according to WHO guidelines [16] and strict criteria [17].
Semen samples with volume >2 ml, sperm concentration
>20x10%ml, morphology >14% and percentage of sperm-
atozoa with total progressive motility >50% were regarded
as normal. Semen with lower values than aforementioned
was considered as abnormal.

Semen preparation/fixation

The sperm samples were washed three times in phosphate-
buffered saline (PBS), pH 7.2, centrifuged at 280xg for
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10 min and the pellet was then fixed in methanol/acetic
acid (3:1). The fixed spermatozoa were spread on poly-
L-Lys-coated slides and kept at room temperature for
1-3 days. At least two slides were prepared for each
patient.

Decondensation treatment

The fixed sperm was washed in 2X standard saline citrate
solution (SSC) with 0.3 mol/l NaCl, incubated for 30 min
in 0.1 mol/l Tris—HCI (pH 7.5) with 10 mmol/l dithiothreitol
(DTT) and for another 90 min in 0.1 mol/l Tris—HCI
(pH 7.5) containing 4 mmol/l 3,5-diiodo salycyclic acid
(LIS) at room temperature. After decondensation, the slides
were washed once in 2X SSC, once in 1X PBS and finally
dehydrated through an ethanol series (70, 85 and 100%)
and air-dried. As this treatment allows the maintenance of
the sperm structure, including the tail, the differentiation
between the spermatozoa and other cells present in the
ejaculate was unequivocal and easy to detect.

TUNEL

DNA fragmentation induced in spermatozoa was measured
using the TUNEL assay (Roche Biochemicals, Mannheim,
Germany). Briefly, the TdT-labelled nucleotide mix was
added to each slide and incubated at 37°C for 60 min. The
slides were rinsed twice in PBS and then counterstained
with 10 mg/ml 4',6-diamidino-2-phenyl-indole (DAPI,
Vysis). Controls were also included in every experiment:
for the negative control TdT was omitted in the nucleotide
mix, whereas positive controls were generated by incubat-
ing the sperm cells for 10 min at room temperature with 50
units/ml DNase I (Boehrinhger Mannheim, Germany).

At least 500 spermatozoa per sample were evaluated using
a Zeiss-Axioscope (Athens, Greece) fluorescence micro-
scope equipped with a single band pass filter (DAPI), triple
band pass filter (DAPI/Orange/Green), dual band pass filter
(Aqua/Orange) and a single band pass filter (Green). The
images were collected using a cooled CCD (charged coupled
device) camera and captured by using Quips® PathVysion
(Smart Capture VP, Athens, Greece). The number of cells per
field stained with DAPI (blue) was first counted; the number
of cells with Texas red fluorescence (TUNEL positive) was
expressed as a percentage of the total sample.

Chromomycin Aj staining

For the CMAj staining, the slides were treated for 20 min
with CMA; solution (0.25 mg/ml in Mcllvane’s buffer,
pH 7.0, containing 10 mM MgCl,), rinsed twice in PBS
and counterstained with 10 mg/ml 4', 6-diamidino-2-
phenyl-indole (DAPI, Vysis).
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The slides were observed using a Zeiss Axioscope
fluorescence microscope and a total of 500 spermatozoa were
randomly evaluated on each slide. Two types of staining
patterns were identified, namely bright yellow fluorescence of
the sperm head (chromatin packaging abnormal) and dull
yellow staining (normal chromatin packaging).

Statistical analysis

All calculations were performed using SPSS-PC V11.0
Software. Because not all variables are normally distributed
(as shown by analysis of variance using the Kolmogorov—
Smirnov and Shapiro—Wilk tests), nonparametric analyses
were applied for all variables. Differences between the
means were analysed using the Mann—Whitney U test for
two non-paired data, which is better suited to represent
small samples and skewed distributions. For the two group
comparisons, age was treated as a categorical variable and
35 years was selected as the cut-off because it corresponds
to the 35-year old criterion for prenatal diagnostic testing
due to advanced maternal age and was also a very
symmetric and representative cut point for our study’s data.
For correlation analysis, age was treated as a continuous
variable. The Spearman rank correlation coefficient was
used to determine the correlation between two variables. A
P value of <0.05 was considered statistically significant and
the results are presented as means+Standard Deviations.

Results

Age, semen parameters, DNA fragmentation and chromatin
packaging of the 110 men included in the study, are
presented in Table 1.

Semen analysis

As summarised in Table 1, the OAT patients obviously
showed significantly lower semen parameters in compari-
son to normal controls. In order to evaluate any possible
association between male age and conventional semen
parameters, the OAT patients and the controls were split
into two age groups, patient group 1 (24-34 years), patient
group 2 (35-54 years) and control groups 1 and 2 aged
24-34 and 35-45, respectively.

As it is shown in Table 2, patient group 1 had
significantly higher percentage of morphologically normal
spermatozoa (P<0.001) and percentage of progressive
motility (P=0.018) comparing to patient group 2. Con-
versely, sperm concentration was significantly lower in
patient group 1 compared to patient group 2 (P=0.004),
while semen volume showed a non-significant decrease
with age (P=0.028). For the healthy donors (controls),
sperm concentration, morphology and progressive motility
did not differ significantly between the two age groups.

Sperm DNA fragmentation and chromatin packaging

A total of 110,000 spermatozoa were scored in order to
evaluate the possible level of DNA fragmentation and
chromatin packaging. The results, presented in Table 1, show
that the overall DNA fragmentation rate of samples from the
OAT patients and the percentage of chromomycin A;
positive spermatozoa was 30.0+£7.1% and 31.5£7.1%, res-
pectively, in contrast to the 6.2+1.8% and 6.3+1.8%, P<
0.001 in the controls.

The association analyses between double stranded DNA
breaks, poor chromatin packaging and age showed that at the
breakpoint of 35 years, patient group 1 exhibited signifi-

Table 1 Descriptive statistics and comparison between OAT patients and controls

Group Age (years)  Duration Volume Concentration Morphologically Total DNA %
of sexual  (ml) (X 10°/ml) normal sperm progressive fragmentation Chromomycin
abstinence (%) motility (% TUNEL  Aj positive
(days) (%) positive spermatozoa
spermatozoa)
Patients (meantSD)  36.8+6.4 41+04  29+1.1 42+27 6.8+2.9 21.549.1  30.0£7.1 31.5+7.1
(n=61) Range 24-54 4-5 0.5-5.0 0.8-11.0 1.0-13.0 0.0-33.0 19.4-49.8 11.647.8
Controls (mean+SD)  34.6+5.4 41+03  3.4+0.7 46.8+19.3 29.0+7.4 55.6£43  6.2+1.8 6.3+1.8
(n=49) Range 24-45 4-5 2.0-5.1 22.0-106.0 15.0-45.0 50-70 3.4-12.6 32-11.4
P (Mann— NS (0.097) NS P=0.02 P<0.001 P<0.001 P<0.001  P<0.001 P<0.001
Whitney (0.479)
test)

NS=not significant
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Table 2 Descriptive statistics and comparisons between the two age subgroups in both OAT patients and controls

Group Age Duration ~ Volume Concentration Morphologically Total DNA %
(years) of sexual  (ml) (X 10%ml) normal sperm  progressive fragmentation Chromomycin
abstinence (%) motility (%) (% TUNEL  Aj positive
(days) positive spermatozoa
spermatozoa)
Patients (meantSD) 31.9+2.4 4.1+0.2 3.2+1.0 33+£23 7.9+2.8 23.9+9.6 26.3+5.3 27.5+7.9
Groupl
(n=30) Range 24-34 4-5 0.5-5.0 0.8-9.0 2.0-13.0 0.0-33.0 19.4-40.6 11.6-41.6
Patient (mean+SD) 41.6+54 4.2+04 2.6£1.0 5.0£2.7 5.8+£2.7 19.2+£8.0 33.7£6.7 35.4+8.2
Group2
(n=31) Range 35-54 4-5 0.6-4.7 0.8-11.0 1.0-13.0 5.0-33.0 20.6-49.8 15.0-47.8
P (Mann— P<0.001 NS P=0.028 P=0.004 P<0.001 P=0.018 P<0.001 P<0.001
Whitney (0.082)
test)
Control (meantSD) 30.3+2.6 4.1+0.3 3.3£0.7 51.0+£22.4 30.0+8.0 56.5+4.4 6.5+1.9 6.5+1.8
Groupl
(n=26) Range 24-34 4-5 2.1-4.6 22.0-106.0 15.0-45.0 50.0-70.0  3.4-12.6 3.4-11.4
Control (mean+SD) 39.3+3.2 4.1+0.3 3.4+0.8 42.0+14.0 27.8+6.7 54.7+4.1 5.9+1.7 6.2+1.8
Group2
(n=23) Range 35-45 4-5 2.0-5.1 22.0-81.0 20.0-45.0 50.0-65.0 3.8-94 3.2-10.6
P (Mann— P<0.001 NS NS (0.880) NS (0.173) NS (0.144) NS (0.301) NS (0.189) NS (0.602)
Whitney (0.745)
test)

NS=not significant.

cantly lower percentages of TUNEL (26.3+5.3%, P<0.001)
and CMA; positive (27.5+7.9%, P<0.001) spermatozoa in
comparison to patient group 2 (33.7+6.7% and 35.4+8.2%,
respectively). Conversely, in the controls there was no
statistically significant difference between the two age
groups in the percentages of cells with fragmented DNA
and CMA; positive spermatozoa (Table 2).

Correlation of age with semen parameters, DNA
fragmentation and poor chromatin packaging

Using the Spearman rank correlation coefficient, statistical-
ly significant negative correlations were found between
patients’ age and semen volume (#=—0.319, P=0.012),

percentage normal morphology (r=-0.418, P=0.001) and
motility of the ejaculated sperm (r=—0.294, P=0.022). In
contrast, positive and statistically significant correlations
were observed between patients’ age and sperm concentra-
tion per ml (r=0.258, P=0.045), the percentage of sperm
with DNA fragmentation (»=0.558, P<0.001) and the
percentage of CMA; stained spermatozoa (r=0.493, P<
0.001; Table 3; Fig. 1).

In the control groups, a positive but not statistically signif-
icant correlation was found between age and semen volume
(r=0.060, P=0.682). In addition, the negative correlations of
age with sperm concentration per ml (r=—0.266, P=0.065),
percentage normal morphology (#=—0.150, P=0.304) and
motility of the ejaculated sperm (»=—0.206, P=0.155) were

Table 3 Correlations of age with conventional semen parameters, DNA fragmentation and poor chromatin packaging in OAT patients and

controls
Volume (ml)  Sperm Morphologically ~ Total DNA fragmentation % Chromomycin Aj

Concentration ~ normal sperm progressive (% TUNEL positive  positive spermatozoa
(X10%/ml) (%) motility (%)  spermatozoa)

Patients Age (Years) r=-0.319% r=0.258* r=—0.418* r=—0.294* r=0.558* r=0.493*

(n=61) P=0.012 P=0.045 P=0.001 P=0.022 P<0.001 P<0.001

Controls  Age (Years)  r=0.060 r==0.266 r==0.150 r==0.206 r=—0.105 r==0.021

(n=49) P=0.682 P=0.065 P=0.304 P=0.155 P=0.472 P=0.884

*P<0.05
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Fig. 1 Scatter graphs illustrating the associations between age and
DNA fragmentation (a; r=0.558, P<0.001) as well as age and
percentage of Chromomycin Aj positive spermatozoa (b; »=0.493,
P<0.001)

not statistically significant. Similarly, sperm samples with
DNA fragmentation and positively stained with CMA; had a
not statistically significant negative correlation with age (r=
—0.105, P=0.472; r=—0.021, P=0.884, respectively).

Correlations of DNA fragmentation and poor chromatin
packaging

In the patient group, a strong, positive, statistically
significant correlation was found between TUNEL and
CMA; positive spermatozoa (r=0.757, P<0.001). Similar
results were observed in the control group (»=0.777, P<
0.001).

Table 4 shows the correlation of TUNEL and CMA;
positive spermatozoa with conventional semen parameters.

Discussion

Previous studies have reported that increased male age is
significantly associated with a decrease in semen volume,
decrease of morphologically normal spermatozoa and
decrease of progressive motility while no consistent effect
has been reported on sperm concentration [15]. In the
present study, OAT patients’ age correlated negatively and
significantly with the percentage of morphologically nor-
mal spermatozoa and the progressive motility of the
ejaculated sperm, while a negative correlation with age
was observed in semen volume that was non-significant. In
contrast, a statistically significant, positive correlation was
observed between OAT patients’ age and sperm concentra-
tion, which is supported by several studies [18-21].

These changes in conventional semen parameters of OAT
patients, due to increased male age, could be explained by
several mechanisms [15]. In the control group, the same
trend as in the patients group was observed, although no
statistical significance between age and semen parameters
was achieved, a finding also observed by Lopes et al. [22],
despite the fact that several studies have reported age-
related changes in semen quality of fertile men [23-25].

Additionally, a number of studies have demonstrated an
age-related increase in sperm cells with double-stranded
DNA breaks or poor chromatin packaging [1, 4, 26-28]. In

Table 4 Correlations of DNA fragmentation (% TUNEL positive spermatozoa) and poor chromatin packaging (% Chromomycin Az positive
spermatozoa) with conventional semen parameters, in OAT patients and controls

Volume (ml)

Sperm concentration
(X10%/ml)

Morphologically normal
sperm (%)

Total progressive
motility (%)

Patients (n=61) DNA Fragmentation r=-0.165
P=0.205

Poor chromatin packaging r=—0.176

P=0.174
Controls (n=49) DNA Fragmentation r=0.105
P=0.474
Poor chromatin packaging r=0.080

P=0.586

r=0.182 r=—0.349* r=—0.406*
P=0.161 P=0.006 P=0.001
r=0.153 r=—0.295* r=—0.329*
P=0.240 P=0.021 P=0.010
r==0.033 r=—=0.032 r==0.112
P=0.821 P=0.827 P=0.443
r=-0.018 r=-0.075 r=—0.211
P=0.900 P=0.608 P=0.145

*P<0.05
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the current study, it was observed that DNA fragmentation
and poor chromatin packaging was significantly higher in
OAT patients >35 years compared to patients younger than
34 years old. While in the control groups, the results that
were observed were not statistically significant. This age-
related effect may happen as older men may produce more
sperm with DNA fragmentation due to higher exposures of
oxidative stress in their reproductive tracts [29]. As
reported by Aitken et al., oxidative stress can damage both
mitochondrial and nuclear membranes as well as sperm
DNA [30]. Alternatively, in older men, the apoptotic
functions of spermatogenesis are probably less effective,
resulting in the production of more spermatozoa with
fragmented DNA [31].

These observations of age-related effects on sperm DNA
damage were also presented by Wyrobek et al. [1].
Moreover, in the present study, DNA fragmentation and
poor chromatin packaging in infertile men appeared to be
inversely correlated with conventional semen parameters, a
fact also highlighted in several studies [14, 32, 33].
However, this relationship was not found in the spermato-
zoa of fertile donors, which was also observed by Hughes
et al. [34].

The hypothesis that the presence of DNA damage in
mature spermatozoa is correlated to poor chromatin
packaging [13, 14] has been confirmed as a strong
correlation between TUNEL and CMAj positive spermato-
zoa was observed. This trend can be attributed to double-
stranded DNA breaks that naturally occur in the male germ
line both in preparation for recombination and during the
process of chromatin packaging [35]. Normally, these DNA
breaks are resolved during the spermatid stage of sper-
matogenesis. It may, therefore, be postulated that abnormal
chromatin packaging is due to unresolved DNA breaks in
mature human spermatozoa. However, more evidence is
required to support this concept.

Although, sperm DNA damage is strongly associated with
sperm function and infertility [7], the exact mechanism of
sperm DNA damage is still ambiguous. Both intratesticular
and post-testicular events have been postulated. Different
mechanisms have been proposed to explain the presence of
these anomalies in human ejaculated spermatozoa. Sperm
DNA damage may be due to oxidative stress, defective sperm
chromatin packaging and disordered apoptosis [36—38].

There is also strong clinical evidence that sperm DNA
damage in association with increased abnormalities in
conventional semen parameters have a pronounced negative
effect on reproductive outcome [7, 39—41]. Furthermore,
for a threshold value of DNA fragmentation above 10%, a
significant negative correlation to the fertilisation rate has
been reported by Benchaib et al. [42].

From a clinical point of view, a study by Greco et al.
[43] showed that ICSI with testicular spermatozoa is a very
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efficient assisted reproduction treatment option in men
with high levels of sperm DNA fragmentation, because
most of the DNA damage observed in ejaculated sperma-
tozoa occurs post-testicularly. Another potential and less
invasive approach is the oral administration of the
antioxidants vitamin C and E which can reduce the
increased incidence of DNA fragmentation in ejaculated
spermatozoa [44]. As shown in the current study, OAT
patients aged >35 years show greater ssmen DNA damage
compared to younger patients. Therefore, the above
treatment options may be considered in such patients
based on each patient’s clinical history, previous exams
and specific indications.

In conclusion, this study shows an age-related decrease
in conventional semen parameters, an increase in human
sperm DNA damage and poor chromatin packaging in
oligoasthenoteratozoospermic patients, over 35 years. DNA
fragmentation, although still controversially discussed, is
predictive of pregnancy and it may be associated with de
novo genetic abnormalities. Testing sperm chromatin
packaging may help in selecting spermatozoa with the least
amount of damage for use in assisted conception.
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