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Abstract

In this study, we aimed to compare DNA fragmentation ratios, centrosomal protein concentrations (centrin and
tubulin) and numerical chromosomal abnormalities between four groups including asthenozoospermia,
teratozoospermia, oligoasthenozoospermia and normozoospermia patients, and to emphasize the necessity of
investigating genetic and protein content of the spermatozoa also in patients with a semen analysis within normal
reference range. Evaluation of semen analysis of the patients was performed based on WHO 2010 criteria. As a
result of the statistical analysis, it was observed that the sperm DNA fragmentation rate in the normozoospermia
group (6.50 + 3.46%) was significantly lower than those in the teratozoospermia (19.69 + 9.86%) and
oligoasthenoteratozoospermia group (32.47+ 14.13%) (p<0.001). For centrin and tubulin proteins, highest
concentrations were observed in normozospermia group (p<0.05). When incidence of numerical abnormalities
were compared between four groups, it was found that there were statistically significant differences between
groups in terms of nullisomies X, Y and 13, and 21 (p<0.05). In conclusion, we suggest that abnormalities in
semen parameters seem to be associated with chromosomal abnormalities; and sperm aneuploidy rate is also at a
considerable level even in normozoospermic patients.
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1. Introduction

Male infertility is one of the important problems in humans and can be caused by different pathologies such as
anatomical problems, infections, hormonal imbalances, chromosomal changes and gene anomalies. Although 30%
of infertile men are affected by idiopathic oligoasthenoteratozoospermia, the cause of infertility is not fully known
(Moretti, 2007). The first and basic test used to evaluate male infertility is standard semen analysis. It is used to
evaluate all infertile men. In standard semen analysis, semen volume and Ph, sperm concentration, mobility,
morphology, sperm leukocyte count are evaluated parameters (Barrat,2011). Although standard semen analysis is
routinely used in the evaluation of male infertility, the evaluated parameters may be insufficient in the exact
separation of fertile and infertile men (Natali, 2011). Sperm DNA content is thought to be an additional parameter
indicating semen quality and fertility potential (Aitken,2011). In studies performed to date, sperm chromatin
defects and DNA fragments in infertile men have been shown to be higher than in fertile patients (Zini, 2001;
Agarwal,2003; O Brien,2005; Schulte,2010; Omran,2013). Another point is the positive or negative effects of the
nuclear quality of spermatozoon, especially in the success of assisted reproductive techniques applied in infertile
couples. Studies have shown the relationship between semen parameters and sperm aneuploidy rates (Omran,2001).
The susceptibility to aneuploid and diploid sperm production will increase the risk of chromosomal abnormal
conceptus. As a result, this will lead to implant failure and/or pregnancy losses. It has been reported that most of
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the chromosome anomalies that occur after ICSI, which is one of the assisted reproductive techniques performed
using the sperm of infertile men, are from paternal origin [Spano,2000,Mehdi,2006). Although high aneuploidy
levels have been reported in fragmented DNA-containing spermatozoa of infertile cases with abnormal semen
parameters (Brahem,2012), there are also studies showing that there is no relationship (Tandara,2014). The
analysis of sperm motility plays a central role in the evaluation of male fertility because it is known that a high
percentage of poorly motile or immotile sperm will not be able to fertilize. Studies have reported that decreased
tubulin protein level is associated with poor sperm motility (Moretti, 2007; Chan, 2009;Bhagwat 2014).
The high rate of centrin expression in the neck regions of mammalian sperm cells has led to the concentration of
research in the testicular tissue. As a result of centrin studies for gametes, some researchers have argued that the
expression level of protein deficiencies may be related to infertility (Van Blerkom, 1996;Sun, 2002, Ayashti,2012).
In this study, we aimed to compare DNA fragmentation ratios, centrosomal protein concentrations (centrin
and tubulin) and numerical chromosomal abnormalities between four groups including asthenozoospermia,
teratozoospermia, oligoasthenoteratospermia and normozoospermia patients and to emphasize the necessity of
investigating genetic and protein content of the spermatozoa also in patients with a semen analysis within normal
reference range.

2. Materials and Methods

This study included men who admitted to Assisted Reproduction Unit of Kocaeli University Faculty of Medicine
for infertility treatment. All men were informed about the aim and the design of the study. The study was based
on voluntariness and all participants signed the written informed consent forms. This study was approved by Ethics
Committee of Kocaeli University.

2.1. Sample Selection and Patient Groups
Sperm samples of normozoospermic (n=20), asthenozoospermic (n=35), teratozoospermic (n=35), and
oligoasthenoteratozoospermic (n = 30) patients were used in the study. Sperm samples were obtained after a 3-5
days of abstinence in Kocaeli University IVF Unit. Semen analyses were performed just after complete
liquefaction of semen samples. Samples were classified into four groups based on WHO criteria (2010) such as
normozoospermic, asthenozoospermic, oligoasthenoteratospermic, and teratozoospermic. Following this
classification, semen samples were separated for TUNEL, immunohistochemistry, western blot and fluorescence
in-situ hybridization (FISH) analyses. All sperm samples were fixed on the slides and stored at room temperature
for DNA fragmentation analysis. FISH analysis was performed by fresh sperm samples. For Western Blot analyses,
proteins were isolated from the spermatozoa and the proteins were stored at -20°C until analysis.

We performed TUNEL method on four groups and we compared the results in the study. While comparing
motility parameters of normospermic, oligoasthenospermic, teratozoospermic and asthenospermic sperm samples,
we aimed to use centrin and tubulin proteins that are found in the centrosome.

2.2. FISH technique
FISH analyses in the study were performed with prenatal kit probes (Cytocell-aquaris, UK) described by Vahab
Saadi et al (Vahab Saadi, 2010).

The preparations were examined under fluorescent microscope (Olympus BX61, USA) with the aid of
suitable filters. At first, DAPI filter was used, and the appropriate metaphase screening was done. After the
detection of appropriate metaphase screening, signals were shown by using filters with red and green spectra. 200
spermatozoa nuclei were assessed per probe for each slide. Signals were analyzed by a computer system (Applied
Image Analyser (USA)) that was attached to fluorescence microscope and they were imaged by a camera (Sensys,
Olympus, USA). At the end of the analyses, the ratios of numerical chromosomal abnormalities (disomies,
nullisomies, diploidy, etc.) were explored and the results were evaluated.

2.3. Western Blot

Sperm cells were washed three times with ice-cold PBS and homogenized in lysis buffer containing 30 mM Tris,
7M Urea, 2 M Thiourea, 5 mM Magnesium acetate, 4% (w/v) CHAPS pH 8.5, by using 0.1 mm glass beads in a
mechanical disruption device (Bullet Blender; (Next Advance, USA). Homogenates were centrifuged at 15.000xg
for 30 min at 4 °C to remove cell debris. Protein concentrations were determined by Bradford Assay (BioRad,
USA) and protein extracts were aliquoted, snap-frozen in liquid nitrogen and stored at —80 °C.

Proteins were separated by 12% SDS-PAGE and transferred to a PVDF membrane (Roche, USA) using a
Semi-Dry Transfer Cell (Bio-Rad, USA). The membrane was blocked in TBS-T buffer (Tris.HC1 25 mM pH 7.2,
NaCl 150 mM, and 0.1% Tween 20) containing 5% non-fat dry milk for 1 h at room temperature (RT) and
subsequently incubated with primary antibody in TBS-T (in 2.5% non-fat dried milk in TBS-T) for 1 h at RT. The
membrane was washed three times with TBS-T and then incubated with HRP-labelled secondary antibody (Bio-
Rad, USA) for 1h at RT. Following three rinses with TBS-T, protein bands were visualized with an enhanced
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chemiluminescence detection system (Bio-Rad, USA). A monoclonal anti-tubulin antibody (SantaCruz, USA, sc-
8035) and a polyclonal anti-centrin anttibody (SantaCruz, USA, sc-365697) were used for blotting the membrane.
Then the proteins were visualized with an ECL Plus Western blotting detection system (GE Healthcare). The bands
were quantitated by using Quantity One 1D image analysis software (Bio-Rad, USA).
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Picture 1. Western blot bands belonging to the normozoospermia, astenozoospermia, teratozoospermia and
oligoastenothozoospermia against centrin and tubulin antibodies.

2.4. Immunofluorescence staining

Sperm samples were placed on glass cover slips and were fixed with formaldehyde and permeabilized with 0.5%
Triton X-100 as described in Kasap et al., (Kasap, 2011). Cover slips were mounted in Mowiol before analysis.
Monoclonal antibodies were from Santa Cruz Biotech (USA). Non-cross reactive Texas Red secondary antibody
and DAPI was from Jackson ImmunoResearch (USA). Cells were observed with an inverted Olympus CKX41
(USA) microscope with an appropriate filter set.

2.5. TUNEL Method

TUNEL method was applied with the references of Millipore, ApotTag- Plus Fluorescein In Situ Apoptosis
Detection Kit S7111 (USA) (Park, 2006). The preparations were photographed under fluorescence microscope
(Olympus BX51); a mean of 200 cells were counted per slide and % percentage was calculated by Park at al.,
(Park, 2006). While signals could not be taken from healthy cells, green signals were obtained from apoptotic
sperm cells. Since DAPI was used, healthy sperms were observed in blue color. Since a common filter was used,
apoptotic cells were observed on blue background with their green signals.

3. Statistical Analysis

Variables were presented as mean +/- SD and median (25th — 75th percentiles). Statistical assessment was done
by SPSS 20.0 (SPSS Inc., Chicago, IL, USA) package program. Compliance of numerical variables to normal
distribution was tested by Kolmogorov-Smirnov Test. Differences between groups were tested by Kruskal-Wallis,
Dunn's Multiple comparison test and Mann Whitney U test for the variables that were not showing normal
distribution. p<0.05 was considered as statistically significant.

4. Results

As a result of the one-way analysis of variance (One Way ANOVA) performed to compare age, volume, sperm
count, sperm progression, +4 motion, +3 motion and morphology values by groups, there was no significant
difference between the groups according to age and volume. There was a significant difference in terms of motility,
sperm progression, +4 motion, +3 motion and morphology (Table 1).
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Table 1. Comparison of spermiogram results by groups
Group 1 Group 2 Group 3 Group 4 p
Age 31,75+5.74 31,03+5.69 31,57+5.59 32,83+6.72 >0.05
Volume (ml) 3,05£1.17 3,41£1.75 3,69+1.41 2,57+1.13 >0.05
Sperm Count (mil/ml) 78,40+48.77 41,76+27.19 4591+33.18 8,81+2.48 <0.001
Sperm Motility (%) 59,55+8.56 29,31+11.55 55,60+11.30 12,67+4.13 <0.001
Sperm Progression (%) 48,70+10.90 21,57+10.00 42,80+12.36 9,27+3.28 <0.001
+4 motil sperm (%) 6,75+5.20 1,00+2.03 4,14+4.92 1,404+2.04 <0.001
+3 motil sperm (%) 41,00+9.79 20,26+9.73 38,66+12.20 7,87+£2.70 <0.001
Morphology (%) 8,65+2.11 5,40+1.38 0,49+0.74 0,33+0.48 <0.001

Group 1: Normozoospermia
Group 2: Asthenozoospermia
Group 3: Teratozoospermia
Group 4: Oligoasthenoteratozoospermia

When the TUNEL percentage reflecting the sperm fragmentation rate was examined, the difference between
the groups was found to be statistically significant (p <0.001). As a result of the analysis, it was observed that the
sperm DNA fragmentation ratio in oligoasthenoteratozoospermia group was higher than the other groups. In our
study, sperm fragmentation ratios were found as 6.50+£3.46% in normozoospermia group, 11.09+£6.07% in
astheozoospermia group, 19.69+9.86% in teratozoospermia and 32.47+14.13% in oligoasthenoteratozoospermia
group; and the difference was found to be statistically significant (p=0.000) (Table 2).
Table 2. Results of TUNEL, Western-blot and immunofluorescence staining among all groups

Group 1 Group 2 Group 3 Group 4 p
TUNEL Percent 6,50+3.46 11,09+6.07 19,69+9.86 32,47+14.13 <0.0014
Western tubulin 9,29+9.50 4,09+3.20 1,20+0.68 0,45+0.27 <0.001B
Western centrin 19,61+£16.51 2,28+1.51 1,10+0.53 0,49+0.32 <0.001¢

A; When group 1 and group 3 and 4 are compared (p <0.001, p <0.001, respectively)

When group 2 and group 3 and 4 are compared (p = 0.002, p <0.001, respectively)

When group 3 and group 4 are compared (p <0.001)

B; When group 1 and group 2, 3 and 4 are compared (p <0.001, p <0.001, p <0.001, respectively)
When group 2 and group 3 and 4 are compared (p = 0.031, p <0.005, respectively)

C; When group 1 and group 3 and 4 are compared (p <0.001, p <0.001, p <0.001, respectively)

The evaluation results of Western tubulin and western centrin levels, which have an important place in sperm
motility and embryogenesis, are presented in Table 2. As expected, the lowest values were observed in Group 4.
This difference between the groups was found to be significant according to the One Way ANOVA test (p <0.001).

FISH test was used to investigate whether there is chromosomal anomaly or not in the spermiogram test. The
data obtained are presented in Table 3. As expected, chromosomal anomaly was mostly observed in Group 4
patients. In the evaluation made in terms of Nullism X, Nullism Y and Nullism 13, ve significant difference was
found between the groups. At the end of FISH analyses, no significant differences were found between group in
terms of monosomies X, Y, 13, 18 and 21 (Table 3). There were no statistically significant differences between
groups in terms of disomies X, Y, 13, 18 and 21 (Table 3).

Table 3. FISH results of the study groups

Group 1 (n=20) | Group 2 (n=35) | Group 3 (n=35) | Group4 (n=30) |p
Nullisomi X (n) 4 (%20) 11 (%31.4) 18 (%51.4) 24 (%80) <0.001
Nullisomi Y (n) 1 (%5) 6 (%l17.1) 11 (%31.4) 16 (%53.3) 0.001
Nullisomi 13 (n) 3 (%l15) 15 (%42.9) 19 (%54.3) 17 (%56.7) 0.017
Nullisomi 18 (n) 4 (%20) 6 (%17.1) 10 (%28.6) 11 (%36.7) 0.295
Nullisomi 21 (n) 2 (%10) 10 (%28.6) 11 (%31.4) 10 (%33.3) 0.275
Monosomi X (n) 4 (%20) 8 (%22.9) 14 (%40) 12 (%40) 0.204
Monosomi Y (n) 2 (%10) 9 (%25.7) 8 (%22.9) 8 (9%26.7) 0.512
Trisomi 13 (n) 4 (%20) 6 (%l17.1) 14 (%40) 11 (%36.7) 0.108
Trisomi 21 (n) 2 (%10) 5(%14.3) 14 (%40) 14 (%46.7) 0.003
Monosomi 13 (n) | 2 (%10) 7 (%20) 8 (%22.9) 9 (%30) 0.404
Monosomi 18 (n) 1 (%5) 5 (%14.3) 7 (%20) 7 (%23.3) 0.342
Monosomi 21 (n) 1 (%5) 7 (%20) 9 (%25.7) 8 (9%26.7) 0.243
Disomi X (n) 3 (%15) 7 (%20) 11 (%31.4) 7 (%23.3) 0.517
Disomi Y (n) 3 (%15) 10 (%28.6) 10 (%28.6) 7 (%23.3) 0.662
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Group 1 (n=20) | Group 2 (n=35) | Group 3 (n=35) | Group4 (n=30) | p
Disomi 13 (n) 2 (%10) 8 (%22.9) 14 (%40) 8 (%26.7) 0.099
Disomi 18 (n) 3 (%l15) 8 (%22.9) 7 (%20) 10 (%33.3) 0.444
Disomi 21 (n) 6 (%30) 9 (%25.7) 17 (%48.6) 8 (%26.7) 0.153

When the concentrations of western blot bands belonging to the normozoospermia, astheonozoospermia,
teratozoospermia and oligoasthenoteratozoospermia groups were measured against centrin and tubulin antibodies,
the bands belonging to the normozoospermia group were higher than the other three groups (Figure 2). As a result
of the statistical analysis between the groups, the same result was obtained.

Fig.2-Examples of sperm fluorescent in situ hybridization (FISH) visualized under a fluorescence microscope.
Top left: Teratozoopermia group, Sperm with chromosome 13 disomy, Top right: Asthenozoospermia group,

sperm with chromosome Y disomy, Bottom left: Oligoastenoteratospermia group,

Y disomy and Bottom right: normozoospermia group, normal sperm.
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In the immunofluorescence staining against the tubulin and centrin proteins concentrated in the sperm neck region
especially between the normozoospermia group and oligoastenothetospermia groups, the differences between the
staining areas are noteworthy. We observed that the presence of tubulin and centrin protein in the neck region was
higher in the normozoospermia group (Figure 3).

Fig.3-Immunofluorescent localization of centrin and tubulin in human sperm. Blue, DNA; and red, functional
centrosomal proteins (tubulin or centrin). Top left: Oligoastenoteratospermia group Tubulin antibody. Top right:
Oligoastenoteratospermia group Centrin antibody. Bottom left: Normozoospermia group Tubulin antibody.
Bottom right: Normozoospermia group Centrin antibody. Neck and flagella regions are more intense stained in
normozoospermic group than Oligoastenoteratospermia sperm samples.

5. Discussion
The integrity of the centrosome of spermatozoa was reported to be crucial for successful fertilization and
subsequent embryo development in humans (Schatten,2009). An association between sperm centriole
abnormalities and sperm motility defects was found in infertile men (Schatten, 2009; Rawe,2002). In recent
immunostaining studies, dominant source of centrosome was found as spermatozoa [Manandhar2005; , Sun,2007).
Thus, researchers have observed ICSI procedures in different species in order to understand the functions of sperm
centrosomes . At the end of these studies, they found that centrosome could affect sperm motility and fertilization
capability. Centrosomes are features that are inherited from the father. While human oocytes do not contain
centrosomes, sperm cells have two centrosomes. The importance of centrosomes for fertilization and embryo
development is its ability to contribute to the organization of female and male pronuclei. Therefore; any defects or
irregularities in the centrosome structure will directly give damage to fertilization and subsequent embryo
development (Schatten2008; Terada,2008).

Centrosomal protein alpha tubulin constitutes the functional part of microtubule organization center and plays
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the major role in the formation of centrosome structure (Moritz,1998). Siemrly et al (1999) have observed that
alpha and gamma tubulin was genetically inherited from one parent during fertilization. During the measurements
performed with ELISA, it was observed that the amount of centrin was also more in control group compared to
oligoasthenozoospermic group; thus, it seems that that centrin is associated with motility (Hinduja,2010). Centrin
is a Ca-dependent protein and it plays a role during detachment of flagellar structure at axoneme movement; in
other words, in the generation of motility. Moreover, it has a role in fertilization. Besides contributing to the
functional roles of the organelles, centrin also has an importance for sperm tail (Laoukili,2000). Nakamura et al
(2005) have observed abnormal centrin concentrations in asthenozoospermic men. This was mostly found in the
sperm cells that show a bad tail organization (Nakamura,2005;- Moudjou,1994). When sperm tail structures of
normozoospermic and asthenozoospermic patients were examined in our study, it was observed that less gamma
and alpha tubulin structures were present in the sperm tail structures of asthenozoospermic patients compared to
normal group in western blot analysis. The results of our study were similar to the studies in the literature.

Several reports have studied the association between sperm DNA damage and seminal parameters and they
have conflicting results (Lopes S, 1998; Muratori ,2000; Gandini ,2000; Zini ;2002; - Sergerie M,2002). In some
of them, sperm DNA fragmentation was found to be correlated with some seminal parameters (Aitken , 2010;
Mehdi M ,2009; Cohen-Bacrie ,2009;- Benchaib M ,2007; Said TM,2007). Regarding the relationship between
sperm DNA damage and semen quality, Nassira et al (2011) have found that DNA fragmentation was higher in
asthenozoospermic patients compared to control ones. DNA fragmentation was found in dyspermic semen samples
more than normospermic ones (Mehdi M, 2009). Piasecka (2007) have found that the percentage of TUNEL-
positive cells was significantly higher in patients whose semen had a poor motility as compared to men with normal
sperm motility. Varghese et al (2009) have emphasized the increase in the incidence of sperm DNA fragmentation
in male factor infertility and its effects on the outcomes of assisted reproductive treatments. Qui et al (2008) also
found a significant relationship between sperm DNA fragmentation and sperm density, sperm motility and
abnormal sperm. However, some researchers did not find a relationship between DNA fragmentation and sperm
parameters [Santiso R 2010, De Iuliis, 2009;De Iuliis,2010; Aitken RJ, ,2010).

Mehdi at al. (2009) have found that the difference in sperm DNA fragmentation was not significant between
asthenozoospermic and the normospermic men. The patients presenting with teratozoospermia showed a
significantly higher percentage of DNA fragmentation compared to the normospermic group (Mehdi , 2009). They
also concluded that the defects in sperm parameters were associated with an increase in DNA fragmentation; and
this association was strictly related to atypical forms of spermatozoa found in the semen. Our results were similar
to the findings of Mahdi et al. The percentage of sperm DNA fragmentation was found highest in teratozoospermi
group, and it was followed by asthenozoospermic and normozoospermic groups. The patients in teratozoospermia
group constituted a significantly higher difference in terms of sperm DNA fragmentation.

There are many studies focusing on sperm chromosomal abnormalities in the literature; but, some of them
have conflicting results. In some previous studies, higher aneuploidy rates were reported in spermatozoa of males
with decreased seminal parameters (Hristova R, 2002; Tempest , 2004; Machev ,2005; Miharu N ,2005;
Rives ,2005; Tang SS ,2010). A majority of results indicated an association between oligozoospermia and
aneuploidy rates; but, no such a clear association was found between aneuploidy rates and asthenozoospermia or
teratozoospermia patients (Tempest, 2004; Machev , 2005; Miharu N ,2005; Rives ,2005; Tang SS ,2010).

Walter at al (2000) evaluated the correlation between the total abnormality rates and three sperm parameters:
concentration of spermatozoa, percentage of spermatozoa with progressive motility and percentage of spermatozoa
with normal morphology. The total abnormality rates for chromosomes 13 and 21 and for chromosomes 18, X and
Y had been tremendously and inversely correlated with the concentration of spermatozoa and with the complete
progressive motility. Such a correlation was with the normal morphology and in the other groups with all the three
sperm parameters considered (Walter ,2000). The risk of a chromosomal aneuploidy in spermatozoa seems to be
inversely correlated with sperm concentration and total progressive motility (Walter ,2000).

In whole, 40% of guys with usual spermatozoa density and motility had abnormal sperm aneuploidy in all
the chromosomes analyzed. Men with abnormal spermatozoa density and motility had a greater proportion of
sperm sex chromosome aneuploidy than men with normal density, motility. Men with normal strict morphology
had lower rates of sex chromosome and sperm aneuploidy than men with abnormal strict morphology. The
percentage of aneuploid spermatozoa was magnificently higher in patients with oligozoospermia comparing with
the ones with astheno- and teratozoospermia. There is a significant difference in content of spermatozoa with
cytoplasmic drop depending on the FISH result (Fes'kov AM,2013).

For motility problems, in the review of Sarrate et al. (2010) there was no correlation between low motility
and increased aneuploidy. Other resarchs had showed a fair correlation between the two parameters (Aran B,1998; ,
Vegetti W,2000). Concerning morphology, in sufferers with distinctive varieties of teratozoospermia, most
experiences exhibit a 2— four-fold broaden of intercourse chromosome disomy and a 2—three-fold expand of
aneuploidy (Vegetti W,2000; Gole LA ,2001; Templado C,2001; Brahem S,2011). However, Sarrate et al. (2010)
did not find a correlation between teratozoospermia and aneuploidy even when analysing the 17 exclusively
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teratozoospermic patients

In our study, When incidence of numerical abnormalities were compared between four groups, it was found
that there were statistically significant differences between groups in terms of nullisomies X, Y and 13, disomy 13
and trisomies 13 and 21. The percentage of aneuploid spermatozoa was magnificently higher in patients with
teratozoospermic group comparing with the ones with astheno- and normozoospermic group and the percentage
of sperm aneuploidy rate was found lowest in normozoospermic group. We have found similar results to the study
of literature. We found an association between chromosomal abnormalities in sperm morphology and sperm
velocity parameters.

6. Conclusions

The fact we would like to emphasize in our study is that sperm chromosomal aneuploidies and DNA fragmentation
can be found also in the spermatozoa of normozoospermic men at a considerable level. This reveals that
spermatozoa of normozoospermic men should also be subjected to detailed investigation as much as male
infertility indications such as teratozoospermia, asthenozoospermia and azospermia. Moreover; these possible
diagnostic biomarkers will increase our understanding about the possible causes in unexplained infertility cases
and repeated misconceptions.
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