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Introduction and Objectives: Protein p53 role in the spermatogenesis is 
demonstrated, it guarantees both the appropriate quality and quantity of mature 
spermatozoa. In this observational study we evaluate the eventual correlation 
between “corrected” p53 concentration on human spermatozoa DNA and male 
fertility potential. Materials and Methods: Our work is based on an observational 
study made of 169 male in a period between March 2012 and February 2017. The 
entire study group is composed by 208 male partners aged between 26‑38 years 
with ejaculate volume from 0.6 to 5.8 mL and heterogeneous seminal valuation: 
86/208 (41,3%) normospermic; 19/208 (9,1%) mild oligospermic; 51/208 (24,5%) 
moderate oligospermic to; 52/208 (25,1%) with severe oligospermic. The “control” 
group A includes 39 male partners considered “fertile”, because we did the p53 
“corrected” test on their spermatozoa after 28 ± 3,5 days from the positives of 
their partners pregnancy test (betaHCG> 400 m U/m L). The group B, subdivided 
in B1, B2 and B3, includes 169 male partners for a observational period of 60 
months. This partners don’t report previous conceptions, they aren’t smokers, don’t 
make use neither of alcohol nor drugs and don’t present pathologic varicocele 
studied with ecoColorDoppler. They are all married or stable cohabitants from a 
period of 27‑39 months and report to have frequent sex without protection with 
their partners. Determination of p53 procedure: To separate the spermatozoa 
from seminal fluid we utilized the Differex™ kit System and the DNA IQ™ kit 
(Promega). For the p53 test we used the direct DuoSet IC kit and quantitative 
(R&D System). The p53 values were corrected in respect to the spermatozoa 
concentration expressed in ng/millions of spermatozoa. Results: Group A (39 
male) presents “correct” p53 values that vary from 0.35 to 3.20 ng/millions of 
spermatozoa and group B presents values that vary from 0.68 to 14.53. From 
group B (48 male) in the observational period we have recorded 21 pregnancies 
with initial “correct” p53 values that vary from a minimum of 0.84 to a maximum 
of 3.29. In the subgroup B1 we obtained 8 pregnancies from male partners with 
a “correct” p53 concentration included between 0.84 to 1.34. In the subgroup B2 
we obtained 13 pregnancies from male partners with a “correct” p53 concentration 
included between 1.66 and 3.29. In the subgroup B3 (121 male) there weren’t 
neither pregnancies nor miscarriages and “correct” p53 values were included 
between 3.58 and 14.53. Conclusion: The results show that the member of the 
group A with values of ‘corrected’ p53 between 0.35 and 3.20 were considered 
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Introduction

In the industrialized countries birth rate reduction is 
more common, in Italy is drastically reduced under 

level of substitution (Eurocast Regional Yearbook 2015).[1]

The male factor is involved in a large percentage of 
sterility cases because there are many factors that are 
involved such as genetic abnormalities, acute and chronic 
diseases, certain medical procedures, environmental and 
occupational impact, lifestyle, and infective agents. All 
these factors play a negative role on male fertility.

Even now, about the infertility etiology, lots of questions 
remain unanswered. The idiopathic sterility is the major 
male infertility type.[2,3]

Spermatozoa’s genetic[4] and molecular biology were 
neglected over the last decade for an indiscriminate use 
of assisted reproductive technology that bypassed the 
need of a “normal” sperm sample.

In spite of different improvements in this area, we had 
no significant increase of birthrate,[5] so it is necessary to 
study more the spermatozoa.

We focused on DNA present in the spermatozoa 
nucleus which is obviously the most important cellular 
component to complete the reproductive process.

The spermatic chromatin is organized in a specific way 
to be compact and stable in the nucleus.

The spermatozoa nuclear condensation is due to the 
substitution of about 85% of hystones (rich in lysine) 
associated with DNA, with transition protein and protein 
rich in arginine: protammine.[6‑8]

In contrast to the hystones that form a ring structure 
with DNA, the so‑called nucleosome, the protamine 
are bound to the DNA helix, by strictly flinging around 
filaments (about 50 kb of DNA per protamine). They 
form tight loops and are highly organized.

Furthermore, the crossed intra‑ and inter‑molecular 
disulfide bonds between protamine rich in cysteine 
are responsible for the compaction and stabilization of 
spermatozoa nucleus.[6,9]

The result of these specific associations is an extreme 
nuclear condensation with the reduction of about 10% of 
the nuclear volume.[8]

The key protein which mediates the chromatin 
compactation is the protein Bromo domain testis‑specific 
that can promote the nuclear modeling that guarantees 
the transition between an hystonic chromatinic 
organization, that is somatic, to protaminic organization 
which is typical of mature spermatozoa.[8,10]

The characteristic nuclear compactation is important to 
protect the spermatozoa genome from extern stresses, 
in fact, physiologic and environmental factors of stress, 
so genetic mutation and chromosomal abnormalities can 
possibly interfere the different spermatogenesis phases.

These disorders can cause an anomalous structure of 
chromatin that is incompatible with fertility.

The genetic disorders that shall arise and are in mature 
spermatozoa could be packing defects (defective 
substitution hystone‑protamine), nucleus maturation 
defects, DNA fragmentation (that is single‑ or 
double‑strand breaks), integrity DNA defects, or 
chromosome spermatic aneuploidies.[6,7]

One of the factors that contribute to male infertility 
is the oxidative stress that can alter the different 
spermatogenesis phases.Figure 1: Cellular control mechanism when p53 presence vary

“Fertile”, although in the observational period 3 miscarriages happened for 3 partners. 36 partners on 39 (92,3%) 
had a p53 concentration inferior to 1.65, this value were considered as the extreme to identify this group. The 
member of the group B1 had “corrected” p53 concentration that were included in the group. In the group B2 were 
observe 13 pregnancies, so its member were considered “potentially fertile” In the group B3 (121 male) weren’t 
observe neither pregnancies nor miscarriages, so its member were considered “potentially infertile”. If further 
studies confirm these data, we will consider the p53 test ELISA inspected in “correct” p53 as a new and accurate 
marker of the potential of male fertility.

Keywords: Bromo domain testis‑specific, p53 method ELISA assay quantitative, Sperm DNA fragmentation index
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In fact, in the testicle exposed to oxidative stress, the p53 
expression is increased and spermatic cells proliferation 
is inhibited.[11]

P53 protein is so called for its molecular mass, of 53 
kD,[10] it is involved in the cellular response to the DNA 
damage.[12,13]

It is known as “the genome guardian”,[9,10,14,15] it is a 
transcription factor specific‑sequence that respond to a 
lots of stress signals and cellular functions.[9,14]

It regulates, deactivates, and represses gene and protein 
expression responsible for the cellular cycle break and 
of the apoptosis process [Figure 1].[16,17]

It was assumed a p53 ancestral gene role to ensure the 
integrity of genomic germline and a correct reproductive 
process.[18,13]

In fact, p53 protein is highly expressed in the testis, 
spermatogonia,[19] and primary spermatocytes during 
the pachitene[20] or pre‑leptotene, in the initial phases of 
pachytene,[20‑22] during chromosomal pairing and DNA 
recombination and repair.[23]

The p53 expression in these phases of spermatogenesis 
suggests that this protein has a role during meiosis.[14,24,25]

It is possible that p53 protein plays different roles in the 
DNA reparation, depending on the type of damage[15,26] 
on the stadium in which the damage happened, and on 
the available reparation systems.[25,27]

If the damage is serious, p53 has a role to activate the 
apoptosis process in the germinal cells. But it exist also 
53‑independent way to activate the apoptosis.[19]

In normal condition, in the majority of body cells, p53 
protein is present in low concentration; however, when 
normal cells are deprived of oxygen or exposed to treatments 
that could damage the DNA, such as ultraviolet or gamma 
rays, there is an increased p53 protein expression by the 
reduction of the molecular rapid degradation process.[10]

Apoptosis is a critical process for the DNA integrity in 
the germinal cells and to regulate their number.

In fact, p53 is an important apoptosis regulator and for 
spontaneous mutation in the different spermatogenesis 
phases.[28]

It was assumed that the absence of p53 protein adapt 
concentration could involve aberrant spermatogenesis or 
seminal fluids containing DNA damaged.

Although, from a study of Sue Marty et al., 1999[29] 
qualitative differences are not observed in the anomalies 
incidence in spermatozoa form and number related to the 
p53 concentration; these data contrast with Yin et al., 1998[30] 

data which report p53 protein take the control of germinal 
cells quality inducing spontaneous apoptosis. In fact, the 
lack of this control comport the accumulation of defeated 
cells that produce an increased concentration of anomalous 
spermatozoa and later it compromises the male fertility; 
these data are supported by more recent studies based on a 
negative correlation with nemaspermica motility.[31]

Spermatozoa vitality correlates strongly with DNA 
fragmentation index.[32]

The aim of this work is to analyze and to compare the 
p53 concentrations obtained by ELISA assay, repetitive 
and objective method, in the evaluation of spermatic 
DNA damage. The assay is accomplished on human 
spermatozoa DNA came from individuals with normal 
and pathologic seminal parameters.

Materials and Methods
Our work is based on an observational study on 
169 male in a period included between March 2012 and 
February 2017.

The whole study group is made up from 208 male 
partners aged between 26 and 38 years with volume 
ejaculate from 0.6 to 5.8 mL and with heterogeneous 
seminal valuation: 86/208 (41.3%) normospermic; 
19/208 (9.1%) mild oligospermic; 51/208 (24.5%) 
moderate oligospermic; and 52/208 (25.1%) severe 
oligospermic.

Individuals spermatic evaluation in exam have been 
detected with seminal fluid text,[33] adopting standard 
analysis criteria according to the WHO manual fifth 
edition – 2010 (WHO laboratory manual for the 
examination and processing of human semen).

Makler counting (Makler Counting Chamber, Sefi‑Medical 
Instruments Ltd.) has been utilized for the evaluation of 
nemaspermica concentration, expressed in millions in the 
number of spermatozoa other than in the study of cellular 
component non nemaspermica (leukocytes, red blood 
cells, germ line cells).[12]

Processing procedures on samples were made after 
30 min from ejaculation.

Samples were divided in two aliquots, one of which has 
immediately been analyzed with ELISA assay for p53 
and the other frozen to −20°C for future investigations.

The subjects signed the informed consent form for the 
processing of personal and sensitive data, as well as of 
genetic and biological samples collection in compliance 
with the applicable laws.[34,35]

The signed informed consent was obtained from the 
human participants of this study. The procedures 
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followed were in accordance with the ethical standards 
of experimentation (institutional or regional) and with 
the Helsinki Declaration of 1975, as revised in 2000.

Our work includes a control group (Group A) made 
up from 39 male partners called “fertile”, because p53 
concentration “correct” text is has been carried out on 
spermatozoa DNA after 28 ± 3,5 days later their partners 
positive pregnancy test (betaHCG >400 m U/m L).

The team noted (Group B), total observational period 
60 months, includes 169 male partners that don’t 
report previous spontaneous conceptions; they aren’t 
ordinary consumers of cigarettes, alcohol or drugs and 
they don’t present pathologic varicocele studied with 
ecoColorDoppler.[36‑39]

They are married or stable cohabitant (for a period of 
27–39 months) and they report to have frequent and 
free sex with their partners. The observational period for 
each male partners was 24 months.

All samples were analyzed with p53 quantitative dosage 
“correct” in comparison to spermatozoa number.

The method was presented in an our precedent work[40] 
and it is reported below.

Separation of sperm from seminal fluid
To perform the isolation of sperm from semen, the 
Differex System™ – for use with the Differex Magnet™, 
and the DNA IQ™ SystemSmall Sample Casework 
Protocol kits were used (Promega Corporation, Madison 
WI, USA). In 1985 Gill et al.,[41] developed a method to 
separate spermatozoa from epithelial cells in a sample 
of human semen. The separation protocol reported 
below has been developed for this project. It requires 
about 150 min to obtain the complete separation and 
purification of the sperm DNA.

The number of sample and reagents quoted has been 
calculated for a single sample and a single experiment in 
the following protocol.

One hundred microliters of sample were placed in a 
1.5 ml tube with 400 μl of Digestion Solution containing 
6 μl of diluted Proteinase K and 364 μl of Digestion 
Buffer. The tube was vortexed for 30 s at 14,000 rpm, 
incubated for 90 min at 56°C and then centrifuged for 
10 min at 14,000 rpm in a microcentrifuge at room 
temperature, not before having marked the position 
where the pellet would form.

Then 3.5 μl of DNA IQTM Resin were added in the 
opposite position of the pellet and the tube was placed 
on Differex Magnet™ so that the resin, attracted by the 
magnet, would coat the pellets. The yellow liquid layer, 
containing epithelial cells, was then removed.

The sample was then washed three times with 500 μl 
of nuclease‑free water and the last washing volume was 
not removed.

The tube was centrifuged again at 14,000 rpm for 10 min 
and 3.5 μl of DNA IQTM Resin were added in a position 
opposite the pellet and positioned in Differex Magnet™ so 
that the resin would coat the pellets. After three washes, a 
further 500 μl of nuclease‑free water together with 100 μl 
of Separation Solution were added, so that the resin would 
coat the pellets. The washing and separation solutions 
were then removed and the pellet was resuspended by 
adding 400 μl of 0.9% sodium chloride solution.

To extract the sperm DNA, 250 μl of Lysis 
Solution (containing 2.5 μl of DTT and 252.5 μl of 
Lysis Buffer) were added to the tube, which was then 
vortexed for 3 s at high speed and incubated for 5 min 
at room temperature. After having vortexed again for 
3 s, the tube was positioned in the Differex Magnet TM 
so that the separation would occur instantaneously and 
the supernatant was then removed and stored in another 
tube (“lysed sample”).

Then 100 μl of Lysis Solution were added and the 
tube was removed from the Differex Magnet™. After 
vortexing for 2 s, the tube was put back in Differex 
Magnet™ and the entire Lysis Solution eliminated.

To perform the washing 100 μl of Wash Buffer were added 
after removing the tube from the Differex Magnet™ and 
the sample was vortexed for 2 s at high speed.

Once the tube was repositioned in Differex Magnet™, 
the entire wash solution (containing 500 μl of Wash 
Buffer, 250 μl of Isopropyl Alcohol and 250 μl of 
ethanol) was eliminated.

The washing procedure was repeated three times.

The resin was allowed to air dry for 5 min, leaving the 
tube with the cap open.

Subsequently, 100 μl of elution buffer were added (10 mM 
Tris pH 8.0 and 0.1 mM ethylenediaminetetraacetic 
acid [EDTA]), and the tube was vortexed for 2 s. 
incubated for 5 min at 65°C vortexed again and placed 
immediately on Differex MagnetTM. The solution 
containing the DNA was carefully transferred in a new 
tube (“lysed sample and refined DNA”).

Quantitative p53 dosage with ELISA assay
A direct and quantitative ELISA assay was used to 
measure p53 (DuoSet IC, Human Total p53 R and D 
Systems Inc. Minneapolis, USA).

Briefly, 100 μl of the capture antibody, appropriately 
diluted, were pipetted into each well of a 96 well 
microplate, which was then sealed and incubated 
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overnight at room temperature. The next day the plate 
was washed three times with 400 μl Wash Buffer (0.05% 
Tween 20 in PBS, pH 7.27.4, filtered at 0.2 μl).

Each well was blocked with the addition of 300 μl of 
stop solution (Sample Diluent Concentrate: 5X PBS, 
5 mM EDTA, and 2.5% Triton X100). The plate was 
then incubated at room temperature for 2 h. Extraction 
and washing steps were repeated. The standards were 
prepared by diluting in IC Diluent # 4 (1 mM EDTA, 
0.5% Triton X100 in PBS, pH 7.2–7.4.) and using IC 
Diluent # 4 like standard zero.

Then 100 μl of sample or standard was added (“lysed and 
purified DNA” cell preparations), the plate was sealed 
and incubated for 2 h at room temperature. After the 
incubation, extraction and washing were repeated and 100 
μl of detection antibody (total p53 detection antibody), 
appropriately diluted, were pipetted in each well.

The plate was sealed and incubated for 2 h at room 
temperature. After the incubation, extraction and 
washing were repeated.

One hundred microliters of StreptavidinHRP were then 
added and the plate was incubated for 20 min at room 
temperature. After the incubation, extraction and washing 
steps were repeated and 100 μl of Substrate Solution (1:1 
mixture of reagent A and reagent B) were added to each well 
and the plate was incubated for 20 min at room temperature.

Finally, 50 μl of Stop Solution were added to each well.

The optical density was analyzed using a microplate 
reader set at 450 nm with a software that automatically 
calculated the concentrations expressed in pg/100 μl.

Results
The p53 values were also corrected (“corrected p53”) 
because the dosage of p53 was performed on 100 μl 

of sample. The p53 values were therefore related to 
1/10 of the value of sperm counts and the corrected 
p53 is a reliable estimate calculated for 1 ml of 
semen.

Corrected p53
Value of p53ng / 100 l

1 / 10 of the spermaticcount/ml
=  = ng/million of 

spermatozoa

The value of p53 was measured in three different cell 
preparations for each sample, there have been no 
significant changes.

P53 protein “corrected” concentration determinated 
in every subject that was included in this study are 
reported below in Figure 2 and subsequently they were 
subdivided into 3 groups with subgroups.

The Group A (39 male) presents p53 values “corrected” 
that vary from 0.35 to 3.20 ng/million of spermatozoa, 
the Group B presents values that vary from 0.68 to 14.53.

In accordance with the results obtained the Group B was 
divided, for conveniences interpretative, in B1, B2 e B3.

From group B (48 male) during the observational 
period, 21 pregnancies happened. The initial p53 protein 
“correct” values, for obtained conceptions, vary from a 
minimum of 0.84 to a maximum of 3.29.

In the subgroup B1 we recorded 8 pregnancies from 
male partners with a p53 concentration “corrected” 
included between 0.84 and 1.34.

In the subgroup B2 we recorded 13 pregnancies from 
male partners with a p53 concentration “corrected” 
included between 1.66 and 3.29.

Figure 2: p53 diagram of concentrations into two groups in examination
Figure 3: Summary of the obtained data and their grouping
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In the subgroup B3 (121 male), there were neither 
pregnancies nor miscarriages, and p53 values were 
included between 3.58 and 14.53 [Figure 3].

The results show that the members of the group A with 
values of p53 between 0.35 and 3.20 can considered 
as “Fertile,” although in the observational period three 
spontaneous miscarriages happened for three partners.

As 36 partners on 39 (92.31%) had a p53 concentration 
inferior to 1.65, we consider this value as the extreme to 
identify this group.

The members of the group B1 had p53 concentration 
“corrected” that were included in the Group A.

In the group B2 because of the 13 pregnancies are to be 
considered “potentially fertile.”

In the group B3 (121 male) as we didn’t observe 
pregnancies and miscarriages, we can consider its 
member “potentially infertile.”

Discussion
We always try to find new potential male fertility markers 
that could help to predict the capacity of conceive and find 
deficits that could differentiate fertile and unfertile male.

The localization and the concentration of one particular 
protein in the spermatozoa could be useful to understand 
its function in the reproduction and be able to participate 
in case of deficit.

The glycolitic enzyme 6‑phosfofruttokinase is localized 
in the acrosomial region and in the middle tract and 
regulate the semen principal functions as motility and 
fertilization.[42]

Proteolityc enzyme inside to acrosomial region were 
activated to be released during the acrosomial reaction 
before the fertilization.[43]

A complex protein contains arilsulfatasi A, binding 
molecule of semen 1 and Heat Shock Protein 2 (HSPA2), 
are localized in the human spermatozoa apical head 
region.[44]

The antioxidants secreted from male accessory sex 
glands are all important to support spermatozoa DNA 
integrity.
The semen DNA damage induced from oxidative stress 
is actually increased after removing accessory sex 
glands (ASG).[45]

The spermatozoa head morphology and the middle tract are 
critic to determinate the capacity of fertilize and spermatozoa 
motility; the DNA is accumulated in the spermatozoa head 
and mitochondria of the middle tract are as a power station 
that generates ATP for the spermatozoa movement.[46]

53BP‑1 is a fixer protein of DNA damages during the 
mouse oocytes maturation.[47]

Even though 53BP‑1 alone can’t be the principle 
regulator for the initial embryos development but 
promotes p53 transcription activity, and so, it can play a 
role in the initial embryos development.

P53 nuclear expression is also in the bovine blastocystis 
after exposition to high temperature.[48]

An increased Heat HSPA2 production, caused from 
exposition to high temperature could provoke cellular 
apoptosis.[48]

Shimura et al.[49] studied the answer to the damage in 
mouse fertilized zygotes with spermatozoa irradiated and 
they noted a DNA damage in the S‑phase p53‑dependent.

When the p53 knockout oocytes were fertilized with 
irradiated spermatozoa, the resulting zygotes showed a 
chromosomes anomalous separation in the first phase of 
splitting, and an altered embryos morphology and they 
include a high number of micronucleus with embryos 
development block to 2 cells.[50]

The results showed that the control of S‑phase p53‑dependent 
is important in the chromosomes reparation in the initial 
embryos development phases with DNA damage.

It was assumed for the protein p53, an important role 
in the oocytes maturation, bastocystis development and 
embryos implant in the reproduction.[51]

The p53 expression is low in the mouse zygotes and 
in the scission phase, but it successively increases during 
the blastocystis stage.

Blastocystis with in vivo fertilization have p53 low 
concentration, on the contrary the protein p53 expression 
is higher in embryos produced from vitro fertilization.

These observations suggest that embryonic culture 
induces to accumulation of p53 protein transcriptional 
activity in blastocystis and it can be one of reasons for 
the late embryo growth.[52]

The human embryos produced from intracytoplasmatic 
sperm injection have a high p53 protein nuclear 
expression, associated to a late embryonic 
development.[53]

From these considerations emerge a more complex role 
for protein p53 that is different from the only spermatozoa 
DNA integrity control; it is also hypothesized a control 
on time and ways of embryonic development.

According to precedent works of others study groups, 
we understand better why in the “fertile” group subjects 
the p53 concentration is significantly lower respect to 
the “observed” group.
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Our work integrates very well in this scenery and on 
the importance to have an objective and repetitive data, 
preliminary to conception both in vivo and in vitro.

Conclusion
The protein p53 plays an important role in the cell and it 
is normally presents in each type of cells, it has a central 
role in a extended protein net which allows the state of 
“good health” of a cell and cellular DNA.

The p53 protein is the “director” of “well‑orchestrated” 
detection system and of control cellular damages.

When a damage happens, protein p53 activity is fundamental 
to decide if repair it or induce to death the cell.

The cell death that suffered severe DNA damages is 
providential for the organism because it impedes the 
cellular reproduction with dangerous and noxious 
mutations; moreover, in the case of conception, it 
impedes an anomalous embryonic development.

The p53 increase is proportionate to the cellular damage 
so its quantitative evaluation is index of DNA damage.

Its role is also interesting as controller and regulator of 
the spermatogenesis meiosis process and for its function 
to control embryonic development.

It just keeps getting always more incessant the idea 
that, the p53 protein plays different actions on control 
and systemic cellular development and on the human 
reproductive project control.

Our work integrates well on the knowledge presence of 
p53 protein to differentiate the different degrees of male 
infertility.

There is no doubt that further results will occur to 
compare this data but knowing the p53 concentration 
with ELISA method reported in relation to the 
spermatozoa number could have an important role in to 
the preconception screening identifying subjects with an 
“reduced fertility” and in the framework of PMA could 
be predictive on the in vitro fecundation result.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1. Lutz W. Fertility rates and future population trends: Will 

Europe’s birth rate recover or continue to decline? Int J Androl 
2006;29:25‑33.

2. Hamada A, Esteves SC, Nizza M, Agarwal A. Unexplained 
male infertility: Diagnosis and management. Int Braz J Urol 
2012;38:576‑94.

3. Baker HW. Male infertility. Endocrinol Metab Clin North Am 

1994;23:783‑93.
4. Raimondo S, Di Luccio A, Ventruto V. Genetics in the Male 

Fertility. Italy: Springer‑Verlag Italy s.a.s. Milan; 2008.
5. Ferraretti AP, Goossens V, Kupka M, Bhattacharya S, 

de Mouzon J, Castilla JA, et al. Assisted reproductive technology 
in Europe, 2009: Results generated from European registers by 
ESHRE. Hum Reprod 2013;28:2318‑31.

6. Aziz N, Agarwal A. Evaluation of sperm damage: Beyond the 
World Health Organization criteria. Fertil Steril 2008;90:484‑5.

7. Alchinbayev MK, Aralbayeva AN, Tuleyeva LN, 
Duysenbayeva SM, Makazhanov MA. Aneuploidies level in sperm 
nuclei in patients with infertility. Mutagenesis 2016;31:559‑65.

8. Pivot‑Pajot C, Caron C, Govin J, Vion A, Rousseaux S, 
Khochbin S. Acetylation‑dependent chromatin reorganization by 
BRDT, a testis‑specific bromodomain‑containing protein. Mol 
Cell Biol 2003;23:5354‑65.

9. Aoki VW, Moskovtsev SI, Willis J, Liu L, Mullen JB, Carrell DT, 
et al. DNA integrity is compromised in protamine‑deficient 
human sperm. J Androl 2005;26:741‑8.

10. Kosower NS, Katayose H, Yanagimachi R. Thiol‑disulfide status 
and acridine orange fluorescence of mammalian sperm nuclei. 
J Androl 1992;13:342‑8.

11. Shiraishi K, Naito K. Effects of 4‑hydroxy‑2‑nonenal, a marker 
of oxidative stress, on spermatogenesis and expression of p53 
protein in male infertility. J Urol 2007;178:1012‑7.

12. Lane DP. Cancer. P53, guardian of the genome. Nature 
1992;358:15‑6.

13. Toyoshima M. Analysis of p53 dependent damage response in 
sperm‑irradiated mouse embryos. J Radiat Res 2009;50:11‑7.

14. Sanchez Y, Elledge SJ. Stopped for repairs. Bioessays 1995;17:545‑8.
15. Aylon Y, Oren M. Living with p53, dying of p53. Cell 

2007;130:597‑600.
16. Oren M. Decision making by p53: Life, death and cancer. Cell 

Death Differ 2003;10:431‑42.
17. Resnick MA, Tomso D, Inga A, Menendez D, Bell D. Functional 

diversity in the gene network controlled by the master regulator 
p53 in humans. Cell Cycle 2005;4:1026‑9.

18. Riley T, Sontag E, Chen P, Levine A. Transcriptional control of 
human p53‑regulated genes. Nat Rev Mol Cell Biol 2008;9:402‑12.

19. Beumer TL, Roepers‑Gajadien HL, Gademan IS, van Buul PP, 
Gil‑Gomez G, Rutgers DH, et al. The role of the tumor suppressor 
p53 in spermatogenesis. Cell Death Differ 1998;5:669‑77.

20. Schwartz D, Goldfinger N, Rotter V. Expression of p53 protein 
in spermatogenesis is confined to the tetraploid pachytene 
primary spermatocytes. Oncogene 1993;8:1487‑94.

21. Almon E, Goldfinger N, Kapon A, Schwartz D, Levine AJ, 
Rotter V. Testicular tissue‑specific expression of the 
p53 suppressor gene. Dev Biol 1993;156:107‑16.

22. Sjöblom T, Lähdetie J. Expression of p53 in normal and 
gamma‑irradiated rat testis suggests a role for p53 in meiotic 
recombination and repair. Oncogene 1996;12:2499‑505.

23. Alcivar AA, Hake LE, Hecht NB. DNA polymerase‑beta 
and poly (ADP) ribose polymerase mRNAs are differentially 
expressed during the development of male germinal cells. Biol 
Reprod 1992;46:201‑7.

24. Rotter V, Schwartz D, Almon E, Goldfinger N, Kapon A, 
Meshorer A, et al. Mice with reduced levels of p53 protein 
exhibit the testicular giant‑cell degenerative syndrome. Proc Natl 
Acad Sci U S A 1993;90:9075‑9.

25. Schwartz D, Goldfinger N, Kam Z, Rotter V. P53 controls low 
DNA damage‑dependent premeiotic checkpoint and facilitates DNA 
repair during spermatogenesis. Cell Growth Differ 1999;10:665‑75.

26. Tang W, Willers H, Powell SN. P53 directly enhances 



121Journal of Human Reproductive Sciences ¦ Volume 12 ¦ Issue 2 ¦ April-June 2019

Raimondo, et al.: p53 protein evaluation on spermatozoa DNA in fertile and infertile males

rejoining of DNA double‑strand breaks with cohesive ends in 
gamma‑irradiated mouse fibroblasts. Cancer Res 1999;59:2562‑5.

27. Sue Marty M, Singh NP, Stebbins KE, Ann Linscombe V, 
Passage J, Bhaskar Gollapudi B. Initial insights regarding the 
role of p53 in maintaining sperm DNA integrity following 
treatment of mice with ethylnitrosourea or cyclophosphamide. 
Toxicol Pathol 2010;38:244‑57.

28. Xu G, Vogel KS, McMahan CA, Herbert DC, Walter CA. BAX and 
tumor suppressor TRP53 are important in regulating mutagenesis in 
spermatogenic cells in mice. Biol Reprod 2010;83:979‑87.

29. Marty MS, Singh NP, Holsapple MP, Gollapudi BB. Influence 
of p53 zygosity on select sperm parameters of the mouse. Mutat 
Res 1999;427:39‑45.

30. Yin Y, Stahl BC, DeWolf WC, Morgentaler A. P53‑mediated germ 
cell quality control in spermatogenesis. Dev Biol 1998;204:165‑71.

31. Silva JV, Freitas MJ, Correia BR, Korrodi‑Gregório L, 
Patrício A, Pelech S, et al. Profiling signaling proteins in 
human spermatozoa: Biomarker identification for sperm quality 
evaluation. Fertil Steril 2015;104:845‑56.e8.

32. Samplaski MK, Dimitromanolakis A, Lo KC, Grober ED, Mullen B, 
Garbens A, et al. The relationship between sperm viability and 
DNA fragmentation rates. Reprod Biol Endocrinol 2015;13:42.

33. Mortimer D. Practical Laboratory Andrology. New York (USA): 
Oxford University Press; 1994.

34. The Processing of Data Disclosing Health and Sex Life, and 
the Authorization to Process to Genetic Data. Published in the 
Italian Republic O.J.; 21 July, 2008.

35. Articles 13, 23 and 90 of Legislative Decree 196/2003 (so‑called 
“Code Privacy”). Published in the Italian Republic O.J.; 29 July, 2003.

36. Danadevi K, Rozati R, Saleha Banu B, Hanumanth Rao P, 
Grover P. DNA damage in workers exposed to lead using comet 
assay. Toxicology 2003;187:183‑93.

37. Smit M, Romijn JC, Wildhagen MF, Veldhoven JL, Weber RF, 
Dohle GR. Decreased sperm DNA fragmentation after surgical 
varicocelectomy is associated with increased pregnancy rate. 
J Urol 2010;183:270‑4.

38. La Vignera S, Condorelli R, Vicari E, D’Agata R, Calogero AE. 
Effects of varicocelectomy on sperm DNA fragmentation, 
mitochondrial function, chromatin condensation, and apoptosis. 
J Androl 2012;33:38996.

39. Wang YJ, Zhang RQ, Lin YJ, Zhang RG, Zhang WL. 
Relationship between varicocele and sperm DNA damage and 
the effect of varicocele repair: A meta‑analysis. Reprod Biomed 
Online 2012;25:307‑14.

40. Raimondo S, Gentile T, Cuomo F, De Filippo S, Aprea GE, Guida J, 
et al. Quantitative evaluation of p53 as a new indicator of DNA 

damage in human spermatozoa. J Hum Reprod Sci 2014;7:212‑7.
41. Gill P, Jeffreys AJ, Werrett DJ. Forensic application of DNA 

‘fingerprints’. Nature 1985;318:577‑9.
42. Kamp G, Schmidt H, Stypa H, Feiden S, Mahling C, Wegener G, 

et al. Regulatory properties of 6‑phosphofructokinase and control 
of glycolysis in boar spermatozoa. Reproduction 2007;133:29‑40.

43. Ahammad MU, Nishino C, Tatemoto H, Okura N, Okamoto S, 
Kawamoto Y, et al. Acrosome reaction of fowl sperm: Evidence 
for shedding of the acrosomal cap in intact form to release 
acrosomal enzyme. Poult Sci 2013;92:798‑803.

44. Redgrove KA, Anderson AL, McLaughlin EA, O’Bryan MK, 
Aitken RJ, Nixon B, et al. Investigation of the mechanisms by 
which the molecular chaperone HSPA2 regulates the expression 
of sperm surface receptors involved in human sperm‑oocyte 
recognition. Mol Hum Reprod 2013;19:120‑35.

45. Chen H, Liao SB, Cheung MP, Chow PH, Cheung AL, O WS, 
et al. Effects of sperm DNA damage on the levels of RAD51 
and p53 proteins in zygotes and 2‑cell embryos sired by golden 
hamsters without the major accessory sex glands. Free Radic 
Biol Med 2012;53:885‑92.

46. Alavi SM, Drozd B, Hatef A, Flajšhans M. Sperm morphology, 
motility, and velocity in naturally occurring polyploid European 
weatherfish (Misgurnus fossilis L.). Theriogenology 2013;80:153‑60.

47. Luo YB, Ma JY, Zhang QH, Lin F, Wang ZW, Huang L, et al. 
MBTD1 is associated with pr‑set7 to stabilize H4K20me1 in 
mouse oocyte meiotic maturation. Cell Cycle 2013;12:1142‑50.

48. Matwee C, Kamaruddin M, Betts DH, Basrur PK, King WA. The 
effects of antibodies to heat shock protein 70 in fertilization and 
embryo development. Mol Hum Reprod 2001;7:829‑37.

49. Shimura T, Inoue M, Taga M, Shiraishi K, Uematsu N, Takei N, 
et al. P53‑dependent S‑phase damage checkpoint and pronuclear 
cross talk in mouse zygotes with X‑irradiated sperm. Mol Cell 
Biol 2002;22:2220‑8.

50. Shimura T, Toyoshima M, Taga M, Shiraishi K, Uematsu N, 
Inoue M, et al. The novel surveillance mechanism of the 
trp53‑dependent s‑phase checkpoint ensures chromosome damage 
repair and preimplantation‑stage development of mouse embryos 
fertilized with x‑irradiated sperm. Radiat Res 2002;158:735‑42.

51. Levine AJ, Tomasini R, McKeon FD, Mak TW, Melino G. The 
p53 family: Guardians of maternal reproduction. Nat Rev Mol 
Cell Biol 2011;12:259‑65.

52. Chandrakanthan V, Li A, Chami O, O’Neill C. Effects of in vitro 
fertilization and embryo culture on TRP53 and bax expression in 
B6 mouse embryos. Reprod Biol Endocrinol 2006;4:61.

53. Chandrakanthan V, Chami O, Stojanov T, O’Neill C. Variable 
expressivity of the tumour suppressor protein TRP53 in cryopreserved 
human blastocysts. Reprod Biol Endocrinol 2007;5:39.


