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ABSTRACT11

12
The use of extracellular or circulating nucleic acids (Cfs), as a diagnostic or prognostic tool in oncology,
has been broadly documented. However, their use in gynecology-obstetrics as non-invasive biomarkers
in the management of infertility has become a recurring fact. The circulating nucleic acids are constituted
by: free DNA which can be long or short DNA strands resulting from the apoptotic or necrotic processes,
the free RNA containing: micro-RNAs (miRNAs) which are short single-stranded ribonucleic acids (RNA)
that are able to deter the production of  protein from a gene, Piwi-interacting RNAs (PiRNAs) that are
small RNAs expressed in germ cells or even early embryos and small interfering RNAs (siRNAs) that are
small RNAs that can bind specifically to a messenger RNA sequence and prevent gene expression by
cleaving that RNA. The presence of circulating nucleic acids in many biological fluids such as: urine,
seminal plasma and serum, the fact that they are easy to detect, the variation of their level according to
the physiopathological conditions of the body and their implication in many biological processes such as
folliculogenesis, steroidogenesis and spermatogenesis make nucleic acids circulating important
biomarkers of interest in the management of male infertility. They compose a real complementary help for
practitioners of medically assisted procreation. As a result, circulating nucleic acids are a promising
avenue in the prevention of implantation failures. In this article, we will seek to affirm further, their
importance in the management of male infertility, by highlighting their different uses.
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16
1. INTRODUCTION17

18
Interest in extracellular or circulating nucleic acids as biomarkers of interest in obstetric gynecology is well established.19
Their current use as potential biomarkers in the management of human infertility in particular men is illustrated  by the fact20
that they are easily detectable in many biological fluids, that their rate may change depending on the physiopathological21
conditions of the body and their involvement in many biological processes such as: steroidogenesis, spermatogenesis,22
they are also commonly used in the management of female infertility as non-invasive biomarkers, on the one hand for the23
detection, monitoring of pathologies related to pregnancy, fetal or embryonic abnormalities. It is also used On the other24
hand, in the evaluation of the functional state of the ovary. Thus nucleic acids offer new perspectives, both from an25
innovative diagnostic and prognostic point of view in the management of human infertility. In this article we will not only26
explore the different components of circulating nucleic acids but also show the different uses of these in medically27
assisted procreation (PMA).28

29
2. THE CIRCULATION OF NUCLEIC ACIDS OR EXTRACELLULAR IN BIOLOGICAL FLUIDS30

31
Circulation of nucleic acids plays an important role in human pathophysiology. New data in the essay suggests that32
circulating nucleic acids plays a vital role in the management of male infertility.33
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2.1 Circulation of nucleic acids (CfDNAs and CfRNAs)35
36

Circulation of nucleic acids consists of free DNA and free RNA which consists of: messenger ribonucleic acid (mRNA) and37
three large non-coding RNAs: microRNA (miRNA), Piwi-interacting RNA (PiRNA), small interfering RNAs (siRNA) [1]. The38
rate of nucleic acids varies according to pathophysiological conditions[2].This variation reflects the physiopathological39
conditions and explains the use of nucleic acids as non-invasive biomarkers in different medical disciplines, particularly in40
human reproduction[3].41

42
2.1.1 Free DNA (CfDNAs)43
The free DNA or CfDNAs are double-stranded DNA molecules moreover [4].They are present in the bloodstream in the44
form of fragments of the order of 180 to 360 base pairs. The interest of the study of CfDNAs is no longer to be debated in45
certain medical disciplines, particularly in oncology [5].They are used as non-invasive biological markers for cancer46
pathologies[6]  detection or monitoring, the diagnosis of pathologies related to pregnancy[7] [8]. In the treatment of male47
infertility, CfDNAs offer innovative new perspectives both from the point of view of diagnosis and prognosis [9].48

49
2.1.2 Free RNA (CfRNAs)50
CfRNAs like CfDNAs also vary according to pathophysiological conditions. They are also used as blood biomarkers for51
the detection or diagnosis of certain diseases as well as in treatments monitoring. They are detectable in many biological52
fluids of patients with breast cancer [10], nosopharyngeal carcinoma [11], malignant melanoma [12] and colorectal cancer53
[13]. The cfRNAs are also used as non-invasive biomarkers in the management of infertility [14].54

55
2.1.3 MicroRNAs (miRNA)56
MicroRNAs are short strands of non-coding RNA of the order of 19 to 25 nucleotides [15]. MicroRNAs do not code for57
proteins [16]. Their main and basic role is to block the translation of proteins into the mRNA to which they are attached58
[17]; they are involved also in various pathologies such as: foamy virus [18], HIV [19], vesicular stomatitis [20], hepatitis C59
[21], cancer [22].60

However, MiRNAs are also important non-invasive biomarkers in human fertility (especially for men), diagnosis as well as61
in the prevention of human abnormalities in general [23].62

63
2.1.4 Piwi-interacting RNA (PiRNAs)64
The use of circulating nucleic acids as non-invasive biomarkers has been extended to piwi interacting RNA (PiRNA).65
PiRNAs are a class of small RNAs of the order of 24 to 31 nucleotides [24]. The function of PiRNAs is to block the activity66
of the mobile elements present in the DNA. They are used as biomarkers because they have been shown to be67
unregulated in certain cancerous conditions [25], such as: colorectal cancer [26], prostate cancer [27], and pancreas68
cancer [28]. They also take part in maintaining the integrity of germinal DNA. Consequently, they constitute important non-69
invasive biomarkers in infertility management.70

71
2.1.5 Small interfering RNAs (siRNA)72
The small RNAs are interfering RNAs exact same way as the miRNAs. SiRNAs are able to bind specifically to an mRNA73
sequence; therefore, they prevent expression by cleaving that RNA. They are present in many biological fluids such as:74
urine [29], seminal plasma [30] spermatozoa [31] and serum [32]. Several researchers have shown that the level of75
nucleic acids can be a tool for early diagnosis in certain pathologies.76

77
2.2 In human plasma, serum, urine, seminal plasma and sperm78

79
The detect-ability of CfDNA in many biological fluids makes them real biomarkers of interest, not only for the detection of80
many diseases but also for the follow-up of certain treatments.81

Schawarzenbach has shown that the level of CfDNAs in serum is an early detection tool for colorectal cancer. Indeed,82
they found a high level of CfDNA (22, 3 to 9.22 ng / ml) in the serum of patients with colorectal cancer compared to83
healthy donors (5-16ng / ml) [33]. In the same vein, the team of Schaw has found that there was a difference in CfDNA84
levels in the plasma of patients with breast cancer and that of healthy donors [34]. In the same way Gormally has shown85
the utility of CfDNAs in plasma and serum as non-invasive biomarkers for the detection or control of breast and prostate86
cancer, they found that patients with prostate cancer have a high level of serum CfDNAs compared to healthy donors [35].87

CfDNAs were also detected in the urine. Their presence is explained by the transfer of renal blood or directly from cells88
that have been in contact with this biological fluid [36]. An increase in the amount of CfDNAs was noted in the urine of89
patients with serious pancreatitis compared to healthy donors [37]. The team of Hui showed that smokers' urine had more90
CfDNAs than non-smokers (9.46 and 9.04 ng / ml for women, respectively 4.96 and 2.93 ng / ml). ml for men). Salvi have91
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found an increase in the amount of CfDNAs in the urine of patients with acute pancreatitis compared with healthy controls92
[38].93

94
3. SEMINAL CFDNAS AS SIGNALING MOLECULES IN CELLULAR COMMUNICATION95

96
3.1 Seminal CfDNAs resulting from the apoptotic or necrotic process97
The exact mechanism by which CfDNAs are released into the bloodstream is not always clear. However, many98
researchers believe that CfDNAs are produced by apoptotic cells [39]. Others argue that CfDNAs result from the necrotic99
process or even phagocytosis [40]. Thus, it should be remembered that apoptosis remains the main contributor of100
CfDNAs even if the origin is still uncertain [41]. In view of the fact that Stroun's team has said that living cells can release101
CfDNAs [42].102

103
3.2 Free DNA (CfDNAs) and exosomes104
Exosomes are small particles of the order of 30 to 140 nm. They are membrane-bound and result from multivariate fusion105
(MVB) with the plasma membrane [43]. Exosomes can be released into various biological fluids such as plasma, saliva106
and urine [44]. The role of exosomes is not only limited to the elimination of unnecessary molecules, they also represent a107
promising biomarker for tumor detection and early monitoring and drug treatment planning since the Grange team108
reported some differences protein profiles RNA and miRNA exosomes of cancer cells to cells of origin exosomes even109
though their size is similar[45]. Zhang's team showed that in the case of breast cancer, exosomes derived from stroma110
contribute to the quiescence of these, cells via the CXCL-12 screening of miRNAs [46].111

112
3.3. Free DNA (CfDNAs) detection information of genetic and epigenetic113
The sperm is a mixture of liquids resulting from various secretions including from the two testicles, the epididymis, the114
seminal vesicles, the Cowper glands and the prostate [47]. The epigenetic information contained in seminal CfDNAs115
which plays an important role in spermatogenesis. It is involved in the reorganization and condensation of the genome of116
germ cells during maturation. Indeed [48], it reflects the epigenetic aberrations of the testes [49], the problems of male117
infertility.118

119
120

4. SEMINAL FREE DNA (CFDNAS) FOR THE DIAGNOSIS OF MALE INFERTILITY121
122

The abundance of CfDNAs in sperm is due to significant apoptosis during spermatogenesis. According to the cabbage’s123
team, the presence of CfDNAs is associated with sperm parameters [49]. That explains why CfDNAs can be a biomarker124
for the diagnosis and evaluation of secretory sperm organs.125

126
4.1 Free DNA (CfDNAs) CfDNA127
CfDNAs are detectable in human sperm. Its concentration in sperm is much higher than in other biological fluids [50]. Its128
presence and concentration is directly correlated to sperm parameters such as speed, morphology or even mobility [51].129
According to Li, the level of CfDNA is higher in the seminal plasma of patients with defective sperm parameters [52].130
These observations explain the use of CfDNAs in the search for biological markers of sperm quality.131

132
4.2 Free RNA (CfRNAs)133
CfRNAs is an excellent biomarker for sperm quality. The team of Steger have detected high levels of Prm1 and Prm2 and134
mRNA in sperm obtained in patients whose in vitro fertilization (IVF) had failed compared to those whose in vitro135
fertilization was successful [53]. Bausal have also established a probable correlation between the profile of sperm DNA136
and male infertility [54] [55].137

138
4.3 MicroRNAs (miRNA)139
The expression of microRNAs, that are present in sperm, can be a very interesting approach and a valuable aid in routine140
practice of predicting sperm quality. According to the Salas-Huetos team, human sperm contains a stable population of141
miRNAs linked to embryogenesis and spermatogenesis [56]. Still Salas-Huetos has shown that MIR-34-P, MIR-132-3P,142
mir30C-5P and miR-375 play a role in cell cycle progression and sperm differentiation [57].143

144
4.4 Piwi-interacting RNA (PiRNAs)145
The presence in human spermatozoa, piRNAs represent 11% of CfRNAs [58]. PiRNAs are used in the evaluation of146
sperm quality and they offer new perspectives for diagnosis, prognosis and treatments in the management of male147
infertility [59].148

149
150
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5. NON-OBSTRUCTIVE AZOOSPERMIA151
152

Due to a lack of adequate intrinsic gonadotropin stimulation or testicular insufficiency, non-obstructive azoospermia is153
diagnosed in approximately 10% of infertile men[60].. According to the Drabovich team, the concentration of CfDNA is154
much higher in sperm than in other human body fluids, with an average value of 1.34 pg / ml in normozoospermia and155
2.56 pg / ml cases azoospermia cases [61]. The team of Li in a recent analysis of the different mRNA and microRNA156
profiles of patients with non-obstructive azoospermia and patients with obstructive azoospermia (OA) found differences in157
profiles with control (normozoospermia) [62]. Meanwhile, Wang  demonstrated differences in seminal plasma microRNA158
expression patterns, performed studies in patients with non-obstructive azoospermia (NAO) versus fertile men and noted159
a sharp decrease in expression of seven microRNAs (miR-346-5p, miR-122, Mir 149 + -5p, miR181a, miR-374b, miR-509160
and miR-513a-5p) in the seminal plasma of patients with ANO compared to the control[63]. However, in a study by161
Gunes’s team in patients with azoospermia, they found the additional expression of miR-34c-5p, miR-122, miR-146b-5p,162
miR-181a, 374b Mir, miR-509- 5p and 513a-5P which is increased strongly in the case of asthenozoospermia [64]. In the163
same vein, the team of Wu analyzed the testicular tissues of NOA patients and found a significant increase in the164
expression of miR-141, miR-429 and miR-7-1-3p in plasma. Seminal NOA compared to fertile controls [65].165

166
167

6. TERATOZOOSPERMIA, ASTHENOZOOSPERMIA AND OLIGOZOOSPERMIA168
169

Male fertility may be affected by abnormalities such as: reduced mobility (asthenozoospermia), abnormal morphology170
(Teratozoospermia), non-detectable sperm (azoospermia) or decreased sperm count (oligozoospermia).171

172
6.1 Teratozoospermia173
Teratozoospermia is characterized by the presence of spermatozoa with an abnormal morphology greater than 85% in174
spermatozoa. Herati ,in the exploration of markers useful to better compensate for male infertility made a comparison of175
sperm expression profiles of  men teratozoospermia and found a decrease in the expression of SAH-miR-19b-3p, hsa-176
miR-28-5p, SAH-miR-148B and 106B-mir-5P[66]. This clarifies the interest of these miRNAs as biomarkers male infertility177
management.178

179
6.2 Asthenozoospermia180
Patients with asthenosozoospermal disease, Zhou teams& Safarinejad noted an increase in the expression of SAH-181
miR548c-5p, SAH-miR548c-5p, and SAH-miR-27a, SAH-mi-548b -5p -548d-5P [67]. While Abu-Halima and his182
collaborators noted a dysregulation of a-miR-34b-3p in patients with asthenoszoopermia [68]. The same way, an increase183
in HSA-miR-27a expression has been observed in asthenozoospermic patients [69].184

185
6.3 Oligozoospermia186
In a study by Wang, in which he compared the expression patterns of miRNAs from normal and oligozoospermic patients,187
a significantly lower level of mir-34C-5p, Mir 122, miRNA expression was observed. 14BB-5P, miR -181A, miR-374b, miR-188
509-5p and miR-531a-5P noted by the controls [70]. Always in the same optics, Wu have found a strong expression of189
miR-19b and miR -7bis in patients with oligospermia [71]. Bilge Özsait Selçuk found a significant increase in the190
expression level of miR-21 and miR-22. However, finding a threshold value for the diagnosis and prognosis of male191
infertility remains a problem.192

193
194

7. IDIOPATHIC INFERTILITY AND OTHER FUNCTIONAL SPERM DEFECTS (DNA FRAGMENTATION,195
ROS, METHYLATION, PROTEOMICS, mi-RNA)196

197
Idiopathic male infertility is defined as the absence of a causal factor in sperm analysis when the sperm has abnormalities198
such as azoospermia, oligozoospermia, asthenozoospermia or teratozoospermia [72]. It can be affected by other factors199
such as: DNA fragmentation, ERO, methylation or protein.200

201
7.1 DNA fragmentation202
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DNA fragmentation is an important factor in the etiology of male infertility [73] or even a good indicator of the potential of203
conventional sperm parameters [74]. Because sperms with normal sperm parameters can have DNA damage [75]. Das In204
a study of the etiology of age-related male infertility shows that DNA fragmentation can lead to reduced motility of205
spermatozoa [76]. Similarly, Persin’s team in a study published and carried out on three patients suffering from male206
infertility reveals that the proportion of spermatozoa with fragmentation of the DNA varies between 4.4 and 28, compared207
to a percentage of DNA fragmentation of 1.20 ± 095 between controls [77]. Apart from DNA fragmentation, various208
conditions such as stress chromatin condensation, methylation can affect men.209

210
7.2 Oxidative Stress211
Even if a low concentration of ERO is necessary for the critical stages (capacitation, acrosomal reaction and fusion212
between the oocyte and sperm) of fertilization [78]. It turns out that, cellular stress in all its forms, can lead to DNA213
fragmentation and affect male fertility. According to Twigg seminal ERO levels can lead to sperm injury leading to male214
infertility. Only the lack of consensus on the physiopathological limits of ERO remains the crucial problem [79].215

216
7.3 Methylation217
The methylation of DNA has modifiedmodifies the genetic material as well as the restoration of DNA. It is a causative218
factor of infertility [80]. The example of the modulating AMPC response element (PAC) gene, which has a high219
concentration, becomes a negative factor for normal motility and sperm morphology. Arifin’s teams have shown that220
methylation contributes to the increase of mesoderm-specific transcriptase (MEST) in association with abnormal sperm221
parameters and male infertility [81].222

223
7.4 Proteomics224
In seminal fluid, sperm accounts for 10% of the total volume of ejaculation while 90% is a diverse molecular composition.225
The specific protein concentration provides a rich source of potential biomarkers in the assessment of male fertility [82].226
The team of Mitsumoto observed in infertile men a decrease in the protein (DJ-1-A) involved in the regulation of oxidative227
stress [83]. Diamandis also found a positive correlation between the seminal concentration of Prostaglandin-D-Synthase228
(PTGDS) with the mobility and normal morphology of spermatozoa [84]. The proteomic study conducted in the search for229
biological markers of azoospermia conducted by Bieniek revealed proteins such as, PTGDS, ACRV1, LGALS3BP, ECM1230
and TEX101 are seminal biomarkers for the evaluation of male infertility [85].231

232
233
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8. SEMINAL TECHNICAL APPROACH CFDNAS FROM THE ANIMAL MODEL TO HUMANS234
235

The development of biomarkers for the diagnosis of male infertility, the provision of assistance for drug development and236
its application at the human level cannot be possible without having gone through the animal model, including the mouse237
[86]. The experts in reproductive biology use several animal models. But in this part, we will only talk about the proteomic238
technology of sperm. The mouse model led to the identification of 52 proteins at the spermatic level [87]. Bleil and his239
collaborators, from the sperm of the boar have identified the surface proteins of the spermatozoa responsible for240
connecting the spermatozoon to the oocyte [88]. The list of animals used as models is very long. In our case, the dog241
remains the best experimental model for comparative studies in humans because of the similarity of the prostate [89]. The242
main challenge according to Naughton is the translation of knowledge acquired from its animal models to the male243
infertility clinic for an improvement of existing treatment, the development of an accurate diagnosis and the formulation of244
male contraceptives with minimal side effects [90].245

246
247

9. CONCLUSION248
249

The use of nucleic acids as biomarkers of male fertility remains an innovative approach and extremely promising because250
it is offering new perspectives from a diagnostic point of view, even therapeutic prognosis in the management of infertility,251
determining the level of nucleic acid circulation in biological fluids is a promising avenue. In addition, the determination of252
CfDNA would avoid a surgical procedure without consequences, for the reason that, there is a relationship between the253
level of CfDNA and the presence or absence of spermatozoa.254

255
256

The use of nucleic acids as biomarkers of male fertility remains an innovative approach and is extremely promising257
because it offers new perspectives from a diagnostic as well as prognostic points of view. This is because of the258
relationship between the level of CfDNA and the presence or absence of spermatozoa. In addition it is a noninvasive259
procedure and therefore reduces the risks the patient is exposed to.260

261
REFERENCES262

263
1. Siomi, Mikiko C, Sato, Kaoru, Pezic. PIWI-interacting small RNAs: the vanguard of genome defence. Nat Rev Mol Cell264

Biol., 2011, vol. 12, no 4, p. 246.265
2. Yang, Yongmei, QU, Danko, Charles G, HAH, Nasun, Luo, Xin. Signaling pathways differentially affect RNA266

polymerase II initiation, pausing, and elongation rate in cells. Mol Cell. 2013, vol. 50, no 2, p. 212-222.267
3. Ailin, LIU, Jingkang. Serum miR-210 contributes to tumor detection, stage prediction and dynamic surveillance in268

patients with bladder cancer. PLoS One., 2015, vol. 10, no 8, p. e0135168.269
4. Fawzy, Amal, Sweify, Karima M, EL-Fayoumy, Hany M. Quantitative analysis of plasma cell-free DNA and its DNA270

integrity in patients with metastatic prostate cancer using ALU sequence. J Egypt Natl Canc Inst, 2016, vol. 28, no 4,271
p. 235-242.272

5. Fawzy, Amal, Sweif, Karima M., El-Fayoumy, Hany M., et al. Quantitative analysis of plasma cell-free DNA and its273
DNA integrity in patients with metastatic prostate cancer using ALU sequence J Egypt Natl Canc Inst, 2016, vol. 28,274
no 4, p. 235-242.275

6. Hickerson, Robyn P, Vlassov, Alexander V., Wang, Qian. Stability study of unmodified siRNA and relevance to clinical276
use. Oligonucleotides, 2008, vol. 18, no 4, p. 345-354.277

7. Brennan, Cameron, Verhaak, Roel GW, Mckenna, Aaron. The somatic genomic landscape of glioblastoma. Cell,278
2013, vol. 155, no 2, p. 462-477.279

8. Rowe, Patrick J., Comhaire, Frank H, Hargreave, Timothy B. WHO manual for the standardized investigation and280
diagnosis of the infertile male. Cambridge University Press, 2000.281

9. Ewigman, Bernard G., Crane, James P, Frigoletto, Fredric D. Effect of prenatal ultrasound screening on perinatal282
outcome. Taiwan J Obstet Gynecol., 1993, vol. 329, no 12, p. 821-827.283

10. Akers, Johnny C, Gonda, David, Kim, Ryan. Biogenesis of extracellular vesicles (EV): exosomes, microvesicles,284
retrovirus-like vesicles, and apoptotic bodies. J Neurooncol.2013, vol. 113, no 1, p. 1-11.285

11. Fernandez‐Mercado, Marta, Manterola, Lorea, Larrea, Erika. The circulating transcriptome as a source of286
non‐invasive cancer biomarkers: concepts and controversies of non‐coding and coding RNA in body fluids. J Cell Mol287
Med.2015, vol. 19, no 10, p. 2307-2323288

12. Lo, YM Dennis, Zhang, Jun, Leung, Tse N. Rapid clearance of fetal DNA from maternal plasma. Am J Hum Genet.,289
1999, vol. 64, no 1, p. 218-224.290

13. Kopreski, Michael S, Benko, Floyd A, Kwak, Larry W. Detection of tumor messenger RNA in the serum of patients291
with malignant melanoma. Oncology. 1999, vol. 5, no 8, p. 1961-1965.292

Comment [Dr.  Iya 19]: in our case? did you
do a research using dogs? Please reframe
sentence correctly.



14. Dasi, Francisco, Lledo, Salvador, Garcia-Granero, Eduardo. Real-time quantification in plasma of human telomerase293
reverse transcriptase (hTERT) mRNA: a simple blood test to monitor disease in cancer patients. Laboratory294
investigation, 2001, vol. 81, no 5, p. 767.295

15. Brass, Abraham L, Huang, I.-Chueh, Yair. The IFITM proteins mediate cellular resistance to influenza A H1N1 virus,296
West Nile virus, and dengue virus. Cell, 2009, vol. 139, no 7, p. 1243-1254.297

16. Bartel, David P. MicroRNAs: genomics, biogenesis, mechanism, and function. cell, 2004, vol. 116, no 2, p. 281-297.298
17. Wright, Edward L., Eisenhardt, Peter RM, Mainzer, Amy K. The Wide-field Infrared Survey Explorer (WISE): mission299

description and initial on-orbit performance. J Egypt Natl Canc Inst, 2010, vol. 140, no 6, p. 1868.300
18. Ketting, René F, Fischer, Sylvia EJ, Bernstein, Emily. Dicer functions in RNA interference and in synthesis of small301

RNA involved in developmental timing in C. elegans. Genes Dev., 2001, vol. 15, no 20, p. 2654-2659.302
19. Lecellier, Charles-Henri, Dunoyer, Patrice, Arar, Khalil. A cellular microRNA mediates antiviral defense in human303

cells. Science, 2005, vol. 308, no 5721, p. 557-560.304
20. Levy, Samuel, Sutton, Granger, NG, Pauline C. The diploid genome sequence of an individual human. PLoS One.,305

2007, vol. 5, no 10, p. e254.306
21. Otsuka, Motoyuki, Jing, Qing, Georgel, Philippe. Hypersusceptibility to vesicular stomatitis virus infection in Dicer1-307

deficient mice is due to impaired miR24 and miR93 expression. Immunity, 2007, vol. 27, no 1, p. 123-134.308
22. Pederson, Erin L,Vogel, David L. Male gender role conflict and willingness to seek counseling: Testing a mediation309

model on college-aged men. J Couns Psychol., 2007, vol. 54, no 4, p. 373.310
23. Calin, George A., Liu, Chang-gong, Ferracin, Manuela. Ultraconserved regions encoding ncRNAs are altered in311

human leukemias and carcinomas. Cancer Cell., 2007, vol. 12, no 3, p. 215-229.312
24. Abu-halima, Masood, Backes, Christina, Leidinger, Petra. MicroRNA expression profiles in human testicular tissues of313

infertile men with different histopathologic patterns. Fertil Steril., 2014, vol. 101, no 1, p. 78-86. e2.314
25. Aravin, Alexei A, Sachidanandam, Ravi, Girad, Angelique, et al. Developmentally regulated piRNA clusters implicate315

MILI in transposon control. Science, 2007, vol. 316, no 5825, p. 744-747.316
26. Mustoe, Anthony M, Brooks, Charles L. Al-hashimi, Hashim M. Hierarchy of RNA functional dynamics. Annu Rev317

Biochem., 2014, vol. 83, p. 441-466.318
27. Spindler, Karen-Lise G, Pallisgaard, Niels, Vogelius, Ivan. Quantitative cell free DNA, KRAS and BRAF mutations in319

plasma from patients with metastatic colorectal cancer during treatment with cetuximab and irinotecan. Int J Cancer.,320
2012, p. Clin Cancer Res. 0564.2011321

28. Spindler, Karen-Lise G, Pallisgaard, Niels, Vogelius, Ivan. Quantitative cell free DNA, KRAS and BRAF mutations in322
plasma from patients with metastatic colorectal cancer during treatment with cetuximab and irinotecan. Clin Cancer323
Res. 2012, p. clincanres. 0564.2011.324

29. Wyatt, Alexander W, Azad, Arun A, Volik, Stanislav V. Genomic alterations in cell-free DNA and enzalutamide325
resistance in castration-resistant prostate cancer. JAMA Oncol. 2016, vol. 2, no 12, p. 1598-1606.326

30. Giacona, Mary Beth, Ruben, George C, Iczkowski, Kenneth A. Cell-free DNA in human blood plasma: length327
measurements in patients with pancreatic cancer and healthy controls. Pancreas, 1998, vol. 17, no 1, p. 89-97.328

31. Iversen, Frank, Yang, Chuanxu, Dagnaes-Hansen, Frederik. Optimized siRNA-PEG conjugates for extended blood329
circulation and reduced urine excretion in mice. Theranostics, 2013, vol. 3, no 3, p. 201.330

32. Liu, Li, Liu, Cheng, Lou, Fenglan. Activation of telomerase by seminal plasma in malignant and normal cervical331
epithelial cells. J Pathol, 2011, vol. 225, no 2, p. 203-211.332

33. Tsang, John, Zhu, Jun,Van Oudenaarden, Alexander. MicroRNA-mediated feedback and feed forward loops are333
recurrent network motifs in mammals. J Cell Mol Med., 2007, vol. 26, no 5, p. 753-767.334

34. Schwarzenbach, Heidi, Stoehlmacher, Jan, Pantel, Klaus. Detection and monitoring of cell‐free DNA in blood of335
patients with colorectal cancer. Ther Drug Monit., 2008, vol. 1137, no 1, p. 190-196.336

35. Shaw, Benjamin J., Al-Bairuty, Genan, et Handy, Richard D. Effects of waterborne copper nanoparticles and copper337
sulphate on rainbow trout,(Oncorhynchus mykiss): Environ Toxicol Chem.  2012, vol. 116, p. 90-101.338

36. Gormally, Emmanuelle, Caboux, Elodie, Vineis, Paolo. Circulating free DNA in plasma or serum as biomarker of339
carcinogenesis: practical aspects and biological significance. Clin Chem., 2007, vol. 635, no 2, p. 105-117.340

37. Brygunova, O. E. et Lakaktionov, P. Extracellular nucleic acids in urine: sources, structure, diagnostic potential. Acta341
Naturae. 2015, vol. 7, no 3 (26).342

38. Salvi, Samanta, Gurioli, Giorgia, De Giorgi, Ugo. Cell-free DNA as a diagnostic marker for cancer: current insights.343
Onco Targets , 2016, vol. 9, p. 6549.344

39. Hui, C. Y. Y, Tan, W. C., Tan, E. L., et al. Repeated failed non-invasive prenatal testing in a woman with immune345
thrombocytopenia and antiphospholipid syndrome: lessons learnt. BMJ case reports, 2016, vol. 2016.346

40. Pisetsky, David S. The origin and properties of extracellular DNA: from PAMP to DAMP. Clinical Immunology, 2012,347
vol. 144, no 1, p. 32-40.348

41. Jung, Klaus, Fleischhacker, Michael, Rabien, Anja. Cell-free DNA in the blood as a solid tumor biomarker—a critical349
appraisal of the literature. Clin Chim Acta, 2010, vol. 411, no 21-22, p. 1611-1624.350

42. Breitbach, Sarah, Tug, Suzan, Simon, Perikles. Circulating cell-free DNA. Genes (Basel). 2012, vol. 42, no 7, p. 565-351
586.352



43. Stroun, Maurice, Maurice, Pierre, Vasiooukhin, Valery. The origin and mechanism of circulating DNA. Ann N Y Acad353
Sci., 2000, vol. 906, no 1, p. 161-168.354

44. Jurisa, Josipa, Bulic, Petra, Špacir Prskalo, Zvjezdana. Mogucnosti Tekuce BiopsijeI U Klinickoj Praksi. Libri355
Oncologici: Acta Clin Croat, 2017, vol. 45, no 1, p. 23-30.356

45. Schawarzenbach, Heidi, Hoon, Dave SB,Pantel, Klaus. Cell-free nucleic acids as biomarkers in cancer patients.357
Nature Reviews Cancer, 2011, vol. 11, no 6, p. 426.358

46. Kola, A, Kohler, C, Pfeifer, Y, et al. High prevalence of extended-spectrum-β-lactamase-producing359
Enterobacteriaceae in organic and conventional retail chicken meat, J Antimicrob Chemother, 2012, vol. 67, no 11, p.360
2631-2634.361

47. Stroun, Maurice, Anker, Philippe, Vasioukhin, Valeri. Method for diagnosing cancers. U.S. Patent No 5,952,170, 14362
sept. 1999.363

48. Milardi, Domenico, Grande, Giuseppe, Vincenzoni, Federica. Proteomics of human seminal plasma: identification of364
biomarker candidates for fertility and infertility and the evolution of technology. Mol Reprod Dev2013, vol. 80, no 5, p.365
350-357.366

49. Boissonnas, Céline Chalas, Jouannet, Pierre,Jammes, Hélène. Epigenetic disorders and male subfertility. Fertil Steri,367
2013, vol. 99, no 3, p. 624-631.368

50. Inhorn, Marcia C.Patrizio, Pasquale. Infertility around the globe: new thinking on gender, reproductive technologies369
and global movements in the 21st century. Hum Reprod Update, 2015, vol. 21, no 4, p. 411-426.370

51. Paker, Tonya M, Ostering, Louis R, Lee, Heng-Ju, et al.The effect of divided attention on gait stability following371
concussion. Clin Biomech, 2005, vol. 20, no 4, p. 389-395.372

52. Assou, S, Al-Edani, T, Haouzi D. MicroRNAs: new candidates for the regulation of the human cumulus–oocyte373
complex. Hum Reprod.2013, vol. 28, no 11, p. 3038-3049.374

53. Schwarzenbach, Heidi, Hoon, Dave SB, Pantel, Klaus. Cell-free nucleic acids as biomarkers in cancer patients. Nat375
Rev Cancer, 2011, vol. 11, no 6, p. 426.376

54. Singh, R. P, Shafeeque, C. M, Sharma, S. K.Chicken sperm transcriptome profiling by microarray analysis. Genome,377
2015, vol. 59, no 3, p. 185-196.378

55. Bansal, Sandeep Kumar, Gupta, Nishi, Sankhwar, Satya Narayan. Differential genes expression between fertile and379
infertile spermatozoa revealed by transcriptome analysis. PloS one, 2015, vol. 10, no 5, p. e0127007.380

56. Steger, Klaus, Fink, Ludger, Failing, Klaus. Decreased protamine‐1 transcript levels in testes from infertile men.381
Molecular Human Reproduction, 2003, vol. 9, no 6, p. 331-336.382

57. Aitken, R. J. Sperm function tests and fertility. Int J Androl, 2006, vol. 29, no 1, p. 69-75.383
58. Gonzalez, Jacob Michael. Piwi, a nuclear Argonaute/Piwi protein, is a key regulator of the testicular stem cell niche in384

Drosophila. Yale University, 2014.385
59. Boissiére, Anne, Gala, Anna, Ferrieres-Hoa, Alice. Cell-free and intracellular nucleic acids: new non-invasive386

biomarkers to explore male infertility. Basic Clin Androl. 2017, vol. 27, no 1, p. 7.387
60. Drabovich, Andrei P., Saraon, Punit, Jarvi, Keith .Seminal plasma as a diagnostic fluid for male reproductive system388

disorders. Nat Rev Urol, 2014, vol. 11, no 5, p. 278.389
61. LI, Hong-Gang, Huang, Shi-Yun, Zhou, Hui. Quick recovery and characterization of cell-free DNA in seminal plasma390

of normozoospermia and azoospermia: implications for non-invasive genetic utilities. Asian J Androl, 2009, vol. 11, no391
6, p. 703.392

62. LI, Zhiming, Zheng, Zaozao, Ruan, Jun. Integrated analysis miRNA and mRNA profiling in patients with severe393
oligozoospermia reveals miR-34c-3p down regulates PLCXD3 expression. Oncotarget, 2016, vol. 7, no 33, p. 52781.394

63. Wang, Cheng, Yang, Cuihua, Chen, Xi. Altered profile of seminal plasma microRNAs in the molecular diagnosis of395
male infertility. Clin Chem, 2011, p. clinchem. 2011.16971.396

64. Gunes, Sezgin, Aarslan, Mehmet Alper, Hekim, Gulgez Neslihan Taskurt. The role of epigenetics in idiopathic male397
infertility. J Assist Reprod Gene, 2016, vol. 33, no 5, p. 553-569.398

65. Wu, Yuxuan, Liang, Dan, Wang, Yinghua. Correction of a genetic disease in mouse via use of CRISPR-Cas9. Cell399
stem cell, 2013, vol. 13, no 6, p. 659-662.400

66. Twyma-Sanit Victor, Christina, Rech, Andrew J., MAITY, Amit. Radiation and dual checkpoint blockade activate non-401
redundant immune mechanisms in cancer. Nature, 2015, vol. 520, no 7547, p. 373.402

67. Safaninejad, Mohammad Reza, Shafiei, Nayyer, et Safaninejad, Saba. The role of endothelial nitric oxide synthase403
(eNOS) T‐786C, G894T, and 4a/b gene polymorphisms in the risk of idiopathic male infertility. Mol Reprod Dev, 2010,404
vol. 77, no 8, p. 720-727.405

68. Alminana-Brines, Carmen. Snooping on a private conversation between the oviduct and gametes/embryos. Mol406
Reprod Dev.2015, vol. 12, no 3, p. 366-374.407

69. Twyma-Saint Victor, Christina, Rech, Andrew J., Maity, Amit. Radiation and dual checkpoint blockade activate non-408
redundant immune mechanisms in cancer. Nature, 2015, vol. 520, no 7547, p. 373.409

70. Wu, Yuxuan, Liang, Dan, Wang, Yinghua. Correction of a genetic disease in mouse via use of CRISPR-Cas9. Cell410
stem cell, 2013, vol. 13, no 6, p. 659-662.411



71. Willer, Cristen J, Schmidt, Ellen M, Sengupta, Sebanti. Discovery and refinement of loci associated with lipid levels.412
Nat Genet., 2013, vol. 45, no 11, p. 1274.413

72. Poongotha, J. E. N. S, Gopenath, T. S, Manoyaki, Swaminathan, et al. Genetics of human male infertility. Singapore414
Med J, 2009, vol. 50, no 4, p. 336-347.415

73. Agarwal, A.Said, Tamer M. Role of sperm chromatin abnormalities and DNA damage in male infertility. Hum Reprod416
Update, 2003, vol. 9, no 4, p. 331-345.417

74. Skinner, Martha, Sanchorawala, Vaishali, Seldin, David C. High-dose melphalan and autologous stem-cell418
transplantation in patients with AL amyloidosis: an 8-year study. Ann Intern Med, 2004, vol. 140, no 2, p. 85-93.419

75. Avendano, Conrado, Franchi, Anahí, Taylor, Steven. Fragmentation of DNA in morphologically normal human420
spermatozoa. Fertil Steril, 2009, vol. 91, no 4, p. 1077-1084.421

76. Aitken, R. John et Koppers, Adam J. Apoptosis and DNA damage in human spermatozoa. Asian J Androl, 2011, vol.422
13, no 1, p. 36.423

77. Persin, Zdenka, Maver, Uroš, Pivec, Tanja. Novel cellulose based materials for safe and efficient wound treatment.424
Carbohydr Polym., 2014, vol. 100, p. 55-64.425

78. Agarwal, Pradeep K, Agarwal, Parinita, Reddy, M. K. Role of DREB transcription factors in abiotic and biotic stress426
tolerance in plants. Plant Cell Rep2006, vol. 25, no 12, p. 1263-1274.427

79. Twigg, J. P, Irvine, D. S. Aitken, R. J. Oxidative damage to DNA in human spermatozoa does not preclude pronucleus428
formation at intracytoplasmic sperm injection. Hum Reprod.1998, vol. 13, no 7, p. 1864-1871.429

80. Handel, Adam E, Ebers, George C. Ramagopalan, Sreeram V. Epigenetics: molecular mechanisms and implications430
for disease. Trends Mol Med.2010, vol. 16, no 1, p. 7-16.431

81. Arifin, Darwin, Aston, Victoria J, Liang, Xinhua. CoFe2O4 on a porous Al2O3 nanostructure for solar thermochemical432
CO2 splitting. J Cell Mol Med.2012, vol. 5, no 11, p. 9438-9443.433

82. Pilch, Bartosz. Mann, Matthias. Large-scale and high-confidence proteomic analysis of human seminal plasma.434
Genome Biol. 2006, vol. 7, no 5, p. R40.435

83. Mitsumoto, Atsushi. Nakagawa, Yasuhito. DJ-1 is an indicator for endogenous reactive oxygen species elicited by436
endotoxin. Free Radic Res, 2001, vol. 35, no 6, p. 885-893.437

84. Diamandis, Eleftherios P, Arnett, William P, Foussias, George. Seminal plasma biochemical markers and their438
association with semen analysis findings. Int J Urol., 1999, vol. 53, no 3, p. 596-603.439

85. Bieniek, Jared M, Drabovich, Andrei P.Lo, Kirk C. Seminal biomarkers for the evaluation of male infertility. Asian J440
Androl2016, vol. 18, no 3, p. 426.441

86. Kamath, Sandip D, Rahman, Anas M. Abdel, Komoda, Toshikazu. Impact of heat processing on the detection of the442
major shellfish allergen tropomyosin in crustaceans and molluscs using specific monoclonal antibodies. Mol Nutr Food443
Res, 2013, vol. 141, no 4, p. 4031-4039.444

87. Ong, Kim-Thanh, Perdu, Jérôme, De Backer, Julie. Effect of celiprolol on prevention of cardiovascular events in445
vascular Ehlers-Danlos syndrome: a prospective randomised, open, blinded-endpoints trial. The Lancet, 2010, vol.446
376, no 9751, p. 1476-1484.447

88. Bleil, Jeffrey D, Wassarman, Paul M. Mammalian sperm-egg interaction: identification of a glycoprotein in mouse egg448
zonae pellucidae possessing receptor activity for sperm. Cell, 1980, vol. 20, no 3, p. 873-882.449

89. De Jong, Marion et Maina, Theodosia. Of mice and humans: are they the same? - Implications in cancer translational450
research. J Nucl Med, 2010, vol. 51, no 4, p. 501-504.451

90. Naughton, Cathy K, Nangia, Ajay K. Agarwal, Ashok. Varicocele and male infertility: Part II: Pathophysiology of452
varicoceles in male infertility. Hum Reprod Update, 2001, vol. 7, no 5, p. 473-481.453

454
455

ABBREVIATIONS456
Cf: Circulating nucleic acid457
DNA:  Deoxyribonucleic acid458
ART: Assisted reproductive technology459
RNA: Ribonucleic acid460
mRNA: Messenger RNA461
miRNA: MicroRNA462
PiRNAs: Interaction of RNA with piwi463
SiRNA: Small interfering RNA464
OA:  Obstructive Azoospermia465
NOA: Non Obstructive Azoospermia466
ROS: Reactive oxygen species467
DFI: Fragmentation of DNA468
MEST: Mesoderm-Specific Transcriptase469
PTGDS: Prostaglandin-D-Synthase470
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