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The intracytoplasmic sperm injection (ICSI) technique was invented to solve severe male infertility due to altered sperm
parameters. It is applied worldwide for the treatment of couple infertility. ICSI is performed with any available
spermatozoon from surgery or ejaculated samples, whatever are the sperm motility, morphology or quantity. The causes
of male infertility are crucial in building a competent spermatozoa that will contribute to normal embryonic development
and healthy offspring.
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| 1. Sperm Parameters

Intracytoplasmic sperm injection (ICSI) is the chosen fertilization method when at least one sperm parameter is altered,
such as sperm count (oligozoospermia), sperm motility (asthenozoospermia), or sperm morphology (teratozoospermia).

Many ICSI studies failed to correlate sperm parameter alteration after ejaculation with embryo development [[2IE]
concluding that ICSI resolves male infertility due to the semen parameters alteration. Nevertheless, data correlating the
morphology of the micro-injected spermatozoon in ICSI or IMSI outcomes evidenced the paternal effect on embryo
development. In ICSI, the micro-injection of morphologically abnormal spermatozoa can result in decreased fertilization
and implantation rates [, In IMSI, the increasing volume of vacuoles in the micro-injected sperm head was correlated with
a decreasing blastocyst rate Bl6IZ and a delay in embryo development following the pronuclear fading time and
continuing all along the cleavage stage /8. The sperm head vacuoles would be the sign of incorrect sperm DNA
packaging &, protamine organization 2%, and DNA fragmentation (11,

Globozoospermia is a rare morphological sperm abnormality characterized by a round-headed spermatozoon due to a
lack of acrosome and a coiled tail 12, For those less than 0.1% of infertile men with globozoospermia, ICSI is the only
solution to becoming a father with their own gametes. Compared to non-globozoospermic sperm, the fertilization rate is
diminished. Oocyte activation fails due to sperm-specific phospholipase PLCZ under-expression or inactivity 22! defective
sperm chromatin condensation, and sperm DNA damage 241,

In absolute asthenozoospermia, the fertilization rate is significantly decreased with regard to sperm vitality and origin 12!,
The combination of oligoasthenoteratozoospermia was found to correlate with a delay of 4-cell and 5-cell stages and cell
division synchronization s1 and s2 26!,

| 2. Sperm DNA

In the later stages of spermatogenesis, the spermatozoon undergoes molecular remodeling. Histone proteins are
substituted by protamines and haploid sperm DNA is broken on one or two strands in several parts to occupy as little
space as possible inside the sperm head. The histone—protamine transition occurs at the epididymis level. In addition to
the physiological sperm DNA fragmentation (SDF), several clinical and environmental factors are known to have negative
impacts on sperm DNA integrity, increasing the percentage of SDF. Numerous studies emphasize the direct relationship
between SDF and male infertility and increased miscarriage rate after IVF or ICSI 4. Whereas low SDF can be repaired
by the competent oocyte, high levels of SDF were correlated with embryo morphokinetic delay observable from the time of
of pronuclei fading to the morula stage L8922 The consequences are lower blastulation and pregnancy rates 221,
The adverse effects are stronger when both sperm DNA stands are broken 231,

Maternal age is known as the main factor of embryonic aneuploidy 24 but spermatozoon can contribute to aneuploidy too,
especially in males with reduced sperm concentration 231281, |ncreased paternal age over 50 years old is associated with
damaged DNA, lower blastocyst rate, and a significantly higher number of trisomic embryos 4. Obviously, the risk of
aneuploid embryos is particularly high in males with abnormal karyotype due to gonosomal aneuploidy (47,XXY; 47,XYY).



The percentage of euploid embryos to transfer after preimplantation genetic testing (PGT) in ICSI couples in which one
member carries an abnormal karyotype (PGT-SR) varies according to the carrier partner (male or female) and the
chromosomal abnormality 24, When the structural chromosomal abnormality is carried by the male patient, the
percentage of transferrable embryos is higher in Robertsonian translocation instead of reciprocal translocation. This result
highlights that specific (structural) chromosomal abnormalities carried by the male partner are incompatible with embryo
development and induce embryo arrest [24],

The Y chromosome is specific to males and can be microdeleted in Ygll at the specific loci AZFa, AZFb, and AZFc,
causing genetic infertility 28, Minimal data correlating the effect of AZF microdeletion with embryo development and
kinetics are available. Fertilization rate was found to be lower with sperm from AZF-microdeleted patients, but embryo
development was similar (28],

In azoospermic patients with CBAVD due to cystic fibrosis mutation(s) and carrier couples that are candidates for PGT for
a specific genetic disease, no study evidenced a correlation between the genetic trait and embryo development and
kinetics.

| 3. Sperm RNA

Several molecular biology techniques, particularly RNA sequencing, have allowed the characterization of the whole RNA
content of the sperm cell, which, as in other mammals, includes both coding and non-coding RNAs, such as mRNA,
mMiRNA rRNA, piRNAs, IncRNA, siRNA, tRFs, and others [2BA31132] |nngyatively, some RNAs are encoded by genes
packaged within the H2M4me3 histones, which are compatible with transcription. Hence, it has been recently speculated
that the spermatozoon might be able of de novo transcription, at least in specific DNA loci [23l. A number of transcripts
encoding for growth factors, transcription factors, or protein kinases have been identified in human sperm to a different
extent in terms of concentration in infertile patients compared to fertile controls 4. Some sperm RNAs could be effectors
of male infertility by their injection in the oocytes B3IB8I37 As such, these RNAs, including clusterin, calmegin, and the
integrator complex subunit | mMRNA, seem to be defective in unfertilized oocytes and would play a role in early
embryogenesis 78 From mice studies, non-coding RNAs acquired during the epididymal transit play a role in
embryogenesis 4. Regarding the embryo kinetics, the miRNA appears to delay the cleavage stage from 2-cell to 5-cell
stages and decrease the percentage of high-quality embryos 29,

A pilot study analyzing levels of several sperm-carried mRNAs encoding for genes involved in fertilization events, oocyte
activation, chromatin remodeling, and DNA repair in oligoozoospermic patients and normozoospermic controls reported
significantly lower levels of 21 mRNAs (e.g., mMRNA of AKAP4, PTK7 PLC{, POU5F1) in oligoozoospermic patients. A total
of 90% of the degenerated embryos did not reach the morula stage in those patients 1. Furthermore, a study on
normozoospermic males undergoing ICSI with young donor oocytes found 324 small RNAs (including 5'-tRF-Asp-GTC; 5'-
tRF-Phe-GAA, let-7f-2-5p, miR-4755-3p, miR-92a-3p, etc.) differently expressed according to cases with high or low
blastocyst rates (42,

Emerging evidence has addressed to sperm RNA a role in early embryo development and embryo kinetic 2!,

| 4. Sperm Epigenetic

Epigenetics involves mitotically and/or meiotically inheritable changes in gene function without alterations in DNA
sequences, enabling the transformation of the same genome into several different transcriptomes. Spermatozoa have a
unique epigenetic signature with a specific methylation profile 4. In the fraction of the sperm genome that does not
undergo the histone—protamine transition, retained histones are subjected to chemical modifications, such as methylation,
acetylation, phosphorylation, and ubiquitination 248l that regulate genome activation and silencing 4. Data suggest
that these epigenetic factors may affect transcriptional regulation during embryogenesis and contribute extra-genomically
to early embryonic development. Moreover, alterations in this highly specialized chromatin architecture may be associated

with male infertility (decreased sperm concentration, motility, and fertilization ability) and embryo developmental
anomalies [481(49],

| 5. Source of Spermatozoa

The spermatozoa for micro-injecting in ICSI can be recovered from ejaculated specimen or chirurgical extractions (e.qg.,
testicular sperm extraction TESE, testicular sperm aspiration TESA, microsurgical epididymal sperm aspiration MESA,
percutaneous epididymal sperm aspiration PESA) in case of azoospermic men BY. According to sperm origin, the



fertilization rate is higher with ejaculated sperm, followed by epididymal, and then testicular samples 11, Different studies
underlined the effect of sperm recovery on embryo kinetics comparing data from ejaculated semen with spermatozoon
from testicular or epididymis. The micro-injection of spermatozoon recovered from the testicle (TESE, TESA) has an effect
at the zygote stage with an earlier second polar body extrusion, a delay of pronuclei appearance, and a longer pronuclear
stage 52331541 At the cleavage stage, the embryos reach the 3-, 5-, 7-, 8-, and 9+ cell stages earlier in the case of
testicular spermatozoon B354l The morula and blastocyst stages are reached later B354 A higher percentage of
unequal cleavage from the 1-cell stage to the 3-cell stage are observed 22,

In the case of epididymal spermatozoon, embryo kinetics seem more similar to ejaculated semen, except for when they
reach the 2-, 4-, and 6-cell stages. The blastocyst stage is delayed compared to testicular and ejaculated semen 231, More
blastocysts are obtained with ejaculated and normospermia compared to surgically extracted spermatozoon 53!,

The effects of sperm recovery on embryo kinetics highlight, once again, the molecular aspects of spermatozoa maturation
along the male genital tract. At the testicular level, the sperm DNA is enfolded with histones, is not yet compacted, and is
less fragmented. The variation of the zygote kinetics for testicular spermatozoa compared to epididymis or ejaculated
sperm is explained by the fact that the oocyte does not need to substitute protamines with histones or to repair
fragmented DNA sperm as it would have done with a more mature sperm. The frequent unequal cleavage from the 1-cell
stage to the 3-cell stage observed with testicular spermatozoa is explained by an incomplete maturation of centriole
maturation in the testicular spermatozoon; this maturation being completed once the cell reaches epididymis 2. In
addition to the role of motility gain as the spermatozoon runs along the epididymis, the epididymis plays a role in
molecular sperm maturation 25381, The incomplete molecular maturation of epididymis spermatozoa would explain the
poor embryo development and lower ICSI outcomes compared to ejaculated sperm (31571,

| 6. Sperm Cryopreservation

Even if semen cryopreservation decreases the levels of sperm mRNA 852 embryos from cryopreserved sperm have
comparable development and kinetics compared to embryos from freshly ejaculated sperm 1, The adverse effects of
sperm cryopreservation are the loss of sperm motility and viability 82, but the sperm vitrification protocol is epigenetically
safe and induces minor biological changes compared to conventional freezing 31,

The cryopreservation of testicular or epididymal sperm in patients with obstructive or non-obstructive azoospermia were
found to have no impact on ICSI outcomes and embryo development compared to fresh testicular or epididymal samples
[64][65]

| 7. Other Sperm Causes

According to scientific literature, other sperm causes can affect embryo development and kinetics. The high levels of
reactive oxygen species in semen were associated with lower embryo quality and lower blastocyst rate €8l The
abundance of sperm proteins, such as those of the chaperonin-containing T-complex, correlate with early embryo quality
and could be considered a predictive biomarker of ICSI outcomes in couples with idiopathic infertility €I,

References

1. Sacha, C.R.; Dimitriadis, I.; Christou, G.; James, K.; Brock, M.L.; Rice, S.T.; Bhowmick, P.; Bormann, C.L.; Souter, I.
The impact of male factor infertility on early and late morphokinetic parameters: A retrospective analysis of 4126 time-
lapse monitored embryos. Hum. Reprod. 2020, 35, 24-31.

2. French, D.B.; Sabanegh, E.S., Jr.; Goldfarb, J.; Desai, N. Does severe teratozoospermia affect blastocyst formation,
live birth rate, and other clinical outcome parameters in ICSI cycles? Fertil. Steril. 2010, 93, 1097-1103.

3. Berger, D.S.; Abdelhafez, F.; Russell, H.; Goldfarb, J.; Desai, N. Severe teratozoospermia and its influence on
pronuclear morphology, embryonic cleavage and compaction. Reprod. Biol. Endocrinol. 2011, 9, 37.

4. De Vos, A.; Van De Velde, H.; Joris, H.; Verheyen, G.; Devroey, P.; Van Steirteghem, A. Influence of individual sperm
morphology on fertilization, embryo morphology, and pregnancy outcome of intracytoplasmic sperm injection. Fertil.
Steril. 2003, 79, 42-48.

5. Bartooyv, B.; Berkovitz, A.; Eltes, F.; Kogosowski, A.; Menezo, Y.; Barak, Y. Real-time fine morphology of motile human
sperm cells is associated with IVF-ICSI outcome. J. Androl. 2002, 23, 1-8.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Knez, K.; Tomazevic, T.; Zorn, B.; Vrtacnik-Bokal, E.; Virant-Klun, I. Intracytoplasmic morphologically selected sperm

injection improves development and quality of preimplantation embryos in teratozoospermia patients. Reprod. Biomed.
Online 2012, 25, 168-179.

. Neyer, A.; Zintz, M.; Stecher, A.; Bach, M.; Wirleitner, B.; Zech, N.H.; Vanderzwalmen, P. The impact of paternal factors

on cleavage stage and blastocyst development analyzed by time-lapse imaging-a retrospective observational study. J.
Assist. Reprod. Genet. 2015, 32, 1607-1614.

. Knez, K.; Tomazevic, T.; Vrtacnik-Bokal, E.; Virant-Klun, |. Developmental dynamics of IMSI-derived embryos: A time-

lapse prospective study. Reprod. Biomed. Online 2013, 27, 161-171.

. Franco, J.G., Jr.; Mauri, A.L.; Petersen, C.G.; Massaro, F.C.; Silva, L.F.; Felipe, V.; Cavagna, M.; Pontes, A.; Baruffi,

R.L.; Oliveira, J.B.; et al. Large nuclear vacuoles are indicative of abnormal chromatin packaging in human
spermatozoa. Int. J. Androl. 2012, 35, 46-51.

Larson, K.L.; DeJonge, C.J.; Barnes, A.M.; Jost, L.K.; Evenson, D.P. Sperm chromatin structure assay parameters as
predictors of failed pregnancy following assisted reproductive techniques. Hum. Reprod. 2000, 15, 1717-1722.

Franco, J.G., Jr.; Baruffi, R.L.; Mauri, A.L.; Petersen, C.G.; Oliveira, J.B.; Vagnini, L. Significance of large nuclear
vacuoles in human spermatozoa: Implications for ICSI. Reprod. Biomed. Online 2008, 17, 42—-45.

Dam, A.H.; Feenstra, |.; Westphal, J.R.; Ramos, L.; van Golde, R.J.; Kremer, J.A. Globozoospermia revisited. Hum.
Reprod. Update 2007, 13, 63—75.

Kashir, J.; Ganesh, D.; Jones, C.; Coward, K. Oocyte activation deficiency and assisted oocyte activation: Mechanisms,
obstacles and prospects for clinical application. Hum. Reprod. Open 2022, 2022, hoac003.

Fesahat, F.; Henkel, R.; Agarwal, A. Globozoospermia syndrome: An update. Andrologia 2020, 52, e13459.

Ortega, C.; Verheyen, G.; Raick, D.; Camus, M.; Devroey, P.; Tournaye, H. Absolute asthenozoospermia and ICSI:
What are the options? Hum. Reprod. Update 2011, 17, 684—692.

Mangoli, E.; Khalili, M.A.; Talebi, A.R.; Agha-Rahimi, A.; Soleimani, M.; Faramarzi, A.; Pourentezari, M. IMSI procedure
improves clinical outcomes and embryo morphokinetics in patients with different aetiologies of male infertility.
Andrologia 2019, 51, e13340.

Agarwal, A.; Majzoub, A.; Baskaran, S.; Panner Selvam, M.K.; Cho, C.L.; Henkel, R.; Finelli, R.; Leisegang, K.;
Sengupta, P.; Barbarosie, C.; et al. Sperm DNA Fragmentation: A New Guideline for Clinicians. World J. Men’s Health
2020, 38, 412-471.

Wdowiak, A.; Bakalczuk, S.; Bakalczuk, G. The effect of sperm DNA fragmentation on the dynamics of the embryonic
development in intracytoplasmatic sperm injection. Reprod. Biol. 2015, 15, 94-100.

Esbert, M.; Pacheco, A.; Soares, S.R.; Amoros, D.; Florensa, M.; Ballesteros, A.; Meseguer, M. High sperm DNA
fragmentation delays human embryo kinetics when oocytes from young and healthy donors are microinjected.
Andrology 2018, 6, 697—706.

Mangoli, E.; Khalili, M.A.; Talebi, A.R.; Ghasemi-Esmailabad, S.; Hosseini, A. Is there any correlation between sperm
parameters and chromatin quality with embryo morphokinetics in patients with male infertility? Andrologia 2018, 50,
e12997.

Anbari, F.; Khalili, M.A.; Agha-Rahimi, A.; Maleki, B.; Nabi, A.; Esfandiari, N. Does sperm DNA fragmentation have
negative impact on embryo morphology and morphokinetics in IVF programme? Andrologia 2020, 52, €13798.

Alvarez Sedd, C.; Bilinski, M.; Lorenzi, D.; Uriondo, H.; Noblia, F.; Longobucco, V.; Lagar, E.V.; Nodar, F. Effect of
sperm DNA fragmentation on embryo development: Clinical and biological aspects. JBRA Assist. Reprod. 2017, 21,
343-350.

Casanovas, A.; Ribas-Maynou, J.; Lara-Cerrillo, S.; Jimenez-Macedo, A.R.; Hortal, O.; Benet, J.; Carrera, J.; Garcia-
Peir6, A. Double-stranded sperm DNA damage is a cause of delay in embryo development and can impair implantation
rates. Fertil. Steril. 2019, 111, 699-707.

Coonen, E.; van Montfoort, A.; Carvalho, F.; Kokkali, G.; Moutou, C.; Rubio, C.; De Rycke, M.; Goossens, V. ESHRE
PGT Consortium data collection XVI-XVIII: Cycles from 2013 to 2015. Hum. Reprod. Open 2020, 2020, hoaa043.

Rodrigo, L.; Meseguer, M.; Mateu, E.; Mercader, A.; Peinado, V.; Bori, L.; Campos-Galindo, I.; Milan, M.; Garcia-
Herrero, S.; Simén, C.; et al. Sperm chromosomal abnormalities and their contribution to human embryo aneuploidy.
Biol. Reprod. 2019, 101, 1091-1101.

Templado, C.; Uroz, L.; Estop, A. New insights on the origin and relevance of aneuploidy in human spermatozoa. Mol.
Hum. Reprod. 2013, 19, 634—643.

Colaco, S.; Sakkas, D. Paternal factors contributing to embryo quality. J. Assist. Reprod. Genet. 2018, 35, 1953-1968.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.
46.
47.

48.

49.

50.

51.

Vogt, P.H. Human chromosome deletions in Yql1, AZF candidate genes and male infertility: History and update. Mol.
Hum. Reprod. 1998, 4, 739-744.

Krawetz, S.A.; Kruger, A.; Lalancette, C.; Tagett, R.; Anton, E.; Draghici, S.; Diamond, M.P. A Survey of Small RNAs in
Human Sperm. Hum. Reprod. 2011, 26, 3401-3412.

Sharma, U.; Conine, C.C.; Shea, J.M.; Boskovic, A.; Derr, A.G.; Bing, X.Y.; Belleannee, C.; Kucukural, A.; Serra, R.W.;
Sun, F.; et al. Biogenesis and Function of TRNA Fragments during Sperm Maturation and Fertilization in Mammals.
Science 2016, 351, 391-396.

Cannarella, R.; Barbagallo, F.; Crafa, A.; La Vignera, S.; Condorelli, R.A.; Calogero, A.E. Seminal Plasma
Transcriptome and Proteome: Towards a Molecular Approach in the Diagnosis of Idiopathic Male Infertility. Int. J. Mol.
Sci. 2020, 21, 7308.

Cannarella, R.; Condorelli, R.A.; La Vignera, S.; Bellucci, C.; Luca, G.; Calafiore, R.; Calogero, A.E. IGF2 and IGF1R
mRNAs Are Detectable in Human Spermatozoa. World J. Men’s Health 2020, 38, 545-551.

Sendler, E.; Johnson, G.D.; Mao, S.; Goodrich, R.J.; Diamond, M.P.; Hauser, R.; Krawetz, S.A. Stability, Delivery and
Functions of Human Sperm RNAs at Fertilization. Nucleic Acids Res. 2013, 41, 4104-4117.

Goodrich, R.J.; Anton, E.; Krawetz, S.A. Isolating mRNA and small noncoding RNAs from human sperm. Methods Mol.
Biol. 2013, 927, 385-396.

Yatsenko, A.N.; Roy, A.; Chen, R.; Ma, L.; Murthy, L.J.; Yan, W.; Lamb, D.J.; Matzuk, M.M. Non-Invasive Genetic
Diagnosis of Male Infertility Using Spermatozoal RNA: KLHL10mutations in Oligozoospermic Patients Impair
Homodimerization. Hum. Mol. Genet. 2006, 15, 3411-3419.

Platts, A.E.; Dix, D.J.; Chemes, H.E.; Thompson, K.E.; Goodrich, R.; Rockett, J.C.; Rawe, V.Y.; Quintana, S.; Diamond,
M.P.; Strader, L.F; et al. Success and Failure in Human Spermatogenesis as Revealed by Teratozoospermic RNAs.
Hum. Mol. Genet. 2007, 16, 763-773.

Ostermeier, G.C.; Miller, D.; Huntriss, J.D.; Diamond, M.P.; Krawetz, S.A. Delivering Spermatozoan RNA to the Oocyte.
Nature 2004, 429, 154.

Vassena, R.; Boué, S.; Gonzélez-Roca, E.; Aran, B.; Auer, H.; Veiga, A.; Belmonte, J.C.l. Waves of Early
Transcriptional Activation and Pluripotency Program Initiation during Human Preimplantation Development.
Development 2011, 138, 3699-3709.

Conine, C.C.; Sun, F; Song, L.; Rivera-Pérez, J.A.; Rando, O.J. Small RNAs Gained during Epididymal Transit of
Sperm Are Essential for Embryonic Development in Mice. Dev. Cell 2018, 46, 470-480.

Cui, L.; Fang, L.; Shi, B.; Qiu, S.; Ye, Y. Spermatozoa Micro Ribonucleic Acid—34c Level Is Correlated with
Intracytoplasmic Sperm Injection Outcomes. Fertil. Steril. 2015, 104, 312—-317.el.

Sadakierska-Chudy, A.; Patrylak, J.; Janeczko, J.; Chudy, J. Downregulation of gene expression and the outcome of
ICSI in severe oligozoospermic patients: A preliminary study. Mol. Reprod. Dev. 2020, 87, 1219-1230.

Hamilton, M.; Russell, S.; Menezes, K.; Moskovtseyv, S.1.; Librach, C. Assessing spermatozoal small ribonucleic acids
and their relationship to blastocyst development in idiopathic infertile males. Sci. Rep. 2022, 12, 20010.

Nixon, B.; De luliis, G.N.; Dun, M.D.; Zhou, W.; Trigg, N.A.; Eamens, A.L. Profiling of epididymal small non-protein-
coding RNAs. Andrology 2019, 7, 669—-680.

Carrell, D.T. Epigenetics of the male gamete. Fertil. Steril. 2012, 97, 267-274.
Kouzarides, T. Chromatin modifications and their function. Cell 2007, 128, 693-705.
Handy, D.E.; Castro, R.; Loscalzo, J. Epigenetic modifications. Circulation 2011, 123, 2145-2156.

Vavouri, T.; Lehner, B. Chromatin organization in sperm may be the major functional consequence of base composition
variation in the human genome. PLoS Genet. 2011, 7, €1002036.

Simon, L.; Castillo, J.; Oliva, R.; Lewis, S.E.M. Relationships between human sperm protamines, DNA damage and
assisted reproduction outcomes. Reprod. Biomed. Online 2011, 23, 724-734.

Giacone, F.; Cannarella, R.; Mongioi, L.M.; Alamo, A.; Condorelli, R.A.; Calogero, A.E.; La Vignera, S. Epigenetics of
Male Fertility: Effects on Assisted Reproductive Techniques. World J. Men’s Health 2019, 37, 148-156.

Van Peperstraten, A.; Proctor, M.L.; Johnson, N.P.; Philipson, G. Techniques for surgical retrieval of sperm prior to intra-
cytoplasmic sperm injection (ICSI) for azoospermia. Cochrane Database Syst. Rev. 2008, 2008, CD002807.

Palermo, G.D.; O'Neill, C.L.; Chow, S.; Cheung, S.; Parrella, A.; Pereira, N.; Rosenwaks, Z. Intracytoplasmic sperm
injection: State of the art in humans. Reproduction 2017, 154, 93-110.



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Van Marion, E.S.; Speksnijder, J.P.; Hoek, J.; Boellaard, W.P.A.; Dinkelman-Smit, M.; Chavli, E.A.; Steegers-
Theunissen, R.P.M.; Laven, J.S.E.; Baart, E.B. Time-lapse imaging of human embryos fertilized with testicular sperm
reveals an impact on the first embryonic cell cycle. Biol. Reprod. 2021, 104, 1218-1227.

Buran, A.; Tulay, P.; Dayioglu, N.; Bakircioglu, M.E.; Bahceci, M.; irez, T. Evaluation of the morphokinetic parameters
and development of pre-implantation embryos obtained by testicular, epididymal and ejaculate spermatozoa using
time-lapse imaging system. Andrologia 2019, 51, e13217.

Karavani, G.; Kan-Tor, Y.; Schachter-Safrai, N.; Levitas, E.; Or, Y.; Ben-Meir, A.; Buxboim, A.; Har-Vardi, |I. Does sperm
origin-Ejaculated or testicular-Affect embryo morphokinetic parameters? Andrology 2021, 9, 632—639.

Browne, J.A.; Leir, S.H.; Yin, S.; Harris, A. Transcriptional networks in the human epididymis. Andrology 2019, 7, 741—
747.

Zhang, Y.; Shi, J.; Rassoulzadegan, M.; Tuorto, F.; Chen, Q. Sperm RNA code programmes the metabolic health of
offspring. Nat. Rev. Endocrinol. 2019, 15, 489—-498.

Hoek, J.; Boellaard, W.P.A.; van Marion, E.S.; Willemsen, S.P.; Baart, E.B.; Steegers-Theunissen, R.P.M.;
Schoenmakers, S. The impact of the origin of surgical sperm retrieval on placental and embryonic development: The
Rotterdam Periconception cohort. Andrology 2021, 9, 599-609.

Valcarce, D.G.; Carton-Garcia, F.; Herrdez, M.P.; Robles, V. Effect of cryopreservation on human sperm messenger
RNAs crucial for fertilization and early embryo development. Cryobiology 2013, 67, 84-90.

Xu, X.; Li, W.; Zhang, L.; Ji, Y.; Qin, J.; Wang, L.; Wang, M.; Qi, L.; Xue, J.; Lv, B.; et al. Effect of Sperm
Cryopreservation on miRNA Expression and Early Embryonic Development. Front. Cell Dev. Biol. 2021, 9, 749486.

Zhu, Y.; Zhang, F.; Chen, H.; Sun, X.; Jiang, F. The use of frozen embryos and frozen sperm have complementary IVF
outcomes: A retrospective analysis in couples experiencing IVF/Donor and IVF/Husband. BMC Pregnancy Childbirth
2022, 22, 776.

Eastick, J.; Venetis, C.; Cooke, S.; Storr, A.; Susetio, D.; Chapman, M. Is early embryo development as observed by
time-lapse microscopy dependent on whether fresh or frozen sperm was used for ICSI? A cohort study. J. Assist.
Reprod. Genet. 2017, 34, 733-740.

Ezzati, M.; Shanehbandi, D.; Hamdi, K.; Rahbar, S.; Pashaiasl, M. Influence of cryopreservation on structure and
function of mammalian spermatozoa: An overview. Cell Tissue Bank. 2020, 21, 1-15.

Wang, M.; Todorov, P.; Wang, W.; Isachenko, E.; Rahimi, G.; Mallmann, P.; Isachenko, V. Cryoprotectants-Free
Vitrification and Conventional Freezing of Human Spermatozoa: A Comparative Transcript Profiling. Int. J. Mol. Sci.
2022, 23, 3047.

Yu, Z.; Wei, Z.; Yang, J.; Wang, T.; Jiang, H.; Li, H.; Tang, Z.; Wang, S.; Liu, J. Comparison of intracytoplasmic sperm
injection outcome with fresh versus frozen-thawed testicular sperm in men with nonobstructive azoospermia: A
systematic review and meta-analysis. J. Assist. Reprod. Genet. 2018, 35, 1247-1257.

Liu, H.; Xie, Y.; Gao, L.; Sun, X.; Liang, X.; Deng, C.; Gao, Y.; Liu, G. Impact on using cryopreservation of testicular or
epididymal sperm upon intracytoplasmic sperm injection outcome in men with obstructive azoospermia: A systematic
review and meta-analysis. J. Assist. Reprod. Genet. 2020, 37, 2643-2651.

Kuroda, S.; Takeshima, T.; Takeshima, K.; Usui, K.; Yasuda, K.; Sanjo, H.; Kawahara, T.; Uemura, H.; Murase, M.;
Yumura, Y. Early and late paternal effects of reactive oxygen species in semen on embryo development after
intracytoplasmic sperm injection. Syst. Biol. Reprod. Med. 2020, 66, 122-128.

Jodar, M.; Attardo-Parrinello, C.; Soler-Ventura, A.; Barrachina, F.; Delgado-Duefias, D.; Civico, S.; Calafell, J.M.;
Ballesca, J.L.; Oliva, R. Sperm proteomic changes associated with early embryo quality after ICSI. Reprod. Biomed.
Online 2020, 40, 700-710.

Retrieved from https://encyclopedia.pub/entry/history/show/90928



