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Efficient treatment of infertility due to sperm DNA damage
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BACKGROUND: Sperm DNA damage (fragmentation) is a recently discovered cause of male infertility for which
no efficient treatment has yet been found. Previons findings have suggested that clinically relevant sperm DNA
damage may occur at the post-testicular level. This study was undertaken to assess the clinical usefulness of ICSI
with testicular spermatozoa in this indication. METHODS: The pexcentage of spermatozoa with fragmented DNA,
assessed by terminal deoxyribonucleotidyl transferase-mediated dUTP nick-end labelling assay, and ICSI outcomes
were compared in two sequential attempts performed, respectively, with ejaculated and testicular spermatozoa in
18 men with increased sperm DNA fragmentation. RESULTS: The incidence of DNA fragmentation was markedly
fower in testicular spermatozoa as compared with ejaculated spermatozoa. No differences in fertilization and clea-
vage rates and in embryo morphological grade were found between the ICSI attempts performed with ejaculated
and with testicular spermatozoa. However, eight ongoing clinical pregnancies (four singleton and four twin) were
achieved by ICSI with testicular spermatozoa (44.4% pregonancy rate; 20.7% implantation rate), whereas ICSI
with ejaculated spermatozoa led to only one pregnancy which was spontaneously aborted. CONCLUSIONS: These
data show that ICSY with testicular spermatozoa provides the first efficient assisted reproduction treatment option
for men with high levels of sperm DNA damage.
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Tunel assay: deoxynucleotidyl transferase-mediated dUTP nick end labeling assay
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DNA DR L EBRET R,
Concentration ~ Motility  Normal Ejaculate  Testis
Caotmly @ fome@h BT HEEN DFITH5E P<0.001

1 6 1 2 20 3 g B G EETZ - 4 oo
2 31 52 3 15 5 ﬁigﬁ% -+ 4.8%
3 38 71 20 24 4 » B b L 23,69
4 33 40 11 21 3 AT %
5 3 19 9 27 2
6 25 65 15 31 6
7 75 42 48 25 4
8 2 3 8 23 i
9 25 is 6 22 1% ™ -
w3 n 5 B [ g T I DNARE A A L
11 19 29 25 26 4 -~
12 51 41 48 21 3 :
13 12 63 11 37 6
14 2% 32 61 19 5
15 1 42 22 17 6
16 33 21 13 24 4
17 17 56 10 20 5
18 66 44 58 27 3
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Table IL Fertilization and embryo development after ICSI with ejaculated and testicular spermatozoa

Sperm Attempts Oocytes Normal Fertilization Cleaved Good-morphology
source injected zygotes® rate” embryos® embryos”
Ejaculate 18 185 131 70.8%"° 124 (94.7%)° 759 (47.6%)
Testis 18 187 140 74.9%"° 133 (95.0%)° 68 (51.1%)

*With two equal-sized pronuclei.

PPercentage of injected oocytes that developed to normal zygotes.
“Percentages are calculated from the number of normal zygotes.
YEmbryos with normal pronuclear morphology on day 1, =6 cells on day 3, equal sized blastont€res and < 10% of the
intrazonal space occupied by fragments, The percentages are calculated from the numbeggf tleaved embryos.

®The differences between data for the two sperm sources are not significant (P > 0.05).
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Table III. Implantation and pregnancy after ICSI with ejaculated and testicular spermatozoa

Sperm Attempts Embryos Clinical Pregnancy Gestational
source transferred pregnancies® rate SRR sacs®
Bjaculate §JtH 18 56 | T osewe N1

Testis #EHIN 18 58 g ad%e ) 12

£

Implantation
rate‘d‘ =

“With at least one gestational sac with cardiac activity.
PPercentage of attempts resulting in a clinical pregnancy.
“With cardiac activity.

YPercentage of embryos transferred that gave rise to a gestational sac with cardiac activity.
°P < 0.05.

P < 0.01.
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Table I. Basic sperm parameters of the patients involved in this study and
the incidence of DINA fragmentation in their ejaculated and testicular sperm
samples

Patient  Basic sperm parameters % Spermatozoa

with fragmented

DNA
Concentration Motility Normal Ejaculate  Testis o
(X10%mD) (%) forms (%) - FERANE TR C TR
i 6 1 2 20 3 - BEERE TR © 858 No. 6
2 31 52 3 15 5
3 28 71 20 24 4
4 33 40 11 21 3
5 3 19 9 27 2
6 25 65 15 3 6
T 75 42 43 25 4
8 22 3 8 23 1
9 25 15 6 22 18
10 2 14 T 25 5
11 19 29 25 26 4
12 51 41 48 21 3
13 12 63 11 1 6
14 24 32 61 19 5
15 1 42 . 2 17 6
Jé 33 21 13 24 4
17 17 56 10 20 5
18 66 44 58 27 3
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TABLE 1 | _
Sperm DNA assessment resuits.
DFI (%) TUNEL {%)
Absolute difference ejaculate
Patient Initial Post-treatmen Ejaculate Testicular versus testicular (%)
1 75650 - 75.89 708 145 o563
3 43,29 39.57 23.3 13.2 R m_10 T
4 55.99 57.89 14.8 —27.9 o
5 45.75 66.71 478
6 53.89 54,92 ~34.6
7 33.48 52.69 —-27.9
8 455 31.77 —24.9
g 33.79 4517 ~14.3
10 58.48 51.26 —29
11 46.08 40.53 —-21.8
12 356.58 38.67 . -3.3
Mean 49 2+12.8 52 2147 —26.5 £+ 14.8
Note: Values are mean + standard deviation. DFl=D agmentation ind NEL = terminal deoxynucleolidyl trans-
ferase-mediated deoxyuridine triphosphate nick end labeling.
2P <.001.
Moskevisev, Testicular spermatozon DNA damage. Fertil Steril 2010,

Moskovtsev Si et al., Testicular spermatozoa have statistically significantly lower DNA damage compared with ejaculated
spermatozoa in patients with unsuccessful oral antioxidant treatment. Fertil Steril. 2010 Mar 1;93(4):1142-6.
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Ménézo Y et al., DNA damage and repair in human oocytes and embryos: a review. Zygote. 2010 Nov;18(4):357-65.
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Effeck of SDF on laboratory and clinical cutcomes.

Variable <2 30% SDF (n = 433) 230% SDF (n = 42) Pvalue
Laboratory outcomes®
Fertilization rate 90.10 : 3.50 8567 +1.03 226
Normal cleavage speed 72.16 +1.30 61.56 £ 4.40 010
rate
High-guality embryos at 36.47 4: 1.51 2389 £ 551 .021
day 3 rate
Blastocyst rate 56.25 £ 2.01 39.01 £ 1.40 016
Blastocyst gualigx rate 30.54 + 2.27 1132 £ 7.72 <.001
Clinical outcomes
implantation rate 46.09 & Q.55 33.2141.96 <.001
Chemical pregnancy rate 34.99 33.11 940
Clinical pregnancy rate 32.42 30.33 774
Miscarriage rate 17.8 399 .018

M Ad;usted for maternal age, maternal BMY, totél FSH dose, number of vetrieved oocyles, and patemial age.
b Adjusted for maternal age, matemal BMI, total FSH dose, number of reliieved cogytes, patema! age, number of transferred embryos, endometral thickness.

Borges. Sperm DNA fragmentation and IS outcomes, Fertil Sterd 2019,

Borges E ir et al., Sperm DNA fragmentation is correlated with poor embryo development, lower implantation rate, and
higher miscarriage rate in reproductive cycles of non-male factor infertility. Fertil Steril. 2019 Sep;112(3):483-490.
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ORIGINAL ARTICLE

ICSI outcome in patients with high DNA fragmentation:
Testicular versus ejaculated spermatozoa

M. Arafai®g A. AlMalki, M. AlBadr, H. BurJaqg, A. Majzoub, S, AlSald, H. Elbardisi
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summary KIFFRANTHERRAEIC O W TCREROEREH Y
Sperm DNA fragmentation (SDF} has emerged as an important hiomarker in the
assessment of male fertility potential with contradictory results regarding its effect on
ICSI. The aim of this study was to evaluate intracytoplasmic sperm injection (ICSl)
outcomes in male patients with high SDF using testicular versus ejaculated spermatozoa,
This is a prospective study on 36 men with high-5DF levels who had a previous IC5t cycle
from their ejaculates. A subsequent ICS1 cycle was performed using spermatozoa
retrieved through testicular sperm aspiration. Resuits of the prior ejaculate {CSI were
compared with those of the TESA-ICS!. The mean {SD) SDF fevel was 56.36% {15.3%).
Overall, there was no difference in the fertilization rate and embryo grading using
ejaculate and testicular spermatozoa (46.4% vs. 47.8%, 50,2% vs. 53.4% respectively).
However, clinical pregnancy was significantly higher in TESA group compared to
ejaculated group (38.89% [14 of 361 vs. 13.8% [five of 36]). Moreover, 17 live births were
documented in TESA group, and only thre births were documented in ejaculate
group (p < .0001). We concluded that the use of testicular spermatozoa for ICS]
significantly increases clinical pregnancy rate as well as live-birth rate in patients with
high SDF,
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Table 2,

Seminal plasma CoQ10, oxidative stress ma11<ers and sperm DNA fragmentation levels in
fertﬂe and mfertlle men before and 2 rak

Fertile eut before Patient af !

Variable o S
contrel CoQ10 CoQ10 Centrum Centrum
CoQ10 level (ng/mL) 56.2438. 16:298%  76.9126.30H¢ 38.9:27.64 40.2:2619.8)
ROS (<i0% RLU/min/20 million 0072003 Fnsauqage) 2.68:1.3150¢) &2 8:0.96°) 2.0821,04hE)0)
spermatozoa
TAC (mmol/L) 112:020 3 073:036Y  0.92:0409f  056:0249) 07320390
Catalase (U/ml} 12.45¢24 gane221® 082060 67241759 7.8+1.401€)E)
Sperm DNA fragmentation (%) 13.223.8 €)

CoQI0, coenzyme Q10; ROS, reactive oxygen
3 ys, patients before CoQI0, FDR p<0.05;

b} ys, patients before CoQI0, FDR p<0.01;

<} vs. patients before CoQI0, FDR p<0.00f;

4} ys, fertile controt group, FDR p<0.01;

¢} yg, fertile control group, FDR p<0.001;

BREHDD., BEANBRODHLEGZONE DD

0 yg, patients after CoQ10, FDR p<0.05;
& vs. patients after CoQ10, FDR p<0.001.

CPICSIE ? (T A L EREGRRER)
PICSI [Cst Absolute difference Odds ratio pvalue
{95% Ci) (95%Cly -
Term livebirth
Primary analysis* 27-4% (379/1381) 25:2% (346/1371) 2.2% (-11to55) 112 (095 to 1.34) 018
Sensitivity analysist 27-5% (379/1379) 253% (346/1370) 2:2% (~1110575) 113{0-95t0 1.34) C17
Sacondary endpoints
Clinical pregnancy 35:2% (487/1382) 35.7% (491/1375) -0-8% {(-4-0t0 3-1) 0.98 (0-8410 1-15} 0-80
Miscarriage 4-3% {60/1381) 7:0% (96/1371) «2.7% (~4-4 10 -0-9) 0-61(0-43to 0-84) 0003
Premature birth 3-3% (46/1381) 3-3% (45/1371) 0-0% (-13to 1.4) 102 (0-67 to 1.55) 0.94
Exploratory endpoints
Fertilisation rate (%)$ 66% (24-0) 69% (24-0) 3-0% (~0-47 to 6-5) 115 (0-98 to 1:34) 009
Blachemical pregnancy 39-5% (546/1383) 39.5% (544/1377) 0-0% {~4-0 to 4-0) 1:00(0-86 to 1-17) 099
Data are % (n/N), unless otherwise stated. PICSl=physiological intracytoplasmic sperm injection. ICSI=intracytoplasmic sperm infection. * Adjusted for maternal age, previous
miscarriage, and hormonal Indicators of ovarian reserve. tAdjusted for hyaluronan-sperm binding score, maternal age, previous miscarriage, and hormonal indicators of
ovarian reserve. Odds ratios are shown alongside absolute differences. $Data are mean {SP); denominators were 1386 for the PICS! group and 1380 for the ICSI group,
Table 3: Triai outcomes

Miller D et al., Physiological, hyaluronan-selected intracytoplasmic sperm injection for infertility treatment (HABSelect): a
parallel, two-group, randomised trial. Lancet. 2019 Feb 2;393(10170}.416-422.
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Table 1. Comparison of semen analyses, DNA damage, and aneuploidy rates between controls and patients,

Controls (n = 10) Patients (n=8)

Parameters Fjaculate Bjaculate Testicular

" Sperm concentration® 65,2 & 33.5* 26,7+ 38.8 NA
Sperm motility (9) 55.9+23.3* 141+136 NA
DNA damage (%) 121+5.1% 40,6+ 14.8 14,9 +5,0**
18 aneuploidy (%) 045+ 0.15 1.06+0.22 207 £1.23%
X/Y aneuploidy (%) 0.81 & 0.41* 1,70 £ 0.56 549 +245%
13 aneuploidy (%) 0421017 119+ 0,50 1.64 £0.83
21 aneuploidy (%) ' 0.66 + 0.36* 1.60 £ 0.56 233 £0.52**
Total diploidy {%) 0.10+0.06 : 023+0.18 .86 + 0,44**
Total aneuploidy (%) 2.49 + 0.56* 577+1.22 12.41 £3.71%*

Values are mean % 5D

* Number of sperm x 10%/mL

*P < 0.05 between ejaculate of controls and patients

**P < 0.05 between ejaculate and testicular sample of patients

Moskovtsev Sl et al., A comparison of ejaculated and testicular spermatozoa aneuploidy rates in patients with high sperm
DNA damage. Syst Biol Reprod Med. 2012 fun;58(3):142-8.
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