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Aneuploidy screening of gametes and embryos
Does it have any role in ART for male infertility?
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¥ e s Introduction

¢ The contribution of sperm to normal fertilization and
embryogenesis include
— The centrosome
— Oocyte activation factors
— Epigenetic gene modifications
— Possibly RNA regulation mechanisms
(Boerke et al., 2007; Carrell et al., 2007;

Chatzimeletiou et al., 2007; Emery and Carrell, 2006;
Haaf, 2006)

¢ Transmission of a haploid chromosome complement
is the most fundamental and essential contribution




}-{ Introduction

« ICSI has facilitated fertilization in cases of extreme
spermatogenesis defects
— Beneficial to infertility patients

— The cause of heightened concern about the
possibility of increased genetic risk, including the
potential of an elevated risk of embryo aneuploidies

}-{ Outline of the presentation

¢ Introduction
* Sperm aneuploidy rate in infertile males
* Sperm parameters and ART outcome

* Chromosomal abnormalities in embryos from
couples with male infertility

« Benefit of PGD-AS in male infertility

- FISH on sperm
¥ P

Normal haploid
Aneuploid

_ Carrell D, J. of Andrology 2007




}-{ . Sperm aneuploidy in infertile men

« Infertile male patients with a normal somatic
karyotype produce abnormal spermatozoa as a result
of an altered intra-testicular environment that affects
negatively the mechanisms controlling chromosome
segregation

Mroz et al., 1998

_ For review: Calogero A, RBMonline, 2003

¥ . Sperm aneuploidy in infertile men

¢ The rate of aneuploid spermatozoa production is
significantly higher in patients with abnormal sperm
parameters compared with those of normozoospermic
subjects or infertile patients with normal sperm
parameters

Laholetie et al., 1997
Bernardini et al., 1997
Mclnnes et al., 1998
Pang et al., 1999

_ For review: Calogero A, RBMonline, 2003

¥ . Sperm aneuploidy in infertile men

* A negative correlation has been reported to exist
between aneuploidy and the main sperm
parameters

Vegetti et al., 2000
Ushijima et al., 2000
Calogero et al., 2001

_ For review: Calogero A, RBMonline, 2003




}-{ . Sperm aneuploidy in infertile men

» Testicular and epididymal spermatozoa have a greater rate of
aneuploidy compared with that of ejaculated spermatozoa.

* Some authors have also shown that patients with non-obstructive
azoospermia have a significantly higher sperm aneuploidy rate
compared with that of patients with obstructive azoospermia

Levron, et al., 2001
Palermo et al., 2002

Not confirmed by other studies

Platteau et al., 2004
Calogero et al., 2003

_ For review: Calogero A, RBMonline, 2003

¥ . Sperm aneuploidy in infertile men

* All chromosomes are subject to aneuploidy, although
at a different rate; the sex chromosomes are more
often altered than are the autosomes.

_ For review: Calogero A, RBMonline, 2003

Frequency of aneuploidy in sperm

3{ y FISH analysis: XY,13,15,16,17,18,21,22

- 5 normospermic samples: 1117 sperm cells
98.5% normal haploid (98%-99%)

- 27 OAT samples: 3749 sperm cells
88% normal haploid (73%-98%)

- 11 testicular samples: 893 sperm cells
84% normal haploid (71%-94%)

_ Gianaroli et al., Hum. Reprod., 20, 2140-52, 2005
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¢ Introduction

couples with male

* 1000 to 10 000 sperm cells

¢ 2 -3 rounds of varying probe mixtures

* Automated testing has been described, although
hardware and software expensive

* Cost/benefit of the assay will depend on the outcome
of large scale studies to validate the benefit of testing

* Sperm aneuploidy rate in infertile males
* Sperm parameters and ART outcome
* Chromosomal abnormalities in embryos from

« Benefit of PGD-AS in male infertility

}-{ . Sperm aneuploidy in infertile men

Aneuploidy (%) Reference

15,086 Baasucies o af | N1}
(Doewilinnd o 8l . 2007)
el v al, 004, Int Vield it !
Comyell vt al, 1003}

15480 PCamvell o al | 10N}
{Camvell v al, 1999)

(R Tlmelo o7 ad . 3003)

1-34 Brcnacdu ot of 2304}
Camvel v al, 3007}

(Potn t al, D)

¥ . Benefit of sperm aneuploidy assay

ime-consuming analysis
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Prenatal testing in 1CSI pregnancies: incidence of
chromosomal anomalies in 1586 Karyotypes and relation to
sperm parameters
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De-novo aberrations were found in 1.6% of the tested ICSI children

: Bonduelle et al., Hum. Reprod.,Vol.17,
}{ : No.10, 2600-14, 2002

“Table V. Sperm parameters in relation (0 non-inherited karyolype anomalies

Karyotype result Spem concentration Sperm morphology* Sperm motility*

<20x10° =20x10% Abnormal  Normal Abnormal  Normal
<50%  250%

Normal 120 419 1260 0} 1267 m

Abnormal Mo1 1 024 4 2 251.99% 0

Normal + sbnomal 1144 "0 420 "o 1290 m 1292 m

% 721570 2685 70 maw 17.52 261 1730

Fisher's caacttest P = 0.006 P=1000N8) P= 0014

#In the analysis of ‘molity, missing dercd as sbnomal

NS = not significant.

}.{ i Outline of the presentation
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* Sperm aneuploidy rate in infertile males
* Sperm parameters and ART outcome

* Chromosomal abnormalities in embryos from
couples with male infertility

« Benefit of PGD-AS in male infertility




Development of PGD-AS

* Morning of day 3:
> 6 cells : 2 blastomeres

¢ A hole is made in the zona
using laser technology

¢ Aspiration of the
blastomeres

Round 2 : 16 q11.2 Orange
22 q11.2 Green

Round 1: X p11.1-g11.1 Blue
Y p11.1-q11.1 Gold
13 q14 Red
18 p11.1-q11.1 Aqua
21 q22.13-gq22.2 Green

% abnormal embryos in male

» infertility
N patients N embryos analyzed % abnormal
Age mean + SD (Chromosomes tested) embryos
Gianaroli et al., Mesa/TESE: 39 169 70.0%
2001 31.8+2.4 (XY,13,14,15,16,18,21,22)
Kahraman et al,, Macro (23): 312246 82 46.4%
2004 Zero N (14): 34.1£ 4.3 47 37.5%
(XY,13,16,18,21,22)
Meiotic abn: 27 183 42.5%
Aran et al., 2004 31.5 (24-39) (XY.13,16,18,21,22)
) o
Platteau et al., :22332'::'6 203 52'50/0
2004 : 33. . 121 60.0%
(XY,13,16,18,21,22)




Fresh ejaculated sperm — Concentration -

}'{ : Maternal age < 35 years
Sperm conc. < 20 x 10° Sperm conc. 2 20 x 108
(n=1292) (n=1652)

14,1

21
71
%

7,7

[ wMommal = Trisomy = Mosaic Hapltripl = Comb abnor |

Unpublished data, UZ Brussel

Fresh ejaculated sperm — Concentration —

S{ y Maternal age < 35 years
Sperm conc. < 20 x 10° Sperm conc. 2 20 x 10°

No. of cycles with PGD-AS 216 281
Age t mean SD 31.2£3.1 31927
Embryo/biopsy * mean SD 6.4+39 6.2+43
No. of transfers 179 225
Embryoltransfer + mean SD 1708 1607
No. of + HCG 78 101
+ HCG/transfer 43.6% 44.9%

Unpublished data, UZ Brussel

Fresh ejaculated sperm — Motility -

. g Maternal age < 35 years
Motility < 50% Motility 2 50%
(n=1434) (n=1510)

%

[ wMommal = Trisomy = Mosaic Hapltripl = Comb abnor |

Unpublished data, UZ Brussel




Fresh ejaculated sperm — Motility -

}{ : Maternal age < 35 years
Mot. < 50 % Mot. 2 50 %

No. of cycles with PGD-AS 244 253
Age £ mean SD 31.5%£3.0 31728
Embryo/biopsy * mean SD 6.2+3.9 6.3%44
No. of transfers 205 199
Embryol/transfer + mean SD 1.7%£0.8 1.6%0.7
No. of + HCG 95 84

+ HCGltransfer 46.3% 42.2%

_ Unpublished data, UZ Brussel

Chromosomal constitution of embryos
. ) obtained after ICSI with testicular sperm
¥ of OA and NOA men

* Azoospermic couples: 2 semen samples including a
centrifugation step at high speed

* Both partners: genetic work-up
— Karyotype analysis
— Assessment for Yq deletion

* NOA: histological confirmation of spermatogenesis
failure (maturation arrest, germ-cell aplasia, tubular
sclerosis and atrophy) — n= 39 cycles

* OA: histological confirmation of normal
spermatogenesis — n= 23 cycles

_ Platteau et al., 19, 1570-74, 2004

Chromosomal constitution of embryos
obtained after ICSI with testicular sperm

¥ of OA and NOA men

¢ Control population of 14 couples (14 treatment
cycles) who underwent PGD to determine fetal
gender with regard to sex-linked disease

¢ Female age: 33.6 +5.4

_ Platteau et al., 19, 1570-74, 2004




Chromosomal constitution of embryos
. . obtained after ICSI with testicular sperm
¥ of OA and NOA men
NOA OA Sexing
No. of cycles 39 23 14
Age (years) 30.6 33.5 33.6
No. of COC 12.6 13.6 11.9
No. of Ml 1.1 11.0 10.1
% 2PN 59.1 69.8 76.7
No. of emb. biopsied 203 121 85
Diagnosis
% normal 421 34.8 56.4
% abnormal 52.5 60.0 * 40.5
% no diagnosis 5.2 2.0 29
*P <0.05 1 obstructive permic group and sexing

_ Platteau et al., 19, 1570-74, 2004

: Gianaroli., J. Endrocrinol. Invest., 23,
¥ . 711-16, 2000

Probes:XY,13,14,15,16,18,21 22

Table 3 - Ch | ies in (VF and ICS1 oy P with ! kavyatype.
NF L=]
Growp 1 Group 2 Growpd  Groupd
Mo cycles 3 E] ¥ ) 13
Mean age imeans! A20e24 nine 32524 L 2]

‘embeyos. 158 11 45 27 53
. wos s
L Zi2el TEE A53) I

Group 1 : normospermic

Group 2 : oligoasthenoteratospermic with 2 0.5 x 106 total motile count
Group 3 : < 0.5 x 108 total motile count

Group 4 : epididymal or testicular sperm

¥ Silber et al., Fertil. Steril., 79, 30-38, 2003
Chromosome abnormalithes in ICS] and TESE embryos
I 51 -alig Jisii 0" ESETESE ni
T4 b
30 (41 EXE]
(I TREL Tl
ned mimalc i 14
5 T 53 {43
"0 T
Pl beiween the 1051 ainl TESE anbryo groan.
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Introduction
Sperm aneuploidy rate in infertile males
Sperm parameters and ART outcome

Chromosomal abnormalities in embryos from
couples with male infertility

Benefit of PGD-AS in male infertility

¥

_ Donoso et al., Hum Reproduction, 2006

Does PGD -AS change the selection

of embryos in NOA and OA men?

Study :

to retrospectievely review all the embryology data
available from azoospermic patients undergoing ICSI
with PGD and to examine whether the embryo
selection on day 5, based only on the developmental
and morphological criteria, would have been different
from the selection based on PGD-AS results

Does PGD -AS change the selection

of embryos in NOA and OA men?

NOA (37 cycles)
Correct choice Incorrect choice False-Hope
SET 64.8% (n=24) 10.8% (n=4) 24.3% (n=9)
DET 72.9% (n=27)* 2.7% (n=1) 24.3% (n=9)
TET 72.9% (n=27)* 2.7% (n=1) 24.3% (n=9)
OA (22 cycles)
Correct choice Incorrect choice False-Hope
SET 54.5% (n=12) 36.3% (n=8) 9.1% (n=2)
DET 86.5% (n=19)** 4.5% (n=1) 9.1% (n=2)
TET 86.5% (n=19)** 4.5% (n=1) 9.1% (n=2)
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¥ e g Aim of PGD-AS

* IVF benefit :
to improve implantation
to improve pregnancy rate
to reduce spontaneous abortion
to prevent multiple pregnancies
* Genetic benefit :

to prevent viable trisomic offspring
(XY, 13,18, 21)

Effectiveness of PGD-AS

Randomized trials :
None

Comparative studies :
Kahraman et al., RBM Online 2004 9: 79-85
Aran et al., RBM Online 2004 8: 470-476

Kahraman et al., RBM online, Vol.9, No.1,
79-85, 20
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Kahraman et al., RBM online, Vol.9, No.1,
}-{ . . 79-85, 2004

Lty Noo-PGLF
Numiber of paticats 52
Kumber of cycles b
Female age (years) M3+ 50
Male age {years) 340 e 52
Duration ol indertility (vearsh 9260
Sperm concentrbion (= 10%ml) N9 =149
Muotility (%) 1704 146
Oestradiol on HCG day {pgimli 2154 & YEY
Average oocyles/paticot (1) M5£77
Average MU socytes/paticnt (n) 105 2 58
Fentiliaation rue (%) 5

*Thare wire 6 sigrificat fiffortaces Betwesn the fwa growps (1= D015)

Kahraman et al., RBM online, Vol.9, No.1,

¥ . . 79-85, 2004

Tuble 4. Embryo ir

ster putcome m PGD wnd non-PGD cu

macrocephalic sperm samples
Parimeter PGD Non-PGD
Embryo transfer cycles (n) 1 54

Embryo transfer cycles cancelled (r) o o
Embryos transferred (mean £ SD) 2313 Jdz15
Pregmuncy mue (%) A3 0 278 (15/54)
Implantation rate (%) 50 i2¥
Abomtion rate (5) 43 46.7(T)

Values in parentheses s mribers,
Fphie b back of chimmomally pormal embryos.

T m fersilization fallue iu = 1) nnd cleavape-siage amest n = £}
CSignificant (= 0011

Kahraman et al., RBM online, Vol.9, No.1,

3{ . . 79-85, 2004

Tuble 2. Cycle churncterntics and outeor

WD wnd non-PGD eyeles

for patients by

g spommbnag with tem ne

Paranwier PG Non-PGIF
Number of patiits 4 57

Number of cyeles 14 h

Female uge (years) Mle43 30X x50
Male age (years) M54 3.0 e63
Durution of infertility {yeurs) 02+83 BR+51
Sperm concenmtion (x107/ml) 57x158 ER2207
Motility (%) 22.7x 146 1572174
Oestruciol on HOG day (pg/mly 24T 2979 2400 £ 1439
Averge oocytes/patient () 124279 14308
Average MIT oocytes/paticnt () 9150 7157
Fertilizution mte (%) b4 T4

*Thare were no significans differcaces between de foo groups (P 0105)




Kahraman et al., RBM online, Vol.9, No.1,
}-{ . 79-85, 2004

PG Newr- PG
Embryo tmnsfer cyeles (mh 13 hi
Embryo trunsfer cycles cancelled (m) " kA
Embryos transferred (mean £ SD) 25214 IBs20°
Pregnancy e (%) 46,1 {6/13) 539 (630
Implamation mte (%) 175 205
Ahortions (%) 16741} 235%)

Valis ir arenthescs are mibers
i 1o Inck of chrewnomeadly moemal cedryo

De o fertilizsticn faikue fw = 1) and cheavage stage strest in = 1),
“Significant 1" < 001)

ot significane (P @ 0.08)

Kahraman et al., RBM online, Vol.9, No.1,

¥ . 79-85, 2004

Probes:X,Y,13,18,21

Tabile 3. Fly
resuills 3 E
n q " i
Analysed 82 47
Dilagnosed o 8. 40 331
Nogmal a7 36 ¥ 623
Abnarmal 32 64 15 175
Ancuploidy n B4 14 93
Monosomy 2 74 3 214
Trisomy 1 0 1 114
Tetrasomy I P
Complex aneuplildy 14 58 1 T4
Haploidy
Triploidy 4 125 1 b
Tetraploidy 1 X1 -

Aran et al., RBM online, Vol.8, No.4, 470-
¥ . 476, 2004

Takile |. General characioris

1CS1 cyeles wi
N, couples

No.cycles

Mean age male (yrars) AR50} MAY21-50
S age rmabe (yems) 31.5 (24-39) 51 (040
Mhean oo vies recovered (o oacyes) 192519 13.94916)
Mian cocyvies micminjeckd (. vacytes) 14560

Mean 2PN micytes . oocyles IPNC 53 105

No. eplacements b1}

M (e 24

No. pregaan 1

Peegnancy mieicycle (%) ant

Pergnancy FateArander %) 20

e )

Miscariage 1ate (%) 154
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Aran et al., RBM online, Vol.8, No.4, 470-

}-{ . ’ 476, 2004

Table 2. Embryo analysis results.

No. cycles 27

No. biopsied embryos 250
No. analysed embryos (%) 1831(732)
No. diagnosed embryos (%) 160 (87.4)
No. normal embryos (%) 92 (57.5)
No. abnormal embryos (%) 68 (42.5)
No. undiagnosed embryos (%) 23 (12.6)

Effectiveness of PGD-AS: Primary

¥ . v testicular dysfunction — comparative
studies
AMA PGS Control  FHB +/embryo  +HCG /cycle Misc/
transferred Clin preg
Kahraman -
etal, 2004 Macrocephalic 2 60 2501123 333/278 1431467
sperm p<0.01 NS p<0.05
No. embryos transferred : 2.3 £ 1.3 (PGS) versus 3.4 1.5 (control) p < 0.01
Kahraman Zero normal " o 1751205 F:':f/;?;‘ 16.7/23.5
etal., 2004 morphology NS 'NS : NS
No. embryos transferred : 2.5 £ 1.8 (PGS) versus 3.8 £ 2.1 (control) p < 0.01
Aran -
et al, 2004 Meiotic 27 66 3211235 4811439 15.4/10.3
abnormalities NS NS NS
No. embryos transferred : 2.1 (PGS) versus 2.8 (control)

Advanced maternal age

S{ g s FISH : XY,13,16,18,21,22
* N of embryos with biopsy 685
* N of embryos with diagnosis 653 (95.3%)

16.2%

B Normal
36.8%
O Monosomy

O Trisomy

B Double mon/tris

O Discordance 2 cells

10.9% O Combined abnormal
17.9%

_ Staessen et al., Hum Reprod 2004, 19 : 2849 - 2858




}-{ y RCT: Advanced maternal age

Included Studies

Study Stevens et al., 2004 Staessen et al., 2004

N patients randomized 39 (21 PGS/18 con) 400 (148 PGS/141 con)

> 35 with > 5 good quality

Inclusion criteria embryos on day 3 >37 ICSI
Positive hCG/cycle
Pregnancy rate/ET Implantation rate
Outcome Implantation rate Abortion rate
Ongoing pr Women g ET
N embryos/ET

_ Twisk et al., 2006 The Cochrane Library Issue 1

Advanced maternal age

¥

No.of  No.of
Outcome title studies _participants Statistical method Effect size
01 live bireh rate 1 389 Odds Ratio (Fixed) 95% €1 (11% vs. 15%) (.65 [0.36, 1.19]
02 ongoing pregnancy rate 2 28 Odds Raso (Fixed) 95% C1(15% vs. 2006) 0,64 037, 109]
03 proportion of women teaching 1 389 Odds Ratio (Fixed) 95% CI (41% vs. 64%) 0.39 [0.26, 0.59]
embryo tansfer
04 mean number of embryos i 0 Weighted Mean Difference (Fixed) 950 C1-0.80 [-1.09, -051]
ransferred per transfer
05 clinical pregnancy rate per 2 an Odds Ratio (Fixed) 95% CI (15% vs. 22%) 0.56 [0.32, 0.96]
woman randomised 042[0.12,151]
06 multiple pregnancy rate per 1 389 Odds Ratio (Fixed) 95% C1 041[0.12, 1.36]
pregnancy
07 miscarriage rate per clinical 2 an Odds Ratio (Fixed) 95% C1 0.27 [0.04, 1.82]
pregnancy

_ Twisk et al 2006 The Cochrane Li rai Issue 1

Relation between FISH and
developmental stage on day 3 and 5

- M
d _al g

n=101
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In Vitro Fertilization with Preimplantation Generic Screening
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* IVF benéefit :
to improve implantation
to improve pregnancy rate
to reduce spontaneous abortion
to prevent multiple pregnancies
* Genetic benefit :

to prevent viable trisomic offspring
(XY, 13, 18, 21)




: Advanced maternal age

w" (237y)

PGS Control
No. of pregnancies with FHB (%) 22 (75.9) 30 (76.9)
No. clinical miscarriage 1* 1
No. singleton births 18 23**
No. of twin births 2 6
No. of triplet births 1 0
Total live-born children 25 35
Live-born / embryo transferred 15.2 % 10.4 %
* Twin pregnancy expulsion at 20 weeks
** One child with trisomy 21

_ Staessen et al. (2004) Hum Reprod, 19, 2849-2858

Bonduelle et al., Hum. Reprod.,Vol.17,
No.10, 2600-14, 2002
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¢ High incidence of abnormal embryos (37 — 70%)

*« PGD-AS seems to improve embryo selection in
azoospermic men especially when undergoing SET

¢ More RCT studies are required to evaluate the
value of PGD-AS in severe sperm morphological
anomalies




Effect of PGD-AS less than

expected ?

The concept of PGD-AS is valid, although the effect
is less than expected

Screening for too few chromosomes :
aneuploidy involving unscreened chromosomes

Adverse impact of embryo biopsy

Mosaicism complicates the diagnostic abilities

Other causes of implantation failure

e Thanks for your attenion

Karyotype obtained from sperm/hamster
oocyte fusion technique

Rudak et al., 1978

19



v . Fixation
¥

Spreading of the individual blastomere using 0.01N
HCI1/0.1% tween 20 solution on Superfrost slides
(Coonen et al., 1994)

Chromosomal constitution of embryos
obtained after ICSI with testicular sperm

¥ of OA and NOA men

NOA OA Sexing
| Sex chromosomal abnormalities
No. of sex chromosome abnormalities / no. 117194 27 0/82
of embryos analysed (%) (5.6) 1.7 (0.0)
Il Autosomal abnormalities
No. of autosomal abnormalities / no. of 30/194 33117 19/82
embryos analysed (%) (15.4) (28.2) (23.2)
11l Ploidy status abnormalities
No. of ploidy status abnormalities / no. of 6/194 a7 /g2
embryos analysed (%) (3.0) (1.2) (7.7)
IV Combined abnormalities
No. of combined abnormalities / no. of 71194 25117 16/82
embryos analysed (%) (36.9) (21.3) (19.5)

_ Platteau et al., 19, 1570-74, 2004
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