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

Staessen Catherine

CENTRE FOR MEDICAL GENETICS
CENTRE FOR REPRODUCTIVE MEDICINE

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

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
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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

Carrell D, J. of Andrology 2007

Normal haploid
Aneuploid
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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 
McInnes 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
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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
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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Sperm aneuploidy in infertile men

Benefit of sperm aneuploidy assay

• 1 000 to 10 000 sperm cells 

• 2 – 3 rounds of varying probe mixtures

=> expensive and time-consuming analysis

• 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

Outline of the presentation

• Introduction
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• Chromosomal abnormalities in embryos from 

couples with male infertility
• Benefit of PGD-AS in male infertility
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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 

2.1
%

0.24
%

<50% ≥50%

1.9%
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• Morning of day 3:
> 6 cells : 2 blastomeres

• A hole is made in the zona
using laser technology

• Aspiration of the 
blastomeres

Development of PGD-AS

FISH

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

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

Platteau et al., 
2004

Aran et al., 2004

Kahraman et al., 
2004

Gianaroli et al., 
2001

52.5%
60.0%

203
121

(XY,13,16,18,21,22)

NOA: 30.6 ± 4.6
OA: 33.5 ± 3.9

42.5%183
(XY,13,16,18,21,22)

Meiotic abn: 27
31.5 (24-39)

46.4%
37.5%

82
47

(XY,13,16,18,21,22)

Macro (23): 31.2 ± 4.6  
Zero N (14): 34.1± 4.3

70.0%169
(XY,13,14,15,16,18,21,22)

Mesa/TESE: 39
31.8 ± 2.4

% abnormal 
embryos

N embryos analyzed
(Chromosomes tested)

N patients
Age mean ± SD

% abnormal embryos in male 
infertility
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Fresh ejaculated sperm – Concentration -
Maternal age ≤ 35 years

52,4

8,3

14,5

6,3

3

15,5

Sperm conc. < 20 x 106

(n= 1292)
Sperm conc. ≥ 20 x 106

(n= 1652)

54,8

7,7

14,2

7,1

2,1

14,1

%
%

Unpublished data, UZ Brussel

Fresh ejaculated sperm – Concentration –
Maternal age ≤ 35 years

281216No. of cycles with PGD-AS

44.9%43.6%+ HCG/transfer

10178No. of + HCG

1.6 ± 0.71.7 ± 0.8Embryo/transfer ± mean SD

225179No. of transfers

6.2 ± 4.36.4 ± 3.9Embryo/biopsy ± mean SD

31.9 ± 2.731.2 ± 3.1Age ± mean SD

Sperm conc. ≥ 20 x 106Sperm conc. < 20 x 106

Unpublished data, UZ Brussel

Fresh ejaculated sperm – Motility -
Maternal age ≤ 35 years

53,5

8,3

13,9

6,8

3,1

14,4

Motility < 50%
(n= 1434)

Motility ≥ 50%
(n= 1510)

54,0

7,6

14,8

6,8

1,9

14,9

%
%

Unpublished data, UZ Brussel
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Fresh ejaculated sperm – Motility -
Maternal age ≤ 35 years

253244No. of cycles with PGD-AS

42.2%46.3%+ HCG/transfer

8495No. of + HCG

1.6 ± 0.71.7 ± 0.8Embryo/transfer ± mean SD

199205No. of transfers

6.3 ± 4.46.2 ± 3.9Embryo/biopsy ± mean SD

31.7 ± 2.831.5 ± 3.0Age ± mean SD

Mot. ≥ 50 %Mot. < 50 %

Unpublished data, UZ Brussel

NOA – OA couples

• 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 group

• 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

Chromosomal constitution of embryos
obtained after ICSI with testicular sperm

of OA and NOA men

Platteau et al., 19, 1570-74, 2004
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34.8
60.0 *

2.0

121
69.8
11.0
13.6
33.5
23

OA

56.4
40.5
2.9

42.1
52.5
5.2

Diagnosis
% normal
% abnormal
% no diagnosis

85203No. of emb. biopsied
76.759.1% 2PN
10.111.1No. of MII
11.912.6No. of COC
33.630.6Age (years)
1439No. of  cycles

SexingNOA

Chromosomal constitution of embryos
obtained after ICSI with testicular sperm

of OA and NOA men

*P <0.05 between obstructive azoospermic group and sexing

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

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

Group 1 : normospermic
Group 2 : oligoasthenoteratospermic with ≥ 0.5 x 106 total motile count
Group 3 : < 0.5 x 106 total motile count
Group 4 : epididymal or testicular sperm

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

Silber et al., Fertil. Steril., 79, 30-38, 2003
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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

Donoso et al., Hum Reproduction, 2006

Does PGD -AS change the selection
of embryos in  NOA and OA men?

9.1% (n=2)4.5% (n=1)86.5% (n=19)**TET

9.1% (n=2)4.5% (n=1)86.5% (n=19)**DET

9.1% (n=2)36.3% (n=8)54.5% (n=12)SET

False-HopeIncorrect choiceCorrect choice

OA (22 cycles)

24.3% (n=9)2.7% (n=1)72.9% (n=27)*TET

24.3% (n=9)2.7% (n=1)72.9% (n=27)*DET

24.3% (n=9)10.8% (n=4)64.8% (n=24)SET

False-HopeIncorrect choiceCorrect choice

NOA (37 cycles)

Donoso et al., Hum Reproduction, 2006
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• 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)

Aim 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

Effectiveness of PGD-AS 

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

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

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

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

Probes:X,Y,13,18,21

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

 AMA PGS Control FHB +/ embryo 
transferred 

+ HCG /cycle Misc/ 
Clin preg 

Kahraman 
et al., 2004 Macrocephalic 

sperm 23 60 25.0 / 12.3 
p<0.01 

33.3 / 27.8 
NS 

14.3 / 46.7 
p<0.05 

 No. embryos transferred : 2.3 ± 1.3 (PGS) versus  3.4 ± 1.5 (control) p < 0.01 

Kahraman 
et al., 2004 

Zero normal  
morphology 14 66 17.5 / 20.5 

NS 
FHB +/cycle 
46.1 / 53.9 

NS 

16.7 / 23.5 
NS 

 No. embryos transferred : 2.5 ± 1.8 (PGS) versus  3.8 ± 2.1 (control) p < 0.01 
Aran 
et al.,2004 Meiotic 

abnormalities 27 66 32.1 / 23.5 
NS 

48.1 / 43.9 
NS 

15.4 / 10.3 
NS 

 No. embryos transferred : 2.1 (PGS)  versus  2.8  (control)  
 

Effectiveness of PGD-AS: Primary 
testicular dysfunction – comparative 

studies

Advanced maternal age
FISH : XY,13,16,18,21,22

• N of embryos with biopsy 685
• N of embryos with diagnosis 653 (95.3%)

9.0%

9.2%

16.2%

36.8%

17.9%
10.9%

Normal

Monosomy

Trisomy

Double mon/tris

Discordance 2 cells

Combined abnormal

Staessen et al., Hum Reprod 2004, 19 : 2849 - 2858
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Twisk et al., 2006 The Cochrane Library Issue 1

Outcome

Inclusion criteria

N patients randomized

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

Positive hCG/cycle
Implantation rate

Abortion rate
Women reaching ET

N embryos/ET

Pregnancy rate/ET
Implantation rate

Ongoing pregnancy rate/woman

≥ 37  ICSI≥ 35 with ≥ 5 good quality 
embryos on day 3

400 (148 PGS/141 con)39 (21 PGS/18 con)

Included Studies

RCT: Advanced maternal age

Twisk et al 2006 The Cochrane Library Issue 1

Advanced maternal age

(11% vs. 15%)

(15% vs. 20%)

(41% vs. 64%)

(15% vs. 22%)
0.42 [0.12, 1.51]

Relation between FISH and 
developmental stage on day 3 and 5

34,4

1,6

21,3

23,0

3,3
13,1

3,3

30,4

7,6
7,6

15,2

8,8

22,8

7,6

32,7

5,9
14,9

18,8

9,9

16,8

1,0

41,3

10,2

9,6

18,7

10,6
8,5

1,1

35,3

14,7

14,7

14,7

7,7

12,0

0,9

0%

20%

40%

60%

80%

100%

< 6 cell 6 cell 7 cell 8 cell > 8 cell
n = 61 n = 92 n = 116n = 283n = 101

23,9

5,0

11,3

19,5

10,7

25,2

4,4

27,1

9,5

14,8

23,8

11,0

12,4

1,4

41,5

10,8

11,9

16,5

8,5

9,1

1,7

65,0

13,0

9,0

6,0
4,0

2,0
1,0

0%

20%

40%

60%

80%

100%

arrested C1-C2 Bl1-Bl2 Bl3-Bl7
n = 159 n = 176 n = 100n =210

Staessen et al Hum Reprod 2004;19;2849-2858
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• 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)

Aim of PGS
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 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

RCT : Advanced maternal age
( ≥ 37 y )

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

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

• 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

Summary 
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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

• Thanks for your attenion

Karyotype obtained from sperm/hamster 
oocyte fusion technique

Rudak et al., 1978
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Spreading of the individual blastomere using 0.01N 
HCl/0.1% tween 20 solution on Superfrost slides 
(Coonen et al., 1994)

Fixation

Chromosomal abnormalities in 
NOA, OA patients and controls

25/117
(21.3)

9/117
(1.2)

33/117
(28.2)

2/117
(1.7)

OA

16/82
(19.5)

71/194
(36.9)

IV Combined abnormalities
No. of combined abnormalities / no. of 
embryos analysed (%)

1/82
(7.7)

6/194
(3.0)

III Ploidy status abnormalities
No. of ploidy status abnormalities / no. of 
embryos analysed (%)

19/82
(23.2)

30/194
(15.4)

II Autosomal abnormalities
No. of autosomal abnormalities / no. of 
embryos analysed (%)

0/82
(0.0)

11/194
(5.6)

I Sex chromosomal abnormalities
No. of sex chromosome abnormalities / no. 
of embryos analysed (%)

SexingNOA

Chromosomal constitution of embryos
obtained after ICSI with testicular sperm

of OA and NOA men

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


