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5p0nse to ovarian
ransition or menopause

TABLF ,1' va||dvan¢ ﬂf‘ Association between poor response
stimulation Tor [VF In wc and early menopause

Study group Control group
(IVF poor responders) (IVF normal responders)
Cases entered Cases entered
menopause or Median  menopause or
Median menopausal FSH follow-up  menopausal  /Adjusted od
Study n follow-up time transition (%) (IU/liter) n time transition (%) [ or hazard rati
Farhi, 1997(326), 12 9 months 100 2385 — - - -
Case report
DeBoer, 20032002 636  6yr 2] %75 Sy 7% ~3.1 (odds)
(62, 92),
retrospective
cohort
Lawson, 2003(63), 118 Syr 50 265 Sy 16% ~3.1 (hazard)
retrospective
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Nikolaou, 2002 (64), 12 Tyr 0 6 Ty 17%
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Endocrine changes associated %
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with ovarian aging
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AMH levels and prediction
of menopause 12 yrs later

Studydesign | results

inclusion

Results t,

Predictors initial screening
for reaching menopause t,

Multi-variate model

130 fertile women
25-46 yrs (t,)
Assessment 12 yrs later (t,)

35 regular,
31 menopausal transition,
44 postmenopausal

Age, ROC AUC 0.91
AMH, ROC 0.90
AFC, ROC 0.85

Broer, Florence 2010
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Distribution of age at menopause........c...
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Individual variability in menopausal age is %
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related to preceeding decreased fertility

Low response = early menopause
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Functional genetic polymorphisms and female

and ovarian response

disorders: Part I: polycystic ovary syndrome
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Pharmacogenomics in Ovulation Induction ... cow
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STK 11 polymorph ISM Ovulatory Response to Treatment of Polycystic Ovary
Syndrome Is Associated with a Polymorphism in the
e % . STK11 Gene
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Genetics of reproductive lifespan Sl
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Genetics of age at natural menopause .. con
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Table | Genome-wide linkage analyses; regions with
(suggestive) linkage with ANM.

Study Linkage LOD N* N
region score markers®
van Asselt 9q21.3 2.6 579% (165 417
et al., 2004 Xp2l.3 3.1 families)
Murabito Chrom8 at 2.6 861Y (291 40|
et al., 2005b 26 cM families)
Chrom |6 at 2.4
Il cM

Chrom Il at  2.1"
113 cM




Human genes associated e
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with ovarian insufficiency
X chromosome genes References
BHLHB9 (basic helix-loop-helix) Hees et al. 2004

BMP15 (bone morphogenetic protein) Di Pasquale et al. 2004
DACH2 (drosophila dachsund) Prueitt et al. 2002
DIAPH2 (homologue drosophila diaph) Bione et al. 1998

@ ragile X mental retardation) Allingham et al. 1999

via Murray et al. 1999
POF1B (POF 1B gene) Lamcombe et al. 2006
XIST (x inactivation transcript) Sato et al. 2004
XPNPEP2 (propyl aminopeptidase) Prueitt et al. 2000

De Vos, Lancet 2010



Human genes associated S

with ovarian insufficiency

Selected autosomal genes References
DAZL (deleted azzospermia) Tung et al. 2006
EIF5SB (eukaryotic translation initiation) Fogli et al. 2004
ESR1 (estrogen receptor) Bretherick et al. 2008
FIGLA (murine factor germline alpha) Zhao et al. 2008
FOXL2 (forkhead transcription factor) Crisponi et al. 2001
FOXO1A / 3A (forkhead box) Watkins et al. 2006
FSHR (FSH receptor) Aittomaki et al. 1995
GALT (galactose-phosphate transferase) Leslie et al. 1992
GDF9 (growth differantiation factor) Dixit et al. 2005
GPRS3 (G protein coupled receptor) Kovanci et al. 2008
INHA (inhibin A) Dixit et al. 2004
LHB (LH beta) Takahashi et al. 1999
NOBOX (murine newborn ovary box) Zhao et al. 2005
PGRMC1 (Prog receptor membrane) V Dooren et al. 2009

TGFBR3 (TGF receptor) Dixit et al. 2006



Transgenic mouse models e

and ovarian insufficiency

system
GDF9
Bax
AMH
FSHR
FOXO3a

(forkhead transcription)

FoxI2 (forkhead/winged
helix transcription)

Nobox (newborn ovary
homeobox)

Sohihl

(spermatogenesis/oogenesis
specific helix-loop-helix)

Pten (phosphate and tensin
homolog deleted chrom 10)

Study design

Knock-out
Knock-out
Knock-out

Knock-out
Knock-out

Knock-out
Knock-out

Targeted
deletion

Oocyte specific
knock-out

Proposed mechanism

Early follicle arrest
Increased ovarian reserve

Premature foll pool
exhaustion

Accelerated follicle death
Early follicle exhaustion

Early follicle exhaustion
Accelerated oocyte loss

Disturbed early follicle
transition

Premature exhaustion

De Vos, Lancet 2010



Possible relevance of POF %

Universitair Medisch Centrum

genetics for ovarian reserve

@nline - Vol 19 No 3. 2009 385-390 Reproductive BioMedicine Online; www.rbmonline.com/Article/3871 on web 4 August 2009

~ Atticle

Relevance of triple CGG repeats in the FMR1
gene to ovarian reserve

Dr Norbert Gleicher founded the Centre for Human Reproduction (CHR) in 1981. He is a
graduate of Tel Aviv Medical School in Israel and completed his residency at Mount Sinai
School of Medicine in New York. Dr Gleicher has published hundreds of scientific papers
and book chapters in the areas of reproductive endocrinology and infertility, and high-risk
obstetrics. He has edited some of the most prestigious textbooks in these specialties and
has also been editor-in-chief of two scientific journals. Dr Gleicher now practices exclusively
in New York as Medical Director of CHR-NY.
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something completely different ™"

~11,000,000 DNA variants ~22,000 genes
Genetic association studies Gene expression studies

Whole-Genome Patterns nf
Common DNA Variation in
Three Human Populations

David A. Hinds,” Lawra L Stuve,” Geoffrey B. Milsen,’
Eran Halperin,” Eleazar Eskin,” Dennis G, Ballinger,”
Kelly A. Frazer,” David R Cox'*




What is a SNP?

Single Nucleotide
Polymorphism (SNP)
— DNA sequence variation
where one nucleotide
(A, T,C,G) is changed
— Frequency: 1in =235 bp
—CosTandAs G
most common

— Around 10 million SNPs in
the human genome



Genome-wide association study Sk
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(GWAS)

« Made possible by HapMap project 2005
« Around 500.000 SNPs tested
* Mostly tagSNPs
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Human studies on genetics of the age TV
at natural menopause: a systematic et
review

Marlies Voorhuis!-24, N. Charlotte Onland-Moret?2:3,
Yvonne T. van der Schouw?, Bart C.J.M. Fauser!, and

Frank J. Broelkmans!'

Articles identified in Pubmed and
EMBASE and by hand search: 3024

Articles excluded as not relevant to
review (title/abstract): 2083

Retrieval of full text papers: 41

Articles excluded as not relevant to
review (full text): 13

i
Studies included in the review: 28

Linkage analyses: 2
Candidate gene association studies: 23
GWAS: 3

Figure | Flowchart of selection of genetic studies on age at natural menopause.
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TABLE 5. Summary of candidate gene and genome-wide association (GWA) studies for age at menopause

Chromosome Study Effect on AMP in years (minor allele) Gene of gene region
Candidate gene
12q13 Keevenaar ef al., 2007 (305) -26 AMHR2
13q13 Tempfer et al., 2005 (289) +1.5 APO-E
Heetal, 2009 (311) -1.93
2p21-22 Hefler et al., 2005 (298) -0.8 CYP1B1
Long et al., 2006 (331) -1.0
Long et al., 2006 (331) +1.2
Long et al., 2006 (331) +0.7
Mitchell et al., 2008 (332) +2.6
6025 Weel et al., 1999 (299) -1.1 FRa
13g34 van Disseldorp et al,, 2008 (108) +0.8 F VI
1q23 van Asselt et al., 2003 (290) -3.1 FV Leiden
Tempfer et al., 2005 (305) -24
5q21-22 Zhang et al,, 2007 (333) +1.58 HDC
1p13 Mitchell et al., 2008 (332) +1.9 HSDB1
GWA studies
199134 Heetal, 2009 (311) -0.49 BRSK1, THEM224 and SUV420H2
Stolk et al., 2009 (310) +0.39
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Table V Genome-wide significant SNPs in association with ANM.

Chromosome SNP Study Effect ANM* P-value Nearby genes
19g13.4 rsl 172822 He et al, 200% -0.49 |.8E— 19 BRSK |, THEM224 and SUV420H2
Stolk et al. 2009 0.39 6.28E— ||
rs2384687 He et al, 200% -047 2.4E- 18 BRSK |, THEM224 and SUV420H2
Stolk et al. 2009 -0.381 I.39E- 10
rsl551562 He et al, 200% -043 2.6E— 12 BRSK | THEMZ224 and SUV420H2
Stolk et al., 2009 —-0.428 |.04E—-09
rs897798 He et al, 200% ~0.40 I.IE- 14 BRSK |, THEM224 and SUV420H2
Stolk et al. 2009 ~(.308 3.91E-08
rs7246479 He et al, 200% }0.36 23E-12 BRSK |
rsl261 1091 He et al, 200% +0.33 6.6E— 10 HSPBPI, BRSKI
20pl2.3 rs|6991615 He et al, 200% f1.07 |.2E-2I TRMT6, MCMB
rs2361 14 Stolk et al. 2009 $0.495 97I1E- 11 MCM8
5q35.2 rs365132 He et al,, 2009 {0.39 8.4E- 14 UIMCI
rs7718874 He et al, 200% $0.39 I.3E-13 UIMCI
rs40251 | He et al, 200% $0.39 |.4E-13 UIMCI, ZNF346
rs69| 141 He et al, 200% +0.36 39E-12 HK3, UMCI
rs2278493 He et al, 200% -0.30 7.2E-08 UNCSA, HK3
2 rs 10496265 Lunetta et al., 2007 Mot stated I.IE=08
rs 10496262 Lunetta et al., 2007 Mot stated 3.3E-07
13g34 Rs733318I Stolk et al., 2009 +0.520 2.50E-08 ARHGEF7

6p24.2 rs2153157 He etal, 200% {-0.29 5.1E-08 GCMZ, SYCP2L




Array Comparative Genomic Hybridization Profiling

Analysis Reveals Deoxyribonucleic Acid Copy Number %
Variations Associated with Premature Ovarian Failure JUEnrmsyrirs o

J Clin Endocrinol Metab. Novermnber 2009, 94(11):4540-4546
Azzedine Aboura,* Claire Dupas,™ Gérara 1acnagjan, Iviarie-rrance Fortnol,
Nathalie Bourcigaux, Didier Dewailly, René Frydman, Bart Fauser,
MNathalie Ronci-Chaix, Bruno Donadille, Philippe Bouchard,
and Sophie Christin-Maitre
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human ORIGINAL ARTICLE Reproductive genetics %

Genome-wide association study in et

premature ovarian failure patients Utrechs
suggests ADAMTSI?9 as a possible

candidate gene yyman Reproduction, Vol.24, No.9 pp. 2372-2378, 2009
Erilk A.H. Knauff'-'I.T, Lude Franke?231T, Michael A. van Es4,

Table 11 POF patient phenotype characteristics

Figure 2 Schematic 400 kb haploblock view on the long arm of chromosome five surrounding the rs246246 SMP and covering two genes:
ADAMTSI? and KIAAIO24L.

(n=99)

Mean + SD %
Age at screening 365+ 73
Ist FSH (IU/1) 824 + 295
2nd FSH (IU/) 79.7 + 38.1
Age at menarche (years) 132+ 16
Age at amenorrhea (years) 3+ 81
Familial clustering® (%) 19
46 XX karyotype (%) 100
FMRI repeats n < 40 (%) 100
Caucasian (%) 100
AMH below menopause threshold® (%) 100
Undetectable AMH (%) 93
Positive anti-TPO antibodies (%) 25
Adrenal antibodies (%) 2



Genomic predictors of ovarian
response to stimulation for IVF

Poisson distribution
No oocytes

N=102
Homogeneous
Caucasian
Mean age; 33.8
Mean BMI 22.4
Mean FSH 8.0

R vDisseldorp et al.
Number of oocytes 2010; submitted
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Possible SNPs involved in ovarian resSponse......i.cu

Utrecht

POSSIBLE SNPs

rs1885678 RAB32; GTPase
rs9403799 RAB32
rs4499783 MAST4
rs8025763 ARRDC4
rs2271463 CUBN

rs6166 FSHR
rs2234693 ESR1

rs928554 ESR2
rs10407022 AMH

rs2002555 AMHR



Conclusions;

o low response Is often associated
with poor clinical outcome

o Low response Is often associated
with ovarian aging

e Ovarian aging has a genetic
component

o Novel molecular technologies may

shed new light on genes involved




