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Lecture learning objectives

• Ovarian aging and potential
relevance for low response

• Menopausal age, and relevance

• Genetics of (premature) menopause

• New genomic technologies and 
potential relevance for low response



National Dutch registry

• 7.422 women

• GnRH a, long protocol

RBM 2006

• GnRH a, long protocol



Association between poor response

and early menopause



Endocrine changes associated 
with ovarian aging

Broere, direct 
relationship AMH 
and menopause



AMH levels and prediction 
of menopause 12 yrs later

Study design results

inclusion 130 fertile women
25-46 yrs (t1)
Assessment 12 yrs later (t2)

Results t 35 regular, Results t2 35 regular, 
31 menopausal transition, 
44 postmenopausal

Predictors initial screening
for reaching menopause t2

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

Multi-variate model

Broer, Florence 2010



Germ cell depletionGerm cell depletion
in the femalein the female
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Distribution of age at menopause



Individual variability in menopausal age is 
related to preceeding decreased fertility

Low response � early menopause

Broekmans, 
Endocr Rev 2009





Pharmacogenomics in Ovulation Induction

JCEM 2008

312 PCOS
STK 11 polymorphism

26%

46%
31%

HR 2009

193 PCOS, CRA
FSHR 680 polymorphism

metformin





Genetics of age at natural menopause



Human genes associated 
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. 1998DIAPH2 (homologue drosophila diaph) Bione et al. 1998

FMR1 (fragile X mental retardation) Allingham et al. 1999

FMR2 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 
with ovarian insufficiency

Selected autosomal genes References

DAZL (deleted azzospermia) Tung et al. 2006

EIF5B (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. 2006FOXO1A / 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

GPR3 (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
and ovarian insufficiency

system Study design Proposed mechanism

GDF9 Knock-out Early follicle arrest

Bax Knock-out Increased ovarian reserve

AMH Knock-out Premature foll pool 

exhaustion

FSHR Knock-out Accelerated follicle death

FOXO3a  Knock-out Early follicle exhaustionFOXO3a  
(forkhead transcription)

Knock-out Early follicle exhaustion

Foxl2 (forkhead/winged 

helix transcription)

Knock-out Early follicle exhaustion

Nobox (newborn ovary 

homeobox)

Knock-out Accelerated oocyte loss

Sohlhl 
(spermatogenesis/oogenesis 
specific helix-loop-helix)

Targeted 

deletion

Disturbed early follicle 

transition

Pten (phosphate and tensin 

homolog deleted chrom 10)

Oocyte specific 

knock-out

Premature exhaustion

De Vos, Lancet 2010



Possible relevance of POF 
genetics for ovarian reserve



………. and now it is time for 
something completely different



What is a SNP?

Single Nucleotide

Polymorphism (SNP)

– DNA sequence variation 

where one nucleotide 

(A,T,C,G) is changed(A,T,C,G) is changed

– Frequency: 1 in ±235 bp

– C ⇔ T and A ⇔ G 
most common 

– Around 10 million SNPs in 

the human genome

HapMap, 2007



Genome-wide association study 
(GWAS)

• Made possible by HapMap project 2005

• Around 500.000 SNPs  tested

• Mostly tagSNPs 

(covering the whole genome)

• Hypothesis-free• Hypothesis-free

He, 2009



Nature

Nature

Nature











Gain or loss of CNV according

to chromosome location



� ADAMTS19

� KIAA 1024L



Genomic predictors of ovarian 
response to stimulation for IVF

N=102

Homogeneous

Caucasian

Mean age; 33.8

Mean BMI 22.4

Poisson distribution
No oocytes

Mean BMI 22.4

Mean FSH 8.0

vDisseldorp et al. 

2010; submitted



Possible SNPs involved in ovarian response

POSSIBLE SNPs Related genes

rs1885678 RAB32; GTPase

rs9403799 RAB32

rs4499783 MAST4

rs8025763 ARRDC4rs8025763 ARRDC4

rs2271463 CUBN

CANDIDATE SNPs Related genes

rs6166 FSHR

rs2234693 ESR1

rs928554 ESR2

rs10407022 AMH

rs2002555 AMHR




