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Fauser & Van Heusden, Endocr. Reviews  18:71, 1997

Follicular selection is gonadotropin-dependent



LH
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McGee & Hsueh, Endocr. Reviews  21:200, 2000
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FSH: 3D structure



FSH-FSHR interaction
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Expression of the FSH receptor during 
the estrous cycle
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Mutations and polymorphisms of the FSHR

Lussiana et al., 2008

inactivating
activating
polymorphisms

http://ovidsp.tx.ovid.com/spa/ovidweb.cgi?View+Image=00006254-200812000-00021|FF1&S=BPKIFPLEDBDDBAJMMCGLCDOKJLIBAA00&WebLinkReturn=Full+Text%3dL%7cS.sh.15.16%7c0%7c00006254-200812000-00021


Pedigree of four Finnish families with hereditary 
hypergonadotropic ovarian failure 

family 7family 6

family 5family 2

FSHR



Primary follicles in the ovaries of women
with inactivating mutations of the FSHR

Aittomäki et al., JCE&M 1996



Consequences of inactivating mutations of the FSHR

Lussiana et al., 2008



Lussiana et al., 2008

Consequences of activating mutations of the FSHR



Mutations of the FSH receptor
Inactivating:

primary or secondary 
amenorrhea

Activating:
OHSS, sensitivity to TSH

Inactivating:
infertility 

Activating:
normal spermatogenesis 
without gonadotropins

FSHR



Outline

• Physiology of follicular maturation
• FSH and the FSHR
• Mutations and polymorphisms
• Physiological effects of FSHR SNP
• LH, hCG and the LHCGR
• Mutations and polymorphisms
• Pathophsyological effects of LHCGR SNP



gene

Allelic variants of the FSH receptor

Thr

Ala

allelic variant 1

allelic variant 2

Asn

Ser

307 680

protein

(Simoni et al., JCEM 84: 751, 1999)



Over 1600 SNPs in the human FSH receptor 



Ethnic distribution of SNP at codon 680 
of the FSH receptor  



gene

protein

human 1
human 2

Thr Asn
Ala Ser

Polymorphism of the human FSH receptor: 
comparison with other animal species

bovine Ala Asn

ovine Ala Asn
rat AsnIle
mouse Pro Asn

donkey Ala Asn

porcine Ala Asn

chicken Lys Asp

horse Ala Asn
monkey Thr Asn

Simoni et al., Hum Reprod Update, 2002 



Effects of FSHR SNP 680 on hormonal 
dynamics of menstrual cycle 

• Study design: mc monitoring in volunteers 
recruited by newspaper adv.

• Inclusion criteria: age 18-34, regular mc (25-32 
days), BMI 19-28, Caucasian

• Screened: 125
– Heterozygous: 64 (excluded)
– Homoz. Asn: 42  
– Homoz. Ser 22

• Completed mc monitoring: 13 Asn + 10 Ser
• Evaluated: 12 Asn + 9 Ser

Greb et al., JCEM 90:4866, 2005



menstruation ovulation
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Transvaginal ultrasound

Study Design
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menstruation

(Asn/Asn: n=12, Ser/Ser: n=9)

Greb et al., JCEM 90:4866, 2005

Day relative to midcycle LH peak
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Inhibin B

FSH

Inhibin A

Progesterone

Estradiol

LH -21 LH -17 LH -11 LH -6



P < 0.005

Ovarian Response 

Asn/Asn Ser/Ser

P < 0.05.13.6 ± 1.011.3.0 ± 0.6Luteolysis-Midcycle LH peak (d)

P < 0.0528.7 ± 1.125.7 ± 0.6Menstrual Cycle Length (d)

Greb et al., JCEM 90:4866, 2005



Conclusions

longer duration of the menstrual cycle

Ser/Ser is associated with:

higher FSH levels

compared to Asn/Asn

higher FSH threshold!

recruitment of a larger number of antral follicles

decreased negative feedback

Greb et al., JCEM 90:4866, 2005



The FSHR genotype is associated 
with a different length of the 

menstrual cycle

Question: does the FSHR 
genotype influence the duration of 

fertile age?



FSH receptor genotype and duration of fertile age

Zerbetto et al., Fertil & Steril 2008
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r-hFSH r-hCGr-hLH

LH and hCG are similar to FSH



genrepro



LHR



Mutations and polimorphysms of LHCGR

inactivating

activating
polimorphysms

Piersma et al., 2007



Mutations of the LH receptor

Inactivating mutations:
primary amenorrhea

Activating mutations:
no phenotype

Inactivating mutations:
Leydig cell hypoplasia

Activating mutations:
male-limited 
psuedopubertas praecox

LHR



1 2 3 4 6 8 1097 115

- - - - - 54+CTG CAG- - - - - - - - - A872G - - - - - - -G935A- -

Exon 1 Exon 10

Non-synonymous SNPs in LHR

+ CTG CAG
+ Leu Gln

AAT- AGT
Asn - Ser

AGT- AAT
Ser - Asn

MAF: 0.30 MAF: 0.06 MAF: 0. 45



Powell et al. J Clin Endocrinol Metab 2003;88:1653-1657



Piersma et al., JCEM  2006 91:1470-1476

hCG-induced cAMP response element activation by the 
insLQ- and non-LQ-LHR variants



Piersma et al. JCEM 2006 91:1470-1476

Patients with breast cancer with the non-LQ allele survive 
longer than those with the insLQ allele
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Embryo Adult

Role of hCG and LH in male sexual 
differentiation and function

hCG LHhCG/LH 
receptor

Testosterone

- Regression der Müllerian ducts
- Development of the vas deferens
- Development of secondary sex organs

- Masculinisation
- Spermatogenesis

Leydig cell



Pathophysiology of inactivating mutations of the 
LH receptor or LH β subunit in the male 

fetal life
hCG

normal 
androgenization 

at birth

male pseudo-
hermaphroditism

no LH 
receptor

no LH

AMHAMH

lack of pubertal 
development

primary 
amenhorrea

LHR
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neg. 
control

pos.
control

310 -

118 -

PCR amplification of exon 10 of the LHCGR in a 
male patient with lack of pubertal development



101 2 3 4 5 6 7 8 9 1110
Gen

Protein

Deletion of exon 10

Genomic structure of the LHCGR

1 2 3 4 5 6 7 8 9 11
Gen

Protein



Exon 

Intron

9 10 11
9 10

4317 bp 5372 bp 

81 bp

Exon 

Intron

9 11
3691 bp

control

patient

181 bp 1234 bp 

181 bp 1234 bp 

Molecular analysis of the exon 10 deletion 
of the LH receptor 

Gromoll et al., JCE&M 85: 2281, 2000
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The hinge region of the LHCGR contains key 
residues for hormone-induced receptor activation

Bruysters et al., JBC 2008



Exon 10 of the LHCGR can distinguish 
between LH and hCG action 

Are polymorphisms in exon 10 
influencing LH and hCG activity?



1 2 3 4 6 8 1097 115

- - - - - 54+CTG CAG- - - - - - - - - A872G - - - - - - -G935A- -

Exon 1 Exon 10

Non-synonymous SNPs in LHR

+ CTG CAG
+ Leu Gln

AAT- AGT
Asn - Ser

AGT- AAT
Ser - Asn

MAF: 0.30 MAF: 0.06 MAF: 0. 45



hCG-induced cAMP response element activation by the 
exon 10 variants

Piersma et al. Mol Cell Endocrinol 2007 July 17 (Epub)



However:

The effects of LHCGR
polymorphisms on ovarian function

remain unknown



Outlook: A novel LHCGR mRNA variant

1 2 3 4 5 6LHCGR gene ?

mRNA with   approx. 850 b

element consists of 300 b

encodes 31 aa

no homology to other proteins

LHCGR variant encodes 
protein of 209 aa with 24 kDa

Kossack et al., PLoS Medicine, 2008



1 2 3 4 5 6 7 8 9 1010 11 AAAAA6AmRNA

protein 209 aa

1 2 3 4 5 6 6A AAAAAmRNA

protein 209 aa

1 2 3 4 5 6 7 8 9 1010 11 AAAAAmRNA

protein

695 aa

Identification of LHCGR exon 6A variants by cDNA library
screening and RT-PCR from testis and granulosa cell  mRNA

wild type

variant 1

variant 2

Kossack et al., PLoS Medicine, 2008



6

6

6A

6A 7

AAAA
Terminal 
exon 6A
mRNA

Internal 
exon 6A 
mRNA

long

short

Exon 6A is a bona fide novel composite exon of the LHCGR gene

Exons 1 2 3 4 5 6 7 8 9 10

Revised genomic organization of the LHCGR gene

116A
(300 bp)

5‘ splice sites

Kossack et al., PLoS Medicine, 2008



Kossack et al., PLoS Medicine, 2008

LHCGR mRNA containing  exon 6A is highly 
expressed in the ovary



Cellular localisation of the LHCGR exon 6A terminal variant

wt LHCGR

wt LHCGR exon 6A

LHCGR exon 6A 
mut A557C

Kossack et al., PLoS Medicine, 2008



Mutations in LHCGR exon 6A:

Are found in LHCGR-negative Leydig 
cell hypoplasia (resistance to hCG/LH)
Modify the expression level of the full 
lenght LHCGR
Alter LHCGR response to hCG



The A557C Mutation Increases the Expression 
of the Exon 6A Short Internal Variant 

Kossack et al., PLoS Medicine, 2008



Mutations in exon 6A abolish LHCGR Response to hCG 

Kossack et al., PLoS Medicine, 2008



?

What is the impact of 
mutations and SNP in exon 6A 

on ovarian function?



Conclusions

• FSHR mutations (inactivating and 
activating) affect ovarian function

• LHCGR can (possibly) distinguish 
between LH and hCG

• Other genomic elements are involved in 
modulating LHCGR response

• Effects of LHCGR polymorphisms on 
ovarian function are not well known



Thanks to
the IRM

Münster, DE

E. Nieschlag



Exons 1 2 3 4 5 6 7 8 9 10 116A

full length LHR

truncated LHR protein

1 2 3 4 5 6 6A AAAA

1 2 3 4 5 6 7 8 9 1110 AAAA

1 2 3 4 5 6 6A 7 8 9 1110 AAAA

Proposed model for the impact of exon 6A on LHCGR function

membrane

cytoplasm

nucleus

nonsense mediated decay

mRNA degradation

terminal variant internal variant

translation

Kossack et al., PLoS Medicine, 2008
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