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Follicular selection is gonadotropin-dependent
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Follicle recruitment and selection
Follicular phase
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FSH: 3D structure




FSH-FSHR interaction




FSH-FSHR interaction

extracellular domain

transmembrane domain

intracellular domain — G protein
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Signal transduction pathway of the FSH receptor
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Expression of the FSH receptor during
the estrous cycle
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Mutations and polymorphisms of the FSHR
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Primary follicles in the ovaries of women
with inactivating mutations of the FSHR

Aittomaki et al., JCE&M 1996



Consequences of inactivating mutations of the FSHR

Ala189—Val Altered signal transduction (cAMP, IP,) after
FSH-FSHR binding
Hypergonadotropic amenorrhea (homozygous)
Secondary amenorrhea (heterozygous)
Asn191—lle  Altered signal transduction (cAMP) after
FSH-FSHR binding
Hypergonadotropic amenarrhea (homozygous)
No clinical signs (heterozygous)
lle160— Thr FSHR ressi n th Il
Secondary amenorrhea (heterozygous)
Arg573—Cys Altered signal transduction (cAMP) after
FSH-FSHR binding
Secondary amenorrhea (heterozygous)
Asp224—Val Altered signal transduction (cCAMP) after
FSH-FSHR binding
Leu601—Val Primary amenorrhea (when both mutations are
associated)
Pro348—Arg Totally impaired FSHR-FSH binding
Primary amenorrhea and POF (homozygous)
Minor abnormalities of the internal genitalia
(heterozygous)
Alad19—Thr Altered signal transduction (CAMP) after
FSH-FSHR binding
Primary amenorrhea (heterozygous)
Pro519—Thr Altered FSHR expression on the cell surface
Primary amenorrhea and POF (homozygous)
Phe591—Ser Altered signal transduction (CAMP) after
FSH-FSHR binding
Primary amenorrhea and POF (homozygous)

Predisposition to sex cord ovarian tumors Lussiana et al.. 2008
(heterozygous) ’




Consequences of activating mutations of the FSHR

Asp567—Asn FSHR increased sensibility to FSH or hCG
Spontaneous or iatrogenic ovarian
hyperstimulation syndrome (OHSS)
Thr449—lie FSHR increased sensibility to FSH, hCG or
TSH
Thr449—Ala Spontaneous or iatrogenic ovarian
hyperstimulation syndrome (OHSS) even
due to hypothyroidism
lle545—Thr | FSHR increased sensitivity to FSH, hCG or
TSH
Spontaneous or iatrogenic ovarian
hyperstimulation syndrome (OHSS) even
due to hypothyroidism
Asp567—Gly Ligand-independent constitutive activation of
FSHR
Normal spermatogenesis in the absence of
FSH

Lussiana et al., 2008



Mutations of the FSH receptor

Inactivating:
primary or secondary
amenorrhea

Activating:
OHSS, sensitivity to TSH

Inactivating:
infertility

Activating:
normal spermatogenesis
without gonadotropins

FSHR
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Allelic variants of the FSH receptor
(Simoni et al., JCEM 84: 751, 1999)

gene [ 1 -2-3-|4I|5-6-7-|8-| 9 i 10 [
allelic variant 1 Thr Asn
allelic variant 2 Ala Ser

307 680



Over 1600 SNPs in the human FSH receptor
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Ethnic distribution of SNP at codon 680
of the FSH receptor
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Polymorphism of the
comparison with ot

numan FSH receptor:
ner animal species

-2-3-4-5-6-7J8L 9

gene - 1 - 10 -

L
human 1 Thr Asn
human 2 Ala Ser
monkey Thr Asn
horse Ala Asn
donkey Ala Asn
bovine Ala Asn
porcine Ala Asn
ovine Ala Asn
rat lle Asn
mouse Pro Asn
chicken Lys Asp

Simoni et al., Hum Reprod Update, 2002




Effects of FSHR SNP 680 on hormonal
dynamics of menstrual cycle

Greb et al., JCEM 90:4866, 2005

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



Study Design
(Asn/Asn: n=12, Ser/Ser: n=9)
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FSH (IU/L)
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Estradiol [pg/ml]
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Progesterone [ng/ml]
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Inhibin A [pg/ml]
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Inhibin B [pg/mI]
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Ovarian Response

1 P <0.005

- - (%]
o h (=]
1 1

Number of antral follicles

ASNIASN SERISER

Asn/Asn Ser/Ser
Menstrual Cycle Length (d) 25.7+0.6 28.7+1.1 P <0.05
Luteolysis-Midcycle LH peak (d) 11.3.0+£ 0.6 13.6 £1.0 P < 0.05.

Greb et al., JCEM 90:4866, 2005




Conclusions

Ser/Ser Is assocliated with:

@ decreased negative feedback
@ higher FSH levels

@ recruitment of a larger number of antral follicles

@ longer duration of the menstrual cycle

compared to Asn/Asn

higher FSH threshold!

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
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LH and hCG are similar to FSH
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Signal transduction pathway of the
LH receptor
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Mutations and polimorphysms of LHCGR
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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



Non-synonymous SNPs in LHR

Exon 1 Exon 10

AAT- AGT AGT- AAT
Asn - Ser Ser - Asn

MAF: 0.30 MAF: 0.06 MAF: 0. 45




LHR genotype and age at diagnosis of breast cancer
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hCG-induced cAMP response element activation by the
INSLQ- and non-LQ-LHR variants

250000
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200000+
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125000

[RLU/Renilla]
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25000

0 T T 1
0.01 0.1 1 10 100 1000
[hCG (ng/mi)]

TABLE 2. EC., and B, values for insL- and nonLg-LHE variant

m=Lo-LHE non-LO-LHE n F wvalue®
logEC,, (95% CI) (ng/ml) 0.15 (0.05-0.26) 0.20 (0.16-0.41) fi 0.004
B,... (95% CI) (fmol/Renilla) 338 2.64-412) 2.41 (1.59-2.94) 40 0.0006

@ Difference between mean values was tested using Student’s ¢ test.

Piersmaet al., JCEM 2006 91:1470-1476



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

A Overall survival B Disease free survival
100- 100~
= S
® 75- = 75-
— >
g e
2 50~ @ 50-
o 3
5 25- @ 25-
>
S Logrank P=.03 o Logrank P=.003
0 - a 0-
. ' ' " months ' ' . ' months'
0 45 90 135 180 0 45 90 135 180
Obs. No. at risk: Obs. No. at risk:
191 379 294 212 106 30 190 379 243 173 80 20
218 372 279 191 79 31 222 372 206 131 53 21

Piersma et al. JCEM 2006 91:1470-1476
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Role of hCG and LH Iin male sexual
differentiation and function

Embryo Adult
hCG hCG/LH LH
\receptor —
Leydig cell
Testosterone

— T

- Regression der Mullerian ducts - Masculinisation
- Development of the vas deferens - Spermatogenesis
- Development of secondary sex organs



Pathophysiology of inactivating mutations of the
LH receptor or LH 3 subunit in the male

no LH no LH
receptor
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PCR amplification of exon 10 of the LHCGR In a
male patient with lack of pubertal development
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Genomic structure of the LHCGR
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Molecular analysis of the exon 10 deletion
of the LH receptor

control
181 bp 8l bp 1234 bp
Exon
9 10

intron 4317 bp 5372 bp
patient 181 bp 1234 bp

Exon

[ 9 I 11 -
Intron 3691 bp

Gromoll et al., JCE&M 85: 2281, 2000



Hormone profiles of a patient with a
deletion of exon 10 of the LHCGR
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cAMP production in COS-7 cells expressing the
WT or the -Exon 10 human LHCGR
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The hinge region of the LHCGR contains key
residues for hormone-induced receptor activation

TABLE 2
LH or hCG activation of WT or partial CCR deletion mutants of the LH
receptor

Ligand induced activation in HEK 293 cells transiently transfected with WT or
mutant LH receptors in which part of the CCR is deleted. EC, values were deter-
mined using a CRE-driven reporter gene assay after transfection in HEK293 cells.
Numbers in brackets indicate which amino acids of the LH receptor are deleted (A).
Data are calculated as the mean + 5.E. (%, p = 0.05;**, p = 0.01; ***, p = 0.001 versus
W

LH hCG Org4] 841

ECs(pM) n ECso(pM) n ECsy(nM)

ﬂD WT 342 55 15+1 57 238147 15
k | A290-316) 490+557 5 @2+97 5
M A290-303) 87167 4 121 4
_QJ A305-316) 554107 6 14+4 6
Q'— A317-335)  =10°" g =" 7 7220 4
‘& A(31T-323) 59+£5 0 19+1 m 137 1

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?



Non-synonymous SNPs in LHR

Exon 1 Exon 10

AAT- AGT AGT- AAT
Asn - Ser Ser - Asn

MAF: 0.30 MAF: 0.06 MAF: 0. 45




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

250000 - -
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Functional analyses of 291 Asn/Ser and 21 2Ser/Asn LHE variants in HEK293 transfected cells

LHE construct ECS0 imean=£ S.10) (phd hCG) n By (mean £5.D.) (fmolimg protein) n g = error (nhd)
201 Asn-312Asn 619 + 1536 5 452+ 118 10 377 £ 096
201 Asn-3125%:r 4.7 £ 0.3 3 6.1 £ 164 10 216 £ 006
2018er-3 12450 20.3 L 2. qw%x 3 2L 1l 10 567 4+ 044

EC50 values are determined by CRE receptor assay, B values by radicligand binding aszay and Ky valve from one Scatchard analysis, **#*p =0.001,

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

LHCGR gene A 1 HZHBHAHSHGF

e MRNA with approx. 850 Db

e ¢element consists of 300 b

® encodes 31 aa

e no homology to other proteins

e LHCGR variant encodes
protein of 209 aa with 24 kDa

Kossack et al., PLoS Medicine, 2008



Identification of LHCGR exon 6A variants by cDNA library
screening and RT-PCR from testis and granulosa cell mRNA
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Kossack et al., PLoS Medicine, 2008



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

SToe

Kossack et al., PLoS Medicine, 2008
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LHCGR mRNA containing exon 6A is highly
expressed in the ovary
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Cellular localisation of the LHCGR exon 6A terminal variant
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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
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Mutations in exon 6A abolish LHCGR Response to hCG
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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
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Proposed model for the impact of exon 6A on LHCGR function

Kossack et al., PLoS Medicine, 2008
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