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• Discuss recent advances in the understanding of the physiology of 
gonadotropins

• Describe molecular and pathophysiological effects of gonadotropins 
and their receptors

• Explain FSH and LH dimerization: molecular pathways and possible 
clinical implications

Educational objectives
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•Gonadotropins in the natural and multiovulatory cycle

• LH and hCG have different scopes and effects

• FSH potentiates LH and hCG action (including apoptosis, 
via cAMP)

• Estrogen counteracts pro-apoptotic effects of 
gonadotropin-dependent cAMP increase:
a new player in the game
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Two cells/two gonadotropins theory
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MONO- versus MULTI-follicular growth
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Casarini et al. Trends Endocrinol Metab. 2018;29(4):208-217.

Low FSHR = Low LHCGR
FSHR = LHCGR X 1000

FSHR X 1000 = LHCGR



Natural versus controlled follicle growth
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Complexity of the hormonal control of follicular growth

• The same receptor (LHCGR) is expressed in two cell types (theca and 
granulosa)

• The same receptor (LHCGR) responds to two hormones (LH and hCG)

• One cell type (granulosa) expresses two receptors (FSHR and LHCGR)

• Follicular growth depends on: 
- Estrogen (LH action on theca and FSH action on granulosa)
- FSH action on granulosa (recruitment + apoptosis/atresia)
- LH action on granulosa (follicular survival, dominance, maturation)

LH activity is fundamental!
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Esteves and Alviggi. 2015. Springer. doi: 10.1007/978-81-322-1686-5_16

LH

hCG

LH/hCG biochemical properties

Molecular weight: 26-32 KDa
Half-life: ~20 min-12 hours

Molecular weight: 37 KDa
Half-life: ~15-460 hours



Hallast et al. Genome Res. 2005. 15(11):1535-46.
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Complexity of the LH/CG system
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LH vs hCG:
cAMP, cell survival, and effects of FSH



cAMP production

Casarini et al. PLoS One. 2012. 7(10):e46682.

Cave: Excessive cAMP is pro-apoptotic!



hCG reduces cell viability over time and stimulates

Caspase-3 expression in hGL5/LHCGR cells

Casarini et al., Int. J. Mol. Sci, 2017



FSH increases hCG-dependent cAMP activation

Casarini et al. Mol Cell Endocrinol. 2016. 422:103-14.

Cave: Excessive cAMP is pro-apoptotic!



LH increases and hCG reduces cell viability of hGLC

in the presence of FSH

Casarini et al., Mol & Cell Endo, 2016



LH vs hCG signal transduction:
phosphoprotein activation, 
steroidogenesis and effects of FSH



LH and hCG signal transduction:

phosphoprotein activation

Casarini et al. PLoS One. 2012. 7(10):e46682; Casarini et al. Int J Mol Sci. 2017. 18(5):E926.
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FSH increases LH- and hCG-specific

phosphoprotein activation
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FSH increases and changes the kinetics of LH- and hCG-dependent 

steroid synthesis

Progesterone Estradiol

Casarini et al., Mol & Cell Endo, 2016



cAMP/PKA signalling

Steroid synthesis

ERK, AKT signalling
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Casarini et al. Endocr Rev. 2018;39(5):549-592.



Proliferative, anti-
apoptotic effects

Steroidogenic
(and pro-apoptotic) 

potential

Oocyte quality
(and pregnancy rate)

LH hCG

Santi et al. Front Endocrinol (Lausanne). 2017. 8:114.

Clinical relevance: LH- and hCG-specific ART outcomes

FSH alone versus FSH + LH
FSH alone versus FSH + hCG

Fa
vo

u
rs

 F
SH

 +
 L

H
/h

C
G

Fa
vo

u
rs

 F
SH

 a
lo

n
e

Oocytes

Meiosis II
oocytes

Embryos

Implantation
rate

Pregnancy
rate

0.6

-0.6

0.0



SUMMARY: LH vs hCG in COS

Molecular/evolutionary determinants of LH 
and hCG non-equivalency

LH hCG

+ Steroidogenic potential+ Proliferative and anti-
apoptotic potential

Granulosa/theca 
cell system

Lutein granulosa 
cells

Follicular growth and 
oocyte maturation

Pregnancy support
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Casarini et al., Int. J. Mol. Sci, 2017

Cell viability of hGLC

without E2 with E2

LH/hCG: 100 pM
E2: 200 pg/ml – n=10

Estrogen counteracts pro-apoptotic effects of gonadotropin-
dependent cAMP increase



Glycoprotein hormone 
receptors

G protein-coupled estrogen
receptor

(GPR30; GPER)

Images reproduced from: van Durme et al. 2006. Mol Endocrinol. 20(9):2247-55.

Gαs protein/cAMP signalling Ca2+, pERK1/2, pAKT signalling

Revankar et al. 2005. Science. 307(5715):1625-30; Chen et al. J Biol Chem. 2011;286(25):22441-55.



Is GPER (GPR30) involved in 
counteracting the apoptotic effects of 
FSH (hCG)?



GPER-mediated signals in the ovary

Cell proliferation!



Conclusions 

• Follicular growth and maturation depend on the interplay of LH and 
FSH

• LH stimulates theca cells to produce androgen and acts on granulosa 
cells to promote proliferation, survival and maturation

• hCG is essentially a steroidogenic factor, acting primarily on 
progesterone, less so on androgen (in vitro)

• hCG and FSH are (potentially) pro-apoptotic factors (via cAMP)

• Follicular growth and maturation depend on estrogen!

• Estrogen is anti-apoptotic via GPER (blocks FSHR-mediated cAMP)
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