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Expression of the LH/hCG receptor has
been found in many extragonadal
organs:

Cervix
Fallopian tubes
Breast
Myometrium
Urinary bladder
Prostate
Uterine arteries
Skin

Macrophages Endometrial hyperpl.
Sperm Prostatic hyperplasia
Trophoblast Prostatic cancer
Lymphocytes Adrenal hyperplasia
Oocyte Leiomyomata

Early embryo Endometrial cancer
Placenta Adenomyosis

Fetal membranes Trophoblastic
Adrenal gland Umbilical cord neoplasms

Several fetal Ovarian cancer * Epididymis

tissues * Pineal glands
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Transgenic Model for High hCG Overexpression

hCG3- subunit under universal ubiquitin promoter
(hCG B+ mice):

Ubiquitin Promoter m n

Pituitary gland:
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Transgenic Model for High hCG Expression

Common o and hCG[3- subunit under ubiquitin promoter
(hCG o+ mice):

Ubiquitin Promoter - n X Ubiquitin Promoter m n
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Non-gonadal
effects??

Bioactive hCG (IU/L)
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Gonadal effects




hCG+ female mice:

luteinized and cystic ovaries
6 month old:

Adult control hCGp+, line 24 - 212

Rulli et al. Endocrinology 2002




TG Female Mice Overexpressing hCG Are
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Pituitary Gland Hyperplasia and
Adenomas, Associated with

Hyperprolactinaemia
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The Pituitary phenotype is prevented by ovariectomy, suggesting the
involvement of ovarian steroids or other gonadal factors



Pituitary adenoma

 Suprasellar expansion

e Fragile and hemorrhagic

e Irregular shape and distorted
architecture

e Multifocal nodules

Age: 12 months old
Weight: 205 mg
Size: 1x0.7x0.5 cm




QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.



hCG+ female mice:

mammary tumors
10 month old:

Weight: 3.2 g
Size: 2x2.5x1.4 cm




Lobuloalveolar development of the mammary gland:
Secondary effects of ovarian hyperstimulation

Mice ovariectomized at 6 weeks-old, and analyzed at 6 months of age.




Mammary gland tumours:
malignant adenocarcinoma

Epithelial proliferation
forming papillary
projections penetrating into
the alveolar lumen




Mammary gland tumors:
high frequency of metastasis

Mammary tumours
metastasize to the adrenal
gland
(papillary pattern)




A Prolactinomas Ubiql!itin/ hCG
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Hyperprolactinaemia
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Are gonadotrophins tumorigenic?

It is well documented both clinically and
experimentally that gonadotrophin-stimulated
gonadal sex hormone production can promote
hormone-dependent tumours. In contrast, the
evidence for direct tumorigenic effects of
gonadotrophins relies mainly on in vitro studies,
and the clinical and experimental evidence in
vivo is still fragmentary, weak and controversial.



» Studies from 1940’s demonstrate that certain strains of
mice develop adrenal tumours after gonedectomy

« Susceptible strains e.g. DBA/2J and CE/J

* Non-susceptible strains e.g. C57Bl and FVB/N

« Can we identify the genetic polymorphism(s) responsible for
the post-gonadectomy tumorigenesis in susceptible strains?
» Genetic linkage study in DBA/2J and C57/6J strains

Endocrinology 2008; 1249; 651-661




Adreno-gonadal primordium

O

somatic stem cells

Differentiating M Differentiating
adrenal gonad

Immature
adrenal

Immature
gonad

Mature adrenal Mature gonad

LH-responsive adrenal hyperplasia Adrenal rest tumour



A) Intact B) After gonadectomy

Pituitary
gland
A

Pituitary
gland

Adrenal gland Gonad Adrenal gland hyperplasia



Are extragonadal LH receptors
important for mouse reproductive
function? - Ovarian transplantation in

LH receptor knockout (LURKO) mice?

Ovaries from prepubertal WT mice were orthotopically
transplanted to 21 d-old LURKO mice.

Function of transplants was monitored by vaginal
opening and oestrous cycle.

Mice with successful
transplantation were
mated with WT males.




Onset of Ovulation in Orthotopically Transplanted WT Ovaries in
LuRKO and WT Mice

Pakarainen et al.: JCI 2005.




Serum LH, FSH and PRL in Ovary-Transplanted LuRKO and WT Mice
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Pakarainen et al. JCI 2005.




LURKO females show wild-type
fenotype after ovary transplantation
and become fertile

No. of mice bred Vaginal plugs Litters born No. of pups/litter

LuRKO + WT ovaries 20 95 % 9 (56 %) \ 42 24

NS,

WT + WT ovaries 22 95 % 16 (80 %) 4+23

WT, without operation 100 % 10 (100 %) 6.0 24

LuRKO + WT ov. LuRKO WT

- Extragonadal LHR
have no effect on
sexual behavior and
fertility of female
mice.

Pakarainen et al. JCI 2005




Conclusions: Extragonadal actions of
gonadotrophins

The effect on FSH on osteoclast function needs
independent verification

Mouse data demonstrate direct LH/hCG effects
on adrenal and mammary glands

Extragondal LHR expression is not heeded for
female mouse fertility

Mouse data demonstrate extragonadal
tumorigenic effects of LH/hCG

In humans, the best evidence for extragonadal
gonadotrophin action is on adrenal cortex
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