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B f bi th th t f th f l• Before birth, the cortex of the female 
ovary contains its peak number of 
f lli l ( b t 7 106)follicles (about  7 x 106). 

• The supply of follicles decreases to 2 x pp y
106 by birth and 300,000 by puberty. By 
virtue of the "inefficient" nature of 
folliculogenesis only 400 of these 
follicles will ever reach the preovulatory p y
stage. 

• It is commonly said that whenIt is commonly said that when 
oocytogenesis is completed, no 
additional primary oocytes are createdadditional primary oocytes are created. 
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(based on data(based on data

from Arai, 1920 ,

and Mandl, 1950



Faddy and Gosden,

19961996

110 pairs of ovaries 
(0-51 years of age)( y g )

Step change to 
gradual change



Faddy and Gosden,

19961996

Distribution ofDistribution of 
predicted 
menopausalmenopausal 
ages (number of 
fertile yearsfertile years 
remaining)
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Quantificaction ofQuantificaction of 
murine GC (markers 
GCNA)

• Most GCNA + cells 
t d dentered and 

progressed though 
meiotic prophasemeiotic prophase 
during fetal 
development

• Continuous decline in 
GCNA + cells during g
fetal development



Fertil. Steril 2007

15 ovaries from  
fetuses neonates andfetuses, neonates and 
one 8 month baby

PF pool shows an 
exponential increase 
till 8th month of 
prenatal life to atprenatal life to, at 
least, the 8th month of 
postnatal lifep



2010

Mathematical 
model of agemodel of age 
related population 
of NGF in theof NGF in the 
human ovary from 
conception toconception to 
menopause 

8 t8 separate 
quantitative 
hi t l i lhistological 
studies (n=325)



20102010

• 95% of women by 30 years of age have 12% of their max• 95% of women by 30  years of age have 12% of their max. 
prebirth number of NGF, 3% by 40.

81% f th i i NGF l ti i d t l• 81% of the variance in NGF population is due to age alone



• Recently, a number of  publications have y, p
challenged the ovarian biology dogma that 
a finite number of follicles are set arounda finite number of follicles are set around 
the time of birth. 

• Renewal of ovarian follicles from germline 
stem cells (originating from bone marrow ( g g
and peripheral blood as well as ovarian 
stem cells) have been reported in thestem cells) have been reported in the 
mouse and human ovary



Nature 2004

•Juvenile and adult 
imouse ovaries 

possess mitotically 
ti ll th tactive germ cells that, 

based on rates of 
t d t tioocyte degenetration 

are needed to 
l i h th treplenish the oocyte 

pool.
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P f ll•Presence of cells 
expressing meiotic 

k i j il dmarkers in juvenile and 
adult mouse ovaries

•Wild type ovaries grafted 
into transgenic mice g
(GFP) become infiltrated 
with GFP positive cells p
that form follicles
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• Rapid generation of 100s of oocytes
• Extragonadal source of germ cells?g g
• Germline markers in BM 



2005

• BM transplantation restores oocyte production in  wild 
type mice sterilized by chemotherapy

• Donor derived oocytes observed in females following 
peripheral blood transplantation

f GCBM is a potential source of GC that 
sustain oocyte production in adulthood
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Transplantation andTransplantation and 
parabiotic mouse  model.

Capacity of circulating BM toCapacity of circulating BM to 
generate ovulated oocytes?

• Circulating cells do not 
give rise to mature ocytesgive rise to mature ocytes 
in long term parabionts

• Circulating cells do not 
give rise to mature oocytes 
in injured parabionts



20062006

• Bone marrow 
cells do not givecells do not give 
rise to oocytes 
and do notand do not 
enhance 
ovulation ofovulation of 
endogenous 
oocytes inoocytes in 
transplanted 
micemice



2007

Expression of meiotic and GC 
proliferation markers in ad lt h manproliferation markers in adult human 
ovaries (12 women, 28-53 years)

• No early meiotic specific or 
oogenesis associatedoogenesis associated 
mRNAs exist in normal 
adult human ovariesadult human ovaries

• Absence of early 
meiocytes and proliferatingmeiocytes and proliferating 
germ cells



W h bi th
2007

Woman who gave birth 
to a child after 
allogenic BMT (after 8allogenic BMT (after 8 
years)

• DNA analysis of the 
mother, child and BM 
donordonor

• No relationshionship 
was establishedwas established 
between the child and 
the donor



2008

Isolate putative SC from the 
ovarian surface epithelium

• Putative ovarian stem cells  from 
the ovarian cell epitheliumthe ovarian cell epithelium 
express early embryonic 
developmental markersdevelopmental markers

• They grow in vitro
• Oocyte-like cells develop



2008

Ovaries from adult miceOvaries from adult mice 
transplanted to sterilised  
transgenic GFP micetransgenic GFP mice

819 oocytes examined in y
30 grafts

• No oocytes expressed• No oocytes expressed 
GFP at 2, 4 and 8 weeks 
of transplantationof transplantation

• Growing follicles were No de novo oogenesis g
survivors of the original 
population

from systemic GC



2008

• Establishment of a 
neonatal mouse FGCS line 
with normal karyotype, 
high telomerase activity. 15 
months in culture ((adult 
mice for 6 months)

• Similar characteristics of 
SSC



2008

• FGSC infected with GFP 
and transplanted intoand transplanted into 
ovaries of infertile mice

• Tranplanted cells 
d t i dunderwent oogenesis and 

produced offspring with 
GFP tGFP transgene



• Existence of circulating germ cell• Existence of circulating germ cell 
progenitors? 
P t ti l t ib ti t f tilit• Potential contribution to fertility 
preservation (helper follicles  that 

)promote maturation)

• Germline stem cells (ovarian stem cells)  
may reside in the mammalian ovarymay reside in the mammalian ovary

• Role in oogenesis under normal 
physiological conditions or as a stressphysiological conditions or as a stress 
response of the ovary 
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