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Folliculogenesis and Ovarian Stem Cells

Central Dogma in Reproductive Biology
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Figure 1. A. Counts of non-growing follicles (nght) and early growing follicles (leﬁ) in relation to subject's age. Open circles,
Block's data Solid circles, Gougeon group's data.’ B. Observed total follicle counts.®

The Dogma is Challenged
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Table 1. Critical articles about postnatal oogenesis

Authors Years Main Findings

Kingery (12) 1917 Primitive ova degenerates then definite ova replace it (mouse)

Arai (13) 1920 Definite ova arise from proliferation of ovarian surface epithelium (rat)
Simkins (14) 1932 Definite ova arise from differentiation of somatic cells (human)

Showed that the body of evidence supporting theconcept of postnatal oogenesis was unsound, and
Zuckerman (8) 1951 that it is more likely that cogenesis ceases prior to or just after birth. This notion became the central
dogma of mammalian female reproductive biology

Using delayed autoradiography after injection of tritiated thymidine showed that the premeiotic S
Peters et al. (15) 1962 phase leading to the formation of oocytes in the mouse only takes place during a limitedprenatal
period and that these oocytes remain in the adult ovary

Germline stem cells (GSCs) are located within the ovarian epithelium and supply the adult
mouse ovary with new oocytes

Johnson et al. (11) 2005 GSCs are present in the circulation by BMT and supply the adult mouse ovary with new oocytes

Johnson et al. (10) 2004

BMT rescued long-term fertility in chemotherapy treated females, but all offspring were derived
from the recipient germline. Cell tracking showed that donor-derived oocytes were generated in
ovaries of recipients after BMT, and two lines of evidence dispelled the claim that these oocytes are
misidentified immune cells

Lee etal. (16) 2007
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Table 2. Pros and Cons regarding ovarian stem cells

Authors Years

Main Findings

Spradling (17) 2004

Pros

“This important finding seems destined to greatly enhance our understanding of
mammalian oogenesis and of its precipitous decline during adulthood.”

Kerretal. (18) 2006

In mouse ovaries from 7~100 days of age, the mean number of primordial follicles are
not significantly depleted (suggesting some degree of follicle renewal in postnatal and
adult mouse ovaries)

&gay& Oktem

(19) 2007

Regeneration of oocytes after chemotherapy: connecting the evidence from mouse to
human

Bazer (20) 2004

Inter

"In either case, strong science is challenging conventional wisdom so that what we define
as "truth" is based on the strongest possible evidence."

Fengetal. (21) 2006

Although the full function of these ES-derived germ cells and gametes remains to be
demonstrated, these findings give new hope for infertility therapy and novel approaches
in regenerative medicine.

Kayisli & Seli (22) 2006

The findings of Johnson et al. strongly suggest the generation of oocytes from stem cells
in the adult mouse. Criticism by prominent investigators in the ficld has been voiced but
not yet adequately supported by experimental evidence. Crucially, independent
confirmation of those findings is also lacking. If proven to occur in human, de novo
oocyte formation from stem cells would have significant implications for fertility
preservation.

Albertini (23) 2004
Gosden (24)

2004

Cons

It is imperative that data bearing directly on the existence of ovarian stem cells be
collected and that the potential significance of this work not be taken lightly by
reproductive biologists in general and those fascinated by the biology of stem cells.

'Men who are orthodox when they are young are in danger of being middle-aged all their
lives' (Walter Lippmann)

Greenfeld & Flaws

©) 2004

Central premises should be re-examined and challenged on a periodic basis to ensure that
they continue to remain robust. Johnson et al. have performed a service to the field of
ovarian biology by prompting re-examination of the “central dogma" of the primordial
follicle pool that has shaped our understanding of ovarian function since 1951, However,
the central dogma has withstood the test of time in that it has remained consonant with
nearly every empirical observation concerning ovarian follicular dynamics in the past 50
years.

Tetfer (25) 2004

“If the dogma is to be debunked and"a new one accepted, at least in the mouse, it is sure
to be challenged and tested, as should all dogma. This is the way of science and scientists."

Telfer ct al. (26) 2005

On the basis of the cvidence so far, we find their conclusions from their mouse model not
proven and extrapolation of the data to humans premature.

Moreover, we arc concerned that their hypothesis is less reconcilable with pure reason
and human biology than conventional theory.

Hutt & Albertini

@ 2006

Evidence from a number of lab collectively raise concerns over the validity of the ovarian
stem cell mechanism for follicle replenishment as originally proposed by Johnson et al.
However, recent rcports on fertilityrestoration in huymans are promising and warrant
further study as hopes for novel fertility techniques are legitimized and the prospect that
germline regeneration, while unlikely to occur in mice, may have some basis in primates.

Eggan et al. (28) 2006

Used parabiotic mice to show that ovulated oocytes do not come from circulating stem
cells

Bristol-Gould et al.

) 2006

Showed that follicie numbers gradually decline in the ovary with age and used
mathematical modeling to determine that de novo follicle production is not required to
support fertility

Sottite (29) 2007

This paper examincs the evidence leading to the current debate and considers the
implications of such findings for the field of bone marrow transplantation.
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Scientific Debates
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Reproductive Biology

Fertility
applications

Stem Cell
Biology

Figure 2. Concerns in application of bone marrow transplantation for cancer treatment in young women on the basis of hypothesis
of ovarian stem cells that originate from bone marrow.
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