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The debate over whether or not oocytes
are regenerated in mammalian ovaries
during adulthood as a way to maintain the
ovarian follicle pool and fertility has been
reignited with the recent proposals that
female germline stem cells (FGSCs) or
oogonial stem cells (OSCs) can be found
in the mammalian ovary.1,2 Many
researchers believe that the claims of
OSCs were made too hastily, and a distin-
guished team of reproductive biologists
stated that rigorous scientific standards
should be applied to the in vitro-derived
female germ cells.3 For example, an

intriguing question is how the proposed
OSCs can enter meiosis, which is a critical
step in the development of mammalian
oocytes. This process has been demon-
strated in primordial germ cells (PGCs),
but has never been shown for the pro-
posed OSCs.

Although the in vitro-obtained OSCs
and FGSCs have not been accurately iden-
tified,4 it is still an interesting question to
ask if mammalian oocytes renew them-
selves in adult life at all. It is tempting to
think that because male spermatogonia
are constantly regenerated, it must be the

same way in females. As a matter of fact,
the female germ cells do regenerate them-
selves, but only within a limited period of
time and only in the form of migrating
and proliferating female PGCs.5 Any phil-
osophical belief that OSCs must exist in
females, however, requires strong experi-
mental evidence before such cells can be
considered biologically relevant.

In 2013, a study by Lei et al. used a
sensitive lineage-labeling system to deter-
mine whether oocyte regeneration is
needed in female adult mice to compen-
sate for follicular losses.6 After labeling the
primordial follicles in early life and tracing
the stability of the follicular pool at differ-
ent time points in adulthood in mice, the
authors showed that the primordial fol-
licles formed during early life is sufficient
to sustain the entire reproductive life with-
out renewal. This research provided com-
pelling evidence that adult female mice
neither require nor contain active germ-
line stem cells nor do they produce new
oocytes in vivo.

Further scientific evidence was pro-
vided in a recent study published by
Zhang et al. that was based on very simple
and straightforward approaches.7 The
authors used an inducible labeling system
with the Foxl2-CreERT2 mouse model
where all follicles in the mice were labeled
at a young age with green fluorescence.
When the animals reached adult age and
to the end of the reproductive life, all of
the remaining follicles were still labeled
with green fluorescence (Fig. 1a). The
conclusion of this follicle lineage tracing is
straightforward: all of the follicles at the
end of the mouse’s reproductive life were

Figure 1. Lifelong in vivo tracing of follicle lineages in mouse ovaries. Using a Foxl2 -CreERT2;mT/mG
mouse model (A) or Gdf9-Cre;iDTR mouse model (B), the existing follicle pool is selectively labeled
or ablated in early life in vivo. At the end of the reproductive lives of the animals, no follicular regen-
eration is observed.
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from the original follicle pool that devel-
oped in the mouse right after birth.7

It has been argued that when oocytes
are depleted from the ovary, such as by
chemotherapy drugs, new oocytes can be
regenerated from OSCs.1 Zhang et al.
also tackled this question using the Gdf9-
Cre;iDTR mouse model where all oocytes
were selectively ablated in the early life of
the mouse (Fig. 1b).7 At the end of the
mouse’s reproductive life, not a single

regenerated oocyte or follicle was
observed. This result indicates that under
pathological conditions where oocytes
were depleted from the ovary, there is also
no adult oogenesis7 (Fig. 1b).

Based on the 2 studies by Lei et al.6

and Zhang et al.,7 it can now be con-
cluded that oocytes are not regenerated in
the mouse during adult life. The proposed
OSCs and FGSCs are not functional in
contributing oocytes for natural female

fertility or for regenerating follicles under
pathological conditions. The purified
OSCs and FGSCs, regardless of where
they originate from, be it the bone mar-
row, the ovarian epithelium, or the blood
circulation, are not stem cells for the
oocytes that contribute to natural female
fertility because ovaries do not appear
capable of regenerating oocytes in adult
life.
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