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Figure 1. Formation of the initial follicle pool begins shortly after birth 
and is completed around day 6 in the mouse.  Reproductive cyclicity 
begins at puberty and fertility begins to decline after 1 year.  To examine 
the fate of the initial follicle pool, ovaries were collected and primordial/
primary/secondary follicles counted and used to fit parameters in a 
mathematical model.  Red font indicates the days on which follicle 
counts were acquired for use in the mathematical model.   
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Figure 3. SSEA-1 immunohistochemistry. (A) Adult tissue stained 
for SSEA-1 indicating densely immunoreactive blood vessel lumens 
within the oviduct. (B) SSEA-1 staining within corpora lutea and theca 
cell layer between the corpora lutea and a follicle.  (C,D) SSEA-1 
staining within antral fluid of an antral follicle and within the theca 
cell layers between large follicles. (*) indicates staining within large 
fluid filled areas (blood vessels or antral fluid).  Arrows indicate more 
discrete staining within the theca cell layers or in corpora lutea, also 
sites of ovarian vasculature in the adult animal.  CL = corpora lutea, 
TC = theca cell, A = antrum. Scale bar; 50µm.   

Figure 5.  Varying kSC from 0 to 
100 de novo follicles/day indicated 
that the addition of de novo 
follicles results in an accumulation 
of primordial and secondary 
follicles that was not seen in the 
experimental data or initial pool 
model (kSC=0).  High levels of 
kSC did not capture the increase 
and subsequent reduction in 
primary follicles that was seen 
experimentally.

• We were unable to identify germline stem cells in the adult ovary 
utilizing SSEA-1 as a marker; staining was consistent with the view 
that SSEA-1 is a marker of stem cells in the blood (2)

• Utilizing a rigorous manual follicle counting procedure, we 
developed a mathematical model of follicle dynamics which parallels 
the experimentally observed accumulation and subsequent reduction 
in primary follicle numbers during the early fertile lifespan; this behavior 
was not observed in models which incorporated significant levels of 
germline stem cell activity

Our results agree with the concept that the initial endowment of ovarian 
follicles is not supplemented by an appreciable number of stem cells; 
rather, this initial pool is sufficient to ensure the fertility needs of the 
adult mouse.

Follicle Class Description

Primordial

1)  Small oocyte, surrounded by squamous    
     or squamous/cuboidal granulosa cells
2)  All follicles counted; atretic follicles not 
     observed

Primary

1)  Small oocyte, surrounded by a single 
     layer of cuboidal granulosa cells
2)  All follicles counted; atretic follicles not
     observed

Secondary
1)  Larger oocyte, more than one layer of 
     granulosa cells but no antrum
2)  Only counted if nucleolus present; 
     atretic follicles not counted

The importance of the initial follicle pool for fertility in adult mammals 
is not fully understood.  We developed a mathematical model of the 
dynamics of early stage follicles (primordial, primary, secondary) 
to examine the importance of the initial follicle pool as it relates to 
reproductive senescence.  Follicle counts of CD1 mice were fit to a 
series of first order differential equations with the follicle populations 
simulated according to two mechanisms: (i) an initial pool of primordial 
follicles as the only follicle source, (ii) an initial primordial follicle pool 
supplemented by germline stem cells.  The fixed pool model fit the 
experimental data, capturing the maximum observed in primary follicle 
number at 4-6 months.  Although no germline stem cells could be 
identified by staining for SSEA-1, we next incorporated the suggested 
77 de novo follicles per day  (1).  With this addition, the model no longer 
fits the observed decreases in follicles with time and does not parallel 
the accumulation and subsequent reduction in primary follicles during 
the early fertile lifespan of the mouse.  Further simulations indicated that 
only low rates of generation are potentially consistent with experimental 
observations (less than 10 de novo follicles/day). Our results agree 
with the concept that the initial endowment of ovarian follicles is not 
supplemented by an appreciable number of stem cells; rather, it is 
sufficient to ensure the fertility needs of the adult mouse.

• The fixed initial pool model parameters indicate 
a flux of 3-6 follicles/day, indicating 12-24 follicles 
per 4-day estrus. 
• The stem cell model predicts relatively stable 
levels of follicles after approximately day 60, as 
a result of the introduction of de novo primordial 
follicles.

Parameters were solved separately for days 6-20 and days 20-365, 
coincident with  experimentally observed spikes in pituitary FSH as  
the reproductive axis matures.

Figure 4. The persistence of primordial 
(F0), primary (F1), and secondary 
follicles (F2) was investigated using a 
mathematical model that describes 
primordial follicle loss and the transitions 
between follicle stages.  These processes 
were modeled as first order and solved 
numerically using Matlab. Germline 
stem cell generation rates were modeled 
as a zero-order process based on the 
recent report of germline stem cells in 
the adult mouse ovary (1).

Figure 2. Ovaries from CD1 mice were serially sectioned (5 µm)  and 
stained.  Two or more individuals counted every 5th section.  The average 
number of follicles for each set of ovarian sections was divided by 
the number of sections, and then multiplied by a normalization factor 
to account for ovary size and prevent double counting of primordial/
primary follicles.


