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Abstract—Most textbooks put follicle-stimulating hormone (FSH) at the centre of the follicle development story, yet the
very first decision a follicle makes — whether to leave dormancy and start growing — happens without any input from FSH
or any other hormone travelling through the bloodstream. This review looks at the local signalling conversations that
govern that decision, built around the oocyte’s own internal brake, a protein called FOXO3, and the tug-of-war between
activating and inhibiting signals such as KIT ligand, the PI3BK-AKT pathway, and anti-Mullerian hormone (AMH).
Pulling from genetic, biochemical, and clinical work built up over the last two decades, this paper walks through how
these local mechanisms protect a woman’s limited, non-renewable egg supply, why the overwhelming majority of follicles
never make it to ovulation, and what all of this means for how we think about reproductive ageing and fertility. The point,
ultimately, is to appreciate what happens when neighbouring cells simply talk to each other — and how much of human
reproduction rests on that conversation.

I. THE QUIET BEGINNING: WHY THE FIRST STEP DOESN’T NEED PERMISSION FROM THE PITUITARY

Primordial follicles form early in life and then sit dormant, some of them for decades. Most of us are taught to think of FSH as
the hormone that gets follicles growing — and it does, later in the process — but the very first transition, when a primordial follicle
becomes a primary follicle, turns out to run entirely independently of FSH or LH. That independence matters. It means the ovary
recruits follicles at its own pace, rather than reacting all at once to whatever hormone level happens to be circulating in the blood.

To put the scale of this in perspective: a newborn girl’s ovaries hold somewhere around one to two million primordial follicles,
and that number already reflects a steep drop from several million during fetal development [7]. By puberty the reserve has fallen
further, to roughly 300,000-400,000, and it keeps declining from there. Out of all of these, only about 400450 follicles will ever
actually ovulate across a woman’s reproductive lifetime [7]. Nearly everything else is lost along the way, mostly to a process called
atresia after the follicle has already activated.

I1. INSIDE THE DORMANT FOLLICLE: WHAT ACTUALLY WAKES IT Up

A primordial follicle, at rest, is a modest structure — a small, metabolically quiet oocyte wrapped in a single layer of flat pre-
granulosa cells. Activation begins when local signals prompt the oocyte to start growing and the surrounding granulosa cells to
switch from flat to cuboidal and start proliferating. Nothing from outside the ovary triggers this. The signal comes from right next
door.

The central player is KIT ligand (KITL), also known as stem cell factor, which is secreted by the pre-granulosa cells sitting
right beside the oocyte. It binds to the c-KIT receptor on the oocyte’s surface and sets off a signalling cascade through the PI3K
pathway. PI3K generates a lipid messenger called PIP3, which activates the kinase AKT. AKT, in turn, phosphorylates FOXO3 —
and that phosphorylation is the key step, because it forces FOXO3 out of the nucleus and into the cytoplasm, where it can no longer
do its job of holding growth-related genes in check [2, 4].

FOXO3 is best thought of as a guardian standing at the gate. While it remains in the nucleus of a resting oocyte, it keeps protein
synthesis low, metabolism subdued, and the whole follicle in a kind of suspended animation. Once the KIT-PI3K-AKT signal
arrives and FOXO3 gets pushed out, the brake releases: the oocyte begins to enlarge, its metabolism ramps up, and the follicle
commits to becoming a primary follicle. The evidence for this comes largely from mouse studies, and it is about as clean as
experimental biology gets. Deleting FOXO3 from mouse oocytes causes every single primordial follicle to activate at once,
emptying the ovarian reserve prematurely and causing early infertility [1]. Keep FOXO3 permanently active, on the other hand, and
follicles stay dormant far longer than they normally would.

A few other molecules round out the picture. PTEN works against PI3K by breaking PIP3 back down, which helps keep the
brake engaged; lose PTEN and you get the same runaway activation seen with FOXO3 loss [3]. Downstream of AKT, the
mTORC1 pathway drives the burst of protein synthesis a follicle needs once it commits to growing [9]. And oocyte-secreted factors
such as GDF-9 and BMP-15 appear to help stabilise the transition on the granulosa cell side, although exactly how much they
contribute to the earliest steps of activation is still being worked out across different species.

I11. THE NEIGHBOURHOOD WATCH: HOW GROWING FOLLICLES KEEP THEIR NEIGHBOURS QUIET

Once a handful of follicles do activate and start growing, they begin producing anti-Miillerian hormone, or AMH. AMH doesn’t
travel far — it acts locally, and its job seems to be discouraging nearby primordial follicles from activating at the same time. In
effect, the follicles that are already growing send a message to their still-dormant neighbours: not yet, wait your turn. This feedback
loop is a big part of why activation gets spread out gradually across decades rather than happening in one uncontrolled wave, and it
is one of the clearer examples of how the ovary regulates itself without needing outside instruction.
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IV. WHY LocAL CONTROL MAKES EVOLUTIONARY SENSE

There’s a good reason the ovary relies on short-range, local signalling instead of hormones travelling through the blood. If FSH
alone were enough to trigger this first step, it would likely rouse thousands of follicles simultaneously, burning through a finite,
non-renewable reserve far too quickly. Local, cell-to-cell signalling allows only a small number of follicles to activate at any given
time, spread across a reproductive lifespan that runs for decades. It also gives the follicle a chance to assess its own readiness — the
oocyte and its surrounding cells effectively check in with each other before committing real metabolic resources to full growth.

This staggered system also explains something that surprises a lot of people the first time they hear it: the sharp drop in follicle
numbers by around age 40 has far more to do with continuous, ongoing activation followed by loss than with the comparatively
small number of eggs actually ovulated over a lifetime. Most follicles that activate never make it to maturity. Instead, they undergo
programmed degeneration — granulosa cell death, oxidative stress, and a decline in mitochondrial function all play a part.

V. WHEN THE SYSTEM BREAKS DOWN: LESSONS FROM PREMATURE OVARIAN INSUFFICIENCY

When these local controls fail — because of a genetic mutation, an environmental insult, or some other disruption that
accelerates signalling — primordial follicles can activate too quickly or in far greater numbers than they should. The result is a
diminished ovarian reserve and, in more severe cases, premature ovarian insufficiency (POI). Interestingly, researchers have turned
this same biology around and used it therapeutically: in vitro activation (IVA) techniques gently stimulate the PI3K pathway — for
instance using PTEN inhibitors, or by physically fragmenting ovarian tissue to disrupt an inhibitory pathway called Hippo
signalling — to coax dormant follicles in POI patients back into activity. This approach has already produced live births in women
with long-standing ovarian insufficiency [10].

V1. LOOKING AHEAD

Understanding these gonadotropin-independent mechanisms changes how we think about the ovary — not as an organ that
simply waits for hormonal instructions, but as one that runs a great deal of its own decision-making locally, cell to cell. It’s a useful
corrective to a purely hormone-centred view of reproduction, and it highlights just how much developmental biology comes down
to conversations between neighbouring cells rather than commands issued from a distance. Future work combining single-cell
sequencing, mechanical signalling cues (the Hippo pathway again being a good example), and models built specifically around
human rather than mouse biology will likely reveal further layers of this regulation — and, hopefully, better tools for addressing age-
related fertility decline and for preserving fertility in patients who need it.
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