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Rapamycin prolongs female reproductive lifespan
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The pool of ovarian primordial fol-
licles is established during embryonic
development in humans, or after birth
in rodents, and serves as the source of
developing follicles and fertilizable ova
for the entire length of female reproduc-
tive life.! Once the pool of primordial
follicles has been exhausted, menopause
occurs in women around 50 y old. With
modern increases in longevity, more than
one-third of a woman’s life is now spent
after menopause, which is characterized
by a loss of fertility and increased risk for
cardiovascular disease, osteoporosis, and
cognitive dysfunction. To maintain the
normal length of female reproductive life,
the majority of primordial follicles must
be maintained in a quiescent state for later
use. Therefore, the activation of primor-
dial follicles is a critical process for female
reproductive lifespan, but the mechanism
is poorly understood.

Although it has been well established
that the development of primordial folli-
cles is regulated by locally produced auto-
crine, endocrine, and paracrine signals,
exactly how the primordial follicle inte-
grates these signals to maintain dormant
or to be activated to develop is unclear.
However, recent studies have revealed that
mammalian target of rapamycin (mTOR)
pathway, which serves to integrate such
signals, involves the control of primor-
dial follicle activation and development.??
mTOR is a ubiquitous, evolutionarily
conserved serine/threonine kinase that
regulates cell growth and proliferation in
response to stress, nutrients, and growth
factors. mTOR functions as part of 2 mul-
tiprotein complexes, mTOR complex 1
(mTORC1) and mTORC2.# Rapamycin
inhibits mMTORCI by binding the FK506-
binding protein FKBP12, which then

interacts physically with the complex
and decreases activity. The upstream
of mTORCI, the TSC1/TSC2 protein
complex, suppresses the activation of
mTORCI through a GTPase-activating
protein domain located in TSC2. The
major downstream effectors of mTOR
known so far are S6K1 and 4E-BP1, both
regulators of protein translation. Deletion
of Tscl or Tsc2 in mouse oocytes caused
premature activation of all primordial
follicles around the time of puberty, and
eventually led to premature ovarian failure
(POF) in eatly adulthood. Inhibition of
mTOR signaling by rapamycin effectively
reversed the overactivation of primordial
follicles in mutant mouse ovaries.>* These
findings indicate that mTOR signaling is
involved in controling the activation of
primordial follicles. Furthermore, rapamy-
cin could suppress mouse granulosa cell
proliferation and follicle development in
vitro, and resulted in reduced numbers of
ovulated eggs in vivo.>

Based on these data, we speculate that
inhibition of mTOR signaling by rapamy-
cin may suppress the activation of ovarian
primordial follicles in adult mammals,
and thus preserve the follicle pool reserve
and prolong the female reproductive lifes-
pan. In our current study, adult female
rats fed a standard diet ad libitum were
treated every other day with an intraperi-
toneal injection of rapamycin (5 mg/kg)
for 10 weeks. Our results showed that
inhibition of mTOR signaling by rapamy-
cin resulted in a 2-fold increase in the
number of primordial follicles in the
rapamycin-treated rats compared with the
control rats, indicating that the activa-
tion of primordial follicle was suppressed.
Furthermore, the numbers of antral and
atretic follicles and corpora lutea were

*Correspondence to: Yu-cai Fu; Email: ycfu@stu.edu.cn

Submitted: 08/01/2013; Accepted: 08/04/2013
http://dx.doi.org/10.4161/cc.26578

significantly decreased, suggesting the
inhibitory effects also on the development
of follicles at different stages to matura-
tion and atresia. These data indicate that
rapamycin can effectively suppress the
activation of ovarian primordial follicles
in adult animals via inhibition of mTOR
signaling, thus preserving the follicle pool
reserve and prolonging the female repro-
ductive lifespan.

However, some of the normal repro-
ductive functions were also suppressed.
The rapamycin-treated rats had irregu-
lar estrous cycles and failed to become
impregnated during the mating trial. This
could be explained by the fact that there
were not sufficient antral follicles and cor-
pora lutea in the rapamycin-treated rats
to produce a certain amount of estrogen
and progestogen to maintain these normal
functions. Moreover, Yu et al. demon-
strated that rapamycin inhibited ovulation
in mice.®

In addition, it is worth noting that
rapamycin induced a decrease of food
intake by ~33.9%. The rapamycin-treated
rats were lean and smaller than the con-
trol rats, although their calorie intake per
gram of body weight was comparable to
that of the control rats at the end of treat-
ment. Meanwhile, the protein expression
of SIRT1 and SIRTG6 was significantly
increased in the rapamycin-treated rat
ovaries. Sirtuins are key regulators in the
mechanism by which CR extends lifes-
pan of various organisms from yeast to
mammals.” The upregulated expression of
SIRTT and SIRTG6 and increased follicle
pool reserve were also found in CR rats
in our previous study.® How rapamycin
induces the upregulation of SIRT signal-
ing is unclear. Since rapamycin-treated rats
have a similar phenotype to CR rats, we
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hypothesize that rapamycin may induce a
CR condition, and thus upregulate SIRT
signaling, or inhibition of mTOR signal-
ing by rapamycin may lead to the acti-
vation of SIRT signaling via unknown
pathways, thus mimicing CR effects. This
warrants further studies.

In summary, our data indicate that
rapamycin treatment has beneficial effects
on the reserve of ovarian follicle pool and
female reproductive lifespan in animals.
We optimistically consider that rapamycin
or its derivatives could be used as an effec-
tive drug for preventing POF and delaying
the onset of menopause in obese or even
healthy women in the future.
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