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follicular wave and atresia of remaining follicles occurs is referred to as dominant follicle selec-
tion. Selection of a single dominant follicle is an evolutionarily conserved mechanism critical to
control of number of offspring per pregnancy in monotocous species. Production of estradiol by
the dominant follicle is essential for follicular growth and triggers the preovulatory gonadotropin
surge to promote resumption of meiosis and ovulation (Fortune 1994, Greenwald & Roy 1994,
Vander et al. 1994). Estradiol producing capacity is lost in ovarian follicles before apoptosis and
morphological signs of atresia (Sunderland et al. 1994, Austin et al. 2001). While the key role
of pituitary gonadotropins in mediating the wave like pattern of follicular development is well
established, the intrafollicular mechanisms and regulatory molecules that are obligatory for selec-
tion of a single dominant follicle during each follicular wave have not been fully established.

Differences in the milieu of intrafollicular factors between the future dominant and subor-
dinate follicles are believed to have a role in selection (Beg et al. 2002, Beg & Ginther 2006).
A prominent local role for multiple growth factor systems, including the IGFs, in selection has
been proposed (Fortune et al. 2001, Knight & Glister 2003, Webb et al. 2003, Fortune et al.
2004). The IGFs increase granulosa cell proliferation, synergize with gonadotropins to promote
granulosa cell differentiation (Spicer & Echternkamp 1995), stimulate estradiol production (Spicer
et al. 1993, Gutierrez et al. 1997) and enhance sensitivity to FSH (Monget & Monniaux 1995).
Concentrations of free IGF1 diverge in the largest versus second largest follicle within a cohort
of growing follicles during follicular waves (Beg et al. 2002, Rivera & Fortune 2003b). These
results support a functional role for increased IGF1 bioavailability in future dominant follicles
during selection. Intrafollicular IGF1 bioavailability is regulated by the low molecular weight
IGF binding proteins (IGFBP) and IGFBP4 and IGFBP5 levels are regulated by IGFBP proteases
(Rivera & Fortune 2003a). Follicular fluid IGFBP levels are greater in atretic versus healthy follicles
(Echternkamp et al. 1994, de la Sota et al. 1996, Stewart et al. 1996, Mihm et al. 1997). Lower
levels of IGFBP4 and IGFBP5 are present in the largest growing follicles during selection and in
the dominant follicle compared with smaller (subordinate) follicles (Rivera & Fortune 2003a).
Follicles with reduced IGFBP4 and IGFBPS5 also displayed higher levels of proteolytic activity for
IGFBP4 and IGFBP5 (Rivera & Fortune 2003a), activity attributed to PAPPA (Mazerbourg et al.
2001, Rivera & Fortune 2003b, Spicer 2004). Furthermore, studies have shown that the follicle
with the lowest follicular fluid IGFBP4 levels in a cohort prior to selection is destined to become
the dominant follicle (Mihm et al. 2000).

A combination of FSH and IGF1 is well established to regulate estradiol production and growth
of follicles during follicular waves in cattle (Beg & Ginther 2006). While the role of FSH in ini-
tiating emergence of a follicular wave is well established, dominant follicle selection occurs as
FSH concentrations are declining (Adams et al. 1992, Sunderland et al. 1994). A combination
of follicle ablations and experimental suppression of FSH concentrations below normal levels
at onset of diameter deviation has been used to functionally demonstrate greater FSH respon-
siveness of the future dominant follicle versus future subordinate follicles in cattle (Ginther et
al. 2003). However, FSHR mRNA (Xu et al. 1995, Bao et al. 1997, Evans & Fortune 1997) and
FSHR binding (Ireland & Roche 1982, Ireland & Roche 19834, Ireland & Roche 1983b, Braden
et al. 1986) do not increase coincident with selection. Hence, rather than enhanced FSH action,
it is plausible that local (intrafollicular) inhibition of FSH action could be functionally linked to
selection. Observed temporal regulation of cocaine- and amphetamine- regulated transcript
(CARTPT) expression during a follicular wave and observed negative effects of mature form of
the CARTPT peptide (CART) on FSH and IGF1 action, also suggest a potential functional role for
CARTPT as a mediator of dominant follicle selection. The focus of this review is on intrafollicular
expression, actions and mechanism of action of CARTPT; evidence supportive of a functional
role for CARTPT in regulation of dominant follicle selection.
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production (Fig. 1) and of multiple components of the FSH signal transduction cascade result-
ing in reduced estradiol production and CYPT9AT mRNA (Sen et al. 2007, Sen et al. 2008).
Similar effects of CART on estradiol production and CYPT9AT mRNA were observed in vivo
following ultrasound mediated intrafollicular injection of CART (Lv et al. 2009). Collectively,
results presented support the proposed role for CART as a functional mediator of selection of
a single dominant follicle during each follicular wave in cattle and perhaps in other mono-
ovulatory species. In contrast, CART is not present in the ovaries of rats (Murphy et al. 2000)
and CARTPT mutant mice are fertile (Asnicar et al. 2001). Furthermore, CARTPT expression is
undetectable in ovaries of polytocous farm species such as the pig (Lv and Smith, unpublished
observations) or in ovaries of sexually mature mice (Sen and Smith, unpublished observa-
tions). These observations suggest that poly-ovulatory species such as rodents may require a
less stringent selection mechanism to ovulate multiple follicles thus providing an evolutionary
explanation for the absence of CARTPT expression in the ovary of polytocous species. Hence,
we hypothesize that CARTPT functions as a “gatekeeper” of the species-specific ovulatory quota
in monotocous species such as cattle.
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