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The autocrine and paracrine role of the insulin-like growth factors (IGFs) and epi-
dermal growth factor (EGF)-related peptides in pig ovary are reviewed. For
convenience, each of these regulatory systems is divided into several interactive
components: regulated expression of the growth factors, growth factor reception at
the cell surface and intracellular action of the growth factors. In addition, the concept
of regulated bioavailability and targeting of growth factors in the extracellular space
is developed as an important control locus and area for future study. With regard to
the IGF system, these components include two ligands — IGF-I and -II, both
expressed in the porcine ovary — and the possibility of three receptors. IGF-I and the
type | IGF receptor appear to be the most important in stimulating ovarian function
and amplifying hormone action. In addition, the ‘set-point’ of the ovarian IGF
system may be determined by the activity of several IGF-binding proteins (IGFBPs).
At least four of these proteins are expressed in the pig ovary. Studies of their
regulation and action in ovarian cells indicate that they can function as antagonists
to FSH and the IGFs. However, preliminary evidence suggests a more dynamic
model in which these proteins may direct the site and timing of IGF effects. There
are fewer data on the EGF system. At least four EGF-related peptides are expressed
in pig ovaries, but insufficient information is available to predict their physiological
regulation. These peptides are potent mitogens for ovarian cells. Their steroidogenic
effects are more variable, apparently depending on the level of differentiation of
target cells as well as the presence or absence of critical co-factors. Differential
targeting and activation of these peptides can be predicted from their primary struc-
ture. However, few data are yet available to substantiate these mechanisms in the
ovary. The data in each of these areas suggest a pivotal role for these systems in
ovarian function. However, control of these systems in vivo will be required to
confirm this hypothesis.

Introduction/Historical Overview

The need to invoke intraovarian regulatory principles has been obvious for several decades and derives
mainly from the selectivity of ovarian growth and differentiation during the reproductive cycle. Steroid
hormones were early candidates for this regulation and are now generally accepted as important intra-
ovarian regulators. However, in this review, attention will be directed toward the regulatory peptides
that have been implicated in these processes. Initial efforts to define such peptide regulators emphasized
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in vitro bioassays which were assumed to reflect intraovarian autocrine and paracrine relationships. Such
studies defined a number of useful physiological constructs such as oocyte maturation inhibitor, luteiniz-
ation inhibitors, and antagonists to gonadotrophin action {reviews in Channing and Segal, 1982;
Hammond, 1981). However, biochemical evidence for such proteins remains inconclusive despite con-
siderable work. In the latter half of the 1980s, the emphasis on intraovarian regulation shifted toward
growth factors, which, for the most part, had been defined and isolated in other tissues. Progress in this
field, reviewed below, has led to the working hypothesis that most and perhaps all of the previously
described concepts could be accounted for by defined growth factors and other cytokines which are now
known to be secreted and active in ovarian cells. A list of such factars would include the insulin-like
growth factors, the epidermal growth factor-like family, fibroblast growth factors, transforming growth
factor-P and its subtypes, and several cytokines which have been more classically implicated in macro-
phage and haematopoietic regulation, but which have potent effects on ovarian cells (Hammond et al,
1988b; Adashi, 1992). This will be a selective review emphasizing data collected in porcine ovarian
systems and that derived from our own laboratory in particular. These data concern the ovarian IGF
system and the epidermal growth factor-related peptides. New data on these growth factors suggest
reconsideration of their function. In addition, these two growth factor families are among the most
intensely investigated of the autocrine/paracrine systems in the ovary, and provide convenient examples
of the current state-of-the-art in the field, the techniques that can be brought to bear on such physiological
questions, and the additional evidence that will be required to establish their role definitively.

The classical components of these systems include the ligands or growth factors themselves, their
receptors and an intracellular signal transduction pathway controlling either cell replication or stercido-
genic differentiation of ovarian cells. In the last few years, it has become clear that this framework omits a
significant point for regulation of these systems. This step determines growth factor bioavailability,
targeting and activation — processes that seem crucial to the operation of autocrine and paracrine
mechanisms (Flaumenhaft and Rifkin, 1992; Logan and Hill, 1992). Data accumulated through investi-
gations of each of these components have resulted in a relatively comprehensive picture of the ovarian
IGF system. Data on the EGF family of peptides is less complete, but recent studies suggest that a better
understanding will soon be obtained.

Expression of the IGFs and EGF-related Peptides in Pig Ovary

IGF expression

The ability of pig ovarian cells to secrete IGFs has been surmised from studies measuring such factors
in ovarian follicular Auid, ovarian cell conditioned media, and by analysis of the expression of mMRNA for
such peptides. Our laboratory has focused on this area in particular and our results have been recently
reinforced and extended by others.

IGFs can easily be measured in pig follicular fluid (Hammond et al., 1982, 1985). IGF-I and -II are
both present (Hammond et al,, 1985; Spicer et al,, 1992; Samaras et al., 1993b). The concentration of IGF-1
increases in follicular fluid during spontaneous follicular development {(Hammond et al., 1985) and after
treatment by gonadotrophins (Hammond et al, 1988a} and growth hormone (Bryan et al, 198%;
Hammond et al., 1993b). Related data have been developed recently by Howard and Ford (1992), who
studied follicles of sows during follicular development after weaning; they failed to show clear relation-
ships between concentrations of IGF-1 and follicular size. However, there were higher concentrations in
the growing follicles before the LH surge. In our studies, IGF-II concentrations were not increased by
gonadotrophin or growth hormene administration and, in fact, showed a slight decline (Samaras ef al,
1993b).

To establish the location of IGF-1 expression in vivo, we used in situ hybridization {Hammond et af,
1993b), which showed that IGF-1 is expressed predominantly in the membrana granulosa of medium size
follicles and, to a lesser extent, in functioning corpora lutea (Fig. 1). These studies indicated that the
expression of IGF-I in ovarian follicles in vivo was quite variable with some follicles being virtually devoid
of mRNA. In an attempt to relate the expression of IGF-I more clearly to recognized parameters of
ovarian follicular development, we examined a well-characterized collection of ovarian follicles during the
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systems (for review, see Kahn ef al, 1993). The preliminary data suggest that a similar phosphorylation
cascade operates in the bovine ovary (Chakravorty ef al, 1992), and that related processes occur in the
pig ovary (Romero et al, 1993). More detailed information is available concerning the effects of the
IGFs on cell specific end points; and these can be divided into growth or differentiative pathways which
predominate depending on the presence or absence of other extracellular stimulators and on the level of
differentiation of the ovarian cell. Although IGF-1is a mitogen for ovarian cells, it is not particularly
potent when used alone. However, in the presence of EGF or related peptides, it causes a synergism
in DNA synthesis and cell replication {Hammond and English, 1987; May et al., 1988). In the presence
of gonadotrophins, the steroidogenic or differentiative actions of the IGFs predominate. IGF-I has the
potential for synergizing with the gonadotrophins at several points in the steroidogenic pathway (see
Giudice, 1992, for review). These interactions, coupled with the previously described effects of gonado-
trophins to increase 1GF-I secretion and decrease inhibitory IGFBPs represent an integrated, mutually
facilitatory set of mechanisms whereby gonadotrophin effects may be amplified through the ovarian IGF
system.

Actions of EGF-like peptides on ovarian cells

Like other peptide growth factors, EGF actions are mediated through cell surface receptors with
tyrosine kinase activity followed by an intracellular phosphorylation cascade activating genomic events.
EGF is probably the most active mitogenic peptide for pig granulosa cells (Hammond and English, 1987;
May et al, 1988). Hammond ef al. (1988b) summarized the effects of EGF on pig ovarian cells as
stimulating replication while restraining differentiation. Mondschein and Hammond (1988), Gangrade
et al. (1991) and May et al. (1987) have indicated that this represented a substantial oversimplification. In
contrast to the IGFs, which function as global stimulators of ovarian function, the EGF-like peptides can
have opposite effects on the same endpoints including progesterone secretion, aromatase and FSH-
binding depending on the species, level of differentiation and culture conditions (including the presence
or absence of other growth factors) under which ovarian cells are examined ir vitro. The physiological and
biochemical basis for these findings are unknown,

Conclusions

From the foregoing discussion a case can be made for a pivotal role for IGFs and EGF-like peptides in the
growth and development of the pig ovary. The level of understanding of the several components of these
systems is becoming increasingly detailed. However, studies to date have relied heavily on in vitro
techniques. It will be necessary to gain control over ovarian growth factors in vivo to confirm the growth
factor hypothesis and to manipulate such systems to our advantage. Studies to date that bear on this
question include hormonal manipulation of the IGF system in the ovary (and throughout the body) by the
administration of growth hormone. In women, considerable success has been reported in achieving an
increase in gonadotrophin sensitivity (reviewed in Giudice, 1992} as predicted by the in vitro results
reviewed above. However, comparable studies in pigs {(Bryan et al., 1989; Guthrie ¢f al., 1992; Spicer et al.,
1992) do not clearly demonstrate the predicted increase in ovarian development and gonadotrophin
responsivity. In fact, these studies suggest an inhibition of several critical aspects of ovarian function
(despite a dramatic increase in ovarian IGF-I concentrations). These data indicate that intraovarian IGF-]
cannot be viewed as the final common pathway for ovarian cellular growth and differentiation. Critical
timing of activation of the IGF system and the presence or absence of other supportive hormonal and
intraovarian factors, for example gonadotrophins and IGFBPs, may be crucial.

In theory, ovarian growth factors could also be modulated by genetic manipulation of growth factor
expression. A number of laboratories have now begun *knock out’ experiments to disrupt growth factor
gene function systematically in transgenic mice. The IGF-II gene has been disrupted by these techniques
with modest effects (if any) on reproductive function in the preliminary analysis which has been per-
formed (DeChiara et al., 1991). Once again, these studies indicate that the IGF system may not be the final
common pathway for ovarian function, but a facilitatory mechanism. In addition, it seems likely that the
body has compensatory mechanisms to avoid potentially lethal mutations in critical gene families. In the
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IGF system, in particular, this is manifest by a multiplicity of ligands and receptors that have discrete but
overlapping functions. In the EGF family of peptides, the overlap in ligands is even greater. An ideal
experiment might entail transgenic animals with growth factor genes driven by ovary-specific, hormone-
responsive promoters, for example FSH receptor or aromatase, To our knowledge, such experiments have

not been completed in any species.
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