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ABSTRACT

Impaired implantation and placental development have been implicated in several
disorders of pregnancy such as unexplained miscarriage, preeclampsia, and
intrauterine growth retardation. Insulin-Like Growth Factor (IGF)-Il has previously
been shown to promote blastocyst development and placental growth and function.
We were interested in how IGF-Il interacts with other factors throughout blastocyst
development, implantation and placentation in the mouse to improve pregnancy

outcome.

In vitro embryo culture increases the risk of pregnancy complications associated with
poor placentation. Recent research has focussed on optimising the culture conditions
to more resemble that of the in vivo environment. IGF-II, Urokinase Plasminogen
Activator (UPA) and Plasminogen individually have all been shown to be important for
embryo development. However, it is likely that a combination of factors is required to
counteract the negative effects of in vitro culture. Here we show that IGF-II, uPA and
Plasminogen, in combination, significantly improve mouse blastocyst hatching rates
and implantation rates on day 8 and doubles the number of mothers that are

pregnant after embryo transfer.

Following implantation, IGF-Il is suggested to play a role in promoting placental
development and function. We demonstrate that IGF-II is co-localised with both IGF
receptors throughout early pregnancy in trophoblasts and in the developing blood
vessels and adjacent stromal cells in the mesometrial decidua. This suggests that
IGF-1Il may play a role in both decidual angiogenesis and placentation. We suggest

that perhaps murine trophoblasts secrete molecules such as IGF-Il to promote
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angiogenesis in the decidua early in pregnancy to compensate for their shallow

invasion and allow for adequate trophoblast remodelling later in pregnancy.

The first trimester human placenta experiences a low oxygen environment. The
Hypoxia-Inducible Factors (HIFs) mediate the response to low oxygen, inducing
genes such as IGF-Il. Currently, the role of oxygen in mouse placentation, the
mechanisms by which HIFs promote placentation or their interaction with IGF-II in the
placenta is unknown. Here, we demonstrate that the early mouse implantation site is
exposed to low oxygen levels similar to those seen in humans and expresses HIF-1a
protein. We were interested then in the interaction between IGF-II, oxygen and HIFs
in trophoblasts in vitro. Prolonged exposure to low oxygen reduced trophoblast
outgrowth, and increased Tpbp mMRNA levels, suggesting commitment to the
spongiotrophoblast lineage. Interestingly, we found that antisense (as) Hif-1la may
mediate the response to prolonged hypoxia in murine trophoblasts. Importantly, Hif-
la and Hif-2a were differentially regulated by oxygen and IGF-Il in cultured

trophoblast cells suggesting a novel interaction between IGF-II and oxygen.

In conclusion, it appears that IGF-Il is a central growth factor which interacts with
other molecules to regulate a wide variety of process in early pregnancy to promote
blastocyst development, implantation and placentation. The results outlined in this
thesis demonstrate a novel interaction between IGF-1l, uPA and Plasminogen in
promoting blastocyst development and implantation which may be used to improve
pregnancy outcome following ART. In addition, we have also identified a novel
interaction between IGF-Il, oxygen and the HIF system which may regulate
trophoblast function. This has important implications not only for placental research,

but also for cancer research.
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