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Cardiovascular and metabolic diseases produce a huge burden on health resources and
cause greater mortality than any other disease (WHO, 2007). There are numerous risk
factors for the development of these diseases, such as physical inactivity and
unbalanced diet, however there is a sub-population of people who have unexplained
vulnerability to these chronic diseases in the absence of obvious aetiology. Over the
past 20 years, a growing body of evidence has begun to suggest that the in utero
environment may play a substantial role in the future health of the offspring. The
developmental origins of health and disease (DOHaD) hypothesis suggests that an
adverse preimplantation and intrauterine environment may alter fetal development,
causing long-term changes in physiology which may affect the capacity of the

offspring to achieve optimum health in adult life (Barker, 1994., Kwong et al, 2000).

The preimplantation period is a small window of approximately 5 days (Devreker and
Englert, 2000) beginning with oocyte fertilisation and ending with the formation of the
implantable blastocyst. The exact timing and mechanisms of preimplantation are still
largely unknown, as there are ethical implications for human embryo experimentation
both in vitro and in vivo. This has led to the use of animal models to investigate the
effects of the maternally-derived and in vitro embryo environments on long and short-

term health of the offspring.

The maternal in vivo environment

The importance of early gestation environment is demonstrated in a number of studies.
Women only exposed to the Dutch famine of 1944/45 during the first trimester of
pregnancy delivered offspring with increased in later life CVD (Roseboom et al.,

2001). The offspring of early gestation nutrient-restricted sheep also have abnormal



cardiovascular responses up to 2 years of age (Cleal et al., 2007). Furthermore,
Kwong et al. (2000) demonstrated abnormal organ growth and hypertension in adult

male rats, using a model of maternal protein-restriction during preimplantation alone.

In addition, protein-restriction during the preimplantation period reduced cellular
growth rates and thus size of the preimplantation lineages, leading to reduced inner cell
mass (ICM):Trophectoderm (TE) ratio. The size of the preimplantation lineage is
thought to be important as it has consequences for the fetal:placental ratio and later life
metabolic profiles (Lea et al., 1996). Furthermore, a reduction in cell number can
cause dysregulation of cell division and stem-cell allocation necessary for normal
growth (Fleming, 1987; Hishinuma, 1996). Altered growth may lead to increased rates
of pregnancy loss and also reduced birth weight. Epidemiological studies in humans
have shown that low birth weight correlates independently with an increased risk of
cardiovascular disease in adult life (Osmond et al., 2003). Taken together, these in
vivo studies illustrate that modest adverse maternal environment in the preimplantation
period of development is sufficient to programme significant long-term changes in

postnatal growth and physiology.

In vitro culture

The development of embryo culture was a huge break through for both the agricultural
industry and human reproductive technologies. It was the advent of a new age of
fertility treatment, allowing previously infertile couples to conceive. Yet, it is not
without its faults. Only 30-40% of cultured bovine embryos, and 50% of human
embryos reach blastocyst stage, and the main determinants of embryo development are
oocyte quality and the post-fertilisation culture environment (Longergan et al., 2006).
Early studies on mouse embryos in culture led to reduced fetal growth (Bowman and
McLaren, 1970.) In contrast, the aptly named ‘Large Offspring Syndrome’ (LOS) is
observed in ovine and bovine fetuses exposed to the unusual environment of culture
(for example, salt solutions, media containing serum, different incubation protocols)
prior to blastocyst implantation (Young et al., 1998.). It is similarly thought that
reduction of the ICM:TE ratio in LOS offspring may lead to this abnormal fetal growth
(Walker et al., 1996).



Embryonic cellular interactions are complex in all species and serum growth factors
have been found to reduce developmental competency in mice embryos (Khosla et al.,
2001). Conversely, supplementation of culture media with amino acids is shown to be
beneficial for human embryo development and implantation (Houghton et al, 2001.).
This could explain the short-term, disorganised embryonic development observed in
maternal protein-restriction studies. Recent work by Watkins et al. (2007) shows
embryo transfer in mice leads to hypertensive offspring, demonstrating that any
abnormal preimplantation environment both in vitro and in vivo can have lasting

effects on postnatal physiology.

The embryo has significant degree of autonomy during preimplantation development
as it utilises products from the oocyte and the activation of its own genome, yet the
preimplantation period is a critical window during which genomic imprints and
structural organisation are susceptible to modification (Duranthon et al., 2008). This
renders the embryo plastic and sensitive to preimplantation environmental influences.
Imprinting allows heritable silencing of either a maternal or paternally derived gene on
one of the parental chromosomes, which suppresses or promotes fetal and placental
growth respectively (Holliday, 1994). There is growing and convincing evidence from
analysis of many models that epigenetic events in the early embryo contribute to
altered developmental potential (Khosala et al, 2001). Kwong et al. (2000) noted that
protein-restriction created a hyperglycaemic and amino acid-depleted maternal
environment which may initiate mechanisms of epigenetic programming in response to
'metabolic stress'. Maternal nutritional status and the availability of dietary methyl
donors during preimplantation may therefore alter DNA methylation and subsequent
gene expression patterns, restricting early embryonic proliferation and leading to

programmed changes in offspring development (Duranthon ez al., 2008).

Human consequences

These findings are all very important in the context of infertility treatment by assisted
reproductive technology (ART). Modern ART culture media aim to mimic the in vivo
environment as closely as possible, yet as discussed, changes in the preimplantation
environment can have long-term consequences. The preimplantation culture period is

important, as only approximately 10% of all cultured embryos resulting in a live birth



(Hardy et al, 2001) due to a high incidence of developmental arrest, embryonic

aneuploidy, mosaicism, apoptosis and failure of cytokinesis.

Extended-embryo culture is thought to increase the chance of returning one that is
viable. Blastocysts are selected and transferred on the basis of having survived the
first 5 days in vitro (Gardener et al., 1998). The potential long-term effects of
extended culture on the embryo are concerning based on the findings described in
animal models. It has been reported that 9% of infants born after IVF had a major
birth defect, although a direct relationship between the two factors has not been shown
(Hanson et al., 2002). As well as birth defects, IVF infants were significantly more
likely to be premature, underweight and suffer imprinting disorders. It is thus very
possible that the process of embryo culture could modify early development and result
in increased CVD risk in middle age. It is also regrettable that there was not more
stringent early follow-up of the first IVF children, as we would therefore have a
greater body of evidence in which to look for any correlations with animal studies.
Furthermore, in vitro animal models have demonstrated lineage effects which may
have important implications for children born after recently developed preimplantation
genetic diagnosis (PGD). PGD involves removing a cell from early preimplantation
lineages to screen for heritable diseases or chromosomal aneuploidies, with as yet

unknown consequences for human health (Braude et al., 2002).

Conclusion

The preimplantation period is an extremely important time in early life. This essay has
tried to highlight the evidence for the cross species effects of the preimplantation
environment on the embryo, fetus and consequent offspring, with numerous studies
providing evidence to suggest that disruption during this period both in vivo and in
vitro may have long-term health consequences. These have recently been shown to be
transgenerational, with the potential to pass on any unfavourable characteristics to
future F, generations (Torrens et al., 2008). Thus, could the determination and
prescription of the ideal diet during pregnancy bring an end to CVD? This could have
potential but more so if we could also prescribe postnatal diet, and suddenly the

concept becomes slightly like mass medication.



Commercial pressures are currently feeding off couples’ desperation to conceive and
this has questionable morality, especially seeing as the postnatal consequences of ART
appear to be similar to those resulting from early gestation maternal undernutrition. Is
it right to offer the chance for people to have a child without being sure that that child
will have the best chance of being healthy that we can offer? IVF offers hope to
thousands of people that they will have a child of their own flesh and blood, yet the
ethics of allowing this to occur by methods of ART is becoming less uncertain.
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