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The quarter-century since the first IVF birth has witnessed innovations in ART (assisted reproductive technologies), Dolly (the first cloned mammal), genetically modified disease models, and the new field of stem cell biology.  The molecular basis of human fertilization and different choreographies during ART will be presented.  Since fertilization and somatic cell nuclear transfer (SCNT, or cloning) are sexual and asexual modes of reproduction, respectively, lessons learned about parental inheritance discovered by contrasting these two procreative approaches will be considered.  Prior to “Dolly” each and every mammal had precisely two parents of opposite sexes; SCNT challenges the fundamental tenets in biparental inheritance of every cellular component. The uni-paternal contribution of the sperm centrosome is absent during SCNT and recent results on unanticipated challenges in primate SCNT (relevant for humans and non-humans, alike) will be presented.  Epigenetic imprints within the cytoplasm complementary to, but different from, the nuclear genomic imprints represent a new frontier for discovery of molecular basis of sexual dimorphisms.  Primate cloning fails due to spindle defects, not apparent in non-primates, and strategies for circumnavigating these barriers will be presented.  Although challenging for producing reproductive successes, embryonic stem cells derived from rare euploid inner cell mass cells have been shown to be feasible (Hwang et al. 2004).  The promise of stem cell medicine rests in part in overcoming immune rejection – perhaps through SCNT (aka ‘Therapeutic Cloning’) – and the realities and challenges will be presented. 
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While research into the molecular bases of assisted reproductive technologies (ART) teaches us about the processes of development, research into developmental disorders can help to shed light on the possible outcomes of ART.

Life begins in utero typically.  Prenatal environmental exposures, coupled with each zygote’s genetics and epigenetic imprints, trace a life history path of health outcomes.   The genetic and environmental causes of adverse pregnancy outcomes are a major, but still under-investigated, priority for women’s and infants’ health. For women, recurrent spontaneous abortions (RSA) are devastating.  We have identified transgenerational transmission of a ‘miscarriage gene’ that may be an extreme example of deviant genomic imprinting. The implications for fetal outcomes are also of great importance, since in utero development of the fetus, both female and male, establishes the very foundation of the infant, adolescent, and adult.  Data regarding DNA methylation defects in mice responsible for genomic imprinting as well as skewed X-chromosome inactivation, responsible for RSA in women, will be presented, in addition to results from imaging primate pregnancies and inflammatory responses, which addresses sex-specific genomic imprints in genetically controlled and experimentally-manipulated pregnancies. Finally, new analysis of the consequences of smoke exposure in pregnant women and in murine models helps us understand the interaction of genetic variants that jeopardize fetal development and pregnancy.  Taken together, these investigations will answer major women’s health problems regarding the dynamic interplay among fetal and maternal genetics, sex-specific genomic imprints and consequences of our first environmental exposures.

These findings highlight the benefits of non-human primate ART models to investigate the molecular events during human fertilization, pre- and post-implantation development and especially pediatric and adult outcomes essential for diagnosing and treating infertility, for developing new approaches for managing reproduction and for evaluating the risks and benefits of sophisticated strategies in molecular medicine including gene and cell therapies, as well as the potential utility of embryonic stem cell lines and research cloning. ART will benefit from careful clinical and translational investigations in several crucial areas including:  Outcomes research involving pediatric and adult health, psychology, reproduction and genetics; Implantation leading to single embryo transfers; Placentation; Fetal development imaged non-invasively in utero; Prenatal disease origins; Extranuclear transmissions (e.g. mitochondrial DNA, centrosomes, foreign DNA or RNA); Environmental exposures in vitro; Genomic imprinting; Cytoplasmic transfer and mitochondrial heteroplasmy; Preimplantation genetic diagnosis and, for reproductive aging, preimplantation genetic screening; Cryopreservation advances especially for unfertilized eggs, immature oocytes, ovaries and testes; as well as important fields of human embryonic stem cells and cloning research.
