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Outline of the work:

In the 1970s, the study of in vitro fertilization in various mammals was extensively conducted worldwide 
for the elucidation of information on the early stages in the fertilization process, efficient production of high-
quality domestic animals, and medical treatment of infertile women. The preparation of capacitated 
spermatozoa and mature oocytes are essential for fertilization. However, at that time, studies on the in vivo 
maturation of ovarian oocytes and in vitro maturation of immature oocytes isolated from ovaries had just 
begun. To enhance the understanding in this area, Dr. Eimei Sato elucidated the regulatory mechanisms of 
oogenesis, particularly selective oogenesis and oocyte maturation, and developed methods for the induction 
of follicular development and in vitro maturation of ovarian oocytes. 

I Regulatory mechanisms of follicular development
Mammalian oocytes grow, differentiate, and mature within ovarian follicles in a process termed as 

oogenesis. Although a large number of oocytes are present in the ovaries in various mammalian species, a 
small number is recruited for oogenesis. Follicular growth, induced simultaneously with oogenesis, is 
stimulated by the follicle-stimulating hormone (FSH). Dr. Sato identified 3 components involved in selective 
follicular growth: an FSH inhibitor that is produced and secreted in the follicles, a substance that promotes 
viability of oocytes, and angiogenic factors involved in the formation of a capillary network that influences 
the transport of FSH into the follicles. Identification of the FSH inhibitor initiated the study of inhibin. These 
3 components were originally identified in porcine and bovine ovaries and were later functionally 
demonstrated in mice.

The presence of angiogenic factors in the ovaries was evidenced by the morphologically well-developed 
capillary network extending to the developing follicles. Dr. Sato first provided evidence of developing 
follicles with a high angiogenesis-inducing ability in mice, and later in pigs and cows. In addition, a gene-
vector that is functional within the follicles was identified.

Dr. Sato developed a novel method for the proliferation of the capillary networks that surround the 
follicles by expressing an angiogenic factor in the follicles. This resulted in 5 times the number of fertilizable 
oocytes than that generated during spontaneous ovulation. Dr. Sato was highly lauded internationally because 
this was the first report on the direct effect of capillary networks on follicular development.

 
II Regulatory mechanisms of oocyte maturation

Oocyte maturation is induced in the final stage of oogenesis. An outline of the regulatory mechanisms 
involved in oocyte maturation was first reported by Dr. Sato. Oocytes isolated from ovarian follicles were 
shown to undergo meiotic resumption when cultured in vitro.
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Dr. Sato discovered that the induction of meiotic resumption is suppressed when isolated oocytes are 
cultured in adhesion with a layer of granulosa cells isolated from ovarian follicles. Further investigation on 
the factor influencing meiotic arrest revealed that adenosine and cyclic adenosine monophosphate (cAMP) 
function as inhibitors that influence the cAMP level and phosphorylation of mitogen-activated protein (MAP) 
kinase cascade as well as the movement of phosphorylated MAP kinase into the oocyte nucleus. In addition, 
fertilization and reprograming of the somatic cells incorporated into the oocytes were found to be enhanced 
when the oocytes were cultured with these substances for a defined period at the start of culture.

Dr. Sato then demonstrated the relationship between the induction of oocyte maturation and cumulus 
expansion in pigs. Hyaluronan, with its CD44 receptor located in the cumulus cells, was determined to be the 
main component of glycosaminoglycans that accumulate in the intercellular space of cumulus cells. The 
binding of hyaluronan with the CD44 receptor induces the phosphorylation of tyrosine residues on connexin 
43, the gap junction protein present between cumulus cells and the oocyte, resulting in the inhibition of gap 
junction communication. Consequently, the oocyte is released from the inhibitory influence of the granulosa 
cells and oocyte maturation is induced. Dr. Sato was the first to report the above-mentioned mechanism for 
the induction of oocyte maturation.

As previously mentioned, Dr. Sato has conducted research on the regulatory mechanisms of follicular 
growth in mammalian ovaries, particularly on selective oogenesis and oocyte maturation in laboratory and 
domestic animals including pigs and cattle, using morphological, biochemical, and molecular biology 
techniques. The findings obtained from these studies have been shown to be standard in all mammals. Dr. 
Sato’s contribution to the development of an in vitro culture system for immature oocytes and elucidation of 
the molecular mechanisms of oocyte maturation has greatly influenced animal reproduction, reproductive 
biology, and reproductive medicine, and earned him several accolades including international awards.
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