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Abstract : Although the population of obese subjects in the world was 105 millions in 1975, it
reached 641 millions in 2014. If this tendency continues, about 20 % of adult humans in the world
will suffer from obesity in 10 years. It is known that obesity promotes the development of glucose
metabolitic disorders (insulin resistance, type 2 diabetes). Diabetes has a serious impact on human
health: it is not only the 10th cause of death in Japan but also it up-regulates risks of cancers,
cerebrovascular diseases, ischemic heart diseases and pneumonia, which are the major causes of
death in Japan. Therefore, control of diabetes is an urgent task towards the extension of the public
health longevity in Japan. In addition, development of new therapies for the management of type
2 diabetes is one of the most important missions of National Center for Global Health and
Medicine NCGM).

Recent years, brown adipose tissue (BAT), which is widely known by its “ burning” or
“sliming” capacities, has been attracting a great attention in the world. The study of BAT started
in small hibernating animals since it plays crucial roles in a rapid body heat production at the
recovery from hibernation. Although whether humans had BAT or not had long been a matter of
debate, the presence of BAT in adult humans was proven by PET/CT studies along with biopsy
examinations in 2009. Thereafter, clinical studies have shown that the amounts of BAT inversely
and positively correlated with body mass index (BMI) and glucose tolerance, respectively.
Currently, BAT is recognized as a new therapeutic target for the treatment of type 2 diabetes.
Nevertheless, provision of sufficient amounts of high-quality human BAT samples is almost
impossible due to ethical, technical and economical hurdles.

We have overcome those hurdles by establishing a method for a directed differentiation of
human pluripotent stem cells into functional brown adipocytes (BA) without gene transfer (Nishio
et al, Cell Metabolism 16: 394-406, 2012). This method has enabled stable provision of high-quality
human BA. Applying this method, we performed transplantation experiments using obesity model
mice and found that transplantation of human pluripotent stem cell-derived BA improved glucose
metabolism on the next day. The expression of this effect was unexpectedly prompt since it had
been thought that BA improved glucose metabolism as a secondly consequence of gradual body
weight loss due to accumulated caloric consumption via up-regulated heat production. Our results
indicate that BA improves glucose metabolism independently from heat production.

Currently, we are trying to elucidate the molecular basis for the prompt curative effects of
human pluripotent stem cell-derived BA on glucose metabolitic disorder. We are also trying to
elucidate the molecular mechanism that regulates the earliest phase of BA differentiation, which
still remains mystery, to identify new molecular targets for drug discovery for the treatment of

type 2 diabetes.
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