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Abstract

We established feeder-free and serum-free two-step culture method for highly efficient
production of brown adipocytes (BA) during the study for hematopoietic differentiation induction
of human ES/iPS cells. First step is a sphere-making floating culture in the presence of cytokines
(VEGFA, IL6, KITLG, FLT3LG, BMP4), and the second step is an adherent culture in the presence of
similar cytokines (VEGFA, IL6, KITLG, FLT3LG, BMP7). Human BA induced from human ES/iPS cells by
our novel two-step system showed typical morphology of this kind of cells under the both light and electron
microscopy, and express BA-specific genes such as PRDM16, UCP1, PGC1A, CIDEA and ELOVL3,
adipocyte-specific genes such as PPARG and ADIPOQ, but not white adipocyte (WA)-specific genes such as
PSATI1 and EDNRA. During the differentiation process, cells in our culture system express myoblast specific
gene MYFS5, suggesting human BA produced by our method are classical BA induced via myoblastic pathway.

Human BA produced by our method were highly functional effector cells. Upon stimulation with
B-adrenergic agonist, mitochondrial respiration determined by oxygen consumption rate (OCR) of human BA
was markedly enhanced, whereas OCR of undifferentiated human ES/iPS cells and WA was not enhanced. We
also evaluated skin temperature of mice transplanted with human cells by using infrared camera, and observed
B-adrenergic stimulation-dependent elevation of skin temperature of mice transplanted with human BA. Thus,
human BA showed adrenergic stimulation-dependent oxygen consumption and heat production.

Then, we evaluated the effect of human BA on the metabolism of lipid and glucose.
Transplantation of human BA into the mice lowered the plasma concentration of triacylglycerol
although this effect was also observed in human WA. In regard to the glucose metabolism,
different effects of the transplantation were observed between BA versus WA. BA lowered the
fasting blood glucose concentration whereas WA did not. BA improved glucose tolerance whereas
WA worsened that, and in addition, BA cancelled the unfavorable effect of WA on glucose tolerance.
Thus, BA could exert several favorable effects on lipid and glucose metabolism as compared with
WA.

These exciting findings were published in the top international journal (Cell Metab), and were
reported by the press. In addition, the first author of the published paper (Cell Metab) was
awarded with the prize of the society.

Based upon this system established, we obtained the evidence for soluble factor(s) secreted
from BA to induce metabolic improvement, leading to the understanding of the molecular

mechanism of BA function and the drug discovery for various metabolic disorders.
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