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Subject No. : 27-Shitei-1202 (the third year of a three-year project)
Title : Development of preventives/therapeutics for glucose metabolic disorder utitizing
human ES/iPS cell-derived brown adipocytes.
Researchers : Norihiko KOBAYASHI, Ph.D.
Key word . energy/glucose metabolic disorder, lipid metabolic disorder, search of new
pharmaceuticals, regenerative medicine, cell differentiation,
Abstract : The population of obese subjects in the world is becoming increasingly larger. It is
estimated that about 20 % of adult humans will suffer from obesity in 10 years if this tendency
continues. Especially, the increase in the incidence of obesity is dramatic in emerging nations,
where the issue of obesity has become a very serious social problem. It is thought that more than
400 million are affected by glucose metabolism disorders including prediabetes and diabetes.
Diabetes promotes renal disorders (diabetes nephropathy), visual disorders (diabetic retinopathy)
and sensory disorders (diabetic neuropathy). All these diabetic complications severely lower the
quality of daily life. Moreover, diabetes promotes the development of other life-threatening
diseases such as cancers, cerebrovascular diseases, ischemic heart diseases and pneumonia.
Therefore, control of obesity is an urgent task for the health and welfare in the world. Particularly,
to develop new therapies to prevent/treat diabetes and to contribute to welfare of peoples in the
world are the two major missions of the National Center for Global Health and Medicine (NCGM).
Recent years, brown adipose tissue (BAT) has been attracting an increasing attention as a
new therapeutic target for the treatment of obesity and diabetes. BAT was originally discovered in
small-sized hibernating mammals as a tissue responsible for rapid non-shivering thermogenesis
during the breakage of hibernation. Murine studies have shown that BAT contributes to the
prevention of obesity, the improvement of lipid and glucose metabolisms and the sensitization of
leptin signaling at hypothalamus. Therefore, BAT has been considered as an important tissue that
play roles to keep metabolism in a healthy state. After a long dispute over the presence of BAT in
adult humans, four independent groups proved the existence of BAT in adult humans in 2009.
Thereafter, clinical studies have shown an inverse correlation between the BAT volume and body
mass index (BMI), which is an index for obesity, and an inverse correlation between the BAT
volume and blood glucose level. Although detection rates of BAT markedly decrease with age, it is
known that active BATs remain detectable in middle-aged subjects that have not gained
significant body weights after twenties. Therefore, human BAT is considered as a promising target
in drug discovery for metabolic disorders. Brown adipocytes (BA), which contain multiple lipid
droplets and abundant mitochondria in the cytoplasm, exert high thermogenic activity via
uncoupling respiration. However, it has been suggested that the metabolism-improving potential
of BA does not fully depend on its thermogenic activity. It was shown that BAT-depleted mice
suffered from morbid obesity and underwent severe diabetes. By contrast, UCP1 knockout mice
did not show either obesity or diabetes under ordinary conditions. Therefore, it is suggested that
BAT improves metabolism primarily via secreting factors, which are generally termed as
BATokines. Up to now, several factors are reported as the candidates for BATokines including

cytokines such as fibroblast growth factor 21 (FGF21) and interleukin-6 (IL6), lipid mediators
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such as 12,13-diHOME, and microRNA such as miRNA-99b. Nevertheless, there remain questions
regarding the degrees of their contribution to the regulation of metabolism. One of the crucial
reasons for the delay in understanding the whole picture of BATokins is the difficulty in stably
acquiring high-quality BA samples. It is impossible to obtain human BAT samples from living
body due to ethical reasons. Even in the studies using murine samples, the fragility of BAT due to
high expressions of trypsin family proteases as well as chymotrypsin family proteases makes it
considerably difficult to acquire high-quality BA samples. Moreover, there are no techniques for
organ culture for BAT or making the frozen stocks of BAs. Accordingly, there had been no effective
tools to perform systematic researches on BATokines. We have overcome this problem by
establishing a technique to generate high-quality BA from human pluripotent stem cells (Nishio et
al., Cell Metabolism 16: 394-406, 2012; Patent has been granted in Japan, USA, Australia and
China).

We showed that subcutaneous injection of the supernatant of the human pluripotent stem
cell-derived BA (BA-SUP) lowered the blood glucose levels in mice after 16-hour fasting. Moreover,
these mice showed up-regulated blood insulin levels after 15 minutes from glucose loading in the
oral glucose tolerance test. These findings indicate that BA-SUP has an ability to improve glucose
metabolism and that the factors responsible for lowering fasting blood glucose levels and
augmenting insulin secretion are stable at least for 16 hours in the living body. These in vivo
findings were successfully reproduced in in vitro models, where an addition of BA-SUP increased
insulin secretion in murine pancreatic beta cells and augmented glucose uptake in murine/human
skeletal muscle cells and murine pancreatic beta cells. In the current study, we are trying to
identify the molecular structures of these factors. Although we have not yet identified all these
factors, we have found that our strategy to identify novel BAtokines using BA-SUP is highly
effective. We are planning to determine their structures and further identify their receptors in
future.

In the current study, we also studied the gene expression regulatory network during an early
phase of BA differentiation. Although it is known that BA originates from
Myf5-positive/Zicl-positive myoblasts, the differentiation process earlier than the myoblastic
phase remains elusive. We showed that our method for BA differentiation of human pluripotent
stem cells properly reproduced in vivo BA developmental process via MYF5-positive/ZIC1-positive
myoblasts (Nishio et al., 2012). Therefore, our method provides an effective tool to study gene
expression regulatory system in an early phase of BA differentiation. Since myoblast phase
corresponds to Day 6 in our BA differentiation system, we performed global gene expression
analyses from Day 0 to Day3, during which the expression levels of immature pluripotent stem cell
markers including Nanog, Oct4 and Sox remained at high levels. We performed multi-time point
microarray (totally 19 time points) from 3 h to 72 h and found that gene expression profiles were
dynamically changed during this early phase. The principal component analysis using the data of
23,541 probes, which correspond to total protein-coding mRNAs, indicate that more than 90 % of
the total gene expression profiles were explained by the three principal components. Interestingly,

the gene expression profile was drastically changed from 12 h to 14 h (Fig. 1). It is known that
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immature pluripotent stem cells have bivalent epigenetic marks at promoter regions with both
active (open chromatin) and repressive (close chromatin) histone modification. Therefore, the
drastic change in the gene expression profile from 12 h to 14 h might be related to the transition
from bivalent to monovalent histone marks as a preparation for an induction of a directed
differentiation. We are now planning to identify the crucial events that trigger the drastic gene
expression changes. We further performed integrated transcription velocity analysis. The
multi-time point microarray data were further analyzed by combining them with the information
about the half-life of each mRNA, which was calculated from the multi-time point microarray data
of actinomycin D-treated cells. We found that the transcription velocity of the genes that code for
the transcription factors that are working directly at the downstream of the cytokines that were
added to differentiation medium showed waning oscillation (Fig. 2). This phenomenon can be
explained as follows: The transcription factors are phosphorylated by the cytokines and
translocated into nucleus and, after stimulating transcriptions, they are degraded by ubiquitin
system and, to compensate the decrement by ubiquitin-mediated degradations, transcriptions of
those transcription factor-coding gene are stimulated. This negative feedback system can induce
waning oscillation. To identify novel autocrine/paracrine factors working in the early phase of BA
differentiation, we searched for genes whose transcription velocity kinetics showed waxing
oscillation before staring waning oscillation. By these criteria, we successfully identified a novel
factor (factor X) that are involved in the sustained expression of IL6, which itself is a BATokine.
We are currently assessing the glucose metabolism of gene X knockout mice and gene X and IL6

double knockout mice.
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Fig. 2 Oscillation in the transcription velocity of
the downstream effetors of the differentiation-
inducing cytokines.

An example of the transcription velocity kinetics of a

Fig. 1 Kinetics of the gene expression profile of human ES cells
during an early phase of BA differentiation.

A principle component analysis was performed using the data of transcription factor working directly at the downstream
muli-time point microarrays (totally 19 time points) during an early of the cytokine added to the differentiation medium is
phase (3 h = 72 h) of the differentiation of human ES cells into brown shown. Before the time point 12 h, when the drastic
adipocytes. Note that the gene expression profile drastically changes change in gene expressions occurred (see Fig. 1), a
during 12 h — 14h (blue arrow). typical waning oscilation was observed.
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DXDFDEFETICEVWTHENGRRIREIZEI D EZRBRE UL, INE@EYA Ha VBT T
e REBERFHIY A LM HA VI ITFILICKD Y VEELGEMEL) SN TRABITROEGEEEE L ZTT o
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I—RIDELFOHEEMBESND, EVWSIRHTATIT14—RNYIOIRFTAICKDEFRBATES,
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