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Organisms live by sensing information on temperature either consciously or unconsciously. In
particular, homeothermic animals live by adapting to changes in ambient temperature in order to
keep their body temperature constant. To clarify the importance of detécting temperatures in
animals, he investigated the effects of slight reductions in ambient temperature (Chapter 1) and the
involvement of the thermosensor TRPM2 (activated around body temperature) on pancreatic
function (Chapter 2).

1. Metabolic adaptation of mice in a cool environment

Homeothermic animals, including humans, live by adapting to changes in ambient temperature.
Numerous studies have demornstrated cold exposure to approximately 5°C improves glucose
tolerance, despite a reduction in insulin secretion and increased energy expenditure. To determine
the effects of a small reduction in ambient temperature on energy metabolism, he compared two
groups of mice; one exposed to a cool environment (20°C) and the other maintained in a
near-thermoneutral environment (25°C) for 10 days. Both glucose-induced insulin secretion and
glucose response were impaired significantly in mice exposed to a cool environment. In the cool
temperature-exposed mice, skin teniperatures were reduced and plasma norepinephrine levels were
increased, suggesting that impairment of insulin secretion was facilitated by induction of
sympathetic nervous activity due to skin cooling. In addition, in these mice expression of GLUT4
mRNA was increased significantly in inguinal subcutaneous adipose tissue (IWAT), but not in
epididymal or brown adipose tissue, or skeletal muscle. Moreover, expression of Dokl, a
molecule linked to activation of insulin receptors in adipocyte hypertrophy, and Cd36, a molecule
related to NEFA uptake, were also increased at the mRNA and/or protein level only in IWAT of the
cool temperature-exposed mice. Fatty acid synthesis was also facilitated and fat weights were
increased only in IWAT from mice kept at 20°C. These results suggest that a small reduction in
ambient temperature can affect glucose homeostasis through regulation of insulin secretion and
preferentially enhances fat storage in IWAT. These adaptations can be interpreted as preparation
for a further reduction in ambient temperature. '

2. TRPM2 is a key player in insulin secretion

TRPM2 is a Ca®* permeable non-selective cation channel activated by adenosine dinucleotides.
They revealed previously that TRPM2 is activated by co-application of heat and intracellular
cyclicadenosine 5’-diphosphoribose (cADPR), which has been reported as a secondary messenger
for increasing intracellular calcium in immunocytes and pancreatic -cells. They also showed that
- TRPM?2 is expressed in pancreatic B-cells and is involved in incretin-stimulated insulin secretion.
Studies in TRPM2 knock-out (TRPM2-KO) mice showed TRPM2 was involved in insulin secretion.
In these mice, blood glucose levels were higher than those in wild-type (WT) mice without any
change in plasma insulin levels. Glucose tolerance tests, using oral or intraperitoneal
administration of glucose, demonstrated that blood glucose levels in TRPM2-KO mice were higher
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than those in WT mice and were associated with an impairment in insulin secretion. In isolated
B-cells, TRPM2-KO cells responded to high concentrations of glucose to a lesser extent than WT
cells. Moreover, insulin secretion from islets of TRPM2-KO mice induced by glucose and incretin
hormones was also impaired. On the other hand, responses to tolbutamide, an ATP-sensitive
potassium (Karp) channel inhibitor, were not different between the two groups. These results
suggest that TRPM?2 is involved in insulin secretion induced by both glucose and incretin hormones
independent of the Karp channel-mediated pathway and therefore may be a potentially new target
for diabetes therapy.
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