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Involvement of TRPV2 in the differentiation of mouse brown
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Summary of thesis contents

The prevalence of obesity has increased in worldwide, and obesity is believed to be a
result from an imbalance between intake of energy and energy expenditure. Obesity
is characterized by increased adipose tissue mass that results from increased fat cell
size and number. It is well known that there are two types of adipose tissue, a white
adipose tissue (WAT) and a brown adipose tissue (BAT). Importantly, it has been
reported that BAT also exists in adult humans. Therefore, understanding the
molecular mechanisms for differentiation of not only white adipocytes, but also brown
adipocytes has been the subject of intense investigation. It has been reported that the
increase in intracellular calcium levels in 3T3-L1 pre-adipocytes by
calcium-mobilizing reagents including ionomycin or a calcium-ATPase inhibitor,
tharpsigargin (TG) efficiently inhibits differentiation, diminishes adipocyte-specific
gene expression and reduces lipid accumulation. However, the effect of [Ca?*];
increase on brown adipocyte differentiation is still not known.

Most of transient receptor potential (TRP) ion channels are non-selective calcium
permeable cation channels that were originally discovered in mutant Drosophila that
responded abnormally to a light stimulus. Among these members of the TRP
channels, TRPV2 also functions as a non-selective calcium-permeable cation channel
and is composed of six trans-membrane domains with a putative pore-loop region.
TRPV?2 is activated by noxious heat, with an activation temperature threshold of
higher than 52 °C, and by a number of exogenous chemical ligands, e.g.
2-aminoethoxydiphenyl borate (2APB) and lysophosphatidyl choline (LPC), with a
species specific manner. SKF96365 (SKF) is a TRPV2-selective antagonist.
Importantly, TRPV2 is also reported as a mechano-sensitive channel activated by
mechanical stretch and cell swelling. However, the expression and physiological
role of TRPV2 in brown adipocytes are still unknown.

Therefore, | hypothesized that TRPV2 is functionally expressed in brown
adipocytes and that TRPV2 activation induces calcium influx, which could regulate
brown adipocyte differentiation. My aim is to investigate the involvement of TRPV2
in mouse brown adipocytes differentiation.

This study was conducted and investigated from different levels, from molecular
identity to channel function. Trpv2 mRNA and TRPV2 protein expression levels
were analyzed in primary cultured mouse brown adipocytes using RT-PCR and
Western blotting methods, and functional expression level of TRPV2 was examined
using calcium-imaging and whole-cell patch-clamp methods. Pharmacological studies
were conducted with TRPV2 agonists, 2APB and LPC, and a selective antagonist SKF.
Mechanical stimulation was applied using a 3-D sunflower mini shaker in the CO:
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incubator. Brown adipocytes differentiation was assessed by counting differentiated
brown adipocyte numbers and measuring triglyceride levels.

Trpv2 was dominantly expressed in brown adipocytes among Trpvl, Trpv2, Trpv3
and Trpv4, and TRPV2 was also functionally expressed in brown adipocytes.
Functional expression of TRPV2 was dramatically increased during the differentiation
of mouse brown adipocytes. Moreover, pharmacological studies demonstrated that
activation of TRPV2 prevents the differentiation of mouse brown adipocytes via a
calcineurin pathway. Mechanical stimulation inhibited mouse brown adipocyte
differentiation via TRPV2 activation. Differentiated adipocyte numbers and
triglyceride levels in the isolated brown adipocytes from interscapular BAT (iBAT)
were not different between WT and TRPV2-knockout (TRPV2KO) mice in the 6
day-differentiation. However, TRPV2 agonists and mechanical stimulation inhibited
brown adipocyte differentiation more effectively in WT than in TRPV2KO adipocytes.
FK506 and cyclosporine A rescued TRPV?2 activation-induced inhibition of mouse
brown adipocyte differentiation, suggesting that TRPV2 activation-induced inhibition
of mouse brown adipocyte differentiation is occurred via a calcineurin pathway.

IBAT weights per body weights were significantly larger in TRPV2KO than in WT
mice. And TRPV2KO mice showed increased brown adipocyte cell sizes and
impaired thermogenesis in response to z-agonist application.

In conclusion, TRPV2 is functionally expressed in mouse brown adipocytes and
plays an important role in regulating mouse brown adipocyte differentiation.
Membrane stretch possibly due to the increase in brown adipocyte volume through
lipid droplet accumulation induced activation of TRPV2, which might prevent mouse
brown adipocyte differentiation via a calcineurin pathway. The fact that TRPV2 acts
as a negative modulator in brown adipocyte differentiation suggests that TRPV2 might
be involved in the prevention of iBAT over-growth. Therefore, TRPV2 would be a
promising therapy target for human obesity treatment and prevention.
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