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Mechanism of Cardiac Hypertrophy via Diacylglycerol-sensitive TRPC Channels
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Activation of Ca?™ signaling in cardiomyocytes induced by receptor stimulation or mechanical stress has been im-
plicated in the development of cardiac hypertrophy. However, it is still unclear how intracellular Ca2* targets specifically
decode the alteration of intracellular Ca2* concentration ([Ca2*];) on the background of the rhythmic Ca2* increases
required for muscle contraction. In excitable cardiomyocytes, changes in the frequency or amplitude of Ca2™" transients
evoked by Ca2™ influx-induced Ca2™ release have been suggested to encode signals for induction of hypertrophy, and a
partial depolarization of plasma membrane by receptor stimulation will increase the frequency of Ca?* oscillations. We
found that activation of diacylglycerol (DAG)-responsive canonical transient receptor potential (TRPC) subfamily
channels (TRPC3 and TRPC6) mediate membrane depolarization induced by G, protein-coupled receptor stimulation.
DAG-mediated membrane depolarization through activation of TRPC3/TRPC6 channels increases the frequency of
Ca2* spikes, leading to activation of calcineurin-dependent signaling pathways. Inhibition of either TRPC3 or TRPC6
completely suppressed agonist-induced hypertrophic responses, suggesting that TRPC3 and TRPC6 form heter-
otetramer channels. Furthermore, we found that hypertrophic agonists increase the expression of TRPC6 proteins
through activation of Gj, family proteins, leading to amplification of DAG-mediated hypertrophic signaling in
cardiomyocytes. As heart failure proceeds through cardiac hypertrophy, TRPC3/TRPC6 channels may be a new ther-
apeutic target for heart failure.
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Fig. 1. Time-dependent Morphological Changes of the Heart
Induced by Hemodynamic Stress, Such as Chronic Hyper-
tension or Aortic Stenosis

LV; left ventricular.
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Fig. 2. Ca?* Transport in Ventricular Myocytes

VDCC; voltage-dependent Ca2* channel, NCX; Na*/Ca2* exchanger,
ATP; ATPase, NFAT; nuclear factor of activated T cells. SOC; store-oper-
ated Ca?" channel, SR; sarcoplasmic reticulum, RyR; ryanodine receptor,
Mito.; mitochondria.
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Fig. 3. Effects of Xestospongin C (XestC) and Diacyl-
glycerol Kinase (DGK) B on Ang II-induced Ca2* Responses
in Rat Neonatal Cardiomyocytes

A portion of cells was treated with XestC for 30 min, and a part of cells
was infected with LacZ or DGKJ for 48 h before Ang II stimulation.
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Fig. 4.

Measurement of Membrane Potential Using Current-clamp Technique

Left, representative traces of time-dependent changes in the membrane potential and the frequency of action potential by Ang II stimulation in the current-
clamp mode. Upper right, representaive time courses of changes in Ang II-, OAG-, or PMA-induced F/F, of DiBAC, (3) fluorescence. F, means the initial value of
fluorescence. Lower right, maximal changes in resting membrane potential calculated from the changes in DiBAC,(3) fluorescence intensity.
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Fig. 5. Schema of Ang II-induced NFAT Activation in Cardiac Myocytes
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A, RT-PCR analysis of RNA expression of TRPC channels in LacZ- and constitutively active (CA) mutant of Geys-expressing cardiac fibroblasts. B, expres-
sion of TRPC6 protein in LacZ- and the respective Ga-overexpressing cells. In order to activate Gos-depedent signaling, cells were treated with forskolin. C, effects

of TRPC6 siRNAs on TRPC6 protein expression.



No. 3

301

myocytes fibroblasts

ATIR (ATTR)
e N

Ny high o
| G
G% G% agonist, 7%
i \ low
PLC. DAG TRPC6 i \agonlst
' TRPCSi

=
Ca?* collagen syntheis
(calcineurin) a-SMA synthesis

TRPC3/C6 1

|
car

|

@ —[fameriorn)

Fig. 7. Hypothetical Schema for the Different Roles of
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In cardiomyocytes, Goy,/i3-mediated upregulation of TRPC6 amplifies

Gag-mediated activation of NFAT signaling induced by hypertrophic agonist

stimulation. In contrast, Gy, 3-mediated TRPC6 upregulation negatively

regulates agonist-induced fibrotic responses in cardiac fibroblasts.
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