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In 1988 the ‘transient receptor potential’ or trp gene was cloned fromDrosophila. This gene encoded an
ion channel subunit that, in mutated form, was responsible for generating a transient receptor potential (rather
than a sustained depolarization) of the compound eye. Molecular cloning of a Ca2+-calmodulin- (CaCaM)-
binding protein expressed inDrosophilaeyes subsequently identified a close structural homologue, called trp-
like. Both proteins were predicted to be membrane proteins that span the membrane six times with cytosolic N-
and C-termini, no voltage sensor, but sequence similarity to voltage-gated channels. The subunits assemble as a
tetramer to form non-selective cation channels with significant Ca2+ permeability. The first mammalian homolog
of the TRP channesl – designated TRPC (for classical, or canonical) was cloned in 1995. There are now six sub-
famlies (C, V, M, P, ML and A) and 31 members, with a broad range of physiological functions, often associated
with transduction of sensory signals. That said, TRPC channels are more enigmatic and their role has been
linked with store-operated Ca2+ entry, and activation via a div erse range of modalities, including G protein-
coupled receptor signaling, IP3 receptor, and Ca2+-calmodulin modulation. TRPC channel physiology is now
being advanced with the support of transgenic models, revealing broad significance across domains as diverse as
the regulation of intraluminal pressure-induced Bayliss effect and in the vagus-induced muscarinic receptor-
dependent intestinal smooth muscle cell contraction. Vascular endothelial cell Ca2+ entry through TRPC leads to
vascular smooth muscle relaxation. In non-excitable cells such as lung endothelial cells, Ca2+ entering through a
TRPC contributes to the NFkB activation cascade and increases vascular permeability as seen in endotoxin
induced lung injury. In platelets, Na+ entering through TRPC channels promotes Ca2+ entry via Na+-Ca2+

exchanger(s) critical in platelet activation and thrombus formation. In lymphocytes, Ca2+ entering through
TRPC channels activates the CaCaM-activated phosphatase calcineurin (CaN) leading to dephosphorylation of
phosphoNFATc, its translocation into the nucleus and activation of NFAT activated genes. In this last scenario,
TRPCs are proinflammatory, in the cardiovascular system TRPCs are critical in blood pressure regulation and
vascular tone, in the gut TRPCs are critical for normal intestinal transit. In a system akin to invertebrate visual
transduction, the activation of melanopsin by light in intrinsically photosensitive retinal ganglion cells (ipRGCs)
leads to activation of PLCbeta5 and two TRPC channel types. The ensuing depolarization is critical for
entrainment of circadian rhythms in the supraoptic chiasmatic nucleus that receives afferents from the ipRGCs.
A summary of TRPC roles is outlined in the Table. In the cochlea, TRPC channels contribute to regulation of
sound transduction in the sensory hair cells.
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Examples of roles of TRPC channels (non-selective calcium-permeable cation channels) as seen from different points of view. Most of the

roles were deduced from studying phenotypes developed in the corresponding knock-out mice or cells.

1. Mechanistic

electrogenic coupling of GPCRs to voltage gated Ca2+ channels in excitable cells (e.g. Tsvilovskyy
et al., 2011)

All TRPCs

direct Ca entry in excitable cells (e.g. Munsch et al., 2003) TRPC4
direct Ca2+ entry in non-excitable cells (e.g. Tauseef et al., 2012) TRPC6

2. Biochemical

NFAT activation – Calcineurin (CaN) activation by Ca-calmodulin (CaCaM) (Seth et al., 2009;
Poteser et al., 2011)

TRPC1; TRPC3

TLR4-CD14 signaling - MLCK (CaCaM) (Tauseef et al., 2012) TRPC6
NFkB activation in endothelial cells (ECs)
– by GPCR - CaMKKβ (CaCaM) in ECs (Bair et al., 2010) TRPC4
– by LPS - MLCK (CaCaM) MyD88-IRAK4-MLCK complex in ECs (Tauseef et al., 2012) TRPC6
TNFα signaling - CaMKII (CaCaM) in monocytes (Smedlund et al., 2010) TRPC3
CaN activation by CaCaM - NFAT (Poteser et al., 2011) TRPC3
CaMKKIIβ-activation by CaCaM in activation of NFkB (Bair et al., 2011) TRPC4
CaMKII activation by CaCaM - TNFα signaling - Ca-CaM-CaMKII (Tano & Vazquez, 2010) TRPC3
MLCK activation by CaCaM – activation of NFkB by LPS (Tauseef et al., 2012) TRPC6
cGMP-indpendent signaling of the ANP receptorGC-A (/membrane guanylyl cylcase A) (Klaiber et al., 2011) TRPC3-C6

3. Physiological

agonist-induced Ca mediated neurotransmitter release from dendrites (Munsch et al., 2003) TRPC4
synaptic transmission and motor control; slow EPSCs (Hartmann et al., 2008) TRPC3
neuronal afterdepolarization (Stroh et al., 2012) TRPC1-C4*
plateau potentials in hippocampal CA1 pyramidal neurons (Tai et al., 2010) TRPC5
control of vascular tone (Welsh et al., 2003; Dietrich et al., 2005) TRPC6
endothelial cell NO-EDRF (endothelium derived relaxing factor) generation - vascular

smooth muscle relaxation (Freichel et al., 2001)
TRPC4

endothelial cell NO-independent EDH (endotheium dependent hyperpolarization- vascular smooth
muscle relaxation (Senadheera et al., 2012)

TRPC3

endothelial cell migration - wound healing (lysoPC, fibroblast transdifferentiation) (Davis et al., 2012) TRPC6
static stretch response of endothelial cells - stretch-ATR1-Gq-TRPC-Ca-ET1-ANP-GCA-cGMP-PKG-zyxin-gene

transcription (Suresh Babu et al., 2012)
TRPC3

intestinal motility regulation by vagus (Tsvilovskyy et al., 2009) TRPC4+TRPC6
cold transduction in the peripheral nervous system (Zimmermann et al., 2011) TRPC5
exocrine secretion (saliva) (Liu et al., 2007) TRPC1
efferocytosis and survival signaling in macrophages (Tano et al., 2011) TRPC3
normal touch (Quick et al., 2012) TRPC3-C6*
light entrainment by ipRGCs (melanopsin signaling) (Xue et al., 2011) TRPC6-C7*
innate immunity (LPS) (Tauseef et al., 2012) TRPC6
short term post synaptic memory - burst firing-induced after-depolarization (Phelan et al., 2012) TRPC1-C4*
pheromone signal transduction in vomeronasal sensory neurons – lost in evolution between new

world and old world monkeys and higher primates. (Liman & Innan, 2003)
TRPC2

4. In Disease (Pathophysiological)

cardiac hypertrophy induced by Ang II (Onohara et al., 2006) TRPC3+TRPC6
cardiac hypertrophy induced by transverse aorta constriction (TAC) (Seth et al., 2009) TRPC1
albuminuria associated with Ang II induced cardiac hypertrophy (Eckel et al., 2009) TRPC6
epileptogenic postsynaptic regenerative plateau potemtials (Phelan et al., 2012) TRPC1-C4*
calcium toxicity in secretory epithelia (Kim et al., 2011) TRPC3
neuronal excitotoxicity (Phelan et al., 2012) TRPC1-C4*
neurotoxin induced ER stress response and ER calcium homeostasis (Selvaraj et al., 2012) TRPC1 loss
pro-inflammatory in murine allergic asthma (Yildirim et al., 2012) TRPC1

* likely operating as obligatory heteromeric channels.
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