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Abstract: This Review summarizes our current state of knowledge of the functional role of TRPC channels in health and
disease, with particular emphasis on current advancements in the field. Additionally, this review provides an up-to-date
summary of SKF-96365 acting on TRPC channels, and discusses strategies to further investigate the potential of these

channels for therapeutic intervention.
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INTRODUCTION

It is getting successively more noticeable that members of
TRPC superfamily of cationic ion channels correspond to
universal sensors, which convert multiple exogenous and
endogenous chemical and physical stimuli into electrical
and functional cellular responses. TRPCs have wide
distribution in many different tissues. Phylogenetic
categorization unfolds the fact that there are three major
families of transient receptor potential channels. In line
with this notion, TRPC or canonical TRP family, with
seven members, TRPV family comprises six members
and the TRPM family encompasses eight members.
TRPM role in cellular activities might be found elsewhere
(Ammad Farooqi et al., 2011).

Although information on the functional importance of
many of the TRPC proteins in signaling transduction
cascades remains very limited, compelling evidence has
accumulated for a pivotal role of TRPC in normal and
pathological cellular activities.

TRPC1

Enhanced chemical influx and muscle degeneration are
directly related to the lack of dystrophin in Duchenne
muscular dystrophy (DMD) as well in the mdx mouse
model of DMD. Transient receptor potential cation
channels have been proposed as the probable candidates
of Stretch-activated channels (SACs) which may possibly
be in a direct involvement with the pathology of DMD.
Investigation of transient receptor potential canonical
channel 1 (TRPCI) levels and the streptomycin effects, as
a SAC blocker, in muscles exhibited varied degrees of the
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dystrophic  phenotype. Streptomycin physiologically
reduced creatine kinase and inhibited the exercise-induced
increases of total calcium in STN and diaphragm muscles.
These different degrees of dystrophic phenotypes are
possibly inferred to be due to different stretch-activated
calcium channel protein TRPCI levels (Matsumura et al.,
2011).

The co-expression of TRPV4 and TRPC-1 in HEK?293
cells resulted in an assembly type of 2V4:2CI1. These
heteromeric TRPV4-C1 channels exhibit quite distinct
electrophysiological properties than those of homomeric
TRPV-4 channels which are more sensitive towards
extracellular Ca®" inhibition (Ma et al., 2011).

No evidence as yet confirms that the mechanosensitivity
of TRPC like current and ultimately the myogenic
responsiveness of anterior cerebral arteries is in any case
augmented by G(g/11)-coupled receptor activation
(Anfinogenova et al., 2011). The expression of Transient
receptor potential (TRP) C1 and C3 (TRPCI and TRPC3)
in vascular smooth musles is known and their
involvement in vascular contractility has as well been
speculated owing to the fact analyzed from RT-PCR and
western blot analysis, that there is quite a greater smooth
muscle depolarization, VDCC activation, and vascular
contractility in the UTP (but not Phe) signaling pathway
when the TRPC channel expression is altered in
hypertension (Noorani et al., 2011). Transient Receptor
Potential Canonical 1 (TRPC1) physiologically actively
stimulates cardiovascular remodeling. The TRPC-1
transcripts are extensively sensitive to the NMD
(nonsense-mediated decay) which when treated with
cycloheximide, resulted in a cellular difference associated
with NMD critical protein, up-frameshift-1 (UPFI).
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Thereof low UPF-1 expression is in part a factor causing
inefficient clearance of aberrant transcripts and enhanced
vascular smooth muscle cells proliferation (Dedman et
al., 2011).

TRPC-1 has recently been reported as the probable
candidate of SOCCs, despite the fact that its molecular
components have not been categorically identified in all
cell types. Interestingly, Bradykinin (BK), a mediator of
pain and inflammation, activates SOCCSs and induces
Ca(+2) mobilization into cytosol in human osteoblasts
via the B(2) receptor. In line with this concept,
pharmacological inhibition of TRPC channels repressed
the effects of BK thus highlighting the notion that TRPC
channels the decisive molecular components of SOCCs
(Suzuki et al., 2011). The TRP protein is the target
molecule of Ca®" signaling in hCASMCs (Human
coronary artery smooth muscle cells) elicited by
SAA/LPC Serum amyloid A (SAA), an acute-phase
protein, and lysophosphatidylcholine (LPC), and this
target molecule appears to play role in coronary muscle
dysfunction under pathophysiological and inflammatory
conditions such as atherosclerosis (Tanaka et al., 2011).
Accumulating evidence points towards the fact that
microtubular machinery negatively regulates interaction
between STIMI1 and Orail or TRPC1 as verified by
targeted inhibition of microtubules. Contrary to this,
stabilization of the microtubules by paclitaxel impaired
TG-evoked activation of SOCE and the interaction
between STIMI and the Ca(2+) channels Orail and
TRPCI(Galan et al., 2011). Introduction of two TRP
channel blockers SKF96365 and 2-APB, as well as
flufenamic acid inhibits calcium influx in endocrine
pituitary cells. According to the quantitative RT-PCR
analysis the constitutively active cation channels (TRPC-1
in specific abundance) in pituitary cells are in turn
stimulated via PKA contributing to indirect calcium
signaling  through a  controlled  pace-making
depolarization i.e., in sodium dependent manner, while
directly via the calcium conductance (Tomi¢ et al., 2011).
Escalating body of evidence suggests that signal
transduction cascades trigger increment in intracellular
calcium and depletion and refilling of the endoplasmic
reticulum (ER) Ca®" stores. In accordance with this
observation, RNA interference studies represented that
inhibition of TRPC1, STIMI or ORAI1-ORAI3 mRNA
can impede the rate of ER store refilling. (Murtazina et
al., 2011).

TRPC3

In patients with chronic kidney disease, decreased
extracellular calcium concentrations upregulate the
expression of transient receptor potential canonical type 3
(TRPC3) channel protein in the chronic kidney disease
patients. It is unknown whether extracellular calcium may
regulate the expression of (TRPC3) channels in patients
with chronic kidney disease Liu et al. (2011). The

Structural studies indicated that distal C terminus (C2)
domain and AMPK site of TRPC3 are responsive to Epo
(erythropoietin) and indispensable for TRPC3 association
with the cytoskeleton and an increase in the translocation
and embedding of channel in plasma membrane in
response to the stimulation of Epo (erythropoietin) which
is an important signaling pathway controlling erythroid
proliferation and differentiation Hirschler-Laszkiewicz et
al., 2011. In vitro investigational studies unraveled the
fact that treatment of TRPC3(+/+) macrophages with the
pro-apoptotic cytokine TNFa induced time-dependent
phosphorylation of IxkBa, AKT and BAD, and this was
considerably suppressed in TRPC3(-/-) macrophages.
Compared to TRPC3 competent cells, TRPC3 deficient
macrophages exhibited reduced constitutive cation influx,
increased apoptosis and hampered efferocytosis (Tano et
al., 2011).

WNKH4 is a unique blood pressure modulator via TRPC3
mediated restriction of calcium influx. WNK4 mutants
harboring the specific kinase-inactive mutation fail to
mediate TRPC3 inhibition. This ultimately describes a
previously un-defined role of WNK4 and as well reveals a
therapeutic target unique enough i.e., for controlling the
blood pressure in WNK4-related hypertension (Park et
al., 2011).

There exists a dichotomy between TRPC-mediated Ca*"
signaling in the heart comprising two distinctive pathways
that are linked differentially to gene transcription. The
TRPC3 activity coupling to the translocation of NFAT
(nuclear factor of activated T cells) into nucleus involves
the microdomain Ca®' signaling through the TRPC3
complexes which are triggered by PKC. TRPC3 is thereof
a crucial signaling doorway in the Ca*"-dependent control
of cardiac gene expression (Poteser et al., 2011).

Confluence of information underlines an important
correlation between TRPC3 upregulation and dilated
cardiomyopathy (DCM), and thus TRPC3 inhibition
comes out to be an effective therapeutic strategy for the
prevention of DCM progression (Kitajima et al., 2011).

Transient receptor potential (canonical) channel (TRPC) 3
is a major channel for Ca2+ influx in salivary glands and
pancreatic cells. This TRPC3-mediated Ca’" influx
functions to damage the pancreas and salivary glands.
Patients with acute pancreatitis and Sjogren syndrome
thus need to be treated via Pyr3 (highly selective
pharmacological inhibitor of TRPC3 (Kim et al., 2011).

TRPC4

In human microvascular endothelial cells (HMEC-
1)TRPC4 serves to stimulate the Ca" entry in a specific
endothelial condition during the proliferating to a
quiescent phenotype transition (Graziani et al., 2010).
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TRPC-4 has recently been reported as the probable
candidate of SOCCs, despite the fact that its molecular
components have not been conclusively identified in all
cell types.

TRPC-4, TNF-R1 and TNF-alpha Receptor Ubiquitous
Signaling and Scaffolding protein (TRUSS) enhance the
loading of Ca™ of endoplasmic reticulum Ca*? stores due
to G-protein coupled ml muscarinic acetylcholine
receptor (ml1AchR) stimulation. Thus highlighting the
nascent insights into the connecting mechanism of TNF-
R1 to GPCR-induced Ca®" signaling in endothelial cells,
resulting in trans endothelial permeability (Mace et al.,
2010).

TRPC5

The (TRPC5) protein forms such calcium-permeable
cationic channels which are stimulated by the agonists of
G protein-coupled receptor. There is a potential
involvement of lysophosphatidylcholine (LPC) and
arachidonic acid generated by group 6 (GVI)
phospholipase A2 (PLA2) enzymes in sphingosine-1-
phosphate (S1P) evoked TRPC-5 activity (Al-Shawaf et
al., 2011).

The regulation of TRPCS is in way carried out via its
direct phosphorylation by Gs/cAMP/PKA at positions
S794 and S796. This mechanism holds its physiological
importance in visceral tissues where [2-adrenergic
receptor and muscarinic receptor are involved in the
contraction and relaxation of smooth muscles (Sung et al.,
2011).

The TRPC5 mRNA and its stability in endothelial cells
was dose dependently increased by EPO. These findings
suggest functionally upregulatedTRPC5 gene may
ultimately be the one cause of hypertension induced by
EPO in chronic kidney disease patients (Liu et al., 2011).

Rosiglitazone consists of such chemical moieties which
modulate TRP channels strongly and independently of
PPAR-y, thus contributing to the agent’s biological
consequences and preparing the basis for novel
pharmacology of TRP channel specifically the TRPCS.
The wide expression of Transient receptor potential
canonical 5 (TRPCS) channels in CNS potentiates fear
responses. The native TRPCS5-containing channel activity
inhibition by progesterone which is majorly evoked by
oxidized phospholipid opens up door for therapeutic
strategies of TRPC-5 inhibition (Majeed et al., 2011a;
Majeed et al., 2011D).

TRPC6

The upregulation of TRPC-6, TRPC-3 expression by
Hypoxia-inducible factor-1 alpha (HIF-la) leads to the
development of cardiac hypertrophy in hypoxic stress.
The mechanism involves the subsequent eliciting of
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TRPC current via upregulated TRPC-6 and TRPC-3,
proceeding towards persistent and increased Ca®'-
calcineurin signals (Chu et al., 2011). TRPC-6, TRPCS,
TRPC-3 and TRPC-7 function as the Ca™ channels
operated via endothelin type A receptor (ET(A)R). The
activation of TRPC6 and TRPC3 mediated by ET(A)R
requires the CIRB domain located at TRPC channel’s C-
terminus (Horinouchi et al., 2011).

The transient receptor potential canonical type 6 (TRPC6)
channel mediated regulation of calcium influx is
compulsory for the moncytes activity. The TRPC6
channel protein expression is upregulated in humans by
the cysteine residues (Thilo et al., 2011). The PKA
mediated phosphorylation of Ser(28) but not of Thr(69)
negatively regulates TRPC6 (Horinouchi et al., 2011).
The TRPC6 mediated Ca* entry attenuates and elucidates
the injurious effects induced by albumins in chronic
kidney diseases. The mechanism of attenuation involves
the subsequent response of albumin overload, thus
inducing ER stress and finally the apoptosis in podocytes
i.e., the TRPC6 mediated Ca™ entry Chen et al. (2011).
Both the increased concentration of VEGF (Vascular
endothelial growth factor) and transient receptor potential
canonical type 6 (TRPC6) channels are coupled with
proteinuric kidney diseases. Patient samples with diabetic
nephropathy exhibit increased TRPC6 channel protein
and VEGF receptor type 2 (VEGFR-2) protein in
comparison to the control subjects Thilo et al., 2011.
TRPC6 are the cation channels of plasma membrane.
TRPC6 channels comprise a Zn”" entry pathway, thereof
signifying that they play a part in the Zn"* homeostasis
(Gibon ET al., 2011). Angoitensin-II regulates TRP6 in
non-renal cells and the toxic effects of Angll on
podocytes as well as its pathogenic role in glomerular
disease result from an enhanced TRPC6 expression
through a positive feedback signaling pathway of
calcineurin/NFAT (Nuclear factor of activated T-cells)
(Nijenhuis et al., 2011).

Increasing sophisticated information uncovered the fact
that Ang II-induced contraction was largely dependent on
Ca(2+) influx via receptor-operated cation channels. In
conflict to the mechanism, Cilostazol specifically
repressed  diacylglycerol-activated TRPC  channels
through protein kinase A mediated phosphorylation of
TRPC channels in HEK293 cells.The phosphorylation of
TRPC6 at Thr69 is essential in regards to the therapeutic
input of vasoconstriction i.e., the eliciting of vasorelaxant
effects of phosphodiesterase (PDE) 3 inhibition against
the Ang-II vasoconstrictive actions (Nishioka et al.,
2011). The TRPC6 C-terminal calmodulin (CaM)- and
inositol 1,4,5-trisphosphate receptors (IP(3)Rs)-binding
(CIRB) site plays a significant physiological role in
platelets via both, the Ca'? entry modulation and ultimate
aggregation through its CaM and IP(3)Rs interaction
(Dionisio et al., 2011).
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SKF-96365

The Calcium receptor (CaR) stimulation in the adult rat
cardiomyocytes induces TRP channel activation and
further promotes the expression of TRPC3 but not that of
TRPC1, which sustained the elevated [Ca®']. This
elevated [Ca *'] could however be reduced by the TRPC
inhibitor SKF96365 (Feng et al., 2011). SKF96365 blocks
the mast cell degranulation induced via TRPV2
activation. The reason being for this specific capability of
inhibition, is that all three types of physical stimuli
required for TRPV2 activation lead to the activation of
SKF96365-sensitive current. SKF96365 could be used for
treating excessive degranulation of mast cells (Zhang et
al., 2011). SKF-96365 suppresses the Melittin (MEL)-
induced activation of primary nociceptive cells which
cause nociception and pain hypersensitivity. SKF-96364
serves both a therapeutic a s well a diagnostic tool in a
way that via the inhibition it assures the involvement of
TRPC channels in the pathology (Ding et al., 2011).

The widespread use of SKF96365 (SKF) as transient
receptor potential canonical type (TRPC) channels
blocker is put to a caution as there exist distinguished
physiological and pathophysiological overlapping
between low-voltage-activated (LVA) T-type calcium
channels and TRPC channels. Therefore the interpretation
of results considering SKF alone as a diagnostic tool in
the native tissues for TRPC activity is doubted and needs
to be revised (Singh et al., 2010).

SKF-96365 also called as the SOCC (store operated
calcium channel) antagonist attenuates the basal increase
in Ca™ levels in pulmonary arterial smooth muscle cells
caused by the upregulation of TRPC expression induced
via BMP4 (bone morphogenetic protein 4). Thus the
indirect attenuation of BMP4 by SKF-96365 ultimately

prevents pulmonary vascular remodeling during
pulmonary arterial hypertension (Lu et al., 2010).

SKF-96365 serves the therapeutic role in reducing the
impact of HG on endothelial function. The endothelial
dysfunction and vascular disease resulting from
hyperglycemia, act by promoting the induction of
prominent changes in TRPC1 expression which result in
enhanced basal Ca®" concentration. SKF-96365, the
TRPC blocker inhibits this Ca? intake (Bishara et al.,
2010). The calcium channel blockers SKF 96365 and 2-
APB are used to prevent and elucidate the prothrombotic
effects of carbon nanotubes (CNTs) Semberova et al.
(2009). Apart from the TRPCS pore blocking antibody
SKF-96365 mediated blockade of the TRPC channels is a
significant and novel therapeutic strategy for preventing
the cytotoxicity and neurodevelopment impairment
induced by mercury (Xu et al., 2011).

CONCLUSION

The abundance, distribution, sub-cellular localization,
interaction networks and function of the transient receptor
potential channels are in need of further comprehensive
research before we transition to proteomics based
diagnostics in personalized medicine.
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