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Emerging concepts for the role of TRP channels

in the cardiovascular system

Rudi Vennekens

Laboratory of Ion Channel Research, Katholieke Universiteit Leuven, Herestraat 49, bus 802, BE-3000 Leuven, Belgium

Abstract The transient receptor potential (TRP) family of ion channels is a large family of cation
selective ion channels, which are expressed and functional in a variety of tissues. In this review we
focus on the most recent results detailing the role of TRP channels in the cardiovascular system.
The presented results underscore the role of TRP channels in cardiomyocytes, smooth cells and
endothelium, and in disease states such as hypertension, cardiac conduction block and cardiac

hypertrophy.
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The transient receptor potential (TRP) family is large
group of ion channel genes, which are related to the
Drosophila Trp gene. To date 28 mammalian Trp genes
are known, which are divided into six subfamilies: TRPC,
TRPV, TRPM, TRPA, TRPP and TRPML. All TRP proteins
constitute cation channels, but they display a daunting
diversity in gating mechanism and cation selectivity. TRP
channels can open upon direct ligand binding, G-protein
coupled signalling and membrane depolarization. Most
TRP channels are Ca?>* permeable non-selective cation
channels, but exceptions are common: TRPV5 and TRPV6
are highly selective Ca?* channels, TRPM4 and TRPM5
are not Ca*" permeable at all, and TRPM6 and TRPM?7
are Mg?* selective cation channels (for recent reviews see
Flockerzi, 2007; Wu et al. 2010a).

TRPs in endothelium and vascular smooth muscle

A role for TRP channels in vascular endothelium and
smooth muscle was extensively reviewed recently (Earley,
2006; Guibert et al. 2008; Watanabe et al. 2008; Di &
Malik, 2010; Dietrich et al. 2010; Earley, 2010; Earley &
Brayden, 2010; Gonzalez-Cobos & Trebak, 2010; Yang et al.
2010; Zholos, 2010). In short, TRP channels are involved

This review was presented at the TRP 2010 symposium TRP channels:
from structure to disease, which took place in Leuven, Belgium, 22-24
September 2010, celebrating the 65th birthday of Professor Bernd Nilius.
It was commissioned by the Editorial Board and reflects the views of the
authors.
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in endothelial barrier function, release of vasoactive
compounds such as nitric oxide (NO), hypoxia sensing
and endothelial cell migration. Likewise, in vascular
smooth cells various TRP channels have been implicated
in Ca?* induced smooth muscle cell proliferation and
migration, contraction, hypoxia sensing by pulmonary
smooth muscle and stretch or mechanical sensing by
vascular smooth muscle cells.

Somewhat surprising, in a recent study TRPA1 has
been implicated as a player in endothelium-induced
vasorelaxation (Earley et al. 2009). Indeed, application
of AITC (mustard oil) to precontracted cerebral artery
rings induced endothelium-dependent vasorelaxation,
not related to nitric oxide release. The mechanism
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apparently involves activation of K channels both in end-
othelium and smooth muscle cells, but how the coupling
between both cell types occurs is unclear. It seems counter-
intuitive that the authors report endothelial expression of
TRPA1, because TRPA1 expression until now was detected
by several authors almost exclusively in sensory neurons
and mechano-sensory epithelial cells of the inner ear
(Story et al. 2003; Jordt et al. 2004; Kobayashi et al. 2005;
Nagata et al. 2005; Garcia-Anoveros & Nagata, 2007).
Whether sensory nerves that innervate endothelium or
smooth muscle cells might be involved in mustard oil
induced vasorelaxation remains to be determined. It
should also be noted that the selectivity of mustard oil
for TRPAL1 is increasingly being disputed (M. Gees, K.
Talavera et al. personal communication).

Regarding the function of TRP channels in smooth
muscle cells, recent results highlight the role of TRPs in the
myogenic response in blood vessels, or the so-called Bayliss
effect. When high internal pressure stretches blood vessels,
they don’t inflate like a balloon, but instead develop an
active tension, which restricts the increase of blood vessel
diameter. This is the Bayliss effect, and it is essential to keep
the blood flow through blood vessels relatively stable even
when perfusion pressure fluctuates (Bayliss, 1902; Davis
& Hill, 1999).

It is generally hypothesized that mechanosensitive ion
channels in the vascular smooth muscle cells are essential
for this mechanism and downregulation of TRPM4 and
TRPC6 gene expression in rat cerebral artery smooth
muscle cells led to a severe loss in pressure-induced vaso-
constriction, leading to the hypothesis that both TRPM4
and TRPC6 constitute mechanosensitive ion channels in
vascular smooth muscle cells (Welsh et al. 2002; Earley
et al. 2004; Brayden et al. 2008; Inoue et al. 2009).
However, for both proteins mechano-sensitivity has been
questioned or was not reported by other authors (Nilius
et al. 2003; Gottlieb et al. 2008). Moreover, in TRPM4
deficient mice the Bayliss effect in hind-limb resistance
vessels is unaffected (Mathar et al. 2010) and in TRPC6
deficient mice the threshold for the Bayliss effect is even
decreased, i.e. the vessel becomes apparently even more
sensitive to pressure-induced stretch (Dietrich et al. 2005).

An interesting alternative mechanism has been recently
proposed, in which a mechanosensitive Gq-coupled
receptor would initiate the downstream cell signalling of
blood vessel stretch (Mederos y Schnitzler et al. 2008).
Several TRP channels, including most TRPC channels
and TRPM4, have been shown previously to be coupled
with and activated by the Gq-PLC pathway, and could in
this way be involved in the mechanosensitive current in
vascular smooth muscle cells. In their study, Mederos y
Schnitzler et al. convincingly show that TRPC6 does not
meet the requirements for being a mechanosensitive ion
channel in itself, but is clearly activated by a mechanical
stimulus when co-expressed with the angiotensin receptor
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1 (AT1R). In a smooth muscle cell line that does
not exhibit mechanosensitive currents, overexpression of
angiotensin receptors induces robust stretch activated
current independent of receptor agonists. Agents that
inhibit GPCRs or PLC inhibit stretch activation of the
channel and the competitive AT1R antagonist losartan
inhibits the Bayliss effect both in cerebral arteries and in
isolated perfused kidney. Thus, it seems that mechanical
activation of a G-protein coupled receptor might be the
missing link between a mechanical stimulus and activation
of TRPC channels. Further research will resolve how
general this mechanism is (Earley et al. 2007; Gonzales
et al. 2010).

Alternatively, very recently, two other TRP proteins,
the polycystic kidney disease associated TRPP1 and
TRPP2, were convincingly shown to be regulators of
a stretch-activated ion channel (SAC) in smooth cells
and regulators of myogenic tone (Sharif-Naeini et al
2009). Indeed, SAC currents in smooth muscle cells
are inhibited by TRPP2 expression, which is reversed
by TRPP1 expression, indicating that the TRPP1/TRPP2
expression ratio regulates pressure-induced activation of
SAC currents in smooth muscle cells. In mesenteric
arteries, TRPP1 deletion in smooth muscle cells reduces
SAC activity, and the arterial myogenic response. Inversely,
depletion of TRPP2 in TRPPI1-deficient arteries rescues
both SAC activity and the myogenic response to intra-
luminal pressure (Sharif-Naeini et al. 2009). In this
study the protein underlying the stretch-activated current
remains to be identified.

Interesting in this regard, two new genes were pre-
sented at the TRP2010 Leuven meeting, Piezo-1 and
Piezo-2, which are essential for very large and robust
mechano-activated currents in the neuroblastoma cell line
N2A (Coste et al. 2010). Whether these genes are expressed
in smooth muscle cells (or endothelial cells) is unclear at
this point. In light of the above-mentioned results, it might
be interesting to consider the involvement of these proteins
in the Bayliss effect, and whether they could interact with
other TRP channels.

TRP channels in cardiac muscle

TRP channels are expressed in every cell type present in the
heart, including cardiomyocytes, fibroblasts, endothelial
cells and vascular smooth muscle cells (for a review see
Nilius et al. 2007; Watanabe et al. 2008; Watanabe, 2009).

Recently, genetic analysis of human patients was used
to shed light on the role of TRPM4 in the heart
(Kruse et al. 2009; Liu et al. 2010). TRPM4 is a Ca’*
activated non-selective, Ca®* impermeable cation channel
that is expressed in atrial and ventricular tissue, in
pacemaker cells, and in Purkinje fibres (Guinamard et al.
2004, 2006; Liu et al. 2010). Progressive familial heart
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block type I (PFHBI) is a progressive cardiac bundle
branch disease in the His-Purkinje system that exhibits
autosomal-dominant inheritance. In three branches of a
large South African family with an autosomal-dominant
form of PFHBI, Kruse et al. (2009) identified a specific
mutation in the TRPM4 gene, which leads to an amino
acid substitution E7K in the TRPM4 amino terminus.
Overexpression studies showed that this specific mutation
attenuates desumoylation of the TRPM4 channel in a
cell line and thereby impairs endocytosis of the channel,
leading to elevated TRPM4 channel density at the cell
surface. In another study, one Lebanese family and two
French families with autosomal dominant isolated cardiac
conduction blocks were also used for linkage analysis (Liu
et al. 2010). A heterozygous missense mutation of the
TRPM4 gene was found in each family (p.Argl64Trp,
p-Ala432Thr, and p.Gly844Asp), and all three mutations
resulted again in an increased current density in an over-
expression system, due to an elevated TRPM4 channel
density at the cell surface secondary to deregulation
of sumoylation and impaired endocytosis. It should,
however, be noted that in the latter study, a penetrance
value as low as 54% (in females) was reported, which is
the proportion of individuals that carry a variation in
the TRPM4 gene and exhibit also the associated trait.
Also, TRPM4 mutations were found after sequencing
12 candidate genes, from the linked genomic interval of
4 megabase size that contains 300 genes. Thus, it cannot
be ruled out completely that mutations in other genes also
contribute to the syndrome.

Both studies imply that a gain-of-function of TRPM4
activity would lead to conduction block in the heart, but
it is unclear how this would occur in detail. The increased
membrane retention due to impaired desumoylation
was for instance only shown in cell lines overexpressing
mutant TRPM4, not in native cardiomyocytes. It is hypo-
thesized that an excess depolarizing current through the
TRPM4 channel might lead to conduction abnormalities
in Purkinje fibres but also this remains to be shown.

TRP channels and blood-pressure regulation

Blood pressure is a critical haemodynamic parameter
which results from a complex interplay of several organs
(vasculature, the heart, kidneys and the central and
autonomic nervous system) and external factors (stress,
lifestyle, physical demand). Several TRPs have been
implicated already in blood pressure regulation, but direct
evidence for regulation of basal blood pressure by TRP
channels is only available for three examples, TRPM4,
TRPC1 and TRPC6 (Dietrich et al. 2005; Mathar et al.
2010).

TRPM4 is expressed in several organs implicated in
blood-pressure regulation, including the kidneys, the
heart (see above), vascular endothelium and smooth
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muscle and the adrenal glands (Nilius et al. 2003, 2007;
Nilius & Vennekens, 2006; Vennekens & Nilius, 2007).
Trpm4 deficient mice display increased blood pressure
(Mathar et al. 2010). Indeed, after a recovery period from
implantation of a blood pressure transmitter, TRPM4
mice have on average about a 10mmHg increase in blood
pressure compared to wild-type mice. This hypertension
remains present during resting and active periods of
mouse behaviour and is not due to changes in locomotor
activity and heart rate. Mathar et al. present a detailed
analysis of this phenotype, including kidney function,
the renin—angiotensin system and the myogenic response
and agonist induced changes in contractility of hind-
limb resistance levels. In short, in identical experimental
conditions none of these parameters is essentially changed
in Trpm4~/~ mice, and could account for the hyper-
tension. Also, cardiac output, ejection fraction and cardiac
contractility of the heart are not changed in Trpm4~/~
mice, at least in basal conditions. Strikingly, however,
a non-specific ganglion blocker, hexamethonium, can
abolish the difference in blood pressure between WT and
Trpm4~/~ mice. This results in a fall in blood pressure to
the same level in WT and Trpm4~/~ animals, suggesting
that the there is a differential regulation of blood pressure
by the autonomic nervous system in WT and Trpm4 =/~
mice. Indeed, Trpm4~/~ mice show increased plasma
adrenaline levels and increased urinary excretion of the
catecholamine breakdown products metanephrin and
vanillyl mandelic acid, suggesting that Trpm4~/~ mice
display an increased sympathetic tone. The increased
plasma catecholamine level can account for the increased
mean arterial blood pressure through its well-known effect
on vessel tone and cardiac output (Guyenet, 2006).

To further delineate this, it should be clear that the
primary source of adrenaline in the body is the chromaffin
cells in the medulla of the adrenal gland (Ungar & Phillips,
1983), which are innervated by preganglionic fibres of
the sympathetic nervous system. When Mathar and
colleagues analysed the function of the chromaffin cells
it became clear that Trpm4~/~ chromaffin display more
exocytotic release events (as determined by amperometry),
as compared to wild-type cells, when excited with a similar
dose of acetylcholine. Strikingly, this result is independent
of the global intracellular Ca?* signal in the cell, which
triggers the exocytosis. These results raise the intriguing
suggestion that TRPM4 might play an unexpected role in
the exocytosis machinery of chromaffin cells. It apparently
serves as a negative regulator of vesicle release, though
it is completely unclear how it could play this role.
Taken together, these data clearly indicate that TRPM4
is a regulator of sympathetic tone and in this way has a
profound impact on the regulation of blood pressure.

Another murine model in which blood pressure was
probed is the Trpc6~/~ deficient mouse. Here an elevation
of about 7 mmHg in basal mean arterial blood pressure
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was detected in conscious mice (Dietrich et al. 2005). This
seems somewhat counterintuitive, since it was shown pre-
viously that vascular smooth muscle contraction activated
by «;-adrenergic agonists can be blocked by suppressing
Trpc6 expression, and that vasopressin stimulation of
A7r5 smooth muscle cells leads to TRPC6 activation.
However, Trpc6~/~ mice display higher agonist induced
contractility in isolated tracheal and aortic rings. These
apparently conflicting results can, however, be explained
by the unexpected and compensatory overexpression of
TRPC3, which was reported in Trpc6~/~ mice in the
same study. TRPC3 is a constitutively active non-selective
cation channel, and its overexpression leads to enhanced
basal and agonist-induced Ca>* entry into smooth cells,
both through the TRPC3 channel and as a result of
increased depolarization and activation of voltage-gated
Ca?* channels, which eventually leads to enhanced contra-
ctility of smooth muscle cells (Dietrich et al. 2005, 2010).

Finally, in TrpcI~/~ mice endothelium-derived hyper-
polarizing factor-dependent vasorelaxation seems to
be augmented, while NO mediated vasorelaxation is
unchanged. TRPC1 is a non-selective cation channel,
activated upon phospholipase C activation, although exact
details remain unclear. The data suggest that TRPCI
contributes to the depolarization of the endothelial cell
after stimulation with acetylcholine, thereby counter-
acting the hyperpolarisation mediated by activation of
Ca’"-dependent K channels. A lack of TRPC1 then leads
to stronger hyperpolarisation, extensive influx of Ca*t
and augmented release of endothelium derived hyper-
polarizing factor (EDHF). Concurrently with these data,
blood pressure in TRPC1 deficient mice is moderately
decreased.

Also in TRPV1 and TRPV4 KO mice, blood pressure
was studied in freely moving mice. In neither of them
could a change in basal mean arterial pressure be detected
(Suzuki et al. 2003; Pacher et al. 2004; Zhang et al. 2009).
However, a TRPV1-specific agonist, capsaicin, induced a
marked drop in blood pressure, which is not present in
TRPV1 deficient mice (Pacher et al. 2004). Analogously,
a TRPV4-specific agonist, GSK1016790A, induces a
dose-dependent reduction of blood pressure followed by
circulatory collapse, whereas Trpv4~/~ show no acute
cardiovascular effects in response to the same compound.
The drop in blood pressure seems to be due to a potent end-
othelial and NO-dependent relaxation of vasculature. The
circulatory collapse is associated with TRPV4-dependent
vascular leakage and tissue haemorrhage in the lung,
intestine and kidney (Willette et al. 2008).

TRP channels and hypertrophy

Cardiac hypertrophy is a thickening of the heart muscle,
which results in a decrease in size of the chambers
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of the heart, including the left and right ventricles. A
common cause of cardiac hypertrophy is high blood
pressure (hypertension) and heart valve stenosis (Heineke
& Molkentin, 2006; Molkentin, 2006). A role for especially
TRPC channels has been suggested in several studies
already (Watanabe et al. 2008).

In an early study, TRPC3 and TRPC6 were implicated in
angiotensin II-induced nuclear factor of activated T-cells
(NFAT) activation in isolated cardiomyocytes (Onohara
et al. 2006), which is an essential step of cardiac hyper-
trophy development in the whole heart. Mechanistic data
were presented showing that they are apparently essential
components of the Ang-II induced signalling pathway,
which leads to production of diacylglycerol and TRPC3
and TRPC6 mediated Ca?* influx (Onohara et al. 2006).
Studies that followed tried to correlate these data with
animal models either overexpressing TRP channels or with
decreased TRP channel expression.

When mRNA and protein expression of several
TRP channel subunits were evaluated using hearts
from abdominal aortic-banded (AAB) rats (a common
technique to induce cardiac hypertrophic growth), TRPC1
expression was significantly increased in the hearts of
AAB rats compared to sham-operated rats. Using primary
cultures of neonatal rat cardiomyocytes, it was shown
that expression of TRPCI, brain natriuretic peptide
(BNP), and atrial natriuretic factor (ANF), as well as
store-operated Ca*" entry (SOCE) and cell surface area,
was increased following endothelin-1 (ET-1) treatment.
Silencing of the TRPCI1 gene via small interfering RNA
(siRNA) could attenuate SOCE and prevented ET-1-,
angiotensin II- and phenylephrine-induced cardiac hyper-
trophy (Ohba et al. 2007). In addition to this, a recent
study using TRPC1 knockout mice, showed that they
are resistant to the induction of cardiac hypertrophy,
either in response to haemodynamic stress (through aortic
banding) or neurohormonal excess (through chronic
angiotensin infusion) (Seth et al. 2009).

Overexpression of TRPC3 in mouse cardiac myocytes
elicited increased store-operated Ca®t entry, increased
calcineurin-NFAT activation in vivo, cardiomyopathy, and
increased hypertrophy after neurohormonal excess or
hemodynamic stress stimulation. In effect, this study
suggests that enhanced store-operated Ca’" entry in the
heart can regulate calcineurin-NFAT signalling in vivo,
which secondarily impacts the hypertrophic response
and cardiomyopathy (Nakayama et al. 2006). In parallel,
another study showed that TRPC6 was upregulated in
mouse hearts in response to activated calcineurin and
pressure overload, as well as in failing human hearts.
Two conserved NFAT consensus sites in the promoter
of the TRPC6 gene conferred responsiveness to cardiac
stress. Cardiac-specific overexpression of TRPC6 in trans-
genic mice resulted in heightened sensitivity to stress, a
propensity for lethal cardiac growth and heart failure, and
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an increase in NFAT-dependent expression of S-myosin
heavy chain, a sensitive marker for pathological hyper-
trophy. These findings implicate TRPC6 as a positive
regulator of calcineurin-NFAT signalling and a key
component of a calcium-dependent regulatory loop that
drives pathological cardiac remodelling (Kuwahara et al.
2006). In a follow-up study, functional data suggest that
TRPC6 blockade might be a promising tool to prevent
the development of cardiac hypertrophy upon excessive
calcineurin-NFAT signalling (Kinoshita et al. 2010).

In a recent report, it was shown that in trans-
genic mice expressing, specifically in cardiac myo-
cytes, a dominant-negative (dn) TRPC3, dnTRPC6, or
dnTRPC4 construct the cardiac hypertrophic response
following either neuroendocrine agonist infusion or
pressure-overload stimulation is attenuated. dnTRPC
transgenic mice also were partially protected from loss
of cardiac functional performance following long-term
pressure-overload stimulation. They show less of a
reduction of fractional shortening in the ECG, they were
protected from lung oedema, which are characteristic
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for heart failure and showed less ventricular fibrosis
than WT controls. Importantly, adult myocytes isolated
from hypertrophic WT hearts showed a Ca’" influx
activity under store-depleted conditions that was not
observed in myocytes from hypertrophied dnTRPC3,
dnTRPC6, or dnTRPC4 hearts. Moreover, dnTRPC4
inhibited the activity of the TRPC3/6/7 subfamily in the
heart, suggesting that these two subfamilies function in
coordinated complexes. Mechanistically, it is suggested
that inhibition of TRPC channels in transgenic mice
or in cultured neonatal myocytes leads to significantly
reduced activity of the transcription factor NFAT, thereby
attenuating cardiac remodelling (Wu et al. 2010b).
Finally, data presented at the Leuven TRP2010
meeting suggest that in Trpcl/Trpc4~/~ mice the
isoproterenol-induced hypertrophy is reduced, whereas
the angiotensin II-induced hypertrophic response is
increased in Trpc3/Trpc6~/~ mice (Camacho-Londono
et al). Especially the latter data are somewhat
surprising considering the above-mentioned elements
that both TRPC3 and TRPC6 activity seem essential for
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Figure 1. Schematic summary of the role of TRP channels in cells of the cardiovascular system

Roughly TRP channels can be subdivided in two groups: Ca?* permeable and Ca?* impermeable cation channels.
Both will have an effect on intracellular Ca2* dynamics, either directly by providing a CaZ*t influx pathway, or
indirectly through membrane depolarisation, activation of voltage-gated Ca?* channels and/or influencing the
driving force for Ca?* entry. TRP channels might be activated directly by agonists, or indirectly through G-protein
coupled receptors. TRPC channels are Ca* permeable channels activated by G-protein coupled receptors (GPCR),
through Gg and phospholipase C. The resulting Ca%* influx apparently regulates specifically NFAT signalling and
development of cardiac hypertrophy, without changing the Ca?* transient during normal heart cycle. Ca* influx
either through TRP channels or voltage-gated Ca?* channel activation after TRP channel mediated depolarization is
linked with myosin light chain kinase phosphorylation and smooth muscle contraction during the development of
myogenic tone. A mechanically activated GPCR is linked with activation of TRPC6 and possibly TRPM4. Membrane
potential regulation by TRPM4 in cardicac Purkinje cells might be important for proper cardiac conduction of the
action potential through the heart. Through an unknown mechanism, TRPM4 also plays a role in the exocytosis
of adrenaline from chromaffin cells, regulating in this way the sympathetic control of blood pressure. For more

details and references, see the text.
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hypertrophic signalling, but further details are lacking at
the time of writing.

Thus, it is now extensively proposed that TRPC
channels are necessary components of pathological
cardiac hypertrophy, apparently predominantly by being
an essential part of the signalling pathway leading to
calcineurin-NFAT activation. The exact choreography of
how these channels each influences the development
of cardiac hypertrophy remains, however, a matter of
study. Notably, what seems to be lacking in this field
of study is a systematic analysis of cardiac hypertrophy
development of TRPC knockout mice, and in extenso
cardiac specific knockout mice. Especially considering the
repeated use of cardiac-specific overexpression constructs
(either WT or ‘specific’ dominant-negative genes), it
seems essential to delineate TRPC involvement in cardiac
hypertrophy to cardiac myocytes. Interestingly in this
regard, it was recently suggested that another transient
receptor potential channel (TRPM?7) is the molecular
basis of a major Ca’" permeable channel in human
atrial fibroblasts. Knocking down TRPM7 by small
hairpin RNA largely eliminates TRPM7 current in atrial
fibroblasts. More importantly, atrial fibroblasts from
atrial fibrillation patients show a striking upregulation
of TRPM7 mediated Ca®* influx and are more prone to
myofibroblast differentiation. Cardiac fibrosis contributes
to pathogenesis of atrial fibrillation (AF), and although
it has been suggested that Ca®' signals are involved
in fibrosis promotion, the molecular basis of Ca®t
signalling mechanisms and how Ca?" signals contribute
to fibrogenesis remained largely unknown. TRPM?7
gene knockdown markedly reduced basal AF fibroblast
differentiation, and aparrently transforming growth factor
(TGF)-B1, the major stimulator of atrial fibrosis, requires
TRPM7-mediated Ca** influx for its effect on fibroblast
proliferation and differentiation (Du et al. 2010). Thus it is
clear that TRP channels are not only functional in cardiac
myocytes but also influence Ca’*" signalling in cardiac
fibroblasts. This obviously has important consequences
for the pathogenesis of atrial fibrillation, but could also
have important implications for the development of
cardiac hypertrophy. Indeed, it has been shown extensively
that cardiac fibroblasts play an important role in the
development of this condition (Porter & Turner, 2009).
However, in this cell type hardly anything is known about
the role of TRP channels other than TRPM?7.

Conclusion

Figure 1 summarizes the role of TRP channels in cells of the
cardiovascular system. A role for TRP channels has now
been extensively shown in several cell types of the cardio-
vascular system, including endothelium, smooth muscle
and cardiac myocytes. Accordingly they play an essential
role in diverse functions such as blood pressure regulation,
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vascular myogenic tone, cardiac hypertrophy and cardiac
fibrosis. However, it is also clear that how TRP channels
function in these different cell types remains largely to
be determined in detail. There are clear indications for
the potential of TRP channel targeting pharmaca in the
treatment of cardiovascular disease, but a more detailed
knowledge of the cellular physiology of TRP channels will
increase our understanding of disease development and
could open even brighter perspectives for early detection
and prevention.
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