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bstract

Cell migration relies on a tight temporal and spatial regulation of the intracellular Ca2+ concentration ([Ca2+]i). [Ca2+]i in turn depends on
a2+ influx via channels in the plasma membrane whose molecular nature is still largely unknown for migrating cells. A mechanosensitive
omponent of the Ca2+ influx pathway was suggested. We show here that the capsaicin-sensitive transient receptor potential channel TRPV1,
hat plays an important role in pain transduction, is one of the Ca2+ influx channels involved in cell migration. Activating TRPV1 channels with
apsaicin leads to an acceleration of human hepatoblastoma (HepG2) cells pretreated with hepatocyte growth factor (HGF). The speed rises by
p to 50% and the displacement is doubled. Patch clamp experiments revealed the presence of capsaicin and resiniferatoxin (RTX)-sensitive
urrents. In contrast, HepG2 cells kept in the absence of HGF are not accelerated by capsaicin and express no capsaicin- or RTX-sensitive
urrent. The TRPV1 antagonist capsazepine prevents the stimulation of migration and inhibits capsaicin-sensitive currents. Finally, we

ompared the contribution of capsaicin-sensitive TRPV1 channels to cell migration with that of mechanosensitive TRPV4 channels that are
lso expressed in HepG2 cells. A specific TRPV4 agonist, 4�-phorbol 12,13-didecanoate, does not increase the displacement. In summary,
e assigned a novel role to capsaicin-sensitive TRPV1 channels. They are important Ca2+ influx channels required for cell migration.
2006 Elsevier Ltd. All rights reserved.
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. Introduction

Cell migration plays a pivotal role in many (patho-)
hysiological processes, including embryogenesis, wound
ealing, angiogenesis, cancer growth and inflammation [1].
t is a complex process that requires interaction between
ytoskeletal reorganization [2], formation and release of
ell–matrix contacts [3], exo- and endocytosis [4,5] as well

s function of ion channels and transporters [6–8]. Many
f the components of the cellular migration machinery are
egulated by the intracellular Ca2+ concentration ([Ca2+]i)

Abbreviations: TRP, transient receptor potential; [Ca2+]i, intracellular
a2+ concentration; HGF, hepatocyte growth factor; FCS, fetal calf serum
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9,10]. The important regulatory function of [Ca2+]i is also
eflected by the fact that [Ca2+]i is precisely controlled in a
patial and temporal manner. Many migrating cells exhibit
gradient of the intracellular Ca2+ concentration ([Ca2+]i),
hich shows higher values in the cell body (rear) than in

he lamellipodium (front) [11,12]. In addition to this spa-
ial redistribution of Ca2+, oscillations of [Ca2+]i serve as a
ransient component of Ca2+ signaling pathway in migrating
ells [9]. In order to achieve such a complex [Ca2+]i pattern,
a2+ influx and efflux pathways must be tightly regulated.
e recently showed that in migrating cells the Na+/Ca2+

xchanger is one of the major components of the Ca2+ efflux

achinery [13]. However, despite the importance of a tightly

egulated Ca2+ influx pathway there are only few studies in
hich Ca2+ influx channels required for cell migration were

dentified on a molecular level [10,14–16].

mailto:aschwab@uni-muenster.de
dx.doi.org/10.1016/j.ceca.2006.11.005
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Members of the transient receptor potential (TRP) chan-
el superfamily are good candidates for Ca2+ influx channels
nvolved in the regulation of [Ca2+]i in migrating peripheral
ells. TRP channels are expressed in almost every cell type
nd most of them are Ca2+ permeable [17,18]. Based on
tructural homology, TRP-related proteins are subdivided
nto seven subfamilies: TRPC (‘Canonical’), TRPV (‘Vanil-
oid’), TRPM (‘Melastatin’), TRPP (‘Polycystin’), TRPML
‘Mucolipin’), TRPA (‘Ankyrin’) and TRPN (‘NOMP’)
18–20]. Interestingly, hepatocyte growth factor (HGF)
odulates Ca2+ entry and mobilization [21,22]. HGF acts on

ells that express the Met tyrosine kinase receptor [23]. The
GF-Met binding promotes embryological development of

he central nervous system, kidney, mammary gland, and it is
ritical for tissue regeneration and wound healing [24]. Little
s known about modulation of ion channels by HGF. We
reviously showed that TRPV1 and TRPV4 provide Ca2+

ntry pathways in hepatoblastoma HepG2 cells, and that at
east TRPV1 is modulated by HGF [25]. TRPV1, a relatively
a2+ selective ion channel (PCa/PNa ∼ 10), mediates noci-
eption and contributes to the detection and integration of
iverse chemical and thermal stimuli [26–28]. TRPV4 is a
eat-activated and mechanosensitive channel [29–32] that is
ecessary for the maintenance of osmotic equilibrium [33].
RPV4 that is also expressed in HepG2 cells [25], is an espe-
ially attracting candidate, as it represents a Ca2+ pathway
hat is activated upon changes in cell shape, e.g. during cell
welling and shear stress [34]. Moreover TRPV4 is activated
y epoxyeicosatrienoic acids [31], which are important
nflammatory messengers that may mediate migration of
eukocytes towards sites of inflammation. Here we present
he first evidence that capsaicin increases migratory activity
nd induces large capsaicin-sensitive currents in HGF-
reated HepG2 cells. Application of capsazepine, a TRPV1
ntagonist, to HGF-treated HepG2 cells strongly impairs
oth migration and capsaicin-sensitive currents. The TRPV4
gonist 4�-PDD stimulates migration to a lesser extent. Thus,
ur data provide strong evidence that TRPV1 and TRPV4
re Ca2+ influx channels involved in the process of cell
igration.

. Materials and methods

.1. Cell culture

HepG2 cells were obtained from the American Type
ulture Collection (Manassas, VA). Cells were grown in
-flasks in Dulbecco’s modified Eagle’s medium (Gibco)
upplemented with 2 mM glutamine, 0.1 mM non-essential
mino acids, 1 mM sodium pyruvate, and 10% fetal
alf serum (FCS) at 37 ◦C in a humidified atmosphere

f 5% CO2. Twenty-four hours before the experiments,
epG2 cells were placed in FCS-free medium (pH 7.2)

upplemented or not with 20 ng/ml HGF (Research Diag-
ostics).
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.2. Migration experiments

Collagen matrices were prepared 24 h before migration
xperiments, using collagen solution (Biochrom) diluted in
tandard phosphate buffered saline buffer (PBS, 10 mM phos-
hate buffer pH 7.4, 137 mM NaCl, 2.7 mM KCl) to a
nal concentration of 0.4 mg/ml. HepG2 cells treated or not
ith HGF were seeded onto the collagen matrix 3 h before

he start of the experiment. Capsaicin (Calbiochem), cap-
azepine (Sigma), and 4�-PDD (Sigma) dissolved in DMSO
r ethanol, were added into medium 15 min prior to the exper-
ment. To discriminate effects of the solvent, appropriate
mounts of DMSO or ethanol were also tested in control
xperiments. Alternatively, HepG2 cells were kept in a mod-
fied Ringer solution (in mM: 97.9 NaCl, 30 KCl, 1.2 CaCl2,
.8 MgCl2, 5 glucose, 10 HEPES, pH 7.2 with 1N NaOH)
ontaining HGF and capsaicin throughout the entire course
f the migration experiment. The culture flasks with the cells
ere placed into an electronically controlled heating chamber

37 ◦C) on the stage of an inverted Axiovert 25 or Axiovert
0C microscopes (Carl Zeiss) and migration was moni-
ored by time lapse video recordings as described previously
13,35]. The video signal was captured in 10 min intervals for
h with HiPic software (Hamamatsu). The circumferences
f cells were defined with Amira software (Mercury Com-
uter Systems, Düsseldorf, Germany) and the displacement
given in �m) was calculated for each cell as the distance
overed by the cell center within 5 h. The velocity (v; given
n �m/min) was calculated from the movement of the cell
enter over time, using a three-point difference [13,35]. The
isplacement is a measure of sustained directional migra-
ion while the velocity also strongly reflects lamellipodial
ynamics.

.3. Patch clamp experiments

The standard extracellular solution for electrophysiolog-
cal measurements contained (in mM) 150 NaCl, 6 CsCl,

MgCl2, 1.5 CaCl2, 10 glucose, 10 Hepes, pH 7.4 with
aOH. The pipette solution was composed of (in mM) 20
sCl, 100 cesium aspartate, 1 MgCl2, 4 Na2ATP, 10 Hepes,
0 EGTA, 5.56 CaCl2. The free Ca2+ concentration in this
olution reaches ≈200 nM.

Whole-cell membrane currents were measured with an
PC-10 (HEKA Elektronik; sampling rate, 1 ms; 8-Pole
essel filter 2.9 kHz) using ruptured patches. Patch elec-

rodes had a dc resistance between 2 and 4 M� when filled
ith intracellular solution. An Ag–AgCl wire was used as a

eference electrode. Capacitance and access resistance were
onitored continuously. Between 50% and 70% of the series

esistance was electronically compensated to minimize volt-
ge errors. Currents were evoked using a ramp protocol,

onsisting of a voltage step from the holding potential of 0 mV
o −100 mV followed by a 400 ms linear ramp to +100 mV,
hich was repeated every 2 s. To calculate current densities,

ell membrane capacitance values were used.
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.4. Protein extraction and immunodetection

Whole cell extracts from HepG2 cells incubated or not
ith HGF were isolated using a protocol described previously

25]. Briefly, HepG2 cells were washed with a cold PBS.
ells were lysed in lysis buffer (PBS with 1.5% Triton X-100,
.2% sodium dodecylsulfate (SDS), 1 mmol/l phenylmethyl-
ulfonyl fluoride (PMSF) and protease inhibitors (10 �g/ml
eupeptin and antipain, 2 �g/ml chymostatin and pepstatin))
sing a syringe with 0.6 mm needle. After a 30-min incuba-
ion on ice, cell lysates were clarified by centrifugation at
4,000 × g for 15 min at 4 ◦C. Samples (40 �g) were sol-
bilized in sample buffer (240 mmol/l Tris, pH 6.8, 30%
lycerol, 6% sodium dodecyl sulfate (SDS), 3% dithiothre-
tol, 0.015% bromophelol blue) by heating to 56 ◦C for
5 min and then subjected to 8% SDS-polyacrylamide gel
lectrophoresis (SDS-PAGE), blotted onto a PVDF mem-
rane (Bio-Rad), and probed with purified polyclonal goat
nti-TRPV1 (Santa Cruz Biotechnology, Inc.) or monoclonal
ouse anti-�-tubulin (Sigma) antibodies. To control speci-

city of TRPV1 immunodetection, anti-TRPV1 antibodies
ere pre-incubated with 10-fold excess of the specific block-

ng peptide (Santa Cruz Biotechnology, Inc.) for 90 min and
hen used for immunodetection. Immunoreactive complexes

i
s
1
w

ig. 1. Analysis of migration experiments. A, B and C show time lapse video mic
uring a 5 h period. The circles indicate the current position along the trajectories. C
timulatory effect of TRPV1 and TRPV4 activation on HepG2 cell migration. The d
resence of 100 nM capsaicin (B) or 1 �M 4�-PDD (C). D, E and F depict the tra
onitored under control conditions (D) and in the presence of 100 nM capsaicin (
ithin 5 h.
m 42 (2007) 17–25 19

ere visualized by chemiluminescence, using anti-goat or
nti-mouse IgG antibodies conjugated to horseradish perox-
dase (Amersham Biosciences). Densitometric analysis was
erformed using TotalLab ver. 2003.03 software (Nonlinear
ynamics Ltd.). When required, the bound antibodies were

emoved using Re-Blot Plus mild antibodies stripping solu-
ion according to the manufacturer’s instructions (Chemicon
nternational, Inc.).

.5. Measurements of the intracellular Ca2+

oncentration

On the day of the experiment, HepG2 cells were seeded
nto collagen-coated glass cover slips and stored for 3 h in
EPES-buffered culture medium (pH 7.2) at 37 ◦C (all sub-

equent solutions and steps were at 37 ◦C). After variable
eriods of preincubation with or without capsaicin, the cells
ere loaded with the Ca2+ indicator Fura-2 (3 �M; Molecular
robes) for 15 min and immediately placed on the stage of an

nverted Axiovert 200 microscope (Carl Zeiss). During exper-

ments, the cells were continuously superfused with Ringer’s
olution (in mM: NaCl 122.5, KCl 5.4, MgCl2 0.8, CaCl2
.2, NaH2PO4 1.0, d-glucose 5.5, HEPES 10.0, pH 7.2),
hich contained, if applied, the same amount of capsaicin

rographs taken in 100 min intervals. They show the paths of HepG2 cells
ells are pretreated with HGF (20 ng/ml for 24 h). The figure illustrates the

istance the cell moved under control conditions (A) was shorter than in the
jectories of individual cells shifted to a common starting point. Cells were
E), or 1 �M 4�-PDD (F). The circles indicate the mean distances covered
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s in the initial preincubation step. Excitation wavelength
lternated between 334 nm and 380 nm. The emitted fluores-
ence was monitored at 500 nm, using the CoolSnap camera
Visitron Systems) and the monochromator and data acqui-
ition were controlled by the Metafluor software (Visitron).
verage fluorescence intensities (corrected for background
uorescence) were measured in 20-s intervals for 10–20 min

n demarcated regions of interest placed over the projected
ell surface. [Ca2+]i was calculated as described elsewhere
36].

.6. Statistics

All experiments were repeated at least three times and data
re expressed as mean value ± S.E.M. Significant difference
etween individual groups was tested by using Student’s t-test
p < 0.05).

. Results

.1. Capsaicin and 4α-PDD stimulate migration of
epG2 cells

HepG2 cells preincubated with HGF (20 ng/ml, 24 h) dis-
layed weak migratory activity with rather little lamellipodial
ynamics (Fig. 1A and Video 1 in supplementary data).
irect application of 100 nM capsaicin, a specific TRPV1

ctivator, enhanced migration (Fig. 1B and Video 2 in sup-
lementary data). Capsaicin-stimulated HepG2 cells covered
ithin 5 h of the experiment 30.3 ± 4.4 �m with a velocity of
.19 ± 0.02 �m/min (n = 29), whereas the control cells with-
ut capsaicin application within the same time of experiment
overed a smaller distance of 15.7 ± 1.7 �m with a veloc-
ty of 0.13 ± 0.01 �m/min (n = 64; Fig. 1D and E; Fig. 2A
nd B). The effect of capsaicin on migration of HGF-treated
epG2 cells was dose-dependent, displaying an increased
isplacement and velocity at low concentrations (10 nM and
00 nM), whereas higher concentrations (1 �M and 10 �M)
id not show any effect (Supplementary Fig. 1). Furthermore,
pplication of 20 �M capsazepine, a specific TRPV1 antago-
ist, completely abolished the stimulatory effect of capsaicin
n migration of HGF-treated HepG2 cells, leading to the dis-
lacement of 5.70 ± 0.9 �m within 5 h and the velocity of
.05 ± 0.003 �m/min (n = 39; see Fig. 2A and B). The appli-
ation of 1 �M 4�-PDD, the most specific TRPV4 agonist,
ed predominantly to increased lamellipodial dynamics in
GF treated HepG2 cells (Video 3). This was reflected by
rise of the velocity to 0.17 ± 0.02 �m/min (see Fig. 2B and
ideo 3). The displacement, however, was not statistically
ifferent from control conditions (19.4 ± 2.1 �m within 5 h;
= 55; see Fig. 2A). Interestingly, in HepG2 cells not treated

ith HGF, capsaicin and 4�-PDD did not evoke any further

ncrease of migration (Fig. 2A and B). Taken together, all
hese results indicated the involvement of TRPV1 and most
ikely TRPV4 in migration of HGF-treated HepG2 cells.

a
a
c
8

ig. 2. Summary of migration experiments. (A) Compares the displacement
nd (B) the velocity of HepG2 cells under different conditions. (*) <0.05
ith respect to control experiments with HGF only.

.2. HGF regulates TRPV1 channel function in HepG2
ells

Previous results obtained via calcium imaging experi-
ents clearly demonstrate that the HGF treatment modulates

he TRPV1-dependent Ca2+ entry pathway in migrating
epG2 cells [25]. In order to further investigate the role
f TRPV1 channels in migration of HepG2 cells, we
erformed series of whole-cell patch-clamp experiments.
irect superfusion with 10 �M capsaicin (Fig. 3B and D) or
�M resiniferatoxin (RTX) (Fig. 3C) evoked large whole
ell currents in HepG2 cells pretreated with HGF, while
o additional current was observed in non-HGF-treated
epG2 cells (Fig. 3A and C). These capsaicin-induced

urrents were partially blocked by 20 �M capsazepine
Fig. 3B), demonstrating that TRPV1 was a Ca2+ influx
hannel involved in migration of HGF-treated HepG2
ells.

In order to investigate the effect of HGF on the functional
xpression of TRPV1, we performed the Western blot

nalysis of whole-cell extracts prepared from HGF-treated
nd non-treated HepG2 cells. Immunodetection with spe-
ific anti-TRPV1 antibodies led to the identification of a
5–90 kDa band that corresponds to the predicted molecular
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Fig. 3. Electrophysiological analysis of TRPV1 currents in HepG2 cells. A and B show the analysis of two whole-cell patch clamp experiments in HepG2
cells without (A) and with HGF pretreatment (B). Outward currents measured at +80 mV (open circles) and inward currents at −100 mV (black circles).
Capsaicin-activated current could be partially blocked by capsazepine (20 �M) in HGF-treated HepG2 cells (B). (C) Maximal increases in outward-current
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was sustained also at later time points relevant for the time
ensity at +80 mV upon stimulation with 5 �M resiniferatoxin (RTX). (D) C
ells after application of capsaicin.

eight of TRPV1 (Fig. 4A). Detection of this band was
ompletely absent when the Western blot membrane was
robed with the anti-TRPV1 antibodies incubated with the
pecific blocking peptide, confirming immunodetection of
RPV1 channels in HepG2 cells (Fig. 4A). Densitometric
nalysis showed no differences in TRPV1 band intensities
n either HGF-treated or non-treated HepG2 cells (Fig. 4B),
uggesting that HGF could either modulate activation of
RPV1 channels already inserted in the plasma membrane
r enhance recruitment of the channels to the plasma
embrane.

.3. Hyperpolarization of cell membrane is required for
RPV1-dependent migration of HepG2 cells

HGF increases K+ channel activity and thereby
yperpolarizes the cell membrane potential [37]. Such
yperpolarization would potentially have an effect on cell
igration as a result of an increased driving force for inward

urrents through TRPV1 channels. In order to test this
ypothesis we carried out migration experiments in which
e attenuated the effects of a possible membrane hyperpo-
arization by incubation of HepG2 cells in a Ringer’s solution
hat contained 30 mM K+. Under these conditions, 100 nM
apsaicin did not have any effect on migration of HepG2
ells, indicating that hyperpolarization of the cell membrane

c
w
o
a

oltage relation obtained at the indicated time points in HGF-treated HepG2

s essential for the TRPV1-dependent stimulation of HepG2
ell migration. The displacement was 22.7 ± 2.9 �m (n = 36)
nd 22.9 ± 3.9 �m (n = 36) in the presence and absence of
apsaicin, respectively.

.4. Capsaicin increases [Ca2+]i

Physiologically, Ca2+ ions are the major charge carriers
or TRPV1-mediated currents. Hence, TRPV1 activation in
GF-treated HepG2 cells was expected to lead to an increase
f [Ca2+]i. Fig. 5 summarizes the acute effects and those
f 30 min preincubation of HGF-treated HepG2 cells with
ifferent capsaicin concentrations. This treatment resulted
n a significant increase of [Ca2+]i. In the vast majority
f cells, the initial rise of [Ca2+]i was slow and steady.
nly in the presence of 100 nmol/l capsaicin the rise of

Ca2+]i also had a transient component as shown in Fig. 5A.
he maximal long-term increase of [Ca2+]i was evoked by
�M capsaicin application, while 10 �M capsaicin elicited
much smaller [Ca2+]i increase, most likely due to desen-

itization of TRPV1. Importantly, the elevation of [Ca2+]i
ourse of migration experiments. [Ca2+]i of HepG2 cells
as still at 158 ± 11 nmol/l (n = 36) after 3 h in the presence
f 100 nmol/l capsaicin, and it was 449 ± 23 nmol/l (n = 29)
fter 5 h of 1 nmol/1 capsaicin.
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Fig. 4. Detection of TRPV1 in HepG2 cells. (A) Whole cell extracts (40 �g)
isolated from HepG2 cells incubated (+) or not (−) with HGF (20 ng/ml;
24 h) were separated by SDS-PAGE and probed with anti-TRPV1 antibodies.
As a control of TRPV1 detection, anti-TRPV1 antibodies were pre-incubated
with 10-fold excess of the blocking peptide for 90 min and then used for
immunodetection. The equal loading of protein extracts was assessed by
r
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Fig. 5. Measurements of the intracellular Ca2+ concentration. (A) Shows
the acute effect of the application of various concentrations of capsaicin. (B)
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eblotting with anti-�-tubulin antibodies. (B) Densitometric analysis of the
RPV1 protein level in HepG2 cells incubated (+) or not (−) with HGF. Data

rom three independent sets of experiments were normalized to �-tubulin and
resented as TRPV1/�-tubulin protein ratio.

. Discussion

Function of the Ca2+ influx machinery is important for the
aintenance of regulated temporal and spatial [Ca2+]i gra-

ients that control cell migration. It has been proposed that
echanosensitive cation channels could play a crucial role

n mediating Ca2+ influx needed for migration of peripheral
ells [1,38]. Nevertheless, we show here for the first time that
RPV1 is a major physiological Ca2+ influx channel required

or migration of HGF-pretreated human hepatoblastoma
epG2 cells. In contrast, stimulation of the mechanosensitive
RPV4 channel [29,39–41] has a smaller effect on migra-

ion. Our observations on 4�-PDD-stimulated HepG2 cells
re consistent with previous findings obtained in fibroblasts
hat showed a similar migration rate as HepG2 cells [38].
locking mechanosensitive Ca2+-influx at the leading edge
f the lamellipodium reduced the velocity of fibroblasts [38].
ere we show that activation of mechanosensitive TRPV4

hannels led to increased lamellipodial dynamics pointing to
he importance of the mechanosensitivity of the frontal region
f migrating cells.
Capsaicin, a pungent substance in red chili peppers, is
specific agonist of TRPV1 [26]. It has been previously

eported that intradermal application of capsaicin to wild
ype mice leads to maturation of dendritic cells and their

m
C
b
a

epicts the mean [Ca2+]i reached after a 30 min incubation period with cap-
aicin. 1 �mol/l capsaicin produces the strongest increase of the intracellular
a2+ concentration.

ccumulation in the draining lymph nodes. Such stimulation
as not been observed in TRPV1 knock-out mice, suggest-
ng a link between TRPV1 and migration of dendritic cells
o the draining lymph nodes [42]. However, since TRPV1
hannels are not expressed in dendritic cells, the effect of
apsaicin on dendritic cells was interpreted as an indirect one
nvolving neurogenic inflammatory cascades in the skin [43].

ore recently, TRPV1 seems to be involved in migration of
eutrophils via leukotriene B4 receptor (LTB4) activation.
ompounds that block both LTB4 and TRPV1 activation
ighly attenuate neutrophil activation and migration [44].
ere, we provide a direct proof on a single cell level that stim-
lation of TRPV1 channels enhances the migratory activity.
ost likely, the increase of the intracellular Ca2+ concentra-

ion following the Ca2+ influx via TRPV1 plays a key role
n this process [25]. A number of calcium-sensitive targets
hat a part of the intracellular migration machinery such as
yosin light chain kinase, gelsolin, nonmuscle �-actinin or
a2+-sensitive phosphatases like calcineurin or calpain, may
e involved in mediating the stimulatory effect of TRPV1
ctivation on migration [45–50].
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In addition, a dynamic reorganization of microtubules may
lso participate in the capsaicin-dependent stimulation of
igration [51]. It has been shown that the C-terminal part

f TRPV1 interacts with microtubules and thereby stabi-
izes them while the activation of TRPV1 channels promotes
he disassembly of dynamic microtubules [52]. Assuming
hat TRPV1 channels, similarly to TRPC1 channels in neu-
rophils [53], are concentrated at the leading edge of HepG2
ells, activation of TRPV1 with capsaicin would reinforce the
symmetry of microtubules. Microtubules are more stable at
he cell front than at the trailing edge [54]. Thus, a moder-
te activation of TRPV1 channels with low concentrations of
apsaicin could modify the microtubule dynamics at the rear
art of the cells in a way that allows an easier retraction of this
ell pole and thereby stimulates migration. The disruption of
he dynamic microtubule network following the application
f high concentrations of capsaicin (≥1 �M) could explain
hy only low doses of capsaicin (≤100 nM) stimulate migra-

ion of HepG2 cells. Unfortunately, due to a considerable
egree of cross reactivity of the TRPV1-antibodies with other
nidentified proteins (see Fig. 3A), we were not able to deter-
ine the cell surface distribution of the endogenous TRPV1

hannels in HepG2 cells and their possible colocalization
ith microtubules.
The role of HGF in increasing the sensitivity of HepG2

ells to stimulation with capsaicin is still unclear. Our data
learly show that the total amount of TRPV1 channels is
ot changed after HGF treatment (Fig. 3). Nonetheless,
GF evokes TRPV1 channel activity as revealed by our
atch clamp experiments (Fig. 2). We suggest that HGF
ay create a permissive cellular environment that facilitates

ctivation of TRPV1 channels in the plasma membrane or
nhances recruitment of the already expressed channels
o the plasma membrane. An alternative mechanism may
nvolve the HGF-dependent upregulation of �2�1 integrins
55] that mediate cell contacts to a collagen I matrix, which
as been used in our study. Further studies are required to
lucidate the underlying mechanism.

It is noteworthy that capsaicin elicits a sustained effect on
epG2 cell migration. The velocity is even slightly higher

owards the end of the experiment than at its start. In patch
lamp studies capsaicin-induced currents desensitized within
few seconds (Fig. 2B), reconfirming the well-documented

apid desensitization of TRPV1 channels to capsaicin
44,56]. The possible explanation of this discrepancy is that
uch a rapid desensitization is likely not to reflect the phys-
ological conditions found in a cell. We therefore suggest
hat desensitization and recovery of TRPV1 channels are
n an equilibrium during the prolonged exposure of HepG2
ells to capsaicin in our migration experiments. Desensi-
ization and recovery of TRPV1 channels depend on their
ephosphorylation/phosphorylation states and the synthesis

f phosphatidylinositol 4,5-bisphosphate, respectively [57].
nhibition of the Ca2+ sensitive phosphatase calcineurin
trongly attenuates desensitization of TRPV1 channels [56].

similar effect is also observed upon addition of ATP to the
[

m 42 (2007) 17–25 23

ntracellular pipette solution and activation of protein kinase
[56,57]. Thus, the sustained stimulation of migration

y capsaicin is probably due to a sustained elevation of
RPV1 channel activity. However, we cannot rule out the
ossibility that an increase of [Ca2+]i triggers activation of
ranscription of early genes that are involved in cell migration
58].
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