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1. Introduction
Severe corneal injury can result in losses in transparency as a result of scarring and
inflammation that occur during wound healing. This inappropriate response is due to
specific increases in matrix metalloproteinase expression, dysregulated inflammation and
myofibroblast transdifferentiation (Gordon et al., 2009; Gronert, 2010; Yamanaka et al.,
2010). One of the receptors in mice activated by injury that contributes to such an
inappropriate outcome is the transient receptor potential vanilloid subtype 1 (TRPV1)
channel (Okada et al., 2011) since in wildtype mice endogenous TRPV1 agonists such as
endovanilloids, endocannabinoids and lipooxygenase products elicit tissue fibrosis and
dysregulated immune cell infiltration whereas in TRPV1-/- mice corneal transparency was
completely restored. The dependence of these sight compromising responses on TRPV1
activation was validated based on no increases in proinflammatory cytokine and
chemoattractant release by cultured TRPV1-/- mouse ocular fibroblasts (Okada et al., 2011)
whereas in wildtype fibroblasts injury-induced increases in transforming growth factor
(TGF)-β1, IL-6, MCP-1 and VEGF gene expression (Jester et al., 1999). However, there are
no reports on the role of TRPV1 in primary cultures of human corneal stromal fibroblasts
(HCF) in mediating such responses.

TRPV1, a nonselective cation channel, was originally discovered as a pain transducer in
sensory neurons (Caterina et al., 1997). Recently, its expression has also been described in a
host of non-excitable human tissues including corneal epithelial and endothelial cells, in the
ophthalmic branch of the trigeminal nerve as well as gingival, synovial, dermal and
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bronchial fibroblasts (Murata and Masuko, 2006; Engler et al., 2007; Zhang et al., 2007;
Mergler et al., 2011; Vennekens et al., 2008; Jain et al., 2011; Ozturk and Yildiz, 2011;
Sadofsky et al., 2012). TRPV1 was first characterized as a receptor for capsaicin (CAP), a
spicy ingredient in chili pepper. Later on, it was recognized as a polymodal receptor
activated by diverse environmental stresses to mediate inflammatory responses. (Nilius and
Voets, 2005); (Minke, 2006) Subsequent to corneal injury, TRPV1 activation can occur due
to damage mediated release of the aforementioned endogenous agonists as well as multiple
lipid metabolites and lipoxygenase products such as anandamide (Rosenbaum and Simon,
2007). Another activator is acidosis (i.e. pH<6) that can arise from bacterial infection
subsequent to compromise of the corneal epithelial barrier function by injury. TRPV1
functional expression in many isolated tissue types has been characterized based on the
ability of CAP to induce diverse signaling events leading to increases in proinflammatory
cytokine and chemoattractant release (Zhang et al., 2007; Wang et al., 2011c).

We describe here in HCF TRPV1 mRNA protein and functional expression. CAP induced
increases in nonselective cation channel whole cell currents that in part are accounted for by
intracellular Ca2+ transients leading to global ERK1/2, JNK/SAPK and p38 MAPK
activation. The increases in IL-6 release elicited by CAP occur solely as a consequence of
p38 pathway activation. Therefore, increases in IL-6 release induced by TRPV1 activation
on HCF can contribute to corneal opacification.

2. Materials and Methods
2.1. Reagents

TRPV1 agonist capsaicin (CAP), TRPV1 antagonist capsazepine (CPZ), p38 MAPK
inhibitor SB203580, JNK1/2 MAPK inhibitor SP600125, ethylene glycol-bis(2-
aminoethylether)-tetraacetic acid (EGTA) were purchased from Sigma-Aldrich (St. Louis,
MO). Anti-phospho-ERK1/2 (sc-7383), GAPDH (sc-137179), TRPV1 (H-150) antibodies
and NIH/3T3+heat shock cell lysates (sc-2217) were from Santa Cruz Biotechnology (Santa
Cruz, CA). Anti-phospho-p38 (9215), total-p38 (9212), phospho-JNK/SAPK (9251)
antibodies were purchased from Cell Signaling Technology (Danvers, MA).

2.2. Cell culture
Human cadaver corneas were obtained from National Disease Research Interchange
(NDRI). Stromal keratocytes (fibroblasts) were isolated as previously described (Bernstein
et al., 2004). Fresh keratocytes were cultured in Dulbecco's Modified Eagle's Medium/Ham's
Nutrient Mixture F-12 (DMEM/F12; Gibco, Invitrogen, Paisley, UK) plus 10% fetal bovine
serum (FBS; Gibco, Invitrogen, Grand Island, NY) medium so as to generate fibroblasts.
Cells were used up to eight passages. All the experiments were done in supplemented
serum-free medium (SSFM) (Wang et al., 2011a). After reaching 80-90% percent
confluence, cells were serum-starved in DMEM/F12 supplemented with 0.5% FBS for 24 h
followed by additional 24 h starvation in SSFM. Quiescent cells were subjected to
experiments. Cell viability was confirmed based on measurements in an Accuri C6 flow
cytometer (BD, Ann Arbor, MI) using propidium iodide (1 μg/ml, MP Biomedical) nucleic
acid staining (data not shown).

2.3. Quantitative real-time PCR
Quantitative RT-PCR was performed as previously described (Akinci et al., 2009). Briefly,
total RNA was isolated from human corneal fibroblasts (human corneal stromal keratocytes)
using TRIzol® Reagent RT (Ambion, Austin, TX). RNA (2 μg) was transcribed into cDNA
using reverse transcriptase (Omniscript™; Qiagen, Valencia, CA). No attempt was made to
remove residual genomic DNA, but an identical mock reaction omitting the enzyme was
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carried out in parallel. Triplicate samples of the products of these reactions were subjected to
quantitative real-time PCR in an ABI PRISM 7900H sequence detection instrument
(annealing: 15 s at 55°C; DNA melting: 10 s at 95°C) using TaqMan® Gene Expression
Master Mix (Applied Biosystems, Foster City, CA) and an amount of cDNA derived from
10 ng RNA. Two sets of TRPV1 (accession no. NM_080706) custom primers (Invitrogen,
Grand Island, NY) were: 1) 5’-GCGACAGTTTTCAGGTCTC-3’ (forward) and 5’-
GTTGACAGTGCTGTCTGCGT-3’ (reverse), generating a 103 bp product; 2) 5’-
TGCAGAACTCCTGGCAGAC-3’ (forward) and 5’-CACAAACTTCGTGTTGTCGG-3’
(reverse), generating a 113 bp product. Beta-actin primers were used to generate a
housekeeping mRNA for normalizing TRPV1 gene expression.

2.4. Immunocytochemistry
Cells seeded on 10-mm circular coverslips (Fisher Scientific, Pittsburgh, PA) were washed
twice with HEPES-buffered Ringer's solution, fixed on ice for 30 min in 4%
paraformaldehyde, washed three times with HEPES Ringer's solution, and then rendered
permeable using 0.1% Triton X-100 solution (Zhang et al., 2007). After blocking with 10%
bovine serum albumin (BSA), cells were exposed overnight at 4°C to primary antibody plus
1% BSA. Omission of the TRPV1 primary antibody provided a negative control to validate
its selectivity. After three washes with HEPES Ringer's solution, cells were incubated with
secondary antibody for 1 h and mounted with DAPI containing medium (sc-24941, Santa
Cruz Biotechnology, Santa Cruz, CA) overnight at 4°C. Fluorescence was visualized using a
Zeiss Axiovert 200 inverted epifluorescent confocal microscope equipped with AxioCam
and Zeiss AxioVision 4.8.2 software (Carl Zeiss Inc) and a plan-apochromat 63× objective.
Confocal images were acquired as z-stacks by obtaining sequential optical sections at 0.25
μm z-intervals and processed using Adobe® Photoshop 7.0 software (Adobe Systems, Inc.,
San Diego, CA).

2.5. Western Blot Analysis
Cells were washed twice in cold phosphate-buffered saline (PBS) and harvested in cell lysis
buffer followed by sonication and centrifugation (13,000 rpm for 15 min at 4°C) (Wang et
al., 2011c). Bicinchoninic acid assay determined the protein concentration of each lysate
(micro BCA protein assay kit; Pierce Biotechnology, Rockford, IL). After boiling samples
for 5 min, 20-50 μg denatured protein was electrophoresed in 10% polyacrylamide sodium
dodecylsulphate (SDS) mini-gels, followed by blotting onto an Immun-Blot PVDF
membrane (Bio-Rad, Hercules, CA). Membranes were blocked with 5% fat-free milk in 1×
TBS buffer-0.1% Tween-20 for 1 h at room temperature and then reacted at 4°C overnight
with a primary antibody of interest. Membranes were incubated with 1:2000 dilution of a
secondary antibody for 1 h at room temperature. Immunobound antibody was visualized
using an enhanced chemiluminescence detection system ECL Plus (GE Healthcare,
Piscataway, NJ). Data were analyzed by densitometry (SigmaScan Pro; Sigma). All
experiments were repeated at least three times unless otherwise indicated.

2.6. Single cell fluorescence imaging
Cells grown on 22-mm diameter coverslips (Fisher Scientific, Pittsburgh, PA) were loaded
with 2 μM fura2-AM (Molecular Probes, Eugene, OR) at 37°C for 30 min and then washed
with NaCl Ringer's solution containing (in mM): NaCl (141), KCl (4.2), CaCl2 (0.8),
KH2PO4 (2), MgCl2 (1), glucose (5.5), and HEPES (10) with an osmolarity of 300 mOsm
and pH 7.4. Following dye loading, single-cell fluorescence imaging was performed on the
stage of an inverted microscope (Nikon Diaphot 200) using a chamber with a coverslip
formed base. For the experiments requiring Ca2+-free conditions, cells were first pre-
incubated with a Ca2+-free counterpart plus EGTA (2 mM) for 10 min. Cells were then
alternately illuminated at 340 and 380 nm, and emission was monitored every 3 s at 510 nm
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using a Roper Scientific CCD camera. Each field of interest contained ~15-20 cells.
Changes in intracellular Ca2+ levels, [Ca2+]i, were analyzed using Ratio Tool software (Isee
Imaging, Durham, NC).

2.7. Whole-cell patch clamp
The whole-cell mode of the planar patch-clamp technique (port-a-patch©, Nanion, Munich,
Germany) was used as previously described (Mergler et al., 2012). In brief, a calcium free
standard intracellular solution was applied to the microchip, which contained (in mM): NaCl
(150), MgCl2 (3), EGTA (5) and HEPES (10) at pH 7.2. Cells were pretreated with trypsin/
EDTA to obtain a single cell suspension and pipetted onto a microchip. The standard
extracellular bath solution contained (in mM): Na-gluconate (150), CsCl (6), MgCl2 (1),
CaCl2 (1.5), glucose (10) and HEPES (10) at pH 7.4. Na-gluconate was used instead of
NaCl to avoid any possible confounding anion channel outward currents (chloride). The
resistance of the microchip corresponds to a pipette resistance of 2–5 MΩ. Suction was
applied to allow formation of the whole-cell configuration. Membrane currents were
recorded using an EPC 10 with Patchmaster software version 2.5 for Windows (HEKA,
Lamprecht, Germany). Series resistance errors as well as fast and slow capacitance
transients were compensated with the patch-clamp amplifier in conjunction with the
software. All experiments were performed at room temperature (≈18–23°C). Channel
behavior was characterized based on responses to voltage protocols and perfusion of
appropriate chemical modulators. The holding potential (HP) was set to 0 mV to eliminate
any possible contributions by voltage-dependent Ca2+ channel activity. Whole-cell currents
were recorded for 400 ms using voltage steps ranging between -60 and +130 mV (10 mV
increments). The resulting currents were normalized to cell membrane capacitance resulting
in current density ([pA/pF]). All plots were generated with SigmaPlot software and an
electrophysiology module. Bar charts were plotted with GraphPad Prism version 5 for
Windows (GraphPad Software, San Diego, California USA).

2.8 Small interfering RNA transfection
Small interfering RNA (siRNA) transfection was performed per manufacturer's instructions
(Santa Cruz Biotechnology, Santa Cruz, CA). Briefly, cells were grown in six-well plates to
40% confluence in antibiotic-free 10% FBS-containing medium. For each transfection, 6 μl
TRPV1 siRNA duplex (sc-36826A, Sense: GAAGACCUGUCUGCUGAAAtt. Antisense:
UUUCAGCAGACAGGUCUUCtt. sc-36826B, Sense: CGAGCAUGUACAAUGAGAUtt;
Antisense: AUCUCAUUGUACAUGCUCGtt; sc-36826C, Sense:
CGCAUCUUCUACUUCAACUtt; Antisense: AGUUGAAGUAGAAGAUGCGtt.) was
mixed with 6 μl of transfection reagent (sc-29528) in 200 μl transfection medium
(sc-36868). Mixtures were incubated for 30 min at room temperature. Each well was washed
with 2 ml transfection medium once and then filled with prepared reagent mixture plus 0.8
ml transfection medium. After incubation overnight, an additional 1 ml of medium
supplemented with 20% FBS was added to each well for another 24 h. Transfection mixture
was removed and replaced with normal growth medium. All experimental measurements
were performed 72 h following transfection. Western blot analyses were performed to
evaluate the extent of TRPV1 gene knockdown. Scrambled siRNAs (sc-37007) were used as
a control for monitoring non–sequence-specific effects.

2.9 Enzyme-linked immunosorbent assay (ELISA)
IL-6 ELISA was performed on a cell culture supernatant according to the manufacturer's
instructions and normalized by the total amount of protein obtained by dissolving the
washed cells in 2% SDS and 0.5N NaOH (R&D Systems; Minneapolis, MN). Each
experiment was repeated three times.
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2.10. Statistical analysis
All results are reported as means ± SEM. Statistical significance was assessed using the
paired Students t-test. P values of less than 0.05 were considered significant.

3. Results
3.1. TRPV1 expression identification

In-situ human corneal stromal fibroblast (keratocyte) TRPV1 expression was recently
identified (Zhang 2007). We validated the relevance of using HCF to probe for TRPV1
functional expression by employing three different independent protocols to probe for
TRPV1 expression. Quantitative RT-PCR results showed reverse transcriptase-dependent
generation of products for both β-actin and TRPV1 in both the HCF and human corneal
epithelial cells (HCEC) (Fig. 1A). The presence of TRPV1 in the latter was demonstrated
previously (Zhang et al., 2007). Melting curve overlap indicates the generation of a single
product (Fig. 1A, insert). Comparisons of Cts suggest that the level of TRPV1 gene
expression relative to the β-actin level was about 8-fold lower in the HCF than in HCEC.
Western blot analysis revealed TRPV1 protein expression (Fig. 1B). The 100 kDa band
shown matches the reported apparent molecular weight of TRPV1 (Zhang et al., 2007),
which also resembles the band obtained from heat-shock treated NIH/3T3 whole cell lysates
(a positive control). Immunocytochemical TRPV1 expression localization shown in figure
1C indicates dense TRPV1 staining along the cell membrane perimeter as well as in the
cytoplasmic and perinuclear regions. Figure 1D provides an image of cells not exposed to
the primary antibody viewed at the same magnification. Absence of staining validates its
selectivity to identify cellular TRPV1 expression.

3.2. TRPV1 channel functional characterization
Figure 2A shows CAP (20 μM) rapidly increased [Ca2+]I about two-fold followed by a
gradual decline to its baseline level after 500 s. Such increases were blocked either by pre-
incubation with capsazepine (CPZ, 10 μM), or exposure to Ca2+ free/EGTA medium (Fig.
2B). These inhibitory effects are supportive of functional cell membrane TRPV1 expression.

To further validate TRPV1 functionality, we probed for currents arising from exposure to
CAP. The whole-cell mode configuration and the experimental protocol shown in Figure
3A/B were used. The holding potential was set to 0 mV to eliminate the possibility of
activating voltage-dependent channels. The current responses in the presence and absence of
CAP as well as CAP plus CPZ are shown in Figure 3C/D/E. CAP increased outward
currents at voltage steps above +60 mV (Fig. 3F). The outward currents increased from 550
± 190 pA/pF to 970 ± 300 pA/pF (n=3; p<0.05). This rise was eliminated after pre-
incubation with CPZ (Fig. 3H). Taken together, TRPV1 expression in HCF is functional as
CAP induced both Ca2+ transients and outward rectifying currents.

3.3. TRPV1- induces global MAPK activation
Ca2+ transients mediate receptor induced mitogen activated protein kinase phosphorylation
(MAPK) (Berridge et al., 2000) in numerous different tissues as well as HCEC (Wang et al.,
2011b). As TRPV1 activation by CAP in HCEC elicited global MAPK phosphorylation (i.e.
activation), the same assessment was performed on HCF (Zhang et al., 2007; Yang et al.,
2010; Wang et al., 2011c). Figure 4A shows the dose-dependent effects of CAP on ERK1/2,
p38 and JNK/SPAK MAPK terminal kinase (TK) phosphorylation after a 15 min exposure
to this agonist. The phosphorylation levels of all three TKs increased as a function of
increases in CAP dose. Figure 4B shows the increases in TK phosphorylation over a 90-min
period resulting from exposure to 20 μM CAP. After 5-15 min, TK activation reached a
maximal level and then started to wane over the next 75 min.
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To validate CAP selectivity to induce MAPK activation, these responses were compared in
the presence and absence of CPZ. Figure 4C shows CAP-induced TK phosphorylation was
completely abolished in the presence of CPZ (10 μM). TRPV1 siRNA gene knockdown was
also used to confirm dependence of TRPV1 expression on MAPK activation by CAP.
TRPV1 protein expression was reduced by 65% in the TRPV1 siRNA transduced cells
compared to scrambled control cells (Fig. 5A). After TRPV1 gene silencing, CAP-induced
global MAPK activation at 15 min was diminished (Fig. 5B) indicating TRPV1 involvement
in eliciting these responses.

3.4. TRPV1 activation induces IL-6 release
CAP-induced in HCEC through JNK1 MAPK stimulation increases in IL-6 expression and
rises in IL-6 mRNA expression in mouse orbital fibroblasts (Okada et al., 2011; Wang et al.,
2011c). Figure 6A shows in HCF that CAP-induced after 24 h dose dependent increases in
IL-6 release. Fifty μM CAP maximally increased IL-6 release by 4-fold. Such responses
were abolished, either by CPZ or TRPV1 siRNA gene silencing (Fig. 6B/C). Moreover, in
the presence of a p38 MAPK inhibitor SB203580, IL-6 rises were also abrogated (Fig. 6C),
suggesting TRPV1 activation elicited IL-6 increases through p38 MAPK stimulation.

4. Discussion
Although TRPV1 was first identified in the afferent sensory neurons mediating nociception
(Caterina et al., 1997; Nilius et al., 2007; Nilius and Voets, 2005; Vennekens et al., 2008),
there are numerous reports describing its functional expression in numerous other non-
excitable tissues, including several types of fibroblasts (Jain et al., 2011; Miyamoto et al.,
2005). TRPV1 gene expression in HCF was validated by showing with qRT-PCR that two
separate customized TRPV1 primer sets yielded identical amplification curves (Fig. 1A).
The selectivity of the primers was validated by observing similar amplification responses
from the positive control HCEC cDNA. Furthermore, the near identity of the two melting
curves shown in the Fig. 1A insert substantiates the notion of a single cDNA product. The
apparent MW of TRPV1 protein in HCF is 100kD (Fig. 1B). This result is in agreement with
findings in other cell types (Zhang et al., 2007; Caterina et al., 1997). Anti-TRPV1 antibody
selectivity was confirmed since western blot analysis revealed an identical immunoreactive
band in the positive control heat-shock treated NIH/3T3 cell lysates. Based on the HCF
immunocytochemical TRPV1 localization pattern (Fig. 1C), TRPV1 expression is not
restricted to the plasma membrane since it is also detectable in the cytoplasmic and
perinuclear regions. Its plasma membrane expression is consistent with the finding that
CAP-induced Ca2+ transients were only elicited provided the external medium contained
Ca2+, which could be blocked by preincubation with capsazepine (Fig. 2A, B). These effects
agree with those in dermal (Jain et al., 2011) and synovial fibroblasts (Hu et al., 2008).
TRPV1 staining in the perinuclear region agrees with its identification in the endoplasmic
reticulum in neurons (Karai et al., 2004). However, the functional significance of
perinuclear expression is unclear.

In HCF, 20 μM CAP induced ≈130% maximum increases in the nonselective cation channel
whole cell currents, which underlie increases in plasma membrane Ca2+ influx induced by
this agonist (Fig. 3H). The I-V curve shown in Fig. 3F resembles the typical outward
rectification feature of TRPV1 currents described in different expression systems, since the
current increases induced by depolarizing voltages in the presence of CAP were larger than
those at hyperpolarizing voltages (Caterina et al., 1997; Nilius et al., 2007).

The CAP-induced time dependent global increases in MAPK activation in HCF agree with
those in HCEC ;namely a rapid increase that peaked at 5-15 min followed by a decline in the
next 75 min (Fig. 4B) (Wang et al., 2011c). In multiple tissue types as well as HCF, similar
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effects lead to increases in pro-inflammatory cytokine release that include IL-6 (Miyamoto
et al., 2005; Jain et al., 2011; Engler et al., 2007; Zhang et al., 2007). These effects of CAP
were dependent on TRPV1 activation since either pre-incubation with CPZ or TRPV1
siRNA gene silencing abolished them (Fig. 4C/5).

An anti-IL-6 receptor antibody is used in a clinical setting for controlling inflammation in
diseases such as rheumatoid arthritis since increases in IL-6 release contribute to the
inflammatory responses described in different autoimmune diseases (Jones et al., 2009;
Barnes et al., 2011). Such rises subsequent to a corneal alkali burn in mice induced by
corneal TRPV1 activation contribute to losses in stromal integrity resulting from edema and
immune cell infiltration (Okada et al., 2011). This study suggests that in HCF activation of
TRPV1 by injury is a contributor to the inflammatory response induced by an alkali burn
since 20 and 50 μM CAP induced 200% and 350% rises in IL-6 release (Fig. 6A), which
were obviated by either CPZ preincubation or exposing TRPV1 siRNA gene silenced cells
to CAP (Fig. 6B/C). Since corneal damage releases multiple endogenous TRPV1 ligands
leading to increases in IL-6 release, blocking TRPV1 activation could be a therapeutic
option to control injury-induced corneal fibrosis (Rosenbaum and Simon, 2007).

The specific MAPK pathway eliciting TRPV1control of IL-6 release is tissue type specific
(Fig. 4A). In HCEC, TRPV1 elicited this response solely through JNK1 MAPK activation
(Wang et al., 2011c). In contrast, in human dental pulp fibroblasts and HCF it is instead p38
MAPK dependent since a p38 inhibitor SB203580 completely abrogated CAP-induced
increases in IL-6 release whereas a JNK inhibitor SP600125 had no inhibitory effect (data
not shown) (Miyamoto et al., 2005). This difference between the MAPK pathway
involvement in HCEC and HCF suggests that controlling inflammation through direct
suppression of TRPV1 activation or TRPV1 downregulation may be a more practical
approach to treating corneal injury since increases in human and murine epithelial cell
migration during wound healing are mediated through both p38 MAPK and JNK activation
(Saika et al., 2004; Zhang et al., 2007; Wang et al., 2006; Okada et al., 2009).

In conclusion, plasma membrane activation by CAP in HCF mediates outward rectifying
non-selective cation channel currents. [Ca2+]i transients are one of the contributors to this
influx and they induce global MAPK activation. However, p38 MAPK activation solely
mediates CAP-induced increases in IL-6 release. The correspondence between the TRPV1-
induced increases in IL-6 expression induced in vivo and HCF suggests that the
inappropriate wound healing response in vivo caused by dysregulated inflammation and
scarring is in part attributable to the release by injury of endogenous ligands that activate
TRPV1.
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Highlights

▶We describe functional TRPV1 activity in human corneal fibroblasts.

▶ TRPV1-activation elicits currents that mediate MAPK activation and IL-6 release.

▶TRPV1 is a potential drug target to reduce injury-induced opacification.
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Figure 1.
TRPV1 gene and protein expression in HCF. (A) Quantitative RT-PCR reveals TRPV1
expression in HCF (left panel). The close correspondence between the two melting curves
shown in the insert suggests that two different TRPV1 primer sets generated a single cDNA
product. This result supports the notion of TRPV1 gene expression by HCF. β-actin
expression level was used as an internal control to calculate relative TRPV1 gene expression
level. HCEC served as a positive control (right panel). (B) Western blot analysis shows
TRPV1 100kD expression in HCF. Heat shock treated NIH/3T3 cell lysates served as a
positive control. (C) Immunocytochemistry documents TRPV1 localization. Punctuate red
staining represents TRPV1. DAPI Blue staining identifies nuclei. Calibration bar is 20 μm.
(D) Omission of primary TRPV1 antibody served as a negative control to validate its
selectivity to detect cellular expression.
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Figure 2.
TRPV1-mediated intracellular Ca2+ transients in HCF. (A) Fura-2AM-loaded HCF were
used to characterize CAP (20 μM)-induced [Ca2+]i transients using single cell imaging. (↑)
indicate the time applying CAP. (B) Pre-incubation with CPZ (10 μM) for 60 min or
replacement with Ca2+ free/EGTA (2 mM) medium 15 min prior to CAP (20 μM) exposure
inhibited induced [Ca2+]i transients. (Data are means ± SEM of at least three independent
experiments; statistic significances are indicated by asterisks, *p<0.05).
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Figure 3.
CAP induces through TRPV1 activation non-selective cation channel currents in HCF. (A)
Experimental design (whole-cell configuration of the planar-patch clamp technique).
Currents were identified by their dependence on the permeating ion. Chloride was replaced
by isosmotic gluconate substitution in the external solution to avoid chloride outward
currents. (B) Voltage pulse protocol. Holding potential (HP) was set to 0 mV to avoid any
voltage-dependent ion channel currents. (C) Nonselective cation channel currents induced
by depolarization from -60 mV to 130 mV after establishing the whole-cell configuration
(without leak current subtraction) (control). (D) Increased cation channel currents in the
presence of CAP (20 μM). (E) Inhibition of CAP-induced cation channel currents in the
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presence of CPZ (10 μM). (F) Effects of CAP and CPZ are summarized in a current/voltage
plot (I-V plot). All values are reported as means ± SEM. Data were obtained from the
recordings shown in (C), (D), and (E). For the current/voltage relation, maximal peak
current amplitudes were plotted against the voltage (mV). The currents were normalized to
capacitance to obtain current density (pA/pF). The upper trace (red filled circles) was
obtained in the presence of 20 μM CAP and the lower trace (open circles) without CAP.
CAP-induced increases in non-selective cation channel outward currents at potentials above
+60 mV were discernible. The second lower trace (mauve filled circles) was obtained after
CPZ pre-incubation. (G) Original traces of CAP activated TRPV1 channel responses to
voltage ramps from -60 mV up to +130 mV (without leak current subtraction) in the whole-
cell configuration of the planar patch-clamp technique. Currents are shown before
application (black), during application of CAP (20 μM, red) and after application of CPZ
(mauve). The currents were normalized to capacitance to obtain current density (pA/pF). (H)
Summary of the experiments with CAP in the presence of Na-gluconate in the external
solution. All values are reported as means ± SEM. The asterisks (*) indicate statistically
significant increases of outward currents with and without CAP (n = 3; p < 0.05; paired
tested).
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Figure 4.
TRPV1-induced global MAPK stimulation. (A) Western blots reveal dose-dependent
changes by capsaicin of ERK1/2, JNK/SAPK and p38 MAPK phosphorylation. HCF was
exposed to CAP for 15 min at indicated doses. (B) 20 μM CAP activated ERK1/2, JNK/
SAPK and p38 MAPK over a 90 min period. Cell lysates were harvested at indicated time
points. (C) Pre-incubation with CPZ (10 μM) for 60 min suppressed CAP (20 μM) induced
MAPK activation at 15 min. GAPDH and total p38 served as loading controls.
Representative results are shown from three independent experiments.
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Figure 5.
TRPV1 gene silencing reduces CAP-induced MAPK activation. (A) Validation of TRPV1
gene knockdown by siRNA. Western blot analysis compares TRPV1 protein expression
level in cells transfected with either scrambled siRNA or TRPV1 siRNA. Housekeeping
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gene GAPDH confirmed equivalent protein loading. (B) TRPV1 gene silencing reduced
CAP (20 μM) induced ERK1/2, JNK/SAPK and p38 MAPK phosphorylation at 15 min.
GAPDH was used as loading controls. Representative results obtained from three
independent experiments are shown.
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Figure 6.
TRPV1 activation elicits increases in IL-6 release through p38 MAPK pathway in HCF. (A)
After 24 h incubation, ELISA reveals dose-dependent increases by CAP (1-50 μM) on IL-6
release. (B) TRPV1 gene silencing blocked CAP-induced IL-6 release. After transduction
with scrambled or TRPV1 siRNA, HCF were treated with 20 μM CAP. (C) Following pre-
incubation with either 10 μM CPZ or SB203580 for 60 min, the effects of CAP were
determined on IL-6 release. Results are reported as fold changes of the control in means ±
SEM (n=3). *p<0.05 vs. untreated control; **p<0.05 vs. treated wildtype with CAP.
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