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Transgenic overexpression of transient receptor potential
vanilloid subtype 1 attenuates isoproterenol-induced
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Abstract. Transient receptor potential vanilloid subtype 1
(TRPV1) is a non-selective cation channel with high perme-
ability to Ca?*. Intracellular Ca** signaling is an essential
regulator of endothelial nitric oxide (NO) synthase (eNOS)
that plays a beneficial role in myocardial fibrosis. The aim
of the present study was to determine the role of TRPVI in
isoproterenol-induced myocardial fibrosis. Transgenic mice
overexpressing TRPV1 were generated on a C57BL/6J genetic
background. An animal model of myocardial fibrosis was
created by subcutaneously injecting the mice with isoproter-
enol. We found that the wild-type mice exhibited a significant
increase in heart/body weight ratio, left ventricle/body weight
ratio, left ventricular end-diastolic pressure (LVEDP), the
cardiac fibrotic lesion area and collagen content, as well as a
marked decrease in eNOS phosphorylation and NO/cyclic
guanosine monophosphate (cGMP) levels at 2 weeks after the
administration of isoproterenol (all p<0.01). However, these
changes were significantly attenuated in the TRPV1 transgenic
mice (p<0.05 or p<0.01). Moreover, the beneficial effects on
myocardial fibrosis exerted by the overexpression of TRPV1
were attenuated by the administration of the eNOS inhibitor,
Nw-nitro-L-arginine methyl ester (L-NAME) (all p<0.05).
Similar anti-fibrotic effects were observed in in vitro experi-
ments with primary cultured cardiac fibroblasts. The findings
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of our study suggest that TRPV1 overexpression attenuates
isoproterenol-induced myocardial fibrosis.

Introduction

The common pathological pathway of heart failure is myocar-
dial remodeling, including the hypertrophy of cardiomyocytes
and hyperplasia of fibroblasts that subsequently causes the
accumulation of extracellular matrix components, such as
collagen and leads to myocardial fibrosis (1). Severe fibrosis
results in increased myocardial stiffness, causing ventricular
dysfunction and, ultimately, heart failure (2). No effective
treatment for cardiac fibrosis has yet been established (3).

Isoproterenol, a selective [3-adrenoceptor agonist, has been
used to induce a mouse model of cardiac fibrosis (4). Adrenergic
stimulation induces cardiac fibrosis partly by stimulating fibro-
blast proliferation (5). Nitric oxide (NO) produced by endothelial
NO synthase (eNOS) inhibits adrenergic stimulation (6). Human
eNOS gene delivery has been shown to protect against cardiac
remodeling following myocardial infarction (7). However, the
effect of eNOS activation on isoproterenol-induced myocardial
fibrosis is not fully understood.

Intracellular calcium and calmodulin-dependent protein
kinase play an important role in the activation of eNOS (8.,9).
Changes in the concentration of free cytosolic Ca?** are of
fundamental importance in eNOS activation (10). The tran-
sient receptor potential (TRP) superfamily consists of a large
number of cation channels that are modulators of intracellular
Ca? signaling (11). TRP vanilloid subtype 1 (TRPV1), a
non-selective cation channel with significant permeability to
Ca?*, was initially identified as the receptor of capsaicin, with
high expression in sensory neurons and heart cells, including
cardiac fibroblasts (12). Although TRPV1 has been shown to
be involved in the regulation of several types of cardiovascular
diseases, including hypertension, atherosclerosis and cardiac
arrhythmias (13), the role of TRPV1 in isoproterenol-induced
cardiac fibrosis has not been yet elucidated.

Collectively, we hypothesized that TRPV1 may regulate
cardiac fibrosis by regulating Ca** entry and the eNOS/NO
signaling pathway. The present study was designed to deter-
mine whether the transgenic overexpression of TRPV1 affects
isoproterenol-induced cardiac fibrosis in mice.
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Materials and methods

Transgenic mice. The handling of animals and all experimental
procedures were approved by the Institutional Animal Care
and Use Committee of the Chengdu Military General Hospital.
Transgenic founder mice were generated on a C57BL/6J back-
ground according to our previous study (14). The cDNA of
TRPV1 driven by the elongation factor 1o (EF1a) promoter was
cloned into the pPDONR221 vector (Cyagen Biosciences Inc.,
Guangzhou, China). The resulting plasmid, pDown-TRPV1,
was confirmed by restriction enzyme analysis and DNA
sequencing. The linearized pRP.EX3d-TRPV1 was purified
from agarose gel using a QIAquick Gel Extraction kit (Qiagen,
Chatsworth, CA, USA), adjusted to a final concentration of
1 mg/ml in Tris-EDTA buffer and used as a DNA solution
for microinjection. The fertilized one-cell eggs from hormon-
ally superovulated female C57BL/6J mice (from Cyagen
Biosciences Inc.; n=20) were micro-injected with the DNA
solution under a microscope. The injected fertilized eggs were
transplanted into the oviducts of pseudo-pregnant mice (foster
mothers; C57BL/6J mice), which gave birth to offspring. The
offspring mice carrying the TRPV1 cDNA detected by PCR
analysis were considered the transgenic founder mice.

Animal care. Male C57BL/6J wild-type mice were purchased
from Dashuo Biotech Inc., Chengdu, China. The transgenic
mice were mated with the C57BL/6J wild-type mice, and
their offspring were genotyped to obtain the transgenic and
wild-type mice for the experiments. Male C57BL/6J wild-
type and TRPVI transgenic mice 6-8 weeks of age were
housed under a 12/12-h day/night cycle, with access to food
and water ad libitum. The mice were randomly assigned to the
following groups: i) the control group (n=16): mice received a
daily injection of 0.9% saline subcutaneously; ii) the isopro-
terenol group (n=16): mice received 3 mg/kg isoproterenol
subcutaneously once daily, as previously described (15);
and iii) the isoproterenol plus Nw-nitro-L-arginine methyl
ester (L-NAME) (Sigma-Aldrich, St. Louis, MO, USA)
group (n=16): mice received L-NAME (1 mg/ml) in their
drinking water, as previously described (16). At 2 weeks after
the treatment, the mice were sacrificed by cervical dislocation
under deep anesthesia with pentobarbital (60 mg/kg) and the
hearts of 8 mice from each group were harvested and weighed
to calculate the heart/body weight ratio. The atrial tissue and
right ventricle were then removed from the hearts to obtain the
left ventricle for calculating the left ventricular/body weight
ratio and for further measurements. Additionally, the hearts
from the other 8 mice were used for histological examination.

Measurement of blood pressure (BP). Indirect systolic and
diastolic BP and heart rate measurements were performed
in conscious, restrained mice by tail-cuff plethysmography
(BP-2010A blood pressure system; Softron Biotechnology,
Beijing, China).

Hemodynamics. The mice were anesthetized with urethane
(1.2 g/kg, intraperitoneally). A microconductance pressure
catheter (ARIA SPR-853; Millar Instruments, Inc., Houston,
TX, USA) was introduced through the right carotid artery
into the left ventricle as previously described (15). Data were
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collected on Chart via PowerLab (AD Instruments Pty, Ltd.,
Castle Hill, Australia). The left ventricular end-systolic pres-
sure (LVESP), left ventricular end-diastolic pressure (LVEDP)
and left ventricular dP/dt,, ..., were calculated.

Histological analysis. The hearts were excised and
retrograde-perfused with phosphate-buffered saline and
embedded in paraffin. The paraffin-embedded hearts were cut
into 5-um-thick sections which were stained with Masson's
trichrome. The blue-stained area presents fibrosis (15).

Culture of cardiac fibroblasts. Primary adult mouse cardiac
fibroblasts were isolated by proteolytic dissociation of the
ventricular tissue of the transgenic mice and the wild-type
littermates and cultured using standard protocols as previ-
ously described (15). Cardiac fibroblasts were harvested and
cultured in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% FBS, 2 mM L-glutamine, 100 pg/ml
penicillin G, 100 ug/ml streptomycin and 100 U/ml penicillin.
Cardiac fibroblasts during early passages were used. One day
before the experiments, the cells were serum-starved. TRPV1
expression in the cultured cardiac fibroblast was detected by
immunohistochemical staining with primary anti-TRPV1
antibody (1:200 dilution) (ab111973; Abcam, Cambridge, UK)
and stained using a DAB detection kit. The cardiac fibroblasts
were incubated with the vehicle (saline), 10 M isoproterenol or
isoproterenol plus 100 M L-NAME for 24 h.

Measurement of cytosolic calcium. The cytosolic free calcium
concentration was measured in the cultured fibroblasts as
previously described (17). Briefly, the cells were loaded with
2 uM of fura2/AM (Sigma-Aldrich) at room temperature for
60 min and washed to remove the extraneous dye. Fluorescence
was recorded at 510 nm emission with excitation wavelengths
of 340 and 380 nm in baseline and following stimulation with
capsaicin (100 nM) and the fluorescence excitation ratio was
then calculated.

Western blot analysis. Protein lysates were obtained by homog-
enizing myocardial tissues or cardiac fibroblasts with lysis buffer
according to our previous study (18). The protein concentration
was determined with Bio-Rad protein assay reagent (Bio-Rad
Laboratories, Inc.,Hercules, CA,USA). Equal amounts of protein
extracts were separated by SDS-polyacrylamide gels (8-12%).
The samples were then transferred onto PVDF membranes
(Millipore Corp., Billerica, MA, USA). The membranes were
blocked with TBS-T containing 5% skim powdered milk for 1 h
and then incubated with anti-TRPV1 (1:500 dilution; ab74855)
(Abcam), anti-collagen I (1:250 dilution; sc-8784), anti-
collagen IIT (1:300 dilution; sc-8781), anti-fibronectin (1:300
dilution; sc-9068) (all from Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA), anti-phospho-Akt (1:800 dilution; 9271),
anti-Akt (1:700 dilution; 9272), anti-phospho-eNOS (1:1,000
dilution; 9571), anti-eNOS (1:1,000 dilution; 9572) (all from
Cell Signaling Technology, Inc., Danvers, MA, USA), and
anti-GAPDH (1:200; BA2913) (Boster, Wuhan, China) anti-
bodies overnight at 4°C. The membranes were incubated with a
horseradish peroxidase-conjugated secondary antibody (1:1,000
dilution) (Santa Cruz Biotechnology, Inc.). The membranes
were then analyzed using an ECL chemiluminescence kit
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(Amersham Biosciences, Uppsala, Sweden). The results of
western blot analysis were quantified using NIH Image software
version 1.61. Values are expressed as relative value units.

Real-time polymerase chain reaction (RT-PCR). RT-PCR was
performed using the One Step SYBR PrimeScript RT-PCR
kit IT (RRO86A) (Takara Bio, Inc., Otsu, Japan). The relative
amount of mRNA was calculated by 2-22°T and was normalized
to the housekeeping gene, GAPDH. Each sample was run and
analyzed in triplicate. The sequences of the primers used for
PCR were as follows: mouse collagen I forward, 5'-gcg agt gct
gtg ctt tct g-3' and reverse, 5'-tcc cte gac tcc tac atc ttc-3'; mouse
collagen III forward, 5'-ccc aac cca gag atc cca tt-3' and reverse,
5'-gaa gca cag gag cag gtg tag a-3'; mouse fibronectin forward,
5'-tct ggg aaa tgg aaa agg gga atg g-3' and reverse, 5'-cac tga agc
agg ttt cct cgg tgt-3'; and mouse GAPDH forward, 5'-gac atc aag
aag gtg gtg aag c-3' and reverse, 5'-gaa ggt gga aga gtg gga gtt-3".

Measurements of cardiac NO and cyclic guanosine monophos-
phate (cGMP) levels. The frozen left ventricles excised from the
mice and the cardiac fibroblasts were homogenized in lysis buffer
for the measurements of NO and cGMP levels. The NO levels
were determined using the Total Nitrate/Nitrite Fluorometric
assay kit, and the cGMP levels were quantified using the acety-
lation protocol for a competitive cGMP enzyme immunoassay
(both from Cayman Chemical Co., Ann Arbor, MI, USA).

Cell proliferation assay. Cell proliferation was measured using a
CCK-8 cell proliferation kit (Dojindo Laboratories, Kumamoto,
Japan) as previously described (19). The cells were seeded onto a
96-well plate with 100 ul complete medium and cultured at 37°C.
CCK-8 solution (10 pl) was added to each well. The plates were
incubated at 37°C for 2 h, and the absorbance at 450 nm was then
measured using a microplate reader (Multiskan MK3-Thermo
labsystems; Thermo Fisher Scientific, Waltham, MA, USA).

Statistical analysis. Data are presented as the means + SEM.
Comparisons between groups were determined by one-way
ANOVA with the Student's t-test post hoc test (SPSS Inc.,
Chicago, IL, USA). Results were considered significant when
the P-value was <0.05.

Results

Establishment of transgenic mice. Human TRPV1 cDNA was
micro-injected into the male pronuclei of fertilized oocytes
of C57BL/6J mice. The injected eggs were implanted into the
oviducts of pseudo-pregnant foster mothers, which gave birth
to offspring. The offspring mice carrying the TRPV1 cDNA
detected by PCR analysis were considered the transgenic
founder mice (Fig. 1A). Western blot analysis confirmed that
TRPVI1 protein was significantly overexpressed in the hearts
of the transgenic mice compared with those of the wild-type
mice (p<0.01; Fig. 1B). Additionally, calcium entry induced by
capsaicin was also enhanced in the cardiac fibroblasts from the
TRPVI transgenic mice compared with those from the wild-
type mice (Fig. 1C).

Effect of TRPVI overexpression on left ventricular function. At
2 weeks, there were no significant differences observed in heart
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Figure 1. Establishment of transgenic mice. (A) Genotyping of the mice. +, posi-
tive control (DNA from transgenic founder mouse); -, negative control (without
DNA template); N, wild-type (WT) mice; 1, transgenic mouse; 2 and 3, non-
transgenic mice. (B) Western blot analysis of transient receptor potential
vanilloid subtype 1 (TRPV1) in myocardial tissue from WT mice and TRPV1
transgenic (TG) mice. “p<0.01 vs. WT group (n=8). (C) Calcium entry into
cardiac fibroblasts from WT and TRPV1 TG mice.

weight and hemodynamics between the wild-type mice and
the transgenic mice (Table I). The wild-type mice exhibited a
significant increase in heart/body weight ratio and left ventricle/
body weight ratio at 2 weeks following the administration of
isoproterenol (both p<0.01; Table I). However, this increase was
significantly attenuated in the TRPV1 transgenic mice when
compared to the wild-type mice (both p<0.01; Table I). As
expected, the isoproterenol-treated wild-type mice exhibited a
significant increase in LVEDP (p<0.01) and a marked decrease
in dP/dt,;, (p<0.01); these effects were blunted in the TRPV1
transgenic mice (Table I). However, isoproterenol failed to
affect LVESP and dP/dt,,,, in both types of mice (Table I).

Effect of TRPVI overexpression on cardiac fibrosis. Masson
trichrome staining revealed severe interstitial fibrosis within
the myocardium of the isoproterenol-treated wild-type mice,
while isoproterenol-induced myocardial fibrosis was obviously
attenuated in the TRPV1 transgenic mice (Fig. 2A and B).


https://www.spandidos-publications.com/10.3892/ijmm.2016.2648
https://www.spandidos-publications.com/10.3892/ijmm.2016.2648

604

WANG et al: TRPV1I ATTENUATES MYOCARDIAL FIBROSIS

WT+ISO

c

TG+ISO

B
AG- ® %
X I
l'U4-

% * kHH
0 T
5 2

o

0

i.T_OI 1 1

)
¢ &0
©
A

Collagen| ‘... [ — ~~- ‘ﬁ,’ 240 kDa

Collagen Il e s = S GNP TSIy s W 140 kDa

Fibronectin e s s 6- W W 550kDa

GAPDH « P S S S

WT+Cont

OwWT+Cont B TG+Cont

Proteins/GAPDH

Collagen |

TG+Cont

Collagen 1lI

WT+ISO TG+ISO

BWT+SO BETG+ISO

Fibronectin

Figure 2. Effect of transient receptor potential vanilloid subtype 1 (TRPV1) on cardiac fibrosis. (A) Representative Masson's trichrome staining of the ventricular
tissue from wild-type (WT) and TRPV1 transgenic (TG) mice in control (Cont) or isoproterenol (ISO) group. (B) Quantification of fibrosis. (C) Representative
western blots of collagen I and I11, and fibronectin in myocardial tissue from mice in the 4 groups. Equal protein loading was confirmed using GAPDH antibody.
Target proteins/GAPDH ratios are shown in the bar graph. “p<0.01 vs. WT-Cont group, #p<0.01 vs. WT-ISO group (n=8).

Isoproterenol induced a significant increase in the protein
expression levels of collagen I and III, as well as in the
expression of fibronectin in the heart tissues from the wild-
type mice (all p<0.01; Fig. 2C). However, this increase was
significantly prevented in the TRPV1 transgenic mice (all
p<0.01; Fig. 2C).

Effect of TRPVI overexpression on the eNOS signaling
pathway. In the isoproterenol-treated wild-type mice,
significantly decreased expression levels of p-Akt (p<0.01),
p-eNOS (p<0.01) and total eNOS (p<0.05) were noted in the
ventricular tissues (Fig. 3A and B). However, the levels of
p-Akt and p-eNOS were significantly increased in the TRPV1
transgenic mice compared with the wild-type mice following
the administration of isoproterenol (Fig. 3B). Similar results

were obtained in the measurements of the myocardial NO and
cGMP levels (Fig. 3C and D).

Influence of eNOS on the beneficial effects of TRPVI overex-
pression. In order to confirm the role of eNOS in the beneficial
effects induced by TRPV1 overexpression, the eNOS inhibitor,
L-NAME, was administered to the mice receiving isopro-
terenol. We found that the administration of L-NAME for
2 weeks significantly attenuated the TRPV1 overexpression-
induced decrease in LVEDP (Table I) and the increase in dP/
dt,,;, (Table I). Moreover, L-NAME also attenuated the TRPV1
overexpression-induced suppression of fibrosis (Fig. 4A and B).

Analysis of cardiac fibroblasts. The expression of TRPVI
in the cultured cardiac fibroblasts was confirmed by
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Table I. Heart weight and hemodynamics of the mice at 2 weeks.

Parameter WT-Cont TG-Cont WT-ISO TG-ISO  WTISO-L-NAME TG-ISO-L-NAME
HW/BW (mg/g) 496008  498+0.04  6.59+023"  5.67+0.21 6.6520.19 6.29+0.20¢
LVW/BW (mg/g) 3472007 3444006  4.93+023*  4.12+0.18 497+0.18 4.69+0.19¢
HR (bpm) 449+12 45114 552+13¢ 546x14 560+16 557+17
SBP (mmHg) 1054 1045 1114 1085 1156 115+7
DBP (mmHg) 7122 693 7422 724 7544 7544
MAP (mmHg) 8243 813 86+3 84+4 89+4 88+5
LVESP (mmHg) 107.6¢44  1065+50  1122+48  116.8+7.3 117.1£79 119.6+7.4
LVEDP (mmHg) 2.840.4 27403 9.4+0.9° 5.6+0.6° 9.9+1.2 8.1+1.2¢
dP/dt,, (mmHg/sec)  11889+685  12174+745 12834+1030 123354751 127404950 121884635
dP/dt,;, (mmHg/sec) -11301+645 11551731  -7416£359°  -9547+480° -7259+335 -7933+398°

Values are the means + SEM (n=8). HW, heart weight; BW, body weight; LVW, left ventricle weight; HR, heart rate; SBP, systolic blood pressure;
DBP, diastolic blood pressure; MAP, mean artery pressure; LVESP, left ventricular end-systolic pressure; LVEDP, left ventricular end-diastolic
pressure; dP/dt,,,,, maximal rate of pressure development; dP/dt,;,, maximal rate of pressure decay; WT, wild-type mice; TG, TRPV1 transgenic

mice; Cont, control; ISO, isoproterenol. “P<0.01 vs. WT-Cont; °P<0.01 vs. WT-ISO; °P<0.05 vs. TG-ISO.
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Figure 3. Effect of transient receptor potential vanilloid subtype 1 (TRPV1) on the endothelial nitric oxide synthase (eNOS) signal pathway. (A) Representative
western blots of Akt, p-Akt, eNOS and p-eNOS in myocardial tissue from mice in the 4 groups. Equal protein loading was confirmed using GAPDH antibody.
(B) Target proteins/GAPDH ratios are shown in the bar graph. (C) NO content and (D) cGMP level in myocardial tissues from the 4 groups were detected.

“p<0.05, “p<0.01 vs. WT-Cont group, “p<0.05 vs. WT-ISO group (n=8).

immunohistochemical staining (Fig. 5SA). Moreover, TRPV1
expression was markedly increased in the cardiac fibroblasts
from the transgenic mice compared with those from the wild-
type mice (Fig. 5B). Treatment with isoproterenol induced a
significant increase in cell proliferation and in the expression
of collagen I and III, and fibronectin in the cardiac fibroblasts

from the wild-type mice, and these effects were markedly
attenuated in the cardiac fibroblasts from the transgenic
mice (Fig. 5C-F). Additionally, treatment with L-NAME
attenuated the TRPV1 overexpression-induced suppression of
fibroblast proliferation and the expression of collagen I and III
and fibronectin (Fig. 5C-F). Isoproterenol induced a significant
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Figure 4. Effect of endothelial nitric oxide synthase (eNOS) on the action of transient receptor potential vanilloid subtype 1 (TRPV1). (A) Representative
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Figure 5. Effects of transient receptor potential vanilloid subtype 1 (TRPV1) on cardiac fibroblast proliferation and collagen production. (A) Immunohistochemical
staining of TRPV1 in cardiac fibroblasts. Control, without primary antibody. (B) Representative western blot of TRPV1 in cardiac fibroblasts from wild-
type (WT) mice and TRPV1 transgenic (TG) mice. (C) Cell proliferation and mRNA expression of collagen (D) I and (E) III, and (F) fibronectin in cardiac
fibroblasts from WT and TG mice treated with the vehicle (Cont), isoproterenol (ISO), or ISO + L-NAME. “p<0.01 vs. WT-Cont group, “p<0.01 vs. WT-ISO
group, 'p<0.05 vs. TG-ISO group (n=3 independent experiments).

downregulation in the levels of p-Akt and p-eNOS and a  in the cells from the transgenic mice (Fig. 6A-D). Similarly,
decrease in the levels of NO and cGMP in the cardiac fibroblasts L-NAME abolished the TRPV1 overexpression-caused
from wild-type mice, and these effects were partially reversed  increase in the NO and cGMP levels (Fig. 6C and D).
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Figure 6. The Akt/endothelial nitric oxide synthase (eNOS)/NO/cGMP pathway in cardiac fibroblasts. (A) Representative western blots of Akt, p-Akt, eNOS
and p-eNOS in cardiac fibroblasts from wild-type (WT) mice and transient receptor potential vanilloid subtype 1 (TRPV1) transgenic (TG) mice treated with
vehicle (Cont) or isoproterenol (ISO). (B) Target proteins/GAPDH ratios are shown in the bar graph. (C) NO content and (D) cGMP level in cardiac fibroblasts treated
with vehicle (Cont), isoproterenol (ISO), or ISO + L-NAME. "p<0.05, “'p<0.01 vs. WT-Cont group, “p<0.05 vs. WT-ISO group (n=3 independent experiments).

Discussion

There are three novel findings in the present study: firstly,
the transgenic overexpression of TRPVI1 attenuated the
development of cardiac fibrosis induced by isoproterenol.
Secondly, the overexpression of TRPVI1 attenuated the
isoproterenol-induced impairment of the eNOS/NO/cGMP
pathway in myocardial tissue and cardiac fibroblasts. Thirdly,
the beneficial effects of TRPVI1 on fibrosis and collagen
deposition were blunted by the administration of the eNOS
inhibitor, L-NAME. These results suggest that TRPV1
overexpression may be able to ameliorate isoproterenol-
induce myocardial fibrosis partly through the activation of the
eNOS/NO pathway in cardiac fibroblasts.

TRPV1 has been implicated in several types of cardio-
vascular diseases and metabolic disorders, including
hypertension (20), atherosclerosis (21), vascular dysfunc-
tion (22), diabetes (23) and obesity (24). The beneficial effects
of TRPVI on ischemia reperfusion injury and on myocardial
remodeling and dysfunction have been previously reported by
our group and others (19,25-29). Moreover, TRPV1 has also
been shown involved in low ambient temperature-induced
cardiac hypertrophy and contractile dysfunction and high-salt
diet-induced cardiac hypertrophy and fibrosis (30,31). However,
there are also a few studies that have demonstrated that TRPV1
may have harmful effects on cardiac hypertrophy and fibrosis

using TRPV1-deficient mice (32,33). Therefore, the role of
TRPV1 in cardiac hypertrophy and fibrosis has yet to be deter-
mined. The present study demonstrated that the overexpression
of TRPV1 attenuates isoproterenol-induced cardiac fibrosis.
TRPV1 is expressed in several types of cells in the cardiovas-
cular system, including cardiomyocytes, cardiac fibroblasts and
endothelial cells (17,30,34). We confirmed the expression of
TRPV1 in cardiac fibroblasts and found that the overexpression
of TRPV1 exerted anti-fibrotic effects in cell culture experi-
ments. However, we cannot confirm the anti-fibrotic effects
induced by TRPV1 overexpression in other types of cells or
other organs, since we used global transgenic mice. Moreover,
we also cannot rule out the effects of other calcium channels
which may be regulated by human TRPV1 overexpression.
The eNOS/NO system provides an ubiquitous protec-
tion of the cardiovascular system. It has been reported that
isoproterenol reduces the expression and phosphorylation of
eNOS (35). The activation of the eNOS/NO pathway plays
a beneficial role in either angiotensin II- or isoproterenol-
induced cardiac disorders (36-39). Previous studies have
demonstrated that Ca** signal is essential for the phosphoryla-
tion and activation of eNOS. TRP channels, as Ca?*-permeable
channels, play a beneficial role in cardiovascular diseases.
Moreover, the TRPV1 channel has been included in the activa-
tion of eNOS in several previous studies (40-43). The present
study demonstrated that TRPV1 overexpression increased the
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phosphorylation of eNOS in the myocardium from isoproter-
enol-treated mice. We also showed that L-NAME suppressed
the beneficial effects of TRPV1 overexpression on fibrosis. A
previous study demonstrated that L-NAME enhanced cardiac
fibrosis (44). However, L-NAME failed to further increase the
fibrosis in isoproterenol-treated mice, suggesting that both
L-NAME and isoproterenol may cause fibrosis through the
inhibition of eNOS activity.

Collectively, the present study demonstrates that the overex-
pression of TRPV1 ameliorates isoproterenol-induced cardiac
fibrosis and that fibroblasts may play a role in this anti-fibrotic
effect.
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