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ABSTRACT

Pulmonary hypertension (PH) is a pathological state defined by increased pulmonary artery
pressure, the pathogenesis of which is related to genetic mutations, intracellular calcium ([Ca**
1), inflammation and proliferation. Transient receptor potential vanilloid subfamily member 1
(TRPV1) is a nonselective cation channel expressed in neural and nonneural cells, including
pulmonary vessels and nerves. As a calcium channel, TRPV1 can make vessels contracted, and
promote smooth muscle cells proliferation through calcium-dependent transcription factors.
Activation of TRPV1 in sensory nerves can release neuropeptides, including calcitonin gene-
related peptide (CGRP), substance P (SP), and somatostatin (SST), which can regulate inflammation
via transcription factor NF-kB. Considering the increased level of [Ca®*]; and inflammation in the
pathogenesis of PH, our review summarizes the role of TRPV1 in PH with regard to [Ca%],
neuropeptides, and inflammation. In view of the limited research illustrating the relationship
between TRPV1 and PH directly, our review also considers the role of TRPV1 in other types of
vascular inflammation. Through this review, we hope to raise awareness about the function of
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Introduction
Pulmonary hypertension

Pulmonary hypertension (PH) is defined as
a mean pulmonary artery pressure (mPAP) sur-
passing 25 mmHg at resting conditions with right
heart catheterization or a mPAP over 30 mmHg in
a state of motion, although the latter criterion has
been questioned due to its instability [1,2].
Pulmonary arterial hypertension (PAH) is
a subtype of PH with the criteria of an end-
expiratory pulmonary artery wedge pressure less
than or equal to 15 mmHg and a pulmonary vas-
cular resistance exceeding 3 Wood units [1]. These
two pathological states have overlapping patho-
physiology and pathogenesis in principle [3].
Therefore, the two terms will not be strictly segre-
gated in this review. To date, there have been
many experiments studying the pathogenesis of
PAH, although its exact mechanism is still vague
and needs further exploration. Based on previous
studies, we conclude that the pathogenesis of PAH
is closely associated with genetic mutations, such
as bone morphogenetic protein receptor type 2

(BMPR?2), and with cytosolic calcium and inflam-
mation [3]. The increased intracellular calcium
([Ca**];) is involved in vessels shrinkage and pro-
liferation, which is harmful to PAH via increased
pulmonary artery resistance [4]. Another cause of
PAH is inflammation, although the exact pathway
remains unclear. There are four lines of evidence
that can prove their relationship. First, specimens
from PAH patients are accompanied by an accu-
mulation of perivascular inflammatory cells,
including lymphocytes, mast cells, monocytes and
macrophages. Second, cytokines and chemokines
in circulating blood are elevated in PAH patients.
Third, certain inflammatory conditions such as
connective tissue diseases are associated with an
increased incidence of PAH. Finally, inflammation
inhibitors, such as glucocorticoid, can alleviate
experimentally induced PAH [3,5,6]. Although
the exact formation mechanism of PAH is unclear,
the outcome of PAH is scary, namely, right ven-
tricle hypertrophy and, ultimately, life-threatening
heart failure. Therefore, studying the mechanism
of PAH and finding effective treatments are extre-
mely urgent.
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Transient receptor potential vanilloid subfamily
member 1

Transient receptor potential vanilloid subfamily mem-
ber 1 (TRPV1), the vanilloid subtype of the transient
receptor potential (TRP) family, is a nonselective
cation channel that can allow passage of H", Na",
Ca®* and Mg”* [7,8]. TRPVI can be activated by
heat, pain, stretch, acidic pH, capsaicin, vanilloids,
resiniferatoxin, bradykinin, prostaglandins, adenosine
triphosphate, and arachidonic acid metabolites, such
as cannabinoids, N-arachidonoyl dopamine and
N-oleoyldopamine; conversely, TRPV1 can be
blocked by capsazepine, 5'-Iodoresiniferatoxin,
AMGI810, SB366791, A-425619, ruthenium red, and
12-acetoxy-hawtriwaic acid lactone [8-10]. Apart
from being widely distributed throughout the nervous
system, TRPV1 can be found in various organs and
tissues, including the heart, blood vessels, lungs, tra-
chea, kidneys, skin, retinas, joints, intestines, brain,
uterus, testes, salivary glands, and pancreas, and it
plays an important role in pathogenic processes,
such as atherosclerosis, ischemia/reperfusion (I/R)
injury, myocardial fibrosis and remodeling, hyperten-
sion, asthma, arthritis, dermatitis, and diabetes [8,11-
19]. At the cellular level, TRPV1 can be found in
endothelial cells, vascular smooth muscle cells
(VSMCs), platelets, mast cells, lymphocytes, macro-
phages, cardiac ventricles, the epicardial surface, sen-
sory nerve fibers innervating smooth muscle,
adventitia, myocardium and ventricular epicardial
surface [8,10,17,20,21]. When activated by agonists,
TRPVI1 nerve terminals can induce the release of
neuropeptides, such as calcitonin gene-related peptide
(CGRP), substance P (SP), and somatostatin (SST),
which are involved in inflammation and vascular
events [15]. Nonneural TRPV1 is also associated
with inflammation and shares a close relationship
with Ca®* [22,23].

Given the link between TRPV1 and PAH in Ca**
and inflammation respects, a summary of their direct
or indirect relationship is necessary. Our review will
illustrate, at least in part, the influence of TRPV1 on
the progression of PAH in terms of Ca>*, neuropep-
tides and inflammation. Additionally, due to the lim-
ited studies of the direct role of TRPV1 in PAH,
especially in terms of inflammation, we extend the
scope of objectives and aim to identify more effects

of TRPV1 on the pulmonary artery by analyzing
TRPV1 in other arteries. Hopefully, this information
will contribute to the assessment of the role of TRPV1
in PAH and the exploration of new therapies.

Ca** and TRPV1 in pulmonary artery smooth
muscle cells

As is well known, TRPV1 is a nonselective cation
channel that allows Ca®" influx, so it is necessary
to explore the Ca** signaling pathway to study the
role of TRPV1 in the pathogenesis of PAH. Ca*" is
considered to be an important regulator of the
resistance of vessels due to its vasoconstrictive,
pro-proliferative and promigratory effects, and its
concentration in pulmonary artery smooth muscle
cells (PASMCs) is crucial for the formation of
PAH, because a increased level of [Ca®']; is
recorded by microspectrofluorimetric assay in
PAH PASMCs [4,23-25]. There are three types of
traditional calcium channels in PASMC mem-
branes. One type includes voltage-independent
calcium channels (VDC), which primarily function
in excitable cells and muscle cells. Another type

includes receptor-operated calcium channels
(ROC) and store-operated calcium channels
(SOC), which are voltage-independent and

responsible for the regulation of vascular tone
and the proliferation of vascular smooth muscle
cells (VSMCs). As their names imply, they can be
activated by the binding of membrane receptors to
ligands and the depletion of calcium storage in the
endoplasmic reticulum (ER), respectively. It is well
accepted that the TRP family plays an important
role in contributing to the formation of ROC and
SOC in PASMCs [4,26]. The increased [Ca®']; in
PAH PASMCs comes from the influx of calcium
through the above three types of channels in cyto-
membranes, including TRPV1 absolutely, and the
efflux of calcium from the ER through ryanodine
receptor (RyR) channels and inositol triphosphate
receptors (IP;R) channels in the ER membrane
[27]. The released calcium is regenerative because
it can be uptaken again by a Ca** -ATP,,. pump.
Inhibition of the pump by thapsigargin can cause
a reduction of the calcium store followed by an
activation of the SOC, which will allow Ca**



influx. The SOC-mediated capacitive Ca*" influx is
termed as store-operated Ca** entry (SOCE),
which has been reported to play an important
role in PAH PASMC proliferation and vascular
remolding [4,24,26]. A few studies have suggested
that TRPV1 may be involved in SOCE by func-
tioning as Ca’' release channels in the ER or
participating in SOC formation [24,26].

[Ca®*]; can cause PASMCs contraction by
allowing actin to activate the myosin ATP, in
a Ca** -calmodulin (CaM) -myosin light chain
kinase (MLCK) -myosin regulatory light chain
(RLC) pathway and promote PASMCs prolifera-
tion and migration by stimulating transcription
factors (TFs), which constitute the important
foundation of PAH primely [27-29]. There are
many TFs contributing to PASMCs proliferation
and migration, some of which are Ca** -
dependent, such as nuclear factor of activated
T lymphocytes (NFAT), cAMP response element-
binding protein (CREB) and activator protein-1
(AP-1) [27,29].

NFAT

NFAT, which were originally identified in
T lymphocytes, are also expressed in PASMCs.
When dephosphorylated by calcineurin (CaN), a Ca
*/CaM-dependent phosphatase, NFAT translocate
from the cytoplasm into the nucleus to regulate gene
transcription by associating with transcription coacti-
vators and binding cognate DNA motifs at enhancer
sites [27,30,31]. The NFAT family is composed of
NFATcl - NFATc4, which share the property of Ca’
*/CaN -dependent nuclear translocation, and a fifth
member, which is Ca**-independent and distinctly
different from the other four members [27]. The con-
tent of CaN and NFAT in PAH PASMCs is highly
increased compared with that in the control group,
and the inhibitor of CaN/NFAT can attenuate
PASMCs proliferation [31]. Therefore, the Ca®
*/CaN/NFAT pathway can become a central pathway
for physical and chemical factors leading to PAH and
is an important downstream signaling pathway of
SOCE, which is the main candidate for PAH
PASMC:s contraction, proliferation, and migration in
PAH by increasing [Ca®']; [31-33]. TRPVI, as
a calcium influx channel, has also been reported to
be followed by NFAT nuclear translocation, which
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may constitute the upstream pathway of diseases
[23,34]. When translocating into the nucleus, NFAT
associates with transcription coactivators, such as AP-
1 and members of GATA family, to control gene
expression [27]. As shown by song et al, NFATc2
can upregulate the expression of Bcl-2, an antiapopto-
tic protein, in PASMCs, after activated by stromal
interaction molecule 2 (STIM2), a Ca** sensor in the
ER that recruits Orail proteins to form SOC and
induce SOCE. Therefore, they thought the STIM2/
SOCE/Ca**/CaN/NFATc2/Bal-2 pathway plays an
essential role in the process of PAH by regulating
PASMC:s apoptosis [33]. NFAT has also been shown
to regulate the expression of SM-myosin heavy chain,
SM-a-actin, al integrin, and caldesmon genes.
NFATc3 nuclear translocation has been shown to
promote PASMCs hypertrophy and vascular remold-
ing by enhancing the expression of SM-a-actin,
a contractile protein required for SMCs development
[35]. Despite these proliferation-promoting genes,
NFAT can also regulate some inflammatory genes,
such as interleukin-2 and thymic stromal lymphopoie-
tin (TSLP), some of which may participate in the
pathogenesis of PAH [30,34]. Jia et al. showed in
their study that the increased [Ca®*]; induced by
TRPV1 could produce NFAT-upregulated TSLP tran-
scription, which contributed to airway inflammation
[34]. The downstream genes regulated by NFAT (the
antiapoptotic gene Bcl-2, the hypertrophic gene SM-
a-actin, the inflammatory gene IL-2 and TSLP) shown
above are not reported to definitely be mediated by
TRPV1/Ca** in PASMGCs. As a calcium channel
located in both the plasma membrane and the ER
membrane, TRPV1 is very likely to mediate them
and a significant number of undiscovered genes
related to PAH through NFAT.

CREB

CREB is a Ca®*-dependent TF that modulates gene
expression by binding to the promoter region of
target genes after translocating into the nucleus.
This translocation necessitates its phosphorylation
by Ca**/CaM-dependent protein kinase IT and Ca®
*/CaM-dependent protein kinase IV [27,29]. The
pCREB has been found to be significantly upregu-
lated in IPAH PASMCs, accompanied by increased
TRPV1 and [Ca®'];. Therefore, the TRPV1/Ca®
"/pCREB pathway may be involved in the
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pathogenesis of PAH [4,33]. In contrast, there are
reports showing the downregulation of pCREB in
PAH PASMCs and the protective role of CREB
from proliferation and remolding by regulating
phosphatase and tension homolog (PTEN),
a tumor suppressor gene, and mitochondrial cal-
cium uniporter (MCU), a mitochondrial calcium
uptake protein that can decrease [Ca**]; [36,37].
These contradictory results may be due to the
presence of three types of isoforms of CREB,
which may produce different effects [38].

c-jun and c-fos

c-jun and c-fos are immediate-early genes participat-
ing in the formation of AP-1, a family of proteins
involved in cell proliferation, inflammation, and apop-
tosis by regulating the expression of target genes. The
expression of c-jun and c-fos can be upregulated by
calcium influx and is much higher in lung vessels from
IPAH patients and modeled PAH rats than normal.
Therefore, the Ca**/c-jun and c-fos pathway may also
be a signaling pathway for PASMCs proliferation
[29,39]. Although there is no evidence that TRPV1 is
responsible for this pathway, we cannot exclude the
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existence of the TRPV1/Ca**/c-jun(c-fos) pathway in
PAH; further investigation is needed.

Ultimately, the TRPV1/Ca**/CaN/NFAT/Bal-2
(TSLP, IL-2, a-actin) pathway, the TRPV1/Ca’
*/CaN/CREB pathway and the TRPV1/Ca**/c-jun
(c-fos) pathway may be imprecise and sectional sig-
naling pathways in the process of PAH. It seems that
upregulation of TRPV1 expression in PASMCs can
aggravate proliferation and migration via a Ca**
dependent transcription pathway, so TRPV1 inhibi-
tion may be beneficial for PAH treatment. The role of
Ca®" in PASMC is illustrated in Figure 1. However,
most of the described studies were in vitro experi-
ments. In vivo, PASMCs are governed by nerves,
and their phenotypes are more contracted and less
proliferative under normal compared with in vitro
conditions. Therefore, whether TRPV1 is a bad guy
for PAH requires further study.

TRPV1, inflammation and neuropeptides

An expanding body of knowledge has related
inflammation in vascular cells to PAH pathogen-
esis. As Rabinovitch et al. showed in their review,
in addition to increases in cell
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Figure 1. illustrates the contractive and proliferative role of increased [Ca*]; in PAH PASMC. The increased [Ca®*]; coming from both

Ca** influx and Ca®"
proliferation by activating Ca**

release can make PASMC contraction through the CaM/MLCK/RLC/actin pathway and aggravate PASMC
-dependent transcription factors, NFAT, CREB and c-fos/c-jun, which can translocate into nucleus to

regulate the expression of target genes. ER: endoplasmic reticulum. TRPV1: transient receptor potential vanilloid subfamily member
1. VDC: Voltage-independent calcium channel. ROC: receptor-operated calcuim channel. RyR: ryanodine receptor channel. IP3R:
inositol triphosphate receptor channel. CaM: calmodulin. CaN: calcineurin. MLCK: myosin light chain kinase. RLC: regulatory light
chain. NFAT: nuclear factor of activated T cells. CREB: cAMP response element-binding protein. CaMKII/IV: CaM-dependent protein

kinase lI/IV.



accumulation around perivascular tissue, there
are abnormal elevations in circulating cytokines
and chemokines during inflammation, some of
which are closely related to PAH pathogenesis
[40]. TRPV1 is well known to be expressed in
terminals of sensory nerves and cause the release
of neuropeptides, including proinflammatory
CGRP and SP, and anti-inflammatory SST,
which mediate local inflammation. The relation-
ship between TRPV1 in nerves and inflammation
in tissues seems to be bidirectional. TRPV1 can
not only modulate inflammation by neuropep-
tides-induced events in the vascular system but
also be affected by inflammatory factors secreted
by immune cells and endothelial cells, such as
IL-4, IL-13 and TNF-a [41-44]. Several research-
ers have demonstrated that TNF-a could exacer-
bate TRPV1-induced  inflammation by
upregulating the expression and sensitivity of
TRPV1 after binding to its TRPVI-adjoined
receptor in nerves [41-43].

Therefore, TRPV1 may participate in PAH
pathogenesis by influencing the inflammatory pro-
cess, although there have not been any specific
studies on the inflammatory function of TRPV1
during the process of PAH. The relationship
between TRPV1 and PAH may be closely asso-
ciated with the neuropeptides released from the
terminals of nerves. Because pretreatment with
capsaicin, a specific activator of TRPV1, has been
reported to alleviate PAH inflammation via deple-
tion of proinflammatory neuropeptides in
advance, and the p38 mitogen-activated protein
kinase (MAPK) signaling pathway may participate
in this process [45]. TRPV1-releasing neuropep-
tides exert their inflammatory function by binding
to their specific subsets of receptors located in
various cells including vascular endothelial cells,
smooth muscle cells, immune cells and even neu-
rons. Although these molecules are known as types
of inflammation-related neuropeptides, their func-

tions in vessels extend beyond mediating
inflammation.
CGRP

CGRP is a vasodilatory neuropeptide released
from terminals of TRPV1-sensitive nerves, the
receptors of which are a G protein-coupled
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receptor comprising a heterodimer containing
a seven-transmembrane-domain ligand-binding
protein, calcitonin-like receptor (CLR), and
a single transmembrane protein, receptor activity-
modifying protein 1 (RAMP1), which aids in the
trafficking of CLR to the cell surface and generates
pharmacological specificity. A third protein,
CGRP receptor component protein (RCP), is
a potential regulator of CLR/RAMP function
in vivo and seems to be extraordinarily important
for maintaining the function of CGRP [46-51].

CGRP has been described as a vasodilator for
decades. It had been found to increase blood flow
of various tissues and organs, including the skin,
kidneys, brain, and coronary artery, and play
a protective role in the progression of hyperten-
sion as a compensatory response to elevated blood
flow [52]. It is well accepted that CGRP released
from nerves can stimulate adenylate cyclase (AC),
which will turn ATP into cAMP by binding to its
receptor in VSMCs. The increased cAMP can
change membrane voltage by activating protein
kinase A (PKA)-induced K" channels, which will
inhibit VDCC followed by decreased [Ca®'];-
induced vasodilation. The receptor of CGRP also
exists in endothelial cells, which can produce nitric
oxide (NO) through the AC - cAMP - PKA path-
way after activation. The diffusion of NO into
adjacent VSMCs causes relaxation by activating
guanylate cyclase [53]. As shown above, these pro-
cesses are dependent on a subunits of GTP-
binding regulatory proteins (Ga); however, there
are reports demonstrating that By subunits of
GTP-binding regulatory proteins (GPy) were
responsible for these vasodilatory roles of CGRP
via the kv7 family of potassium channels, although
they failed to detail these roles. Despite this direct
vasodilation, CGRP could inhibit vasoconstriction
by preventing endothelin-1 from binding to its
receptor in VSMCs. This anti-endothelinergic
effect seems to be involved in GPy instead of Ga,
as both the vasorelaxing and the anti-ET-1 effects
of CGRP can be inhibited by Gy inhibitors
[54,55].

As a vasodilator, CGRP can bring more blood
flow to the area accompanied by increased amounts
of immune cells and factors, participating in the
inflammatory response in vivo [53]. Therefore, it
has long been considered as a proinflammatory
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mediator, which can induce tissue hyperemia and
edema, typically in migraine. However, it is too
early to define CGRP as an inflammatory promotor.
In some in vitro experiments, the general effects of
CGRP seem to be anti-inflammatory. For example,
in the early stages of bacterial pneumonia, CGRP
released from TRPV1 nerve terminals could sup-
press neutrophil and y§ T cell responses [56]. In
fungal osteoinflammation, CGRP was reported to
inhibit cytokine production and tissue inflamma-
tion via suppression of NF-kB by transcriptional
repressor jdp2, a member of the AP-1 gene, which
is generally thought to be involved in TLR-
mediated inflammation [57]. In a study of liver
inflammation, it was found to reduce TNFa-
production and protect the liver from injury inflam-
mation [58]. When bound to its receptor on
endothelial cells, CGRP also exerts anti-
inflammatory effects by inhibiting the release of
the chemokines CXCL8, CCL2, and CXCLI via
the NF-kB pathway [59]. According to the review
by Assas et al., CGRP released from TRPV1 nerves
could inhibit DCs maturation, antigen presentation,
and motility; inhibit mast cell degranulation; med-
iate the differentiation of T cells Th2, which is
associated with the production of anti-
inflammatory cytokines, such as IL-4 [60].

Therefore, in the pathogenesis of PAH, whether
CGRP acts as a proinflammatory one or anti-
inflammatory mediator requires additional
researches, and there have not been any studies
focusing on the inflammatory role of TRPV1-
induced CGRP in PAH. Previous studies seem to
concentrate more on the antiproliferative role of
CGRP in PAH. They demonstrated that CGRP
could exert an antiproliferative role by increasing
tumor-suppressive transcriptional factors, such as
p53 and p27, which could inhibit PASMC prolif-
eration by blocking the cell cycle [61,62].

sp

SP is another important neuropeptide released
from sensory terminals, regarded as proinflamma-
tory factors together with CGRP. There are three
types of neurokinin receptors, NK1, NK2, and
NK3. SP shows the highest affinity to NKI,
which is expressed in almost all endothelial cells
[63,64]. SP can induce vasodilatory effects by

interacting with endothelial NK1 receptors to
phosphorylate endothelial nitric oxide synthase
(eNOS), subsequently increasing NO-induced
vasorelaxation, and by promoting the release of
vasodilatory mediators, such as prostanoids and
histamine, after interacting with receptors on
white blood cells. In addition, it can degranulate
mast cells, cause the accumulation of neutrophils,
promote the adhesion of leukocytes, and activate
immune cells [64,65]. All of these endow SP the
proinflammatory characteristics. SP has been
shown to stimulate the production of chemokines,
such as TNF-a, IL-6 and MCP-1, and adhesion
molecules, such as ICAM-1 and VCAM-1, by acti-
vating the transcription factor NF-kB, although
the exact mechanisms of the association between
SP and NF-kB differ and are vague in different cell
types, and the extracellular signal-regulated
kinase-1/2 (ERK1/2)-dependent activation of NF-
kB downstream of PKC and the phosphoinositide
3-kinase (PI3K)-Akt pathway may be one signal-
ing pathway responsible for SP-induced inflamma-
tion [66-68]. However, a recent study showed that
SP could inhibit the macrophages release of TNFa
and IL-6 by the retention of NF-kB in the cyto-
plasm, which indicates an anti-inflammatory effect
of SP [69]. Actually, besides its vasodilatory and
proinflammatory characteristics, SP also exerts
vasoconstrictive effects by interacting with NK1
receptors on vascular smooth muscle cells [20].
Therefore, the vascular function of SP may be
determined by the location of the binding recep-
tors. It is worth mentioning that different concen-
trations of capsaicin have different effects on
skeletal muscle arterioles, possibly because activa-
tion of TRPV1 in VSMCs can shrink vessels
through Ca®* signaling, whereas activation of
TRPV1 in sensory nerves can dilate vessels
through SP-endothelium interactions [70].

SST

SST is an endogenous cyclic tetradecapeptide hor-
mone that exists widely throughout the nervous
system, gastrointestinal tract and pancreas and
plays an important role in the modulation of hor-
mones and neurotransmitter release, gastrointest-
inal functions, the cardiovascular system and the
proliferation of tumor cells by binding to specific



receptors in different cells. The receptor of SST is
a G-protein-associated receptor that has five sub-
types: sst;_s. On the basis of their binding profile
towards synthetic SST analog, they can be divided
into two subgroups: the SRIF1 group comprising
ssty, sst3, and ssts, is able to bind to the octapeptide
analog and is responsible for the antihormonal
and antimitotic action, whereas the SRIF2 group,
comprising sst; and ssty, is able to bind to the
heptapeptide analog and is responsible for the
anti-inflammatory and antinociceptive action at
both the vascular and cellular levels. In the ner-
vous system, SST acts as a neuropeptide released
from capsaicin-sensitive sensory nerve endings
and exerts anti-inflammatory function by binding
to receptors, generally sst; and ssty, in nerve term-
inals, endothelial cells and immune cells. TT-232
and J-2156, the synthetic selective receptor ago-
nists of sst;/ssty, have been reported to inhibit
both the neurogenic and nonneurogenic vascular
inflammatory response by suppressing CGRP/SP
release and mast cell degranulation, respectively
[71-73]. At the cellular level, as a G-protein-
associated receptor, sst4 can exert an analgesic
function by mediating the inhibition of AC activity
and the downstream cAMP/PKA pathway, fol-
lowed by inhibition of TRPV1 in neurons [74].
In peripheral cells, the anti-inflammatory role of
SST may be related to the inhibition of NF-kB
followed by decreased downstream expression of
proinflammatory factors [15,75,76]. However, the
TRPV1/SST/NF-kB signaling pathway requires
further investigation.

Activation of TRPV1 in sensory nerve terminals
can release both proinflammatory and anti-
inflammatory neuropeptides in vivo. The combined
effect may determine the role of TRPV1 in the inflam-
matory response, especially in the pathogenesis of
PAH, which is highly relevant to inflammation as
shown above. Regrettably, there is a lack of direct
research on the role of TRPV1 in PAH in terms of
inflammation. However, in other inflammatory dis-
eases, such as airway inflammation and arthritis,
TRPV1 has been proven to exert beneficial effects via
SST. Administration with SST analogs or TRPV1 ago-
nists can alleviate synovial thickening, cell infiltration,
cartilage destruction, and bone erosion in rats with
artificial arthritis. In chronic arthritis, inflammatory
factors, such as bradykinin, may selectively activate

CHANNELS (&) 241

TRPV1 more in the SST-containing subpopulation
of sensory nerves than in the CGRP/SP-containing
subpopulation of sensory nerves. The released SST
can inhibit the release of proinflammatory neuropep-
tides from nerves and inhibit systemic immune
response processes, such as monocyte/macrophage
functions, B lymphocyte immunoglobulin produc-
tion, T lymphocyte proliferation, and cytokine pro-
duction, by interacting with the appropriate receptors
[14,77,78]. Therefore, we assume that TRPV1 may
play an anti-inflammatory role by releasing SST after
being activated by inflammatory mediators during
PAH progression. The role of three neuropeptides in
vessels is illustrated in Figure 2.

TRPV1 in inflammatory cells

Apart from nerves, TRPV1 is also expressed in inflam-
matory cells to participate in inflammation directly.
However, like TRPV1 in sensory nerves, the inflam-
matory role that TRPV1 plays in these cells is not
consistent. Wang et al. demonstrated that activating
TRPV1 in endothelial cells could exert an anti-
inflammatory function characterized by a decrease in
proinflammatory cytokine/chemokine production
and adhesion molecule expression, as well as mono-
cyte adhesion. This function may be due to the down-
regulation of NF-kB, a transcription factor
modulating proinflammatory factor expression, by
activation of TRPV1 via the Ca**/PI3K/Akt/eNOS/
NO pathway [79]. The anti-inflammatory role of
TRPV1 is also found in dendritic cells (DCs), a kind
of immune cell presenting antigens to T cells and
producing different cytokines to participate in
immune-inflammatory responses. Activation of
TRPV1 could impede DCs maturation by downregu-
lating toll-like receptor 4 and NF-kB [80]. However, in
CD4 + T cells and lung epithelial cells, TRPV1 has
been found to have a proinflammatory role by phos-
phorylating NF-kB [81,82]. Therefore, whether
TRPV1 is a pro- or anti-inflammatory agent is con-
troversial. There has even been research showing alter-
nating effects of TRPV1 on inflammation.
Wilhelmsen et al. believed that cannabinoids could
change TRPV1 in human lung microvascular
endothelial cells (HMVECs-lung) from being anti-
inflammatory to being proinflammatory, as they
found that inhibition of TRPV1 in HMVECs-lung
could further reduce lipopolysaccharide-induced
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Figure 2. illustrates the vascular function of three neuropeptides released from capsaicin-sensitive nerves mainly. (1) Inflammatory
factors, such as TNFa can active TRPV1 to release pro- and anti-inflammatory neuropeptides after binding to receptors adjoined to
TRPV1. (2) combination of CGRP receptors on SMCs can decrease [Ca®']i to cause vasorelaxation by activating AC/cAMP/PKA
pathway, which opens K+ channels and inhibits calcium influx, and can inhibit SMC proliferation by upregulate P53 and P27. And if
combined to endothelial cells, it can stimulate NO production, which diffuses into SMC to cause relaxation. Besides, CGRP can
produce vasodilation indirectly by inhibiting ET-1 binding to its receptors. (3) SP combined to endothelial cells can dilate vessels via
the eNOS/NO way. (4) SST can inhibit CGRP/SP release and TRPV1 activation. (5) TRPV1, CGRP, SP, and SST can mediate activities of
inflammatory cells and productions of inflammatory factors by promoting or inhibiting expression of NF-kB. CGRP: calcitonin gene
related peptide. SP: substance P. SST: somatostatin. TNFa: tumor necrosis factor a. ET-1 endothelin-1. TRPV1: transient receptor
potential vanilloid subfamily member 1. VDC: Voltage-independent calcium channel. AC: adenylate cyclase. cAMP: cyclic adenosine
monophosphate. PKA: protein kinase A. NO: nitric oxide. eNOS: endothelial nitric oxide synthase. NF-kB: nuclear factor-kappa B.

HMVEC-lung inflammation in the presence of can-
nabinoids but accelerate inflammation in the absence
of cannabinoids [83].

Regardless of how complicated the role of TRPV1 is
in inflammation, the effects of TRPV1 directly on
inflammatory cells and indirectly on inflammatory
cells through these three neuropeptides seem to all
involve NF-kB, a transcription factor associated with
proinflammatory factors, such as TNF-a, IL-6, MCP-
1, ICAM-1, and VCAM-1. The proinflammatory
effects are mediated by their upregulation of NF-kB,
whereas the anti-inflammatory roles are due to their
downregulation of NF-kB [59,66,75,79]. However,
a large number of studies are necessary to detail the
role of the TRPV1/NF-kB signaling pathway in
inflammation, especially in the progression of PAH.

Conclusion

In summary, TRPV1-induced increases in [Ca®*];
in PASMCs can induce vascular contraction,

proliferation and migration, which are enhancers
of pulmonary hypertension. Besides, TRPV1 at
sensory nerve termini can be upregulated by
inflammatory cytokines to release the proinflam-
matory neuropeptides CGRP and SP, which can
promote hypertension by disturbing the balance
between vascular contraction and relaxation.
However, TRPV1 can also release the anti-
inflammatory neuropeptide, SST, which can inhi-
bit not only the immune response but also the
release of CGRP and SP, although the details of
this process require further study. Furthermore,
CGRP has been reported to prevent pulmonary
arterial proliferation and inhibit chemokine release
when bound to its receptors on smooth muscle
cells and endothelial cells, respectively, which is
beneficial for PAH. Thus, whether TRPV1 activa-
tion is an alleviator of PAH cannot currently be
determined. Various inflammatory states, includ-
ing PAH, are accompanied by increased TRPV1
expression, but whether TRPV1 is a cause of



inflammation or a compensatory response after
inflammation has not been determined based on
related studies involving in vitro experiments. The
human body as a whole performs many adjust-
ments, and the ultimate effect of TRPV1 on PAH
may be a combined result of Ca®*, neuropeptides
and inflammation, and it may differ according to
the concentration of agonists. Therefore, many
more studies need to be performed to elucidate
the relationship between TRPV1 and inflamma-
tion in terms of PAH. Such studies may enable
us to clarify the pathogenesis of PAH and explore
preventive and therapeutic strategies.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was supported by the National Natural Science
Foundation of China under Grant No. 81670447; the
National Natural Science Foundation of Zhejiang Province
under Grant No. LY15H020006; Zhejiang Province Key
Subject of Medicine (Neurological Rehabilitation) and the
Traditional Chinese Medicine Program of Zhejiang
Provincial under Grant No. 2017ZZ001; the Zhejiang
Provincial Health Commission Project under Grant No.
2017KY559. Li-hong Wang is sponsored by Zhejiang
Provincial Program for the Cultivation of High-Level
Innovative Health Talents.

Compliance with ethical standards

Conflict of interest on behalf of all authors, the correspond-
ing author states that there is no conflict of interest.

References

[1] Hoeper MM, Bogaard H]J, Condliffe R,
Definitions and diagnosis of pulmonary hypertension.
J Am Coll Cardiol. 2013;62(25 Suppl):D42-50.

[2] Badesch DB, Champion HC, Sanchez MA, et al
Diagnosis and assessment of pulmonary arterial
hypertension. ] Am Coll Cardiol. 2009;54(1 Suppl):

et al

S55-66.
[3] Thenappan T, Ormiston ML, Ryan JJ, et al. Pulmonary
arterial hypertension: pathogenesis and clinical

management. BMJ. 2018;360:j5492.

[4] Song S, Ayon RJ, Yamamura A, et al. Capsaicin-
induced Ca(2+) signaling is enhanced via upregulated
TRPV1 channels in pulmonary artery smooth muscle

(5]

(6]
(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

CHANNELS (&) 243

cells from patients with idiopathic PAH. Am ] Physiol
Lung Cell Mol Physiol. 2017;312(3):L309-L325.
Aldred MA, Vijayakrishnan J, James V, et al. BMPR2
gene rearrangements account for a significant propor-
tion of mutations in familial and idiopathic pulmonary
arterial hypertension. Hum Mutat. 2006;27(2):212-213.
Price LC, Wort SJ, Perros F, et al. Inflammation in pul-
monary arterial hypertension. Chest. 2012;141(1):210-221.
Wang L, Wang DH. TRPV1 gene knockout impairs
postischemic recovery in isolated perfused heart in
mice. Circulation. 2005;112(23):3617-3623.

Randhawa PK, Jaggi AS. TRPV1 channels in cardio-
vascular system: A double edged sword? Int J Cardiol.
2017;228:103-113.

Melo CM, Maia JL, Cavalcante IJ, et al. 12-
Acetoxyhawtriwaic acid lactone, a diterpene from
Egletes viscosa, attenuates capsaicin-induced ear
edema and hindpaw nociception in mice: possible
mechanisms. Planta Med. 2006;72(7):584-589.

Alawi K, Keeble J. The paradoxical role of the transient
receptor potential vanilloid 1 receptor in inflammation.
Pharmacol Ther. 2010;125(2):181-195.

Lv H, Yue ], Chen Z, et al. Effect of transient receptor
potential vanilloid-1 on cough hypersensitivity induced
by particulate matter 2.5. Life Sci. 2016;151:157-166.
McGarvey LP, Butler CA, Stokesberry S, et al
Increased expression of bronchial epithelial transient
receptor potential vanilloid 1 channels in patients with
severe asthma. ] Allergy Clin Immunol. 2014;133
(3):704-12 ed.

Gouin O, L’Herondelle K, Lebonvallet N, et al. TRPV1
and TRPA1l in cutaneous neurogenic and chronic
inflammation: pro-inflammatory response induced by
their activation and their sensitization. Protein Cell.
2017;8(9):644-661.

Borbely E, Botz B, Bolcskei K, et al. Capsaicin-sensitive
sensory nerves exert complex regulatory functions in
the serum-transfer mouse model of autoimmune
arthritis. Brain Behav Immun. 2015;45:50-59.

Wang J, Tian W, Wang S, et al. Anti-inflammatory and
retinal  protective  effects of capsaicin  on
ischaemia-induced injuries through the release of

endogenous somatostatin. Clin Exp Pharmacol
Physiol. 2017;44(7):803-814.
Watanabe N, Horie S, Michael GJ, et al

Immunohistochemical localization of vanilloid recep-
tor subtype 1 (TRPV1) in the guinea pig respiratory
system. Pulm Pharmacol Ther. 2005;18(3):187-197.
Stander S, Moormann C, Schumacher M, et al
Expression of vanilloid receptor subtype 1 in cutaneous
sensory nerve fibers, mast cells, and epithelial cells of
appendage Exp Dermatol. 2004;13
(3):129-139.

Wei Z, Wang L, Han J, et al. Decreased expression of
transient receptor potential vanilloid 1 impaires the
postischemic recovery of diabetic mouse hearts. Circ
J. 2009;73(6):1127-1132.

structures.



244 X. ZHANG ET AL.

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

Malenczyk K, Girach F, Szodorai E, et al. A TRPV1-to-
secretagogin regulatory axis controls pancreatic
beta-cell survival by modulating protein turnover.
Embo J. 2017;36(14):2107-2125.

Scotland RS, Chauhan S, Davis C, et al. Vanilloid
receptor TRPV1, sensory C-fibers, and vascular auto-
regulation: a novel mechanism involved in myogenic
constriction. Circ Res. 2004;95(10):1027-1034.
Hogestatt ED, Zygmunt PM. Cardiovascular pharma-
cology of anandamide. Prostaglandins Leukot Essent
Fatty Acids. 2002;66(2-3):343-351.

Martin E, Dahan D, Cardouat G, et al. Involvement of
TRPV1 and TRPV4 channels in migration of rat pul-
monary arterial smooth muscle cells. Pflugers Arch.
2012;464(3):261-272.

Parpaite T, Cardouat G, Mauroux M, et al. Effect of
hypoxia on TRPV1 and TRPV4 channels in rat pul-
monary arterial smooth muscle cells. Pflugers Arch.
2016;468(1):111-130.

Wang YX, Wang ], Wang C, et al. Functional expres-
sion of transient receptor potential vanilloid-related
channels in chronically hypoxic human pulmonary
arterial smooth muscle cells. ] Membr Biol. 2008;223
(3):151-159.

Dubes V, Parpaite T, Ducret T, et al. Calcium signal-
ling induced by in vitro exposure to silicium dioxide
nanoparticles in rat pulmonary artery smooth muscle
cells. Toxicology. 2017;375:37-47.

Peng G, Lu W, Li X, et al. Expression of store-operated
Ca2+ entry and transient receptor potential canonical
and vanilloid-related proteins in rat distal pulmonary
venous smooth muscle. Am ] Physiol Lung Cell Mol
Physiol. 2010;299(5):L621-30.

Kudryavtseva O, Aalkjaer C, Matchkov VV. Vascular
smooth muscle cell phenotype is defined by Ca2+--
dependent transcription factors. Febs J. 2013;280
(21):5488-5499.

Mizuno Y, Isotani E, Huang J, et al. Myosin light chain
kinase activation and calcium sensitization in smooth
muscle in vivo. Am ] Physiol Cell Physiol. 2008;295(2):
C358-64.

Di Mise A, Wang YX, Zheng YM. Role of transcription
factors in pulmonary artery smooth muscle cells: an
important link to hypoxic pulmonary hypertension.
Adv Exp Med Biol. 2017;967:13-32.

Kang K, Peng X, Zhang X, et al. MicroRNA-124 sup-
presses the transactivation of nuclear factor of activated
T cells by targeting multiple genes and inhibits the
proliferation of pulmonary artery smooth muscle
cells. J Biol Chem. 2013;288(35):25414-25427.

He RL, Wu ZJ, Liu XR, et al. Calcineurin/NFAT sig-
naling modulates pulmonary artery smooth muscle cell
proliferation,  migration  and  apoptosis  in
monocrotaline-induced pulmonary arterial hyperten-
sion rats. Cell Physiol Biochem. 2018;49(1):172-189.
Wang C, Li JF, Zhao L, et al. Inhibition of SOC/Ca2
+/NFAT pathway is involved in the anti-proliferative

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

[44]

[45]

effect of sildenafil on pulmonary artery smooth muscle
cells. Respir Res. 2009;10:123.

Song S, Carr SG, McDermott KM, et al. STIM2
(Stromal interaction molecule 2)-Mediated increase in
resting cytosolic free Ca(2+) concentration stimulates
PASMC  proliferation in  pulmonary  arterial
hypertension. Hypertension. 2018;71(3):518-529.

Jia X, Zhang H, Cao X, et al. Activation of TRPV1
mediates thymic stromal lymphopoietin release via the
Ca2+/NFAT pathway in airway epithelial cells. FEBS
Lett. 2014;588(17):3047-3054.

de Frutos S, Spangler R, Alo D, et al. NFATc3 mediates
chronic hypoxia-induced pulmonary arterial remodel-
ing with alpha-actin up-regulation. J Biol Chem.
2007;282(20):15081-15089.

Hong Z, Chen KH, DasGupta A, et al. MicroRNA-138
and microRNA-25 down-regulate mitochondrial cal-
cium uniporter, causing the pulmonary arterial hyper-
tension cancer phenotype. Am J Respir Crit Care Med.
2017;195(4):515-529.

Lai YJ, Hsu HH, Chang GJ, et al. Prostaglandin E1
attenuates pulmonary artery remodeling by activating
phosphorylation of CREB and the PTEN signaling
pathway. Sci Rep. 2017;7(1):9974.

Li L, Howell K, Sands M, et al. The alpha and delta
isoforms of CREBI are required to maintain normal
pulmonary vascular resistance. PLoS One. 2013;8(12):
€80637.

Biasin V, Chwalek K, Wilhelm J, et al. Endothelin-1
driven proliferation of pulmonary arterial smooth
muscle cells is c-fos dependent. Int J Biochem Cell
Biol. 2014;54:137-148.

Rabinovitch M, Guignabert C, Humbert M, et al.
Inflammation and immunity in the pathogenesis of
pulmonary arterial hypertension. Circ Res. 2014;115
(1):165-175.

Keeble J, Russell F, Curtis B, et al. Involvement of
transient receptor potential vanilloid 1 in the vascular
and hyperalgesic components of joint inflammation.
Arthritis Rheum. 2005;52(10):3248-3256.

Khan AA, Diogenes A, Jeske NA, et al. Tumor necrosis
factor alpha enhances the sensitivity of rat trigeminal
neurons to capsaicin. Neuroscience. 2008;155
(2):503-509.

Hsu CC, Lin YS, Lin RL, et al. Immediate and delayed
potentiating effects of tumor necrosis factor-alpha on
TRPV1 sensitivity of rat vagal pulmonary sensory
neurons. Am ] Physiol Lung Cell Mol Physiol.
2017;313(2):L293-L304.

Lee JH, Choi CS, Bae IH, et al. A novel, topical, nonster-
oidal, TRPV1 antagonist, PAC-14028 cream improves
skin barrier function and exerts anti-inflammatory action
through modulating epidermal differentiation markers
and suppressing Th2 cytokines in atopic dermatitis.
] Dermatol Sci. 2018;91:184-194.

Xu Y, Gu Q, Qu C. Capsaicin pretreatment reversed

pulmonary arterial hypertension by alleviating



(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

inflammation via p38MAPK pathway. Exp Lung Res.
2017;43(1):8-18.

Evans BN, Rosenblatt MI, Mnayer LO, et al. CGRP-
RCP, a novel protein required for signal transduction
at calcitonin gene-related peptide and adrenomedullin
receptors. ] Biol Chem. 2000;275(40):31438-31443.
Luebke AE, Dahl GP, Roos BA, et al. Identification of
a protein that confers calcitonin gene-related peptide
responsiveness to oocytes by using a cystic fibrosis
transmembrane conductance regulator assay. Proc
Natl Acad Sci U S A. 1996;93(8):3455-3460.
McLatchie LM, Fraser NJ, Main MJ, et al. RAMPs regulate
the transport and ligand specificity of the
calcitonin-receptor-like  receptor. ~Nature. 1998;393
(6683):333-339.

Prado MA, Evans-Bain B, Oliver KR, et al. The role of the
CGRP-receptor component protein (RCP) in adrenome-
dullin receptor signal transduction. Peptides. 2001;22
(11):1773-1781.

Geppetti P, Capone ]G, Trevisani M, et al. CGRP and
migraine:  neurogenic  inflammation  revisited.
] Headache Pain. 2005;6(2):61-70.

Supowit SC, Katki KA, Hein TW, et al. Vascular reac-
tivity to calcitonin gene-related peptide is enhanced in
subtotal nephrectomy-salt induced hypertension. Am
J Physiol Heart Circ Physiol. 2011;301(3):H683-8.

Kee Z, Kodji X, Brain SD. The role of calcitonin gene
related peptide (CGRP) in neurogenic vasodilation and
its cardioprotective effects. Front Physiol. 2018;9:1249.
Brain SD, Grant AD. Vascular actions of calcitonin
gene-related peptide and adrenomedullin. Physiol
Rev. 2004;84(3):903-934.

Meens M]J, Mattheij NJ, van Loenen PB, et al
G-protein betagamma subunits in vasorelaxing and
anti-endothelinergic effects of calcitonin gene-related
peptide. Br ] Pharmacol. 2012;166(1):297-308.

Stott JB, Barrese V, Suresh M, et al. Investigating the
role of G protein betagamma in Kv7-dependent relaxa-
tions of the rat vasculature. Arterioscler Thromb Vasc
Biol. 2018;38(9):2091-2102.

Baral P, Umans BD, Li L, et al. Nociceptor sensory
neurons suppress neutrophil and gammadelta T cell
responses in bacterial lung infections and lethal
pneumonia. Nat Med. 2018;24(4):417-426.

Maruyama K, Takayama Y, Kondo T, et al
Nociceptors boost the resolution of fungal osteoinflam-
mation via the TRP channel-CGRP-Jdp2 axis. Cell Rep.
2017;19(13):2730-2742.

Kroeger I, Erhardt A, Abt D, et al. The neuropeptide
calcitonin gene-related peptide (CGRP) prevents inflam-
matory liver injury in mice. ] Hepatol. 2009;51(2):342-353.
Huang J, Stohl LL, Zhou X, et al. Calcitonin
gene-related peptide inhibits chemokine production
by human dermal microvascular endothelial cells.
Brain Behav Immun. 2011;25(4):787-799.

(60]

(61]

(62]

(63]

(64]

(65]

(6]

(67]

(68]

(69]

(70]

(73]

[74]

CHANNELS (&) 245

Assas BM, Pennock JI, Miyan JA. Calcitonin
gene-related peptide is a key neurotransmitter in the
neuro-immune axis. Front Neurosci. 2014;8.
Chattergoon NN, D’Souza FM, Deng W, et al
Antiproliferative effects of calcitonin gene-related peptide
in aortic and pulmonary artery smooth muscle cells. Am
J Physiol Lung Cell Mol Physiol. 2005;288(1):L202-11.

Li XW, Hu CP, Wu WH, et al. Inhibitory effect of calcito-
nin gene-related peptide on hypoxia-induced rat pulmon-
ary artery smooth muscle cells proliferation: role of ERK1/2
and p27. Eur ] Pharmacol. 2012;679(1-3):117-126.
Mistrova E, Kruzliak P, Chottova Dvorakova M. Role
of substance P in the
Neuropeptides. 2016;58:41-51.
Holzer P. Neurogenic vasodilatation and plasma leak-
age in the skin. Gen pharmacol. 1998;30(1):5-11.
Tagawa T, Mohri M, Tagawa H, et al. Role of nitric
oxide in substance P-induced vasodilation differs
between the coronary and forearm circulation in
humans. ] Cardiovasc Pharmacol. 1997;29(4):546-553.
Williams R, Zou X, Hoyle GW. Tachykinin-1 receptor
stimulates proinflammatory gene expression in lung
epithelial cells through activation of NF-kappaB via a
G(q)-dependent pathway. Am J Physiol Lung Cell Mol
Physiol. 2007;292(2):L430-7.

Sun J, Ramnath RD, Tamizhselvi R, et al. Role of
protein kinase C and phosphoinositide 3-kinase-Akt
in substance P-induced proinflammatory pathways in
mouse macrophages. Faseb J. 2009;23(4):997-1010.
Lindsey KQ, Caughman SW, Olerud JE, et al. Neural
regulation of endothelial cell-mediated inflammation.
] Investig Dermatol Symp Proc. 2000;5(1):74-78.
Montana G, Lampiasi N. Substance P induces HO-1
expression in RAW 264.7 cells promoting switch
towards M2-like macrophages. PLoS One. 2016511
(12):e0167420.

Kark T, Bagi Z, Lizanecz E, et al. Tissue-specific reg-
ulation of microvascular diameter: opposite functional
roles of neuronal and smooth muscle located vanilloid
receptor-1. Mol Pharmacol. 2008;73(5):1405-1412.
Pinter E, Helyes Z, Szolcsanyi J. Inhibitory effect of
somatostatin on inflammation and nociception.
Pharmacol Ther. 2006;112(2):440-456.

Helyes Z, Pintér E, Németh J, et al. Effects of the somatos-
tatin receptor subtype 4 selective agonist J-2156 on sensory
neuropeptide release and inflammatory reactions in
rodents. Br ] Pharmacol. 2006;149(4):405-415.

Rai U, Thrimawithana TR, Valery C, et al. Therapeutic
uses of somatostatin and its analogues: current view
and potential applications. Pharmacol  Ther.
2015;152:98-110.

Gorham L, Just S, Doods H. Somatostatin 4 receptor
activation modulates TRPV1[correction of TPRV1]
currents in dorsal root ganglion neurons. Neurosci
Lett. 2014;573:35-39.

cardiovascular  system.



246 X. ZHANG ET AL.

(75]

(76]

(77]

(78]

Xu L, Liu Y, Han W, et al. Influences and mechanisms
of somatostatin on inflammation in endotoxin-induced
acute lung injury mice. Zhonghua Wei Zhong Bing Ji
Jiu Yi Xue. 2014;26(5):315-320.

Kidd M, Gustafsson BI, Drozdov ], et al. IL1beta- and LPS-
induced serotonin secretion is increased in EC cells derived
from Crohn’s disease. Neurogastroenterol Motil. 2009;21
(4):439-450.

Helyes Z, Elekes K, Nemeth J, et al. Role of transient
receptor  potential vanilloid 1 receptors in
endotoxin-induced airway inflammation in the
mouse. Am J Physiol Lung Cell Mol Physiol. 2007;292
(5):L1173-81.

Helyes Z, Szabo A, Nemeth J, et al. Antiinflammatory
and analgesic effects of somatostatin released from
capsaicin-sensitive  sensory nerve terminals in
a Freund’s adjuvant-induced chronic arthritis model
in the rat. Arthritis Rheum. 2004;50(5):1677-1685.

(79]

(80]

(81]

Wang Y, Cui L, Xu H, et al. TRPV1 agonism inhibits
endothelial cell inflammation via activation of eNOS/
NO pathway. Atherosclerosis. 2017;260:13-19.

Yao E, Zhang G, Huang J, et al. Immunomodulatory
effect of oleoylethanolamide in dendritic cells via
TRPV1/AMPK activation. J Cell Physiol. 2019.
Samivel R, Kim DW, Son HR, et al. The role of TRPV1
in the CD4+ T cell-mediated inflammatory response of
allergic rhinitis. Oncotarget. 2016;7(1):148-160.

Li C,Bo L, Liu Q, et al. Activation of TRPV1-dependent
calcium oscillation exacerbates seawater
inhalation-induced acute lung injury. Mol Med Rep.
2016;13(3):1989-1998.

Wilhelmsen K, Khakpour S, Tran A, et al. The endo-
cannabinoid/endovanilloid N-arachidonoyl dopamine
(NADA) and synthetic cannabinoid WIN55,212-2
abate the inflammatory activation of human endothe-
lial cells. J Biol Chem. 2014;289(19):13079-13100.



	Abstract
	Introduction
	Pulmonary hypertension
	Transient receptor potential vanilloid subfamily member 1

	Ca2+ and TRPV1 in pulmonary artery smooth muscle cells
	NFAT
	CREB
	c-jun and c-fos

	TRPV1, inflammation and neuropeptides
	CGRP
	SP
	SST
	TRPV1 in inflammatory cells

	Conclusion
	Disclosure statement
	Funding
	Compliance with ethical standards
	References



