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Abstract: This study aimed to investigate the roles of acid-sensing ion channel 3 (ASIC3) and calcitonin gene-related
peptide (CGRP) in the hypersensitivity of dorsal root ganglia neurons (DRG) in a rat model of visceral pain. The ani-
mal model of visceral pain was established by esophageal distension (ED). The action potentials and currents of the
ASIC3 in DRG neurons were recorded using the cell patch-clamp technique. The location of ASIC3 and CGRP in DRG
neurons was detected using an immunofluorescence assay. The mRNA and protein expression of ASIC3 and CGRP
was measured using quantitative real-time polymerase chain reaction and western blotting, respectively. We found
that both the number of action potentials and the currents through ASIC3 ion channels were significantly increased
in the ED group compared to the control group. Using immunohistochemical examination, ASIC3 was detected on
the cell membranes and in the cytoplasm of DRG neurons, whereas CGRP was seen only in the cytoplasm. mRNA
and protein expression levels of ASIC3 and CGRP in the ED group were significantly higher than those in the control
group. Both ASIC3 and CGRP participated in the development of hypersensitivity in DRG neurons in the ED model.
Change of current in the ASIC3 channels is one of the important mechanisms for DRG neuron hypersensitivity.
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Introduction

Gastroesophageal reflux disease (GERD) is a
common disease of the digestive system. The
prevalence of GERD in China is lower than that
in Western countries; however, it does appear
to be increasing [1]. However, only about one-
third to one-half of patients with GERD have
endoscopically positive findings, such as ero-
sions and ulcers, whereas others with GERD
symptoms have no obvious mucosal breaks
during endoscopic examination. Therefore,
GERD includes erosive esophagitis (EE) and
endoscopy-negative reflux disease (NERD). At
present, the most effective drug therapy for
GERD is proton-pump inhibitors (PPIs). Studies
have reported that the efficacy of PPls for NERD
is much lower than for EE [2]. Our previous
study also showed that about 40% of NERD
patients were not responsive to the standard
doses of PPIs [3]. PPI failure has become a
common clinical dilemma in primary care. So-
me patients repeatedly utilize healthcare re-

sources by frequent consultations, diagnostic
tests, and repeat prescriptions, which severely
affect their quality of life and wastes medical
resources [4, 5]. It has been suggested that all
of the GERD subtypes are independent and
each of them has their own specific pathogenic
mechanism [6]. The different pathogenic me-
chanisms may lead to the different responses
to PPIs by NERD and EE. Many studies have
found that visceral hypersensitivity is a key
pathophysiological mechanism of NERD. Alth-
ough they can be effective in the treatment
of acid reflux, PPIs cannot eliminate visceral
hypersensitivity, which may partially explain
why NERD patients have a poor response to
PPI treatment [7]. Further study on the mole-
cular mechanisms of visceral hypersensitivity
will provide an important basis for the treat-
ment of NERD.

Visceral hypersensitivity is an important etio-
logy of GERD; however, its mechanisms are
unclear. Visceral hypersensitivity may be ca-
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used by two factors [8]: peripheral sensitiza-
tion or central sensitization. Sensitization of
the primary afferent neurons is one of the rea-
sons for, and prerequisites of, central sensiti-
zation. Understanding the mechanisms under-
lying the sensitization of primary neurons is
particularly important for inhibiting the trans-
mission of pain signals. Pain signals are regu-
lated in the spinal cord before they enter the
higher nerve centers. In the spinal cord, the vo-
lume, nature, and speed of the pain informa-
tion is adjusted, converted, or controlled. This
function is mainly located in the dorsal root
ganglia (DRG) of the spinal cord. There are
three types of DRG neurons: small (19-27 um),
medium (33-38 um), and large (39-50 um). The
medium- and small-sized neurons, which exci-
te unmyelinated type C fibers and thin-myeli-
nated Ad fibers, are closely related to the trans-
mission of pain. Therefore, as the primary tar-
gets for the signaling and regulation of visceral
pain signals, the medium- and small-sized DRG
neurons have become focuses of visceral hy-
persensitivity research [9, 10].

Esophageal paresthesia is a complex patho-
physiological condition involving multiple fac-
tors, including neurotransmitters, ion channels,
and receptors [11]. Research on the regulatory
mechanisms of visceral hypersensitivity of the
esophagus is still at an early stage. Evidence
suggests that the increased expression of cal-
citonin gene-related peptide (CGRP) in esopha-
geal mucosa is associated with esophageal
hypersensitivity [12]. However, the specific me-
chanism of CGRP’s involvement in visceral
hypersensitivity is unclear. Acid-sensing ion ch-
annels (ASICs) are a group of ion-permeable
protein complexes commonly found on the cell
membrane. They play important roles in sens-
ing body-fluid pH and regulating pain sensa-
tion. Matricon J reported that ASIC channels
were part of the molecular effectors of central
sensitization leading to visceral pain in rat mo-
dels of irritable bowel syndrome [13]; however,
few studies reported on the relationship
between ASICs and esophageal visceral hyper-
sensitivity. Acid-sensing ion channel 3 (ASIC3)
and CGRP may co-participate in visceral hyper-
sensitivity of the esophagus, but the specific
mechanism is unclear.

In the present study, we established a rat
model of visceral pain using esophageal dis-
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tension (ED). The action potentials and cur-
rents of ASIC3 in DRG neurons were recorded
using the cell patch-clamp technique. Location
and expression of ASIC3 and CGRP in DRG neu-
rons were detected using an immunofluores-
cence assay, quantitative real-time polymerase
chain reaction (QRT-PCR), and western blotting,
respectively. The aim of this study was to inves-
tigate the roles of ASIC3 and CGRP in the hyper-
sensitivity of dorsal root ganglia neurons in the
ED model, and to provide a new therapeutic
target for visceral hypersensitivity.

Materials and methods
Animals

Forty healthy Sprague-Dawley rats weighing
220-250 g were randomized into 2 groups: the
ED group and the control group (20 rats/group).
This study was carried out in strict accordance
with the recommendations in the Guide for the
Care and Use of Laboratory Animals of the
National Institutes of Health. The animal use
protocol has been reviewed and approved by
the Institutional Animal Care and Use Com-
mittee (IACUC) of Wannan Medical College.

Labeling of DRG neurons

The rats were anesthetized with intraperiton-
eal injections of ketamine (75 mg/kg) and xyla-
zine (10 mg/kg). The chest was opened to find
the thoracic esophagus, and Dil (1,1-diocta-
decy 1-3-3-3-3-tetramethylindocarbcyanine; 5
mg/ml) was injected. Following the injection at
6-10 sites (1.0 mg/ml/injection), the chest was
sutured to complete the operation. The rats
were placed on a 37°C thermal blanket to
recover.

Establishment of a rat model

Ten days after injection of Dil, the rats were
again anesthetized with intraperitoneal injec-
tions of ketamine (75 mg/kg) and xylazine (10
mg/kg). A PE-240 tube with a small latex ball
(2.0 cm in length) at its end was inserted into
the thoracic esophagus (7-10 cm from the inci-
sor teeth). The tubing that extended from the
mouth was attached to the stereotaxic frame
with adhesive tape to avoid movement of the
balloon during repeated distensions. Warm wa-
ter was filled into the balloon for repeated ED
(0.4 ml each time at a rate of 0.05-0.1 ml/s;
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hold 20 s on, 20 s off) [14]. The low volume ED
(£0.2 ml) is considered to be an innocuous dis-
tension, whereas an ED > 0.4 ml is likely to be
noxious or painful in rats [15, 16]. In the control
group, the rats were anesthetized with an intra-
peritoneal injection of ketamine (75 mg/kg)
and xylazine (10 mg/kg), however they did not
undergo ED.

Acutely dissociated DRG neurons

After the rats were killed by cervical disloca-
tion, the thoracic spinal cord was harvested
and immediately placed in ice-cold Kreb’s solu-
tion. The spine was dissected under a micro-
scope to harvest the bilateral DRG, which was
placed in ice-cold L-15 solution and gently
washed twice. Collagenase (type I-A, 1 mg/ml)
and trypsin (type II-S, 0.25%) were added for
digestion at 37°C for 50 min. 5 ml of L-15 cul-
ture solution (containing 10% fetal bovine se-
rum (FBS)) was added to terminate the diges-
tion, followed by centrifugation at 2000 rpm for
5 min and washing twice with L-15 medium.
Cell pellets were suspended in DMEM/F12
supplemented with 10% FBS (Gibco, Grand
Island, NY). Then cells were plated on poly-D-
Lysine (1 mg/ml; Sigma) coated coverslips in
6-well plates (8x10° cells/well). The DRG neu-
rons were ready for patch-clamp recordings
after 30 min of attachment on coverslips.

Detection of hypersensitivity

After ED stimulation, the DRG neurons were
isolated. The threshold, frequency, and shape
of the action potentials were recorded using a
patch-clamp technique, and the results were
compared with those in the control group. Dil-
labeled neurons were orange under fluores-
cence microscopy. Only Dil-labeled neurons
with a capacity of 40 pF were recorded, and the
pH value of the internal liquid of the electrodes
was adjusted to 7.25 using 1 mM KOH. The
extracellular fluid was prepared using Kreb’s
solution, and the electrodes were set with a
P97 micropipette puller (Sutter CA). The elec-
trode resistance was maintained between 4
and 6 MQ. Signals were acquired using an
Axopatch-1D 200B amplifier. Digital-to-analog
conversion and data processing were carried
out using a Digidata 1322AA/D converter and
P Clamp 8 data acquisition and analysis sys-
tem, respectively. Curve fitting was performed
using Origin Pro 7.5.
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Cell patch-clamp technique

The ASIC3-specific blocker APETx2 (20 umol/L)
was used to distinguish the ASIC3 from other
currents. In the voltage-clamp mode, the cur-
rent through the ASIC3 ion channels in the DRG
neurons was recorded using the whole-cell
patch-clamp technique, and the results were
compared with those of the control group. In
the whole-cell mode, the potential was kept at
-80 mV. The pH value of the extracellular fluid
was rapidly changed from 7.4 to 6.0 using Tris-
OH. The ASIC3-specific blocker APETx2 (20
pmol/L) was added. In some cells, an inward
current may be provoked, which is the acid-
induced current in rat DRG neurons. Series
resistance was compensated by 50-80% to
minimize clamping errors and signal distortion.
The electrode resistance was maintained at
2-5 MQ. All the tests were performed at room
temperature (22-25°C).

Immunofluorescence assay

ASIC3 and CGRP expressions in DRG neurons
were located using an immunofluorescence
assay. The DRG cells were collected and fixed
in 4% paraformaldehyde for 10 min. After block-
ing in 10% FBS at room temperature for 1 h, the
neurons were incubated overnight with one of
the following primary antibodies at 4°C: rabbit
anti-mouse CGRP (1:1000; Abcam) or rabbit
anti-mouse ASIC3 (1:1000; Abcam). The cells
were washed with PBS three times (10 min
each). The cells were then incubated with fluo-
rescent-dye-conjugated secondary antibodies
at room temperature for 1 h before rinsing with
PBS three times (10 min each). After excess
secondary antibodies were washed off, pic-
tures were taken using a microscope (Leica,
Solms, Germany). The nuclei were counter-
stained with DAPI (4’,6-diamidino-2-phenylin-
dole).

qRT-PCR

The mRNA expression levels of ASIC3 and
CGRP in DRG neurons in the ED animal mo-
del were measured using gqRT-PCR, and the
results were compared with those in the con-
trol group. Thoracic DRG samples were collect-
ed from the ED and control groups. Total RNA
was extracted and purified with TRIzol reagent
using the RNeasy kit (Qiagen, Hilden, Germany)
and the Turbo DNA-free kit (Ambion, Waltham,
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Table 1. Primer sequences of the genes studies for gRT-PCR

Gene Sense (5'-3) Antisense (5’-3’) Product
CGRP CTC TCAGCAGCATGT GGG T TAA CTC ATT TAT ACT TGG TTT CA 554 bp
ASIC3 CCCAGC TCT GGACGCTAT G TCT TCC TGG AGC AGA GTG TTG 414 bp
B-actin TAA AGA CCT CTA TGC CAA CAC AGT CAC GAT GGA GGG GCC GGA CTC ATC 241 bp
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ing one of the following pri-
mary antibodies: rabbit anti-
mouse CGRP (1:1000; Abcam)
100ms or rabbit anti-rat ASIC3 (1:
1000; Abcam). On the second
day, the membrane was thor-

F

Time (mS)

Figure 1. Action potentials of DRG neurons in ED group and control group. A.
Action potentials after ED stimulation of DRG neurons (2 times pain thresh-
old) in ED group; B. Action potentials after DRG neurons received stimula-

tion (2 times pain threshold) in the control group.

MA). Then, 400 ng of RNA was used for reverse
transcription using the TagMan reverse tran-
scription reagent kits (Applied Biosystems). The
MRNA expression levels were measured using
the SYBR Green Master Mix (Shanghai Ge-
neCore). The Ct value of each sample was st-
andardized using B-actin. Changes in mRNA
expression of ASIC3 and CGRP were compar-
ed between the ED and control groups. The
sequences of the primers are shown in Table 1.

Western blot

The protein expression levels of ASIC3 and
CGRP in DRG neurons in the ED animal mo-
del were measured using western blotting, and
the results were compared with those in the
control group. Thoracic DRG samples were co-
llected from the ED and control groups. They
were placed in lysis buffer (containing RIPA,
phenylmethylsulfonyl fluoride, and cocktail) on
ice to allow ultrasonic homogenization. After
the protein concentration was measured using
the bicinchoninic acid method (BCA Kit, Ther-
mo Pierce, Rockford, IL), an equal amount of
protein was loaded for SDS-PAGE. After the
proteins in the gel were transferred to a ni-
trocellulose membrane (Whatman, Clifton, NJ),
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oughly washed with tris-buff-
ered saline-tween (TBST). After
incubation at room tempera-
ture with horseradish-peroxi-
dase-labeled IgG antibody (1:
5000; Huabio, Hangzhou, Chi-
na) for 1 h, the final lane was
recorded and quantified using Quantity One
imaging software (Bio-Rad, Hercules, CA).

Statistical analysis

All experiments were performed in triplicate
and were repeated at least three times. Re-
presentative experiments and mean values +
SD are shown. Statistical analysis was per-
formed using the software SPSS v. 15.0. Sta-
tistical differences of the ASIC3 currents and
mRNA and protein levels of CGRP and ASIC3
between the ED and control groups were deter-
mined by Student’s t-test. A P-value of < 0.05
was considered statistically significant.

Results

The number of action potentials of the DRG
neuron was markedly increased after ED
stimulation

In the ED group, the number of action poten-
tials of the DRG neuron was markedly increased
by 2 times pain threshold stimulation. However,
only one action potential was produced in the
DRG neuron of the control group under the
same condition (Figure 1).

Int J Clin Exp Med 2017;10(9):14100-14108
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Figure 2. Currents of ASIC3 ion channels of DRG neurons were detected by whole-cell patch-clamp technique. A.
Currents through ASIC3 ion channels in DRG neurons when pH of the extracellular fluid was 6.0 (detected by whole-
cell patch-clamp technique); B. Data was the current through the ASIC3 ion channels in DRG neurons (pH of the
extracellular fluid was 6.0). The current through the ASIC3 ion channels in DRG neurons was markedly increased
after ED stimulation. Compared with the control group, the difference was statitistically significant (t = 13.76, P <
0.01). mean £ SEM, n = 20 in each group.

CGRP ASIC3 DAPI Merge

A c

Control

Figure 3. Location of ASIC3 and CGRP in DRG neurons were detected by immunofluorescence assay. A. The Rep-
resentative immunofluoresence image of ASIC3 (a, red), CGRP (b, green), and DAPI (c, blue) in ED treated DRG
neurons (scale bar = 50 pm); B. The Representative immunofluoresence image of ASIC3 (a, red), CGRP (b, green),
and DAPI (c, blue) in control DRG neurons (scale bar = 50 ym). a. Expression of ASIC3 (red) in DRG neurons, mainly
located in the cell membrane and cytoplasm. b. Expression of CGRP (green) in DRG neurons, mainly located in the
cytoplasm. c. DAPI-stained nuclei of DRG neurons. d. Merged immunostaining of CGRP and ASIC was yellow, sug-
gesting the co-expression of CGRP and ASIC in the cytoplasm of DRG neurons.

The current through the ASIC3 ion channels the control group, the difference was statisti-
was markedly increased after ED stimulation cally significant (t = 13.76, P < 0.01).
ASIC3-specific blocker APETX2 (20 pmol/L) was Co-expression of CGRP and ASIC in the cyto-
used to distinguish the ASIC3 and other cur- plasm of DRG neurons

rents. When the pH value of the extracellular

fluid was rapidly changed from 7.4 to 6.0, the After ED stimulation, the rats were sacrificed by
acid-induced current in rat DRG neurons can be neck dislocation. The thoracic DRG neurons
provoked. We found that the current through were collected, the expression of ASIC3 and
the ASIC3 ion channels was markedly increased CGRP was detected using an immunofluores-
after ED stimulation (Figure 2). Compared with cence assay, and the results were compared
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Figure 4. mRNA levels of CGRP and ASIC3 in DRG neurons were detected by qRT-PCR. Data are presented as mean
+ SEM. Both CGRP and ASIC3 mRNA levels in ED group were significantly increased compared with the control group

(t1=13.45,P<0.01;t2 =15.98, P < 0.01).
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tein levels of CGRP and ASIC3
in the ED group were signifi-
cantly increased compared to
the control group (t1 = 20.52,
P<0.01;t2=22.63,P<0.01)
(Figure 5).

mED

O control

Discussion

Visceral hypersensitivity is a

CGRP

Figure 5. Protein levels of CGRP and ASIC3 in DRG neurons were detected
by Western blot. Data are presented as mean + SEM. The protein levels of
CGRP and ASIC3 in ED group were significantly increased compared with
the control group (t1 = 21.01, P < 0.01; t2 = 17.13, P < 0.01).

with those in the control group. Figure 3 is the
representative immunofluorescence image of
ASIC3 (red), CGRP (green), and DAPI (Blue) in
DRG neurons. Merged immunostaining of CGRP
and ASIC is yellow, which suggests the co-
expression of CGRP and ASIC in the cytoplasm
of DRG neurons.

MRNA expression of CGRP and ASIC3 in DRG
neurons was significantly increased after ED
stimulation

qRT-PCR showed that mRNA expression of
CGRP and ASIC3 in rat DRG neurons was sig-
nificantly increased compared with the control
group (t1 = 13.45, P < 0.01; t2 = 15.98, P <
0.01) (Figure 4).

The protein levels of CGRP and ASIC3 were
significantly increased after ED stimulation

Protein levels of CGRP and ASIC3 were detect-
ed by western blot in rat DRG neurons. The pro-
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key pathophysiological mecha-
nism for NERD, and one of the
reasons why NERD responds
poorly to PPls. Studies have
reported that some ion chan-
nels and neurotransmitters are
involved in the pathogenesis
of visceral hypersensitivity in NERD; however,
the exact mechanisms remain unclear. Further
research of visceral pain and its molecular me-
chanisms will provide an important basis for
the treatment of NERD. In the present study, we
established an animal model of ED-induced
esophageal hypersensitivity. After ED stimula-
tion, the DRG neurons were sensitized and the
number of action potentials following depolar-
ization markedly increased, which suggests
that sensitization of primary neurons is invol-
ved in the development of esophageal hyper-
sensitivity.

ASIC3

ASICs, first described by Waldman in 1997 [17],
are a group of ion-permeable protein complex-
es commonly found on the cell membrane.
They play important roles in sensing body-fluid
pH and regulating pain sensation. ASICs are
homopolymer or heteromer channels formed
by ASICla, ASIC1lb, ASIC2a, ASIC2b, ASIC3,
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and ASIC4 subunit proteins, with similar fea-
tures, including that they are: (1) activated di-
rectly by extracellular H*; (2) mainly Na*-per-
meable; and (3) permeable for other positive
jons, such as K* and Ca?*. ASICs are also known
as acid-sensitive sodium channels. Since the
discovery of ASICs, their regulatory roles in pain
sensation have been recognized. In particular,
because ASIC3 can rapidly activate and medi-
ate the steady-state current, it has become a
hot research topic in the regulation of inflam-
matory pain sensitivity [18-20]. Research has
shown that ASIC3 is expressed in DRG and
peripheral nociceptive chemoreceptors, and
the expression of ASIC3 is markedly upregulat-
ed with decreased pain threshold and the oc-
currence of hyperalgesia [21]. Further research
found that mice with ASIC3 knockout do not
develop pain hypersensitivity, which sugges-
ts that ASIC3 is an essential component in
the development of inflammatory hyperalgesia
[22]. The mechanisms of ASIC3’s regulation of
visceral hypersensitivity are unclear [23]. Fur-
thermore, there are few reports about ASICs
and esophageal visceral hypersensitivity at
present. In our study, after ED stimulation in
the rat model, the acid-induced currents in the
ASIC3 channels in DRG neurons markedly in-
creased compared with the control group,
which suggests that the change of currents in
the ASIC3 channels are the important mecha-
nism for DRG neurons hypersensitivity deve-
lopment.

CGRP is a 37-amino-acid vasoactive neuropep-
tide that is released by sensory nerve endings
and widely distributed in the central and peri-
pheral nervous systems. As a major excitatory
neurotransmitter, it is involved in nociceptive
information transmission and pain sensitiza-
tion [24]. In a rat model of chronic arthritis pa-
in, the biosynthesis of CGRP increased in DRG
neurons, however after treatment with the
CGRP receptor antagonist, CGRP 8-37, the pain
was alleviated [25]. Many experiments have
confirmed that CGRP can up-regulate cyclic
adenosine monophosphate (CAMP) concentra-
tion, and thus activate cAMP-dependent pro-
tein kinase A (PKA). After specific binding with
its receptor (calcitonin receptor-like receptor;
CRLR) [26-28], CGRP showed a variety of bio-
logical activities to affect pain sensation. The
role of CGRP in the development of gastroin-
testinal hypersensitivity was initially described
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by Ménnikes in a study of functional dyspepsia
[29]. A further study found that CGRP expres-
sion was markedly increased in the lumbosa-
cral spinal cord DRG in a rat model of visceral
hypersensitivity due to neonatal maternal sep-
aration [30]. Xu found that CGRP expression is
significantly increased in the esophageal mu-
cosa of NERD patients [31], which is consis-
tent with one of our previous studies [12]. Me-
anwhile, we found that CGRP expression was
positively correlated with GERD-Q score, and
this result suggests that the expression of CG-
RP is associated with pain sensation. It is there-
fore speculated that CGRP might participate in
visceral hypersensitivity in NERD patients. In
the present study, mRNA and protein expres-
sion of CGRP was significantly higher in the ED
group than in the control group. These results
further demonstrated that CGRP is involved
in the development of esophageal hypersen-
sitivity.

Ichikawa and Sugimoto found that CGRP and
ASIC3 were co-expressed in the trigeminal
ganglion [32]. Further studies found that CG-
RP was co-expressed with ASIC3 in rat models
of acute arthritis pain [33]. Meanwhile, the
expression of ASIC3 increased along with up-
regulation of CGRP expression, although the
exact mechanism was unclear. We found co-
expression of ASIC3 and CGRP in the cytopla-
sm of DRG neurons. After ED stimulation, mR-
NA and protein expression of ASIC3 and CG-
RP significantly increased compared with the
control group, and this result indicates that
both ASIC3 and CGRP participate in the hyper-
sensitivity of DRG neurons in ED-stimulated
animal models. Therefore, we speculate that
ED can increase CGRP and CRLR expression
in DRG neurons. Through autocrine and para-
crine mechanisms, CGRP can bind to CRLR to
activate adenylate cyclase, degrade ATP, pro-
duce cAMP, and activate PKA, thus showing
highly diverse biological activities, such as in-
ducing changes in ASIC3 expression and func-
tion, inducing cell depolarization, increasing ex-
citability of DRG neurons, and affecting trans-
mission of pain signals. CGRP may regulate
ASIC3 via the CGRP/CRLR/PKA pathway and
participate in the development of the hypersen-
sitivity of DRG neurons in ED models. How-
ever, such conclusions need to be validated in
further experiments.

Int J Clin Exp Med 2017;10(9):14100-14108



Roles of ASIC3 and CGRP in the visceral pain rat model

Acknowledgements

This study was supported by funding obtained
from Yijishan Hospital (Grant No.YR201206)
and Wannan Medicine College (Grant No.WK-
2014ZFQ09).

Disclosure of conflict of interest

None.

Address correspondence to: Chi-Yi He, Department
of Gastroenterology, Yijishan Hospital, Wannan
Medicine College, Wuhu 241001, China. Tel: +86
553 5739316; Fax: +86 553 5739107; E-mail: chiy-
ihe@126.com

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Tan VP, Wong BC, Wong WM, Leung WK, Tong
D, Yuen MF and Fass R. Gastroesophageal re-
flux disease: cross-sectional study demonstrat-
ing rising prevalence in a Chinese population. J
Clin Gastroenterol 2016; 50: e1-7.
Scarpignato C. Poor effectiveness of proton
pump inhibitors in non-erosive reflux disease:
the truth in the end! Neurogastroenterol Motil
2012; 24: 697-704.

Niu XP, Yu BP, Wang YD, Han Z, Liu SF, He CY,
Zhang GZ and Wu WC. Risk factors for proton
pump inhibitor refractoriness in Chinese pa-
tients with non-erosive reflux disease. World J
Gastroenterol 2013; 19: 3124-3129.

Kusano M, Hosaka H, Kawamura O, Kawada A,
Kuribayashi S, Shimoyama Y, Yasuoka H,
Mizuide M, Tomizawa T, Sagawa T, Sato K and
Yamada M. More severe upper gastrointestinal
symptoms associated with non-erosive reflux
disease than with erosive gastroesophageal
reflux disease during maintenance proton
pump inhibitor therapy. J Gastroenterol 2015;
50: 298-304.

Kim SE, Kim N, Oh S, Kim HM, Park MI, Lee DH
and Jung HC. Predictive factors of response to
proton pump inhibitors in korean patients with
gastroesophageal reflux disease. J Neurogas-
troenterol Motil 2015; 21: 69-77.

Bashashati M, Hejazi RA, Andrews CN and
Storr MA. Gastroesophageal reflux symptoms
not responding to proton pump inhibitor:
GERD, NERD, NARD, esophageal hypersensi-
tivity or dyspepsia? Can J Gastroenterol Hepa-
tol 2014; 28: 335-341.

Knowles CH and Aziz Q. Visceral hypersensitiv-
ity in non-erosive reflux disease. Gut 2008; 57:
674-683.

Bueno L and Fioramonti J. Visceral perception:
inflammatory and non-inflammatory media-
tors. Gut 2002; 51 Suppl 1: 19-23.

14107

(9]

(11]

[12]

[13]

(14]

(16]

[17]

[20]

Xu D, Wu X, Grabauskas G and Owyang C. Bu-
tyrate-induced colonic hypersensitivity is medi-
ated by mitogen-activated protein kinase acti-
vation in rat dorsal root ganglia. Gut 2013; 62:
1466-1474.

Liu S, ShiQ, Zhu Q, Zou T, Li G, Huang A, Wu B,
Peng L, Song M, Wu Q, Xie Q, Lin W, Xie W, Wen
S, Zhang Z, Lv Q, Zou L, Zhang X, Ying M, Li G
and Liang S. P2X7 receptor of rat dorsal root
ganglia is involved in the effect of moxibustion
on visceral hyperalgesia. Purinergic Signal
2015; 11: 161-169.

Zerbib F and Simon M. Novel therapeutics for
gastro-esophageal reflux symptoms. Expert
Rev Clin Pharmacol 2012; 5: 533-541.
Yoshida N, Kuroda M, Suzuki T, Kamada K,
Uchiyama K, Handa O, Takagi T, Yoshikawa T
and Kuramoto H. Role of nociceptors/neuro-
peptides in the pathogenesis of visceral hyper-
sensitivity of nonerosive reflux disease. Dig Dis
Sci 2013; 58: 2237-2243.

Matricon J, Gelot A, Etienne M, Lazdunski M,
Muller E and Ardid D. Spinal cord plasticity and
acid-sensing ion channels involvement in a ro-
dent model of irritable bowel syndrome. Eur J
Pain 2011; 15: 335-343.

Qin C, Ghorbani ML, Wu M, Farber JP, Ma J and
Foreman RD. Characterization of upper tho-
racic spinal neurons responding to esophageal
distension in diabetic rats. Auton Neurosci
2009; 145: 27-34.

Dong H, Loomis CW and Bieger D. Vagal affer-
ent input determines the volume dependence
of rat esophageal motility patterns. Am J Physi-
ol Gastrointest Liver Physiol 2001; 281: G44-
G53.

Qin C, Chandler MJ and Foreman RD. Afferent
pathways and responses of T3-T4 spinal neu-
rons to cervical and thoracic esophageal dis-
tensions in rats. Auton Neurosci 2003; 109:
10-20.

Waldmann R, Champigny G, Bassilana F, Heur-
teaux C and Lazdunski M. A proton-gated cat-
ion channel involved in acid-sensing. Nature
1997; 386: 173-177.

Wu L, Oshima T, Shan J, Sei H, Tomita T, Ohda
Y, Fukui H, Watari J and Miwa H. PAR-2 activa-
tion enhances weak acid-induced ATP release
through TRPV1 and ASIC sensitization in hu-
man esophageal epithelial cells. Am J Physiol
Gastrointest Liver Physiol 2015; 309: G695-
G702.

Ru F, Banovcin P and Kollarik M. Acid sensitiv-
ity of the spinal dorsal root ganglia C-fiber noci-
ceptors innervating the guinea pig esophagus.
Neurogastroenterol Motil 2015; 7: 865-874.
Kweon HJ, Cho JH, Jang IS and Suh BC. ASI-
C2a-dependent increase of ASIC3 surface ex-
pression enhances the sustained component
of the currents. BMB Rep 2016; 49: 542-547.

Int J Clin Exp Med 2017;10(9):14100-14108


mailto:chiyihe@126.com
mailto:chiyihe@126.com

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Roles of ASIC3 and CGRP in the visceral pain rat model

Qiu F, Wei X, Zhang S, Yuan W and Mi W. In-
creased expression of acid-sensing ion chan-
nel 3 within dorsal root ganglia in a rat model
of bone cancer pain. Neuroreport 2014; 25:
887-893.

He QL, Chen Y, Qin J, Mo SL, Wei M, Zhang JJ,
Li MN, Zou XN, Zhou SF, Chen XW and Sun LB.
Osthole, a herbal compound, alleviates nucle-
us pulposus-evoked nociceptive responses
through the suppression of overexpression of
acid-sensing ion channel 3 (ASIC3) in rat dor-
sal root ganglion. Med Sci Monit 2012; 8:
BR229-BR236.

Hattori T, Chen J, Harding AM, Price MP, Lu Y,
Abboud FM and Benson CJ. ASIC2a and ASIC3
heteromultimerize to form pH-sensitive chan-
nels in mouse cardiac dorsal root ganglia neu-
rons. Circ Res 2009; 105: 279-286.

Russell FA, King R, Smillie SJ, Kodji X and Brain
SD. Calcitonin gene-related peptide: physiolo-
gy and pathophysiology. Physiol Rev 2014; 94
1099-1142.

Bullock CM, Wookey P, Bennett A, Mobasheri
A, Dickerson | and Kelly S. Peripheral calcitonin
gene-related peptide receptor activation and
mechanical sensitization of the joint in rat
models of osteoarthritis pain. Arthritis Rheu-
matol 2014; 66: 2188-2200.

Holzmann B. Antiinflammatory activities of
CGRP modulating innate immune responses in
health and disease. Curr Protein Pept Sci
2013; 14: 268-274.

Hosaka K, Rayner SE, von der Weid PY, Zhao J,
Imtiaz MS and van Helden DF. Calcitonin gene-
related peptide activates different signaling
pathways in mesenteric lymphatics of guinea
pigs. Am J Physiol Heart Circ Physiol 2006;
290: H813-H822.

14108

(28]

[29]

[30]

(31]

(32]

(33]

Isensee J, Diskar M, Waldherr S, Buschow R,
Hasenauer J, Prinz A, Aligéwer F, Herberg FW
and Hucho T. Painmodulators regulate the dy-
namics of PKA-RIl phosphorylation in sub-
groups of sensory neurons. J Cell Sci 2014;
127: 216-229.

Ménnikes H, van der Voort IR, Wollenberg B,
Heymann-Monnikes |, Tebbe JJ, Alt W, Arnold R,
Klapp BF, Wiedenmann B and McGregor GP.
Gastric perception thresholds are low and sen-
sory neuropeptide levels high in helicobacter
pylori-positive functional dyspepsia. Digestion
2005; 71: 111-123.

Tsang SW, Zhao M, Wu J, Sung JJ and Bian ZX.
Nerve growth factor-mediated neuronal plas-
ticity in spinal cord contributes to neonatal ma-
ternal separation-induced visceral hypersensi-
tivity in rats. Eur J Pain 2012; 16: 463-472.

Xu X, Li Z, Zou D, Yang M, Liu Z and Wang X.
High expression of calcitonin gene-related pep-
tide and substance P in esophageal mucosa of
patients with non-erosive reflux disease. Dig
Dis Sci 2013; 58: 53-60.

Ichikawa H and Sugimoto T. The co-expression
of ASIC3 with calcitonin gene-related peptide
and parvalbumin in the rat trigeminal ganglion.
Brain Res 2002; 943: 287-291.

Ikeuchi M, Kolker SJ, Burnes LA, Walder RY
and Sluka KA. Role of ASIC3 in the primary and
secondary hyperalgesia produced by joint in-
flammation in mice. Pain 2008; 137: 662-669.

Int J Clin Exp Med 2017;10(9):14100-14108



