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Background: Inflammatory pain is the most common type of pain treated clinically.
However, the currently available treatments for inflammatory pain have limited effects and
can cause severe side effects. The aim of this study is to describe the effect of miRNA-485-
5p on osteoarthritis-related inflammatory pain.

Methods: Paw withdrawal threshold (PWT) of rats was measured by von Frey filaments.
The expressions of miRNA-485-5p and acid-sensing ion channel 1 (ASIC1) in the dorsal
root ganglion (DRG) were measured with real-time quantitative PCR and Western blotting
analysis. Fluorescent in situ hybridization and fluorescent immunohistochemistry were
employed to detect expression of miRNA-485-5p, acid-sensing ion channelASIC1 and co-
location of miRNA-485-5p with ASICI.

Results: The PWT of rats was significantly reduced after complete Freund’s adjuvant (CFA)
injection. The miRNA-485-5p expression level clearly decreased while the ASIC1 expres-
sion level was upregulated in the L4-6 dorsal root ganglion (DRG) of CFA rats. MiRNA-
485-5p and ASIC1 were co-expressed in the same DRG cells of CFA rats. Amiloride, an
inhibitor of ASICI1, clearly increased the PWT of CFA rats. Further, miRNA-485-5p agomir
reversed the upregulation of ASICII and alleviated CFA-induced mechanical hypersensitiv-
ity of CFA rats.

Conclusion: These results suggest that reduced expression of miRNA-485-5p contributes to
inflammatory pain through upregulating ASIC1 expression, implying a promising strategy
for pain therapy.

Keywords: miR-485-5p, ASIC1, dorsal root ganglion (DRG), inflammatory pain

Introduction

Chronic pain is the predominant symptom for people with inflammatory arthritis
and osteoarthritis (OA)." The treatment for OA-related inflammatory pain is still
very limited due to the complicated pathological mechanism. Therefore, the identi-
fication of specific inflammatory mediators and characterization of their mechanism
of action is of utmost importance for the development of selective and effective
therapeutic approaches to inflammatory pain.> MiRNAs, endogenous small non-
coding RNA molecules, contain about 22 nucleotides.®* They function in RNA
silencing and post-transcriptional regulation of gene expression.” The dysregulation
of miRNAs has been associated with many diseases such as cancer and obesity, as
well as diseases of chronic pain. It is reported that dysregulation of miR-1224, miR-
46 and miR-124 participated in CFA-induced inflammatory pain.®” Further,
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MiR-485-5p is reported to be involved in OA development
and progression,lo’11 however, the effect of miR-485-5p on
OA-related inflammatory pain remains unclear.
Acid-sensing ion channels (ASICs) are voltage-
insensitive, proton-gated cation channels activated by
extracellular acidosis.'” In rodents, four genes encode at
least six different subunits and three identical or different
subunits are required to form a functional channel.'*'?
Acid-sensing ion channels are expressed in various cells
of the body, especially in the central and peripheral ner-
vous systems.'* Importantly, ASIC1 is one of the targets of
miR-485-5p predicted by bioinformatics, and recent stu-
dies have demonstrated the influence of ASIC channels on

15:16 whose pathophy-

the symptoms of inflammatory pain,
siological mechanism is related to changes in pH.'
However, the regulation of ASICI in inflammatory pain
remains unknown.

Here, we assume that inflammation induced by CFA
suppresses miR-485-5p expression and subsequently leads
to an increase in ASIC1 expression in dorsal root gang-
lions (DRGs), which contributes to pain syndromes of rats.
In the present study, persistent inflammation was induced
by injecting complete Freund’s adjuvant (CFA) subcuta-
neously to the plantar surface of the left hind paw. The
results of the present study suggest a miR-485-5p/ASIC1-
mediated crucial target for the treatment of inflammatory
pain in patients with osteoarthritis.

Materials and Methods

Animals

The experiments were performed on male Sprague Dawley
rats weighing 180-200 g, which were provided by
Shanghai SLAC Laboratory Animal Company Ltd. Rats
were kept under controlled conditions (24 + 2°C, 06:00—
18:00 lighting) and had free access to both food and water.
For behavioral studies, 1 h before recording, the animals
were placed in a wire-bottom cage. All experiments were
performed according to the approved guidelines of the
Institutional Association for the Study of Pain.

Inflammatory Pain Rat Model and

Nociceptive Testing

Persistent inflammation was induced by injecting 100 ul of
complete Freund’s adjuvant (CFA) subcutaneously to the
plantar surface of the left hind paw, while the rats were
briefly anesthetized with isoflurane. Control rats received
an injection of normal saline (NS). The rats were placed

on an elevated mesh grid that completely exposed the
middle of the hind paw. Prior to each testing session, the
animals were habituated to the testing environment for at
least 30 min. Mechanical hypersensitivity was assessed
using calibrated von Frey filaments by those blinded to
the group assignments. The behavioral responses were
used to calculate the paw-withdrawal threshold, by fitting
a Gaussian integral psychometric function using
a maximum-likelihood fitting method. This fitting method
allowed parametric statistical analysis. The filaments had
the following log-stiffness values: Positive signs of with-
drawal included pulling back rapidly, biting and shaking
the hind limb within 5 sof the hind limb being pricked by
one of the von Frey filaments. The interval between trials
was at least 3 min. For each trial, the same hind limb was
stimulated 5 times by a single von Frey filament before
being stimulated by the next larger filament. The smallest
value of filament that induced positive signs after pricking
the rat hind limb was recorded. The rats were tested before
CFA injection to determine a baseline value for each
animal and were then tested at the time of 8 h and at 1,

3, 7 days after CFA injection.

Drug Administration

For behavioral experiments, miR-485-5p and NC agomir/
antagomir (purchased from GenePharma) were delivered
by intrathecal injection. Amiloride was diluted with nor-
mal saline (NS). Inflammatory pain threshold was mea-
sured after drug microinjection and tested until the effect
of the drug disappeared. The doses of the drug used in the
study were chosen according to previous reports.

Western Blotting

The animals were euthanized with isoflurane and then total
extracts from ipsilateral L4-6 DRG tissues was immediately
isolated and frozen in liquid. Protein levels were assayed by
Western blotting. Briefly, a 10% separating gel and stacking
gel were prepared the day prior to running the Western blot.
An equal volume of loading buffer with 5% pB-
mercaptoethanol to each tissue sample was prepared and
boiled for 10 min. An equal dose of protein from each
sample was separated by SDS-polyacrylamide gel electro-
phoresis (SDS-PAGE). After electrophoresis, PVDF mem-
brane was used to transfer protein. The membranes were
then probed with monoclonal rabbit anti-ASIC1 (YM3487,
1/500, Immunoway), or polyclonal rabbit anti-GAPDH (sc-
25,778, 1/1000, Santa). Densitometric analyses of proteins
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were performed using ImagelJ software. The ASICI protein
(~72 KD) expression was normalized to GAPDH (~37 KD).

Real-Time Quantitative PCR (qPCR)

Total RNA used for the present study was extracted from
DRG of control and inflammatory rats with TRIzol
(15,596,026, Ambion, Shanghai, China). Reverse tran-
scription of miR-485-5p and U6 from total RNA was
carried out using a miRNA selective reverse transcription
kit (Applied Biosystems by Thermo Fisher Scientific),
other cDNA was synthesized by total RNA using
a Reverse transcription kit (AE301-03, Transgen Biotech,
Beijing, China) following the supplier’s instructions. The
primer sequences used here are listed in Table 1. The PCR
reaction were performed in triplicate for each experiment.
QPCR assays were implemented in a Quantstudio Dx
Real-Time PCR instrument (Applied Biosystems, USA).
The relative results were calculated using the 274CT

equation.

Fluorescence in situ Hybridization (FISH)

and Immunofluorescence Assay

First, rats were deeply anesthetized with isoflurane. L4-L6
DRGs were then removed from the rats and postfixed for
0.5 h with paraformaldehyde and dehydrated in 10%, 20%
and 30% sucrose (Sinopharm Chemical Reagent Co. Ltd,
dissolved with PBS) in succession until the DRGs sank to
the bottom of the 30% sucrose solution. DRGs were then
cut into slices about 15 pm with a freezing microtome
(Leika).

Probe for miR-485-5p was synthesized by Qiagen. The
specific sequences of miR-485-5p were as follows: 5'-
AGAGGCUGGCCGUGAUGAAUUC-3'. FISH was per-
formed using a FISH kit (Boster, MK 1030). Sections were
treated with 30% H,0O, in methanol (1:50) for 30 min and
washed in DEPC-treated water 3 times. Sections were
pretreated with proteinase K at 37°C for 2 min and pre-
hybridized with pre-hybridize buffer at 37°C for 2—4 h.
Then sections were hybridized with probes (100 nM) in

Table | Primer Sequences

Primers Sequences (5' to 3’)

miR-485-5p-F CGAGAGGCTGGCCGTGAT

miR-485-5p-R AGTGCAGGGTCCGAGGTATT

miR-485-5p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTCTCG
miR-7a-F CGCGCGTGGAAGACTAGTGATTT

miR-7a-R ATCCAGTGCAGGGTCCGAGG

miR-7a-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAACA
miR-23a-F GCGCGATCACATTGCCAGGG

miR-23a-R ATCCAGTGCAGGGTCCGAGG

miR-23a-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGAAAT
miR-31-F CGAGGCAAGATGCTGGCA

miR-31-R AGTGCAGGGTCCGAGGTATT

miR-31-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAGCTA
miR-106-F GCGCGTAAAGTGCTGACAGT

miR-106-R AGTGCAGGGTCCGAGGTATT

miR-106-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATCTGC
miR-125b-F CGCGTCCCTGAGACCCTAAC

miR-125b-R AGTGCAGGGTCCGAGGTATT

miR-125b-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCACAA
miR-181-5p-F GCGCGAACATTCAACGCGTCG

miR-181-5p-R ATCCAGTGCAGGGTCCGAGG

miR-181-5p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACTCAC
Ueé-F AGAGAAGATTAGCATGGCCCCTG

Ué-R ATCCAGTGCAGGGTCCGAGG

U6-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAATA
ASICI-F CAGACGTGGAAAGTGCCAGA

ASICI-R GCTCTCGCAGGGATTGTGT

GAPDH-F CTTCTCTTGTGACAAAGTGGACAT

GAPDH-R CCCCATTTGATGTTAGCGGG
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hybridization buffer at 40°C overnight. Sections were
rinsed with 2x SSC, and subsequently washed with 0.5%
SSC, then washed with 0.2x SSC. Sections were incubated
with blocking solution at 37°C for 30 min, and then with
a mouse anti-digoxigenin antibody at 37°C for 1 hour.
Then sections were washed in 0.5 M PBS for 3 times
and incubated with SABC-CY3 (POD) at 37°C for 30
mins. Sections were then stained using immunofluores-
cence staining method.

To perform immunofluorescence, the sections were
rinsed in PBS three times (5 min each), and blocked for
1 h at 37°C then incubated with primary antibodies over-
night at 4°C and then incubated with secondary antibody
for 2 h at room temperature. Negative controls were per-
formed without the primary antibody. The primary anti-
body used in our experiment is ASIC1 (YM3487,1/500,
Immunoway). The slides were imaged using fluorescent
and were trimmed with

microscopy, the pictures

AxioVision.

Quantification and Statistics

In all experiments, animals were randomly assigned to
groups. In behavioral experiments, measurements were
performed with the experimenter blind to the drug condi-
tion. All values are expressed as mean = SEM, and no
samples/animals were excluded from analysis. All
reported statistical analyses were justified based on sample
size, homogeneity and variance, and normal distribution of
the data. The p-values reported for simple main effects
were the adjusted p-values for multiple comparisons. The
differences with a p value of 0.05 or less were considered

significant.

Results
MiR-485-5p Expression Was Decreased
in L4-6 DRGs of Rats with Persistent

Inflammatory Pain

Inflammatory pain was induced in adult rats by single
intra-plantar injection with CFA. Firstly, we assessed
baseline values for the paw withdrawal threshold
(PWT) of rats before CFA injection. The values were
17.73 £ 1.33 (n = 7 rats) and 19.54 + 0.76 (n = 6 rats)
for CFA-treated (CFA) and normal saline-treated
(CON) rats, statistical analysis showed that they did
not significant differ. Then we determined PWT of CFA
and CON rats from 8 hours to 7 days following

injection. The values of 8 h, 1 d, 3 d and 7 d after
injection were 3.01 = 1.40 (n = 7 rats), 5.53 £ 2.51 (n
= 7 rats), 4.70 £ 2.60 (n = 7 rats), 1.77 £ 0.16 (n = 7
rats) for CFA rats, respectively. The relative values of
8h,1d,3dand 7 d were 19.54 £ 0.76 (n = 6 rats),
18.79 £ 0.96 (n = 6 rats), 18.03 £ 1.02 (n =6 rats),
18.79 = 0.96 (n = 6 rats) for CON rats. Statistical
analysis showed that the PWT of CFA rats in response
to mechanical stimulation was significantly decreased
at these time points compared with CON rats (Figure
1A, ***p < 0.001 vs CON, two-way ANOVA).

To determine whether microRNAs are involved in this
setting, we measured the expression of miR-485-5p in L4-
L6 DRGs by qPCR. The relative miRNA level of miR-
485-5p at the times of 8 h, 1 d, 3 d and 7 d after injection
were 0.53 £ 0.15 (n = 3 rats), 0.30 = 0.05 (n = 4 rats), 0.47
+ 0.11 (n = 4 rats), 0.08 £ 0.02 (n = 4 rats) in CFA rats.
The relative miRNA level of miR-485-5p at the times of 8
h, 1 d, 3 d and 7 d after injection were 1.00 + 0.05 (n =3
rats), 1.00 = 0.22 (n =4 rats), 1.00 £ 0.08 (n = 5 rats), 1.00
+ 0.22 (n = 4 rats) in CON rats. There was a significant
downregulation of miR-485-5p in L4-L6 DRGs when
compared with CON rats at 8§ h (*p < 0.05 vs CON, two
sample #-test), 1 d (*p < 0.05 vs CON, two sample #-test),
3d (**p <0.01 vs CON, two sample #-test) and 7 d (**p <
0.01 vs CON, two sample #-test) (Figure 1B-E).

The Expression of MiR-7a, 23a, 31, 106,
I25b and 181-5p Was Not Changed

To further identify the involvement of miRNAs in
inflammatory pain, qPCR was performed to check the
expression levels of several pain-related miRNAs in
L4-6 DRG at day 3 following injection. As shown in
Figure 2, the expressions of miR-7a, miR-23a, miR-31,
miR-106, miR-125b and miR-181-5p were not signifi-
cantly changed (p > 0.05 vs CON, two sample ¢-test).
The relative values of miR-7a, miR-23a, miR-31, miR-
106, miR-125b and miR-181-5p in CFA rats were 0.98
+ 0.09, 1.00 + 0.27, 1.16 + 0.36, 0.93 + 0.28, 1.19 +
0.41 and 1.02 £ 0.43, respectively. The relative values
of miR-7a, miR-23a, miR-31, miR-106, miR-125b and
miR-181-5p in CON rats were 1 £ 0.05, 1 £ 0.43, 1 +
0.22, 1 £ 0.12, 1 + 0.36 and 1 £ 0.40. The above
results indicate that these miRNAs may not be
involved in CFA-induced inflammatory pain.
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Figure | CFA decreased miR-485-5p expression in L4-6 DRGs of rats with persistent inflammatory pain. (A) PWT of CFA rats was significantly decreased at 8 h, | d, 3
d and 7 d after CFA intra-plantar injection compared with control rats i.p. injected with normal saline (n = 7 rats for CFA and n = 6 rats for CON group, ***p < 0.001 vs
CON, two-way ANOVA). (B) CFA induced a significant decreased expression of miR-485-5p in L4-L6 DRGs at 8 h (n = 3 rats for each group, *p < 0.05 vs CON, two
sample t-test). (C) CFA induced a significant decreased expression of miR-485-5p in L4-L6 DRGs at | d (n = 4 rats for each group, *p < 0.05 vs CON, two sample t-test). (D)
CFA induced a significant decreased expression of miR-485-5p in L4-L6 DRGs at 3 d (n = 4 rats for CFA and n = 5 rats for CON group, **p < 0.0l vs CON, two sample
t-test). (E) CFA induced a significant decreased expression of miR-485-5p in L4-L6 DRGs at 7 d (n = 4 rats for each group, **p < 0.0l vs CON, two sample t-test).

Targeted Genes of MiR-485-5p Enriched

in Sensory Perception of Pain

To explore the mechanisms underlying the effects of miR-485-
5p on CFA-induced inflammatory pain, we first predicted the
potential target genes of miR-485-5p from miRWalk,
miRanda, miRNAMap and Targetscan databases (Figure
3A). Ofthem, 189 genes were picked out to be further analyzed
by GO. We found that 189 target genes were mainly involved
in sensory perception of pain (Figure 3B, red bar) and protein
phosphorylation (Figure 3B). We also found that acid-sensing
ion channel 1 (ASIC1) is one of the genes connected with the
sensory perception of pain. Furthermore, ASIC1 has been
widely reported to be involved in regulating neuroinflamma-
tion in various pathological conditions."'® As neuroinflamma-
tion is a characteristic pathological change and an important
cause of inflammatory pain, we focused our interest on study-
ing the roles of ASIC1 under the regulation of miR-485-5p in
the following experiments.

Inhibition of ASICI| Attenuated

Inflammatory Pain of CFA Rats

To verify the role of ASICI on inflammatory pain of CFA
rats, the protein level of ASICI in L4-L6 DRGs at the
times of 8 h, 1 d, 3 d and 7 d after CFA injection was detected
by Western blotting. The relative densitometry of ASIC1 in
inflammatory rats at the times of 8 h, 1 d, 3 d and 7 d after
CFA injection were 1.08 £0.34 (n =4 rats), 0.64+0.09 (n=3
rats), 1.30 £ 0.39 (n = 4 rats) and 0.93 &+ 0.29 (n = 3 rats), the
relative densitometry of ASIC1 in CON rats at the times of 8
h, 1d, 3 dand 7 d after CFA injection were 0.20+0.17 (n=4
rats), 0.38 £0.10 (n =3 rats), 0.69 £ 0.29 (n =4 rats) and 0.58
+ 0.11 (n = 3 rats). Statistical analysis showed the protein
expression of ASIC1 in L4-L6 DRGs was increased signifi-
cantly at the times of 8 h, 1 d, 3 d and 7 d after CFA injection
(Figure 4A-D, *p < 0.05 vs CON, two sample #-test). These
results demonstrate that upregulation of ASIC1 may contri-
bute to the mechanical pain of CFA rats.
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Figure 2 The expression of miR-7a, 23a, 31, 106, 125b and 181-5p was not altered. (A, B, D and F) The expression levels of miR-7a, 23a, 106 and 181-5p were not
significantly changed in L4-L6 DRG at 3 d after injection (n = 5 rats for CFA and n = 4 rats for CON group, p > 0.05 vs CON, two sample t-test). (C, E) miR-3| and 125b
were not significantly changed in L4-L6 DRG at 3 d after injection (n = 4 rats for each group, p > 0.05 vs CON, two sample t-test).
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Figure 3 Targeted genes of miR-485-5p were involved in sensory perception of pain. (A) There were 189 potential core target genes of miR-485-5p predicted from
miRWalk, miRanda, miRNAMap and Targetscan databases. (B) GO biological process analysis showed that the 189 target genes were mainly involved in sensory perception
of pain and protein phosphorylation (red bar represents the process of sensory perception of pain).

To confirm the role of ASICI in inflammatory pain, we
tested paw-withdrawal threshold before and after intrathecal
injection of 10 uL amiloride, an inhibitor of ASICI, or NS.
Paw-withdrawal thresholds of inflammatory rats before the
administration were 1.67 = 0.14 (amiloride, n = 7 rats), 1.67
+0.15 (NS, n = 6 rats), respectively. At 0.5, 1, 2 and 4 h after

treatment with amiloride, the thresholds were 4.34 £2.67 (n
=7 rats), 9.34 £3.08 (n =7 rats), 8.78 £ 2.17 (n = 7 rats) and
245 + 0.45 (n = 7 rats), respectively. At 0.5, 1, 2 and 4
h after delivery of NS, the thresholds were 1.61 =0 (n =6
rats), 1.61 + 0 (n = 6 rats), 1.74 + 0.08 (n = 6 rats) and 1.67 +
0.06 (n = 6 rats), respectively. Statistical analysis showed
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Figure 4 Inhibition of ASICI attenuates inflammatory pain of CFA rats. (A, C) The protein expression of ASICI in L4-L6 DRGs was increased significantly at 8 h and 3
d after CFA injection (n = 4 rats for each group, *p < 0.05 vs CON, two sample t-test). (B, D) The protein expression of ASICI in L4-L6 DRGs was increased significantly at
| d and 7 d after CFA injection (n = 3 rats for each group *p < 0.05 vs CON, two sample t-test). (E) There was a significant increase of PTW at | h and 2 h after injection of
ASICI inhibitor amiloride (n = 7 rats for amiloride and n = 6 rats for CON group, *p < 0.05 vs CON, two-way ANOVA).

that there was a significant increase of threshold at 1 h and 2
h after injection of amiloride (Figure 4E, *p < 0.05 vs CON,
two-way ANOVA). These results indicate that increased
ASIC1 in L4-6 DRGs contributes to the inflammatory pain
of CFA rats.

MiR-485-5p Overexpression Decreased

ASIC| Expression

To confirm the regulation of miR-485-5p and ASIC1, immu-
nofluorescence assay was conducted to detect their location in
L4-6 DRG. As shown in Figure 5A, miR-485-5p (red) was
mostly localized with ASIC1 (green). Additionally, we over-
expressed miR-485-5p by intrathecal injection of its agomir
and detected the protein expression of ASICI in L4-L6
DRGs. Western blot assays showed the relative densitometry
of ASICI in inflammatory rats treated with miR- 485-5p
agomir was 0.36 £ 0.20 (n =7) and 0.66 £+ 0.26 (n = 7) with
agomir NC. Statistical analyses showed that ASIC1 protein
expression was significantly reduced after intrathecal injection
of miR-485-5p agomir when compared with NC group
(Figure 5B, *p < 0.05 vs Agomir-NC, two sample #-test).

Overexpression of MiR-485-5p Alleviated

Inflammatory Pain

To confirm the role of miR-485-5p in inflammatory pain,
we tested paw-withdrawal threshold before and after
intrathecal injection of 10 pL. miR-485-5p agomir or nega-
tive control (NC). We first injected CFA and assessed
baseline values at 3 days. The values were 2.07 £ 0.40
(n =8 rats) and 1.67 £ 0.06 (n = 6 rats), statistical analysis
showed that there was no significant difference (p > 0.05
vs agomir-NC, two-way ANOVA). Then the paw-
withdrawal threshold was measured 30 min after intrathe-
cal injection of miR-485-5p agomir or NC. The values of
inflammatory rats at 0.5, 1, 2 and 4 hafter injection of
miR-485-5p agomir were 4.11 £ 1.28, 7.85 £2.38, 10.54 +
3.05 and 4.25 £ 1.25 (n = 8 rats), respectively. The values
at 0.5, 1, 2 and 4 h after injection of agomir NC were 2.70
+0.70, 1.74 = 0.08, 1.86 £ 0.19 and 1.99 = 0.22 (n = 6
rats), respectively. Statistical analysis showed that there
was a significant increase of paw-withdrawal threshold of
inflammatory rats injected with miR-485-5p agomir when
compared with agomir NC group at 1 and 2 h after
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Figure 5 Overexpression of miR-485-5p decreased the expression of ASICI and alleviated inflammatory pain in CFA rats. (A) FISH and immunofluorescence assay showed
that MiR-485-5p (red) was mostly co-localized with ASICI (green) (scale bar = 50 um). (B) ASICI protein expression was significantly reduced after intrathecal injection of
miR-485-5p agomir (n = 7 rats for each group, *p < 0.05 vs agomir-NC, two sample t-test). (C) The PWT of CFA rats was significantly increased at | h and 2 hafter injection
with miR-485-5p agomir (n = 8 rats for miR-485-5p agomir and n = 6 rats for agomir-NC group, *p < 0.05 vs agomir-NC, two-way ANOVA).

injection (Figure 5C, *p < 0.05 vs agomir-NC, two-way
ANOVA).

Discussion

Our present study adds new evidence to support the
hypothesis that microRNAs are critical in the development
of pain associated with inflammatory disorders.'” We
demonstrated that miR-485-5p was involved in inflamma-
tory pain in the present study based on the following
observed results. Firstly, we showed that miR-485-5p
was downregulated in L4-6 DRGs, and this decrease

appeared at the times of 8 h, 1 d, 3 d and 7 d after CFA
injection, which was well matched with the pain response
of rats, suggesting a potential role of miR-485-5p in
inflammatory pain. This result was then further confirmed
by application of miR-485-5p agomir which significantly
reverses paw withdrawal response threshold of CFA rats.
We did not measure the miR-485-5p expression at a longer
timepoint, but our data strongly suggested a potential
involvement of miR-485-5p in early development of
inflammatory pain. Additionally, the regulation mechan-

ism of miR-485-5p in inflammatory pain remains unclear.
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It was reported that noncoding RNA such as circRNA and
IncRNA target and affect miR-485-5p expression.' &7
Therefore, whether epigenetic regulation including these
or other noncoding RNAs affect the function of miR-485-
5p in inflammation needs to be investigated in future
study.

MicroRNAs are involved in the regulation of cellular
activity by targeting specific mRNAs and result in trans-
lation repression or degradation of the mRNAs.??* By
bioinformatics analysis, we found 189 target genes of
miR-485-5p. Further, GO analysis showed that the sen-
sation of pain was one of the primary biological pro-
cesses of these genes, and there were six genes involved
this process, including ASIC1. There are findings sug-
gesting that ASIC1 probably participates in both the
direct activation of primary afferent fibers and indirect
central sensitization.>> ASICI can perceive the acidic
microenvironment induced by cell damage, immune
response, or hypoxic metabolism in the inflammatory
state,”** and ASICs can directly respond to acidic pH
(below pH 7.0) in the DRG.**~*° Consistent with this, we
proved here that ASIC1 in L4-L6 DRGs was involved in
inflammatory pain based on the following observations.
First of all, ASIC1 was upregulated at protein level in
L4-L6 DRGs of rats at the times of 8 h, 1 d, 3 d after
injection of CFA. Secondly and importantly, inhibition of
ASICI1 by amiloride significantly reduced the paw with-
drawal response threshold of inflammatory rats.

Additionally, we further established how miR-485-5p
modulates ASIC1 expression. We showed by FISH experi-
ments that miR-485-5p was co-localized with ASICI, indi-
cating an anatomical possibility of miR-485-5p in regulation
of ASICI expression. Then, application of miR-485-5p ago-
mir clearly reversed the upregulation of ASIC1 in L4-L6
DRGs at protein level. While we had not excluded the
regulation effect of other miRNAs on ASICI in inflamma-
tory pain, at least, the present study strongly suggested that
miR-485-5p regulates ASICI expression through a post-
transcriptional process. Further, we did not detect the expres-
sion of other targets of miR-485-5p in DRGs, so we cannot
determine whether miR-485-5p also regulates the expression
of other molecules affecting inflammatory pain.

Conclusions

In summary, miR-485-5p was downregulated in L4-L6
DRGs of inflammatory pain rats which was negatively
correlated with the protein expression of ASIC1. MiR-
485-5p may inhibit inflammatory pain by targeting

ASICI1. The restoration of miR-485-5p expression may
be an attractive strategy for inflammatory pain therapy.
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