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Abstract
Osteoarthritis (OA) is a common osteoarthropathy with chronic inflammatory pain as the core symptom in middle-aged and
elderly people. LncRNA MEG3 (Maternally expressed gene 3) is involved in the development of OA via regulation of an-
giogenesis, which causes the activation and overexpression of transient receptor potential vanilloid type-1 (TRPV1). In this
study, we investigated the mechanism of MEG3-TRPV1 signaling in chronic inflammatory pain (CIP) of rat model. Chronic
inflammatory pain was modeled using subcutaneous microinjection of complete Freund’s adjuvant (CFA) into the left hind paw
of rats. We showed that TRPV1 mRNA and protein were significantly increased, while MEG3 mRNA was significantly de-
creased, in the DRG and SDH of CFA-induced rats. In addition, intrathecal injection of MEG3-overexpressing lentivirus
significantly downregulated TRPV1 expression and alleviated chronic inflammatory pain in CFA-induced rats. Treatment with a
TRPV1 antagonist also significantly relieved chronic inflammatory pain in CFA-induced rats. In general, our results reveal that
MEG3 alleviates chronic inflammatory pain by downregulating TRPV1 expression. These findings may provide new therapeutic
targets in the treatment of patients with OA.
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Introduction

Osteoarthritis (OA) is the most prevalent degenerative dis-
order of synovial joints and leads to chronic disability due to
chronic inflammatory pain and associated joint dysfunction.1

The main clinical symptoms of OA include knee joint pain,
swelling, deformation, limitation of motion, joint stiffness,
and chronic inflammatory pain.2 Patients with OA often have
joint effusion with inflammation of the joint cavity and the
synovium, which can damage and destroy the cartilage on the
articular surface and lead to secondary synovial inflamma-
tion, causing disorders of the synthesis and metabolism of
articular cartilage. Currently, no treatments can effectively
impede the progression of OA,3 and surgical joint replace-
ment is ultimately required in many affected patients.4 There
is no consensus on the pathogenesis of primary OA. Various
factors, such as age, cartilage metabolism, endocrine con-
ditions, bone and joint strain, high pressure in the joint
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capsule, immune factors, and genetic susceptibility, may be
involved in the onset of OA.5

Numerous studies suggest that tissue angiogenesis is in-
volved in the formation of lesions observed in OA. The ex-
pression of vascular endothelial growth factor (VEGF) is
increased in the articular cartilage of animals used to model
OA.5 A previous study assessed mRNA and protein expression
of VEGF, and expression of the long non-coding RNA
(lncRNA) maternally expressed gene 3 (MEG3), in cartilage
samples obtained fromOA patients and healthy individuals. The
results of that study showed that MEG3 lncRNA is negatively
correlated with that of VEGF, suggesting that MEG3 may be
involved in the development of OA via regulation of angio-
genesis.6 Moreover, VEGF promotes the activation and upre-
gulates the expression of transient receptor potential vanilloid 1
(TRPV1).7 However, how MEG3 regulates TRPV1 and the
OA-related chronic inflammatory pain is unclear.

In this study, complete Freund’s adjuvant (CFA) was used
to induce chronic inflammatory pain in a rat model.We showed
that chronic inflammatory pain causes downregulation of
MEG3 lncRNA and upregulation of TRPV1 expression in
CFA-induced rats. These CFA-induced rats were subsequently
treated with a MEG3-overexpressing lentivirus and a TRPV1
antagonist to explore the mechanisms of MEG3-TRPV1
signaling in a rat model of chronic inflammatory pain.

Materials and methods

Experimental animals

Healthy adult male specific-pathogen free Sprague Dawley
(SD) rats weighing 180–200 g were provided by Zhaoyan
New Drug Research Center Co., Ltd (Suzhou, China; license
number: SCXY [Suzhou] 2018–000, quality control certifi-
cate code: 2019120068). The rats were fed a standard rodent
pellet feed with free access to the feed and drinking water.
The rats were housed in an animal facility maintained at
controlled temperature and humidity (23 ± 2°C and 60%,
respectively) under a 12-h light-dark cycle. All the rats were
adapted to the breeding environment for 7 days before
commencement of the experiments.

Establishment of CFA-induced rat model

Rats were anesthetized using 5% chloral hydrate injected in-
traperitoneally. Then, using a 1 mL syringe, 100 µl CFA was
injected subcutaneously into the left hind paw of the rats under
anesthesia. The left hind paws of the rats were compared with
right hind paw at 8 h post-injection of CFA to assess the
presence of obvious redness and swelling. We also assessed
whether the CFA-induced rats demonstrated significantly re-
duced physical activity, which would indicate successful es-
tablishment of this model. Subcutaneous injection of 100 µl
saline was used in the left hind paw of control rats.

Intrathecal injection

Intrathecal injection was performed as described previously.8–10

Under isoflurane inhalation anesthesia, the rat was placed in the
ambulatory position, and the left hand explored the hip nodes,
and felt upward to the L4-5 spinous process gap as the
puncture point, the skin was tensed outward, and the micro-
syringe was held to enter the needle from the gap vertically
and slowly, and the drug was injected after the syringe was
withdrawn with cerebrospinal fluid when the tail-flicking
action appeared. Tail flicks during injection indicated suc-
cessful intrathecal injection.

Thermal paw withdrawal latencies (PWLs)

A Thermal Plantar Analgesia Meter was used to adjust the
intensity of radiant heat to that suitable for stimulation. Each
rat was placed on a glass plate and covered with a transparent
plexiglass cover. The rat was then allowed to adapt to this
environment for 30 min until the animal became quiet. The
temperature of the glass plate was maintained at 26 ± 0.5°C.
The light source used to provide illumination under the glass
plate was aimed at the left hind paw and adjusted to avoid the
left paw pad. The bottom of the paw was then irradiated, and
irradiation was stopped when the rat rapidly lifted or licked
the paw. To obtain the mean value, duration of thermal ra-
diation was recorded as thermal PWL three times in total,
with an interval of 10 min between recordings. The longest
thermal radiation interval was preset at 20 s; to prevent
scalding, thermal radiation was terminated if the rat still
showed no response at this interval.

Mechanical paw withdrawal thresholds (PWTs)

Each rat was first placed on a metal grid for a 30 min ad-
aptation to the environment until the animal became quiet. A
standardized von Frey filament was used to stimulate the
middle of the left hind plantar and avoid the right paw pad.11

A low level of force was applied until the cilia were bent
slightly into s-shape, which was designated as the standard
for full force. Each stimulation lasted for 3–5 s with a resting
interval of 15–20 s, and presence or absence of paw with-
drawal behavior was observed. The paw withdrawal
threshold was determined by progressively increasing
strength from 8.0 g. Rats showing an escape reaction were
designated as “X” (i.e. positive), and in the next stimulation,
the next lowest filament was used. Rats showing no escape
reaction were designated as “O” (i.e. negative), and in the
next stimulation, the next highest filament was used. When
the combination of “OX” or “XO” occurred in the same rat,
stimulation was performed two more times to obtain a series
of “O” or “X” combined sequence. The 50% PWT for each rat
was calculated using the following equation: 50% PWT (g) =
106 (xf + k*δ�4), where xf represents the logarithmic value
of the last von Frey filament in the sequence, k represents the
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corresponding value of the sequence obtained in the k value
table, and δ represents the average difference of the strength
of each fiber filament after taking the log, which was ap-
proximately 0.231. The stimulus of “O” occurring three
consecutive times was recorded as 26.0 g, and the stimulus of
“X” occurring three consecutive times was recorded as 1.0 g.
If the calculated 50% PWTwas > 26.0 g or < 1.0 g, 26.0 g was
considered the maximum or minimum value, and 1.0 g as
considered the minimum value. The measurement time was
fixed at 09:00–16:00, and ambient temperature was 23 ± 2°C.
The procedure was performed by the same experimenter
blinded to the grouping used in the present study.

Tissue collection

After completion of behavioral analyses, the rats were eu-
thanized using an excess dose of chloral hydrate. Then, dorsal
root ganglia (DRG) and spinal dorsal horn (SDH) tissues of
the left L4-6 lumbar vertebrae were harvested and stored at
�80°C for later use.

Western blotting

Phenylmethylsulfonyl fluoride protease inhibitor and RIPA
lysis buffer (1: 100) were added to the tissues, and the tissues
were lysed using ultrasonic pulverization. After the tissues
were homogenized and centrifuged, total protein was extracted
and quantified using a bicinchoninic acid assay kit (Thermo
Scientific, MA, United States). An appropriate amount of total
protein extracted from DRG or spinal cord tissue was added to
5 × loading buffer and denatured at 95°C for 5 min. Then,
25 μg protein was loaded into each lane of a 5% stacking gel (at
120 V) and separated in a 10% separating gel via electro-
phoresis (at 80 V). The separated proteins were transferred
unto polyvinylidene fluoride (PVDF) membranes at 250 mA
for 2 h under cooling conditions. The membranes were then
blocked in 5% skim milk at room temperature for 2 h, and
independently incubated with the following primary anti-
bodies: rabbit anti-rat TRPV1 (1: 200; GTX54762, GeneTex)
and rabbit anti-rat GAPDH (1: 1000; G9545-100, Sigma-
Aldrich) overnight at 4°C. The membranes were then
washed in the TBST and incubated with a horseradish
peroxidase-conjugated goat anti-rabbit secondary antibody (1:
10000) at room temperature for 2 h. Consequently, the
membranes were developed using enhanced chem-
iluminescence reagent and imaged using Image Lab gel im-
aging system (Bio-Bad, CA, United States). Grayscale values
of the protein bands were then analyzed using ImageJ software.

Real-time PCR

Total RNA was extracted from 100 mg DRG or SDH tissues
using Trizol (Invitrogen). The concentration and purity of the
extracted RNA were then assessed using a Nanodrop spec-
trophotometer. RNAwith the purity of 1.8–2.0was then reverse

transcribed into cDNA using a RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific) according to the
manufacturer’s instructions. Real-time PCR was performed
using 2 × RealStar Green FastMixture (GenStar) in accordance
with the manufacturer’s instructions. Three samples were used
per group, and three replicates were used per sample. Relative
expression levels of target genes were calculated using 2�44Ct

method. The primer sequences of target genes TRPV1 and
MEG3, and of the reference geneGAPDH, were as follows: 50-
CGGAAGACA GACCTGAAGC-3’ (forward primer for
TRPV1); 50-GTTAGCCGCAGCCTGGACATC-3’ (reverse
primer for TRPV1); 50-AGACAACAGGCCGTCCAGGAG-
3’ (forward primer for MEG3); 50-GAAGA GCGAGTCAG-
GAAGCAGTG-3’ (reverse primer for MEG3); 50-GACAT
GCCGCCTGGAGAAAC-3’ (forward primer forGAPDH); and
50-AGCCCAGGATGCCCTTTAGT-3’ (reverse primer for
GAPDH).

Lentivirus transduction

A lentivirus overexpressing MEG3 and control empty vi-
ruses, constructed at Applied Biological Materials, Inc, were
used at the viral titer of 1.07 × 109 IU/ml. At day 14 after
behavioral analyses, the rats were randomly selected for the
collection of left DRG and SDH tissues of the L4-6 lumbar
vertebrae under regional anesthesia. The collected tissues
were postfixed in 4% paraformaldehyde overnight and then
placed into 10, 20 and 30% sucrose solutions for sequential
gradient dehydration until the tissues sank to the bottom of
the container. The tissues were then embedded in OCT
embedding agent and cryosectioned. Consequently, the
sections were dried at room temperature, and virus trans-
fection was assessed under a fluorescence microscope.

Statistical analysis

All the data were shown as mean ± SEM. Comparisons between
two groups were made using two-tailed t test. Data on the PWT,
PWL and two-factor analysis were analyzed by two-way
ANOVA. Statistically significant difference was indicated as
follows: ***p < 0.001, **p < 0.01, and *p < 0.05. The statistical
analysis was performed with the software of GraphPad Prism 8.

Results

Chronic inflammatory pain in CFA-induced rats

Subcutaneous injection of CFA into the left hind paw of rats
in the CFA group produced obvious redness and swelling in
these limbs compared with right hind paw, and the activity of
each rat was considerably reduced. The rats in the control
group subcutaneously injected with the same amount of
saline into the left hind paw showed no significant difference
between the left hind paw and the right hind paw, and no
significant changes in animal activity were observed.
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Thermal and mechanical pain thresholds of the rats were
measured before subcutaneous injection of CFA, and then at
8 h and at 1, 3, 7 and 14 days after subcutaneous injection of
CFA. The rats in the CFA group showed obvious pain
sensitivity after CFA injection. Compared with control rats,
the rats in the CFA group had a significant decrease in PWTs
at 8 h and at 1, 3, 7 and 14 days after subcutaneous injection
of CFA (Figure 1(a)). PWLs in the CFA group were sig-
nificantly lower than those in the control group at 8 h, and at
1 and 3 days, after subcutaneous injection of CFA (Figure
1(b)).

MEG3 lncRNA is negatively correlated with TRPV1
mRNA in the DRG and SDH of CFA-induced rats

Left L4-6 DRG and SDH tissues were collected for real-
time PCR analysis of MEG3 lncRNA before subcutaneous
injection of CFA and at 8 h and 1, 3, 7 and 14 days after
subcutaneous injection of CFA. Our results indicate that
compared with that in control rats, MEG3 lncRNA in the
DRG and SDH of the CFA-induced rats was decreased
significantly at 1, 3, 7 and 14 days after subcutaneous in-
jection of CFA (Figures 2(a) and (b)). Left DRG and SDH
tissues of L4-6 were collected before the subcutaneous
injection of CFA and then at 8 h and at 1, 3, 7 and 14 days
after subcutaneous injection of CFA; the tissues were an-
alyzed using real-time PCR and western blotting. Our results
show that compared with that of the control rats, TRPV1
mRNA in the DRG of CFA-induced group was increased
significantly at 8 h and at 1, 3, 7 and 14 days after sub-
cutaneous injection of CFA (Figure 2(c)). Compared with
that of the control rats, TRPV1 mRNA in the SDH of the
CEA-induced rats was significantly increased at 1, 3, 7 and
14 days after subcutaneous injection of CFA (Figure 2(d)).
The results of western blotting indicate that TRPV1 ex-
pression in the DRG and SDH of the CFA-induced rats was
significantly increased at 8 h and at 1, 3, 7 and 14 days after
subcutaneous injection of CFA (Figure 3 and Figure 4).
These results indicate that the expression of TRPV1 was
increased in CFA-induced rats.

TRPV1 antagonists alleviate chronic inflammatory
pain in CFA-induced rats

Next, we integrated changes in the mechanical and thermal
pain thresholds with the time course of TRPV1 expression in
the DRG and SDH of CFA-induced rats. Our results indicate
that pain sensitivity and molecular detection were relatively
stable in these rats at 3 days after subcutaneous injection of
CFA. Hence, we selected day 3 post subcutaneous injection
of CFA as the time point for performing drug intervention in
these rats. After re-establishing the CFA-induced rat model,
we intrathecally injected each rat in the CFA group with 10 µl
TRPV1 receptor blocker capsaizepine (CPZ; dissolved in
10% DMSO at 2 mg/mL). Each rat in the control group was
intrathecally injected with 10 µl 10% DMSO. Thermal and
mechanical pain thresholds in these rats were measured
before intrathecal injection, and at 0.5, 1, 2, 4, 6, 8 and 12 h
after intrathecal injection. Compared with control rats, in-
trathecal injection of TRPV1 antagonist in the CFA-induced
rats significantly promoted increases in PWTs and PWLs
(Figure 5), and significantly reversed CFA-induced inflam-
matory pain, particularly at 6 h after intrathecal injection.

Intrathecal injection of MEG3-overexpressing lentivirus
significantly reverses TRPV1 expression in the DRG and
SDH of CFA-induced rats

After the intrathecal injection of a MEG3-overexpressing
lentivirus into the DRG and SDH tissues of CFA-induced rats
at day 14 after CFA induction, transfection efficiency was
assessed using a fluorescence microscope. Strong fluorescence
signals, indicating GFP expression, were distributed in most of
the DRG neurons and SDH tissues (Figures 6(a) and (b)),
indicating that the DRG and SDH of these rats were suc-
cessfully infected with MEG3-overexpressing lentiviruses.

Behavioral analyses in these rats were performed at 14
days after the intrathecal injection of MEG3-overexpressing
lentivirus. Then, left DRG and SDH tissues were collected for
analysis using real-time PCR and western blotting. The re-
sults of western blotting indicate that after the intrathecal

Figure 1. Themechanical and thermal pain threshold of CFA rats was decreased. (a) PWTwas significantly reduced in CFA group rats from 8
h to 14 days compared with control group rats (saline injection) (two-way ANOVA analysis, n = 6, **p < 0.01). (b) PWL was significantly
reduced in CFA group rats from 8 h to 3 days compared with control group rats (saline injection) (two-way ANOVA analysis, n = 6, **p <
0.01).
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injection of MEG3-overexpressing lentivirus, the expression
of TRPV1 in the DRG and SDH tissues of CFA-induced rats
was significantly downregulated compared with that of
control rats (Figure 6(c)). Real-time PCR also showed that
TRPV1 mRNA in the DRG and SDH tissues of CFA-induced
rats was downregulated after the intrathecal injection of
MEG3-overexpressing lentivirus compared with that of
control rats (Figure 6(d)). These results indicate that MEG3
overexpression significantly reversed TRPV1 expression in
the DRG and SDH tissues of rats with CFA-induced chronic
inflammatory pain.

Intrathecal injection of MEG3-overexpressing lentivirus
alleviates chronic inflammatory pain in CFA-induced rats

Next, 10 µl lentivirus overexpressing MEG3 (used at the
viral titer of 1 × 109 IU/ml) was injected intrathecally, while
an equivalent amount of empty virus, also injected intra-
thecally, was used as control. CFA induction to model chronic
inflammatory pain was performed at day 3 after injection of
MEG3-overexpressing lentivirus or empty control virus.
Thermal and mechanical pain thresholds in these rats were
measured before and at 8 h, 1 day, 3 days, 7 days, 14 days
after subcutaneous injection of CFA. Our results show that

after intrathecal injection of the MEG3-overexpressing len-
tivirus, PWTs of CFA-induced rats were increased signifi-
cantly at 7 and 14 days after CFA induction compared with
those of control rats (Figure 7(a)). PWLs were also signifi-
cantly increased in CFA-induced rats at 3 and 7 days after
CFA induction compared with those of control rats (Figure
7(b)). These results indicate that intrathecal injection of a
MEG3-overexpressing lentivirus significantly alleviated in-
flammatory pain in CFA-induced rats.

Discussion

Although the pathogenesis of OA is still unclear, numerous
studies have shown that angiogenesis and inflammation in
OA are related to the regulation of chondrocyte function,
abnormal tissue proliferation and perfusion, ossification, and
joint imaging changes. Indeed, angiogenesis, inflammation,
tissue hypoxia, and mechanical loading, are involved in the
pathogenesis and pain mechanisms of OA.12 Inflammatory
pain is a type of chronic pathologic pain that decreases a
patient’s quality of life and causes considerable economic
losses to society.13–18

Figure 2. MEG3 lncRNAwas decreased and TRPV1 mRNAwas increased in CFA rats. (a) Quantification of QPCR assays showing significant
decrease of MEG3 lncRNA in L4-6 DRG of CFA rats from 1 day to 14 days compared with control rats (two-way ANOVA analysis, n = 3,
**p < 0.01). (b) Quantification of QPCR assays showing significant decrease of MEG3 lncRNA in L4-6 SDH of CFA rats from 1 day to 14 days
compared with control rats (two-way ANOVA analysis, n = 3, *p < 0.05). (c) Quantification of QPCR assays showing significant upregulation
of TRPV1 mRNA in L4-6 DRG of CFA rats from 8 h to 14 days compared with control rats (two-way ANOVA analysis, n = 3, *p < 0.05). (d)
Quantification of QPCR assays showing significant upregulation of TRPV1 mRNA in L4-6 SDH of CFA rats from 1 day to 14 days compared
with control rats (two-way ANOVA analysis, n = 3, *p < 0.05).
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Figure 4. The protein expression of TRPV1 in L4-6 SDH of CFA rats was significantly increased from 8 h to 14 days compared with control
rats (two-tailed t test, n = 3, *p < 0.05).

Figure 3. The protein expression of TRPV1 in L4-6 DRG of CFA rats was significantly increased from 8 h to 14 days compared with control
rats (two-tailed t test, n = 3, *p < 0.05).
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Figure 6. The expression of TRPV1 was downregulated after the intrathecal injection of MEG3-overexpressing lentivirus. (a) The GFP was
expressed in the DRG neurons after the intrathecal injection of a MEG3-overexpressing lentivirus at day 14. (b) The GFP was expressed in
the SDH tissues after the intrathecal injection of a MEG3-overexpressing lentivirus at day 14. (c) The protein expression of TRPV1 in L4-6
DRG and SDH tissues of MEG3-overexpressing lentivirus CFA rats was significantly downregulated compared with that of control rats (two-
way ANOVA analysis, n = 3, **p < 0.01). (d) Quantification of QPCR assays showed that TRPV1 mRNA in L4-6 DRG and SDH tissues of
MEG3-overexpressing lentivirus CFA rats was downregulated compared with that of control rats (two-way ANOVA analysis, n = 3, *p <
0.05).

Figure 5. The PWT and PWL of CFA rats was increased after Capsazepine (CPZ) injection. (a) The PWT of CFA rats subcutaneous injected
with TRPV1 inhibitor (CPZ, dissolved in 10% DMSO at 2 mg/mL) were significantly increased than in control CFA rats injected with same
volume of 10% DMSO from 0.5 h to 12h (two-way ANOVA analysis, n = 6, *p < 0.05). (b) The PWL of CFA rats subcutaneous injected with
TRPV1 inhibitor (CPZ, dissolved in 10%DMSO at 2 mg/mL) were significantly increased than in control CFA rats injected with same volume of
10% DMSO from 0.5 h to 12h (two-way ANOVA analysis, n = 6, *p < 0.05).
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In our present study, we used the classic CFA-induced
model, involving a subcutaneous injection of CFA into the
left hind paw of rats, to study the mechanisms of chronic
inflammatory pain. Successfully induced rats in the CFA
group showed significantly reduced activity and obvious
redness and swelling in their left hind paw compared with the
contralateral right hind paw. Our behavioral analyses show
that the thermal and mechanical pain thresholds of these rats
were significantly reduced after the injection of CFA, indi-
cating that the CFA-induced rat model was successfully
established in our study.

TRPV1 is a capsaicin receptor and non-selective cation
channel distributed mainly in nociceptive neurons. As a type
of ion channel membrane receptor involved in pain trans-
mission, TRPV1 is involved in the perception and trans-
mission of stimuli. TRPV1 also plays a role in mediating
various types of pains such as inflammatory, visceral, and
cancer-related pain, and even hyperalgesia. TRPV1 is con-
sidered a key receptor in pain regulation,19–21 and plays
important roles in pain, inflammation, thermoreception, and
regulation of vascular function.22 TRPV1 can also be acti-
vated by numerous factors including inflammation, pain,
capsaicin, and mechanical pressure. Long-term activation of
TRPV1 promotes vasorelaxation and improves endothelial
function.23 A previous study showed that CFA-induced knee-
joint pain in TRPV1-knockout animals is significantly re-
duced compared with that in TRPV1+/+ animals.24 Other
studies showed that treatment using TRPV1 antagonists re-
duces pain in monoiodoacetic acid-induced arthritis and in-
hibits the signaling from the nociceptor nerve fibers
surrounding the joint to neurons in the spinal dorsal horn.25–28

Amaya et al. showed that increased TRPV1 expression in
DRG neurons under inflammatory conditions may be related
to persistent hyperalgesia.29 TRPV1 is expressed in multiple
cell types in the joints. Expression of synovial TRPV1 is
increased in OA patients undergoing total joint

replacement.30 In our present study, the mRNA and protein
expression of TRPV1 in the DRG and SDH of CFA-induced
rats was significantly increased. The mechanical and thermal
pain thresholds of these rats were significantly increased after
intrathecal injection of a TRPV1 antagonist. Treatment with
TRPV1 antagonist significantly alleviated CFA-induced in-
flammatory pain and decreased pain-related behavior in these
rats. These results were consistent with those obtained in
previous studies showing that TRPV1 is involved in the
occurrence and progression of chronic inflammatory pain,
and that antagonizing TRPV1 activity reduces pain
responses.

LncRNAs are long-chain transcribed RNAs con-
taining more than 200 nucleotides.31 Studies showed
that OA pathogenesis is closely related to abnormally
expressed lncRNAs such as MEG3, growth arrest-
specific transcript 5, tumor necrosis factor α and het-
erogenous nuclear ribonucleoprotein L-related immu-
noregulatory LincRNA (THRIL), and postmeiotic
segregation increased 2.32

MEG3 is a new type of lncRNA that play an increas-
ingly important role in the regulation of epigenetics.33,34

MEG3 is involved in articular cartilage inflammation and
may be a novel potential target for OA.35,36 A previous
study showed that MEG3 lncRNA in the cartilage tissues
of OA patients is significantly reduced, which is closely
related to the degree of cartilage degeneration in these
patients [24]. Wang et al. showed that MEG3 lncRNA is
downregulated in the cartilage tissues of rats with OA.37

Xu et al. showed that the expression level of MEG3 is
downregulated in OA tissues and is negatively correlated
with VEGF expression, suggesting that MEG3 may par-
ticipate in the pathologic processes of OA by regulating
angiogenesis.38 In our present study, the expression of
DRG and MEG3 in the SDH of CFA-induced rats was
significantly reduced. After the intrathecal injection of a

Figure 7. MEG3-overexpressing lentivirus treatment attenuated the mechanical and thermal pain of CFA rats. (a) The PWT of CFA rats
treated with MEG3-overexpressing lentivirus (intrathecal injection, 1×109 IU/mL) was significantly increased than in control CFA rats
injected with same volume of empty virus from 7 days to 14 days (two-way ANOVA analysis, n = 6, **p < 0.01). (b) The PWL of CFA rats
treated with MEG3-overexpressing lentivirus (intrathecal injection, 1×109 IU/mL) was significantly increased than in control CFA rats injected
with same volume of empty virus from 3 days to 7 days (two-way ANOVA analysis, n = 6, *p < 0.05).
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MEG3-overexpressing lentivirus, the mechanical and
thermal pain thresholds in these rats were significantly
increased, indicating that intrathecal injection of a MEG3-
overexpressing lentivirus significantly alleviated inflam-
matory pain in these animals. The TRPV1 mRNA and
protein were also significantly upregulated in the DRG and
SDH of CFA-induced rats treated with intrathecal injection
of MEG3-overexpressing lentivirus. This finding suggests
that MEG3 may participate in the mechanisms of chronic
inflammatory pain by upregulating the activity of TRPV1,
and may provide a new target in the treatment of patients
with OA.

Based on the above findings, we further explored the
upstream and downstream relationship between MEG3 and
TRPV1. Treatment with a MEG3-overexpressing lentivirus
significantly upregulated TRPV1 expression. These results
indicated that MEG3 downregulates the expression of
TRPV1 in CFA-induced rats. As far as we know, this study
was the first to show that MEG3 downregulated TRPV1
expression and alleviated symptoms of OA in CFA-induced
rats. Our findings may provide a new therapeutic target for the
treatment of OA. Our study also had several limitations,
including limited samples and focus on only CFA model.
Further studies would use more samples, animal models,
advanced methods and examine additional OA-related
chronic inflammatory pain.

Author contributions

J-W.P. performed experiments, analyzed data, and prepared figures
and the manuscript. Y-Y.G., J.W., Y.S. and C-L.Z. performed ex-
periments. X.C, Y.S. L.C. and L.Z. edited manuscript. H-L.Z. and
Q.W. designed experiments, supervised the experiments and final-
ized the manuscript. All the authors have read and approved the
paper.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the National Natural Science Foundation of China
(31730040, 81901137 and 82201575).

Ethics approval

Care and handling of the animals were approved by the Institutional
Animal Care and Use Committee of Soochow University and were
in accordance with the guidelines of the International Association for
the Study of Pain.

ORCID iD

Hai-Long Zhang  https://orcid.org/0000-0002-8720-2734

References

1. Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet 2019;
393: 1745–1759.

2. Taylor N Nonsurgical management of osteoarthritis knee pain
in the older adult: an update. Rheum Dis Clin N Am 2018; 44:
513.

3. Oo WM, Yu SPC, Daniel MS, Hunter DJ. Disease-modifying
drugs in osteoarthritis: current understanding and future ther-
apeutics. Expert Opin Emerg Dr 2018; 23: 331–347.

4. Ferket BS. Impact of total knee replacement practice: cost
effectiveness analysis of data from the Osteoarthritis Initiative.
Bmj-brit Med J 2017; 356.

5. Shuba N, Krylova A, Khambir T, Voronova T. Differentiated
approach to the treatment of osteoarthritis with comorbidities.
Ann Rheum Dis 2017; 76: 1341–1342.

6. Su W, Xie W, Shang QK, Su B. The long noncoding RNA
MEG3 Is downregulated and inversely associated with VEGF
levels in Osteoarthritis. Biomed Res Int 2015; 2015.

7. Mayorga AJ. A randomized study to evaluate the analgesic
efficacy of a single dose of the TRPV1 antagonist mavatrep
in patients with osteoarthritis. Scand J Pain 2017; 17:
134–143.

8. Zhang PA. Sensitization of P2X3 receptors in insular cortex
contributes to visceral pain of adult rats with neonatal maternal
deprivation. Mol Pain 2018; 14: 1744806918764731.

9. Zhang HH. Promoted interaction of nuclear factor-kappaB with
demethylated purinergic P2X3 receptor gene contributes to
neuropathic pain in rats with diabetes. Diabetes 2015; 64:
4272–4284.

10. Zhang Y. Dual functions of microRNA-17 in maintaining
cartilage homeostasis and protection against osteoarthritis. Nat
Commun 2022; 13: 2447.

11. Chaplan SR, Bach FW, Pogrel JW, Chung JM, Yaksh TL.
Quantitative assessment of tactile allodynia in the rat paw. J
Neurosci Methods 1994; 53: 55–63.

12. Lambert C. Characterization of synovial angiogenesis in os-
teoarthritis patients and its modulation by chondroitin sulfate.
Arthritis Res Ther 2012; 14: R58.

13. Zhao J, Roberts A, Wang Z, Savage J, Ji RR. Emerging Role of
PD-1 in the central nervous system and brain diseases.Neurosci
Bull 2021; 37: 1188–1202.

14. Kong YF. CXCL10/CXCR3 Signaling in the DRG exacerbates
neuropathic pain in mice. Neurosci Bull 2021; 37: 339–352.

15. Ji RR. Third special issue on mechanisms of pain and itch.
Neurosci Bull 2022; 38: 339–341.

16. Gu J. Molecular pain and the 2021 nobel prize in physiology or
medicine. Mol Pain 2021; 17: 17448069211059961.

17. Weissmann C. Ion channels and pain in Fabry disease. Mol
Pain 2021; 17: 17448069211033172.

18. Lu JS. Cellular and synaptic mechanisms for Parkinson’s disease-
related chronic pain. Mol Pain 2021; 17: 1744806921999025.

19. Yang F. Structural mechanism underlying capsaicin binding
and activation of the TRPV1 ion channel. Nat Chem Biol 2015;
11: 518–524.

Peng et al. 9

https://orcid.org/0000-0002-8720-2734
https://orcid.org/0000-0002-8720-2734


20. Yang F, Zheng J. Understand spiciness: mechanism of TRPV1
channel activation by capsaicin. Protein Cell 2017; 8: 169–177.

21. Takayama Y, Uta D, Furue H, Tominaga M. Pain-enhancing
mechanism through interaction between TRPV1 and anoctamin
1 in sensory neurons. Proc Natl Acad Sci U S A 2015; 112:
5213–5218.

22. Takayama Y, Derouiche S, Maruyama K, Tominaga M.
Emerging perspectives on pain management by modulation of
TRP channels and ANO1. Int J Mol Sci 2019; 20.

23. Patowary P, Pathak MP, Zaman K, Raju PS, Chattopadhyay P.
Research progress of capsaicin responses to various pharmaco-
logical challenges. Biomed Pharmacother 2017; 96: 1501–1512.

24. Barton NJ. Attenuation of experimental arthritis in TRPV1R
knockout mice. Exp Mol Pathol 2006; 81: 166–170.

25. Kelly S. Increased function of pronociceptive TRPV1 at the
level of the joint in a rat model of osteoarthritis pain. Ann
Rheum Dis 2015; 74: 252–259.

26. Chu KL. TRPV1-related modulation of spinal neuronal activity
and behavior in a rat model of osteoarthritic pain. Brain Res
2011; 1369: 158–166.

27. Puttfarcken PS. A-995662 [(R)-8-(4-methyl-5-(4-(trifluoromethyl)
phenyl)oxazol-2-ylamino)-1,2,3,4-tetrahydronaphthalen-2-ol],
a novel, selective TRPV1 receptor antagonist, reduces spinal
release of glutamate and CGRP in a rat knee joint pain model.
Pain 2010; 150: 319–326.

28. Stasi K. Topical ocular TRPV1 antagonist SAF312 was well
tolerated and effectively reduced pain after photorefractive
keratectomy (PRK). Invest Ophth Vis Sci 2021; 62.

29. Christoph T. Antinociceptive effect of antisense oligonucleo-
tides against the vanilloid receptor VR1/TRPV1. Neurochem
Int 2007; 50: 281–290.

30. Chainani A. Contracture and transient receptor potential
channel upregulation in the anterior glenohumeral joint capsule
of patients with end-stage osteoarthritis. J Shoulder Elbow Surg
2020; 29: e253–e268.

31. Glyn-Jones S. Osteoarthritis. Lancet 2015; 386: 376–387.
32. Kang Y. PCGEM1 stimulates proliferation of osteoarthritic

synoviocytes by acting as a sponge for miR-770. J Orthop Res
2016; 34: 412–418.

33. Kobayashi S. Mouse Peg9/Dlk1 and human PEG9/DLK1
are paternally expressed imprinted genes closely located
to the maternally expressed imprinted genes: mouse
Meg3/Gtl2 and human MEG3. Genes Cells 2000; 5:
1029–1037.

34. Miyoshi N. Identification of an imprinted gene, Meg3/Gtl2 and
its human homologue MEG3, first mapped on mouse distal
chromosome 12 and human chromosome 14q. Genes Cells
2000; 5: 211–220.

35. Lee SG. Anti-inflammatory and anti-osteoarthritis effects of
fermented Achyranthes japonica Nakai. J Ethnopharmacol
2012; 142: 634–641.

36. Chang CH. Anti-inflammatory effects of hydrophilic and li-
pophilic statins with hyaluronic acid against LPS-induced in-
flammation in porcine articular chondrocytes. J Orthop Res
2014; 32: 557–565.

37. Wang A. MEG3 promotes proliferation and inhibits apoptosis
in osteoarthritis chondrocytes by miR-361-5p/FOXO1 axis.
BMC Med Genomics 2019; 12: 201.

38. Xu J, Xu Y. The lncRNA MEG3 downregulation leads to
osteoarthritis progression via miR-16/SMAD7 axis. Cell Biosci
2017; 7: 69.

10 Molecular Pain


	LncRNA MEG3-TRPV1 signaling regulates chronic inflammatory pain in rats
	Introduction
	Materials and methods
	Experimental animals
	Establishment of CFA-induced rat model
	Intrathecal injection
	Thermal paw withdrawal latencies (PWLs)
	Mechanical paw withdrawal thresholds (PWTs)
	Tissue collection
	Western blotting
	Real-time PCR
	Lentivirus transduction
	Statistical analysis

	Results
	Chronic inflammatory pain in CFA-induced rats
	TRPV1 antagonists alleviate chronic inflammatory pain in CFA-induced rats

	Discussion
	Author contributions
	Declaration of conflicting interests
	Funding
	Ethics approval
	ORCID iD
	References


