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Abstract
Spinal cord injury (SCI) is one of the main causes leading to neuropathic pain. Here, we aim to explore the molecular mecha-
nism and function of lncRNA PVT1 in neuropathic pain induced by SCI. The expression of lncRNA PVT1, microRNA 
(miR) − 186-5p was measured via quantitative reverse transcription PCR (qRT-PCR), and the activation of astrocytes (labeled 
by GFAP) was detected by immunohistochemistry. Western blot was conducted to detect the expression of chemokine ligand 
13 (CXCL13), chemokine receptor 5 (CXCR5), cyclooxygenase-2 (COX2), inducible nitric oxide synthase (iNOS) and glial 
fibrillary acidic protein (GFAP) in spinal cord injury lesions. The levels of inflammatory cytokines (including IL-1β and 
IL-6) and MDA in tissues were examined via Enzyme-linked immunosorbent assay (ELISA). In vitro experiments were 
also conducted in primary cultured astrocyte to explore the response of astrocyte to lipopolysaccharide (LPS). What’s more, 
the PVT1-miR-186-5p interaction was verified via the dual luciferase activity assay and RNA immunoprecipitation (RIP) 
assay. The results demonstrated that the levels of PVT1, CXCL13 and CXCR5 were upregulated, while miR-186-5p were 
decreased in SCI rats’ spinal cord and LPS-mediated astrocytes. In the SCI model, PVT1 depletion significantly alleviated 
neuropathic pain, astrocytic activation and reduced the expression of neuroinflammatory factors and proteins. The relevant 
mechanism studies confirmed that PVT1 is a competitive endogenous RNA (ceRNA) of miR-186-5p, targets and inhibits its 
expression and promotes the expression of CXCL13/CXCR5, while miR-186-5p targets CXCL13. In conclusion, inhibition 
of lncRNA PVT1 alleviates neuropathic pain in SCI rats by upregulating miR-186-5p and down-regulating CXCL13/CXCR5. 
The PVT1/miR-186-5p/CXCL13/CXCR5 axis can be used as a new therapeutic target for neuropathic pain.
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Introduction

Neuropathic pain (NP) is often induced by neuroplastic and 
neuroinflammatory changes following trauma or diseases 
that damage the somatosensory system [1, 2]. Spinal cord 
injury (SCI) is a common contributor to NP. More and more 
evidence shows that neuroinflammation and oxidative stress 
are related to the pathophysiology of NP, among which the 
activation of microglia and astrocytes in the dorsal horn of 

the spinal cord works significantly [3]. Therefore, it makes 
much sense to understand the molecular mechanism of NP 
following SCI.

Long non-coding RNAs (lncRNAs), more than 200 
nucleotides, are transcripts without protein-coding function 
while still act as potent regulators of gene expression and 
participate in multiple biological functions and disease [4]. 
Recently, the expression of lncRNAs was found altered in 
damaged nerves of dorsal root ganglion (DRG) and the spi-
nal dorsal horn after peripheral nerve injury [5]. For exam-
ple, knocking down lncRNA NONRATT021972 reduces the 
release of inflammatory cytokine TNF-α in type 2 diabetes 
mellitus (DM) rats, thereby hampering the excitability of rat 
DRG neurons and reducing mechanical and thermal hyper-
algesia [6]. LncRNA MALAT1 promotes NP and neuroin-
flammation by targeting the miR-129-5p/HMGB1 axis [7]. 
LncRNA PVT1 is a member of the lncRNA family, located 
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at 8q24.21, with a 1957 bp length. It is highly expressed 
in many malignant tumors and predicts poor prognosis of 
patients [8]. Moreover, Meydan C and his colleagues discov-
ered that lncRNA PVT1 may be associated with diabetic pol-
yneuropathy by regulating inflammation, pain and metabolic 
syndrome pathways [9]. However, whether it is involved in 
neuropathic pain remains to be clarified.

MicroRNAs (miRNAs), 20 ~ 24 nucleotides in length, 
are a class of endogenous single-stranded non-coding small 
RNAs. More and more reports showing that miRNAs con-
tribute to NP [10, 11]. As for miR-186-5p, Rousseau JC et al. 
verified that serum miR-186-5p was significantly correlated 
with knee arthritis development [12]. In the rat model of 
spinal cord ischemia/reperfusion (I/R) injury, intramural 
injection of miR-186-5p improved rats’ nerve function and 
reduced the release of inflammatory factors in spinal cord 
ischemia [13]. Nevertheless, miR-186-5p’s function in SCI-
induced NP is largely unknown.

Chemokine ligand 13 (CXCL13) and chemokine recep-
tor 5 (CXCR5) are key chemokines in the biology of 
chemokine cancer cells. The CXCL13/CXCR5 signalling 
axis exerts great effect on several human cancers [14, 15]. 
In addition, CXCL13/CXCR5 is a vital regulator of inflam-
matory responses in peripheral and central nervous system 
[16]. Interestingly, we found that the expression of PVT1, 
CXCL13, and CXCR5 were remarkably upregulated in the 
spinal cord tissue of SCI rats, while miR-186-5p was sig-
nificantly decreased. Inhibition of PVT1 can reduce NP pro-
gression in SCI rats. Therefore, it is speculated that PVT1 
may affect NP by regulating miR-186-5p/CXCL13/CXCR5 
axis.

Materials and Methods

Animals

The Animal Experiment Center of Wuhan University pro-
vided Sprague–Dawley (SD) rats (n = 70, male, 200–220 g, 
8 weeks year old). The rats were kept in cages under a 12-h 
light–dark cycle (20–25 °C, 50%-52% of humidity, free 
food and water). The animals were randomly divided into 
groups, including sham group (n = 10), SCI group (n = 20), 
SCI + LV-sh-NC group (n = 10), SCI + LV-sh-PVT1 group 
(n = 10), SCI + LV-NC group (n = 10) and SCI + LV-
miR-186-5p group (n = 10). The Ethics Committee of the 
Liaocheng People’s Hospital approved all animal experi-
ments, which complied with the National Institutes’ Health 
Guidelines on animal care and use.

SCI Model

The SCI method was used to construct animal models [17]. 
Then, 1% sodium pentobarbital was intraperitoneal injected 
into the rats for anaesthesia (50 mg/kg). After sterilization, 
with the T10 spinous process as the center, the rats were 
cut on the midline of the back to make a 2–3 cm incision. 
After separating the surface muscles, the vertebrae were 
exposed. The spinous process and lamina were removed to 
fully expose the T10 spinal cord. During the process, the 
dura was completely preserved. The T10 spinal cord was 
stroke with a 2-N strike force using a standard device. The 
wound was sutured after penicillin saline wash. The suc-
cessful SCI rat model had the following characteristics, T10 
segment had congestive edema; the rats appeared tail and 
hind limb twitch and had Basso Beattie Bresnahan (BBB) 
scores between 8 and 10.

BBB Open‑Field Locomotor Score

In this study, the BBB exercise scales were used to assess 
neurological recovery [18]. The BBB score is a 21-point 
scale defined by surgery that follows the recovery process 
from complete paralysis to normal movement. We scored the 
joint activity of animals’ hind limbs in the first stage (0–7 
points), gait and hind limb coordination in the second stage 
(8–13 points) and fine movement of the paw in the third 
stage (14–21 points). The total score for the three stages is 
21 points. When bilateral hind limb paralysis is observed, a 
score of 0 and 21 indicates normal movement. On the 0, 3rd, 
7th, 14th and 21st day after SCI, each animal was placed in 
an open field and evaluated by two new observers for 5 min. 
Those rats with BBB scores below 7 were not involved in the 
subsequent experiments. In addition, the bladder had been 
emptied prior to the test, as spontaneous bladder contrac-
tions usually affect hind limb movement.

Mechanical Allodynia (von Frey Test)

The von Frey test was applied to assess mechanical hyper-
sensitivity, paw withdrawal threshold (PWT), referencing to 
[19]. In short, the rats were placed in a transparent plastic 
box (20–17-13 cm) 40 cm from the table and adapted to the 
environment for 15 min before the test. The calibrated von 
Frey fiber (Electronic von Frey 2393; IITC, Woodland Hills, 
CA, USA) was taken to apply pressure to the plantar surface 
of the rat’s hind paw. The researchers recorded the size of 
the filaments as the claws retracted on the 0, 3rd, 7th, 14th, 
21st days after SCI.
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Thermal Hyperalgesia (Hot‑Plate Test)

The heat plate analgesia instrument (Bio-chp, Bioseb, 
France) was used to evaluate Paw withdrawal latency (PWL) 
of the rats, reference to [20]. The rats were placed on a hot 
plate at (53 ± 1 °C), one at a time. We recorded the jump-
ing response latency or hind paw response latency. Each rat 
underwent 3 times measurement with 10 min interval. There 
was a 30-s cut-off time in case of tissue damage.

Intrathecal Injection

Intrathecal injection referenced to [21]. A PE-10 polyeth-
ylene catheter was inserted into the sheath. Lidocaine was 
injected to paralyze both hind limbs, and then intrathecal 
implantation was performed. Then, we fixed the catheter 
and closed the incision. In terms of gene delivery, LV-sh-
NC, LV-sh-PVT1, LV-NC, and LV-186-5p lentiviral vectors 
(1 × 107/0.1 mL) (Shanghai Gene Pharmaceutical Co., Ltd. 
Company) were injected into the sheath through a micro-
syringe connected to an intrathecal catheter, 3 days before 
modeling.

Isolation and Culture of Primary Astrocytes

A total of 60 new-born rats (1–2-day, 5–6 g) (provided 
by The Animal Experiment Center of Wuhan University) 
were used. The primary astrocyte isolation was referred 
to [22]. The spinal cord of the new-born rats was care-
fully isolated aseptic conditions and cut into 1 mm 3 tissue 
blocks. After that, appropriate amount of 0.125% trypsin 
was added into the tissues for digestion at 37° C for 5 min. 
Then DMEM + 10% FBS medium was added to stop diges-
tion, and the cell suspension was harvested using centrifu-
gation (200 g) at 4 °C for 10 min. After resuspension with 
DMEM + 10% FBS, the cells were seeded into the culture 
dish at 1 × 105 cells / ml and cultured in the incubator con-
taining 5% CO2 at 37 ℃. Change the solution every other day 
until the cells cover 90% of the bottom of the dish. For cell 
purification, the mixed cells were inoculated into the culture 
dish coated with poly-lysine at the rate of 1 × 105 cells / ml. 
After 24 h, the culture medium containing 5 μ g / ml Ara-C 
was added and replaced by DMEM + 10% FBS after 48 h. 
The solution was changed every three days and the cells 
were continuously cultured for about 10 days. Glial fibrillary 
acidic protein (GFAP) antibody (Beijing, protentech) immu-
nofluorescence was used to identify astrocytes. More than 
95% of GFAP positive cultures were used for experiments.

Fluorescence In Situ Hybridization (FISH)

The PVT1 FISH probe was synthesized by Ribo. Bio. Tech-
nology Co. Ltd. (Guangzhou, China). FISH was performed 

with the FISH kit according to the manufacturer’s proto-
col (Ribo. Bio. Tech). The paraffin Sects. (4 μm) of T10 
spinal cord were prepared, dewaxed, dispelled endogenous 
peroxidase activity, and incubated with 5% goat serum (for 
1 h at room temperature). Then the sections were incubated 
with Cy3-labeled RNA of PVT1 FISH probe mix in a moist 
chamber at 37 °C overnight, followed with incubation with 
anti-GFAP (Abcam, ab7260, 1:100) at 37 °C for 2 h. Fol-
lowed by that, the sections were washed by PBS for 3 times 
(5 min each time) at room temperature, then stained with 
6-diamidino-2-phenylindole (DAPI, Beyotime) for 5 min at 
room temperature. Finally, the images were observed with 
fluorescence microscope (ZEISS Axioscope 5, Germany).

Cell Transfection

Astrocytes were planted into 6-well plates (5 × 105/well). 
When the cells grew to a density of 50%-60%, PVT1 
shRNA negative control (sh-NC), PVT1 shRNA (sh-PVT1), 
pcDNA3.1-PVT1 (RiboBioCo., Guangzhou, China), miR-
186-5p mimic and miR negative control (miR-NC) were 
transfected into the astrocytes following the instructions for 
Lipofectamine 2000 transfection reagent (ThermoFisherSci-
ence, Waltham, MA, USA). After 48-h of transfection, the 
culture medium was removed and astrocytes were incubated 
in fresh culture medium.

ELISA

First, 50 ~ 100 mg of T10 spinal tissue was placed into the 
centrifuge tube with and added with 500 μl PBS solution. 
The tissues were crumbed by an ultrasonic cell shredder. 
Then, the tissue underwent 10-min centrifugation (12,000 
r/min) at room temperature, and the supernatant was har-
vested. ELISA was conducted to detect the concentration 
of IL-1β, IL-6 and MDA, and the operation was carried out 
following the ELISA kit’s (Invitrogen, USA) instructions.

Immunohistochemistry Assay

Immunohistochemistry was performed to detect GFAP-
labeled astrocyte. We used xylene to dewax the paraffin-
embedded tissue slices and took gradient ethanol for hydra-
tion. The slices were immersed in citrate buffer (pH6.0, 
10 mm) and boiled in a pressure cooker at 121 ℃ for 4 min 
to recover the antigen. Next, the slides were let cool at room 
temperature (RT), soaked in a citrate buffer (10 mm) and 
rinsed with PBS. They underwent treatment with 3% H2O2 
to terminate endogenous peroxidase viability (RT, 15 min). 
The slices were incubated with the primary antibody anti-
GFAP antibody (1:300; ab7260; Abcam, MA, USA) at 
4 °C overnight. Then, with the addition of the secondary 
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antibody, the sections were cultured for 0.5 h (RT). Immu-
nohistochemical staining was carried out using 3,5-diamin-
obenzidine (DAB, Fuzhou, Maxim). Under a light micro-
scope (ZEISS Axioscope A1, Germany), we observed the 
images and took pictures. Image Pro-lus 6.0 software (Media 
Controlnetics, Inc., Rockville, MD, USA) was used for quan-
titative analysis of immunohistochemical staining.

RNA Isolation and Quantitative RT‑PCR

About 100 mg T10 spinal cord (from different groups of 
rats) and 5 × 105 primary astrocytes (with or without LPS 
treatment) were harvested, added with 1 ml TRIzol reagent 
(Invitrogen, Shanghai, China). Then total RNA in the mate-
rials was isolated using the chloroform-75% ethanol method. 
Total for miRNA detection, total RNA was isolated using 
mirPremier® microRNA Isolation Kit (Sigma, St.Louis, 
MO, USA). First Strand cDNA Synthesis Kit (Thermo 
Fisher Scientific Inc., Rockford, IL, USA) was applied to 
transcribe the total RNA According to the manufacturer’s 
protocol, Light Cycler Fast Start DNA MasterPlus SYBR 
Green I Kit (Roche Diagnostics, BurgessHill, UK) was 
used for qRT-PCR to analyze PVT1 and GAPDH con-
tent. The content of miR-186-5p and U6 was analyzed by 
TaqMan microRNA assay and TaqMan Universal Master 
Mix II (Applied Biosystems, Foster City, CA, USA). Primer 
sequences are as follows:

Gene Primer sequence

PVT1 Forward: 5′- TGA​GAA​CTG​TCC​TTA​CGT​GACC-3′
Reverse: 5′-AGA​GCA​CCA​AGA​CTG​GCT​CT-3′

miR-186-5p Forward: 5′-AAG​AAT​TCT​CCT​TTT​GGG​T -3′
Reverse: 5′-GTG​CGT​GTC​GTG​GAG​TCG​-3′

CXCL13 Forward: 5′-TGA​GGG​TCC​ACA​CAC​ACA​AT-3′
Reverse: 5′-TCC​AAG​GTG​TTC​TGG​AGG​TC-3′

GAPDH Forward: 5′-GGA​GTC​CAC​TGG​TGT​CTT​CA-3′
Reverse: 5′-GGG​AAC​TGA​GCA​ATT​GGT​GG-3′

U6 Forward: 5′-CTC​GCT​TCG​GCA​GCACA-3′
Reverse: 5′-AAC​GCT​TCA​CGA​ATT​TGC​GT-3′

Western Blot (WB)

About 100 mg T10 spinal cord (from different groups of 
rats) and 5 × 105 primary astrocytes (with or without LPS 
treatment) received lysis by 200 μl Radioimmunoprecipita-
tion (RIPA) lysis buffer (Boster, Wuhan, China) at 0 °C for 
30 min. Then the total protein was collected by centrifuga-
tion (14,000 rpm at 0 °C for 15 min). The BCA protein anal-
ysis kit (Thermo Science, Waltham, MA, United States) was 
taken to determine the protein concentration. The protein (60 

µG) was isolated using 10% SDS/PAG. The membrane was 
sealed with 5% skim milk for 30 min (RT) and then cultured 
overnight with anti-GFAP antibody (Abcam, MA, USA; 
ab7260; 1:1000), anti-COX2 antibody (Abcam; ab179800; 
1:1000), anti-iNOS antibody (Abcam; ab178945; 1:1000), 
anti-CXCL13 antibody (Abcam; ab227801; 1:1000), anti-
CXCR5 antibody (Abcam; ab254415; 1:1000) proteins 
(4 °C). Finally, the membranes were incubated with the 
peroxidase-bound secondary antibody, and the optical den-
sity (OD) value of the target band was analyzed using Quan-
tityOne (BioRad, Hercules, CA., USA). β-actin was used as 
internal control of the other detected proteins.

LUC Assay

Promega (Madison, WI, USA) supplied all luciferase 
reporter vectors (PVT1-WT, PVT1-MUT, CXCL13-WT, 
CXCL13-MUT). Astrocytes (4.5 × 104) were seeded in 
48-well plates and cultured till 70% confluent. Then, we used 
the lipofectamine 2000 (ThermoFisherScience, Waltham, 
MA, USA) to co-transfect PVT1-WT, PVT1-MUT or 
CXCL13-WT, CXCL13-MUT and miR-186-5p mimics or 
negative control into astrocytes. Luciferase viability was 
determined 48 h after transfection according to the man-
ufacturer’s instructions. We conducted all experiments in 
triplicate and repeated them three times.

RIP

We used the Magna RIP Kit (EMD Millipore, Billerica, 
MA, United States) to performed the RNA binding protein 
immunoprecipitation tests, in line with the manufacturer’s 
scenarios. After astrocytes were lysed with RIP lysis buffer, 
human anti-AgO2 antibody (micropore) or anti-IgG anti-
body (normal mouse immunoglobulin; micropore) were 
added for overnight incubation at 4  °C. After antibody 
application, the adsorbent lysates were collected, and the 
mRNA expression of PVT1 and CXCL13 in the lysates was 
measured via qRT-PCR.

Statistical Analysis

SPSS24.0 software was employed for data analysis. Two-
tailed Student’s t test and one-way or two-way ANOVA 
were applied. The GraphPad 8.0 software was taken for the 
graphical plot. The measurement data were expressed as 
mean ± standard deviation (x ± s). when P < 0.05, the statis-
tics were considered valuable.
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Results

The Expression of PVT1 was Increased in the T10 
Spinal Cord of SCI Rats

To explore the function of PVT1 in neuropathic pain, an 
SCI rat model was established. PVT1 expression in the T10 
spinal cord of SCI rats on the 0, 3rd, 7th, 14th and 21st day 
after surgery was detected via qRT-PCR. It turned out that 
PVT1 expression in the SCI group increased notably after SCI 
(Fig. 1a  P< 0.05, compared with the Sham group). Besides, 
immunohistochemistry was performed to detect astrocytic acti-
vation in the T10 spinal cord of SCI rat model. It was found 
that GFAP-labeled cells were gradually increased following 
SCI insult in the spinal cord of SCI rats (Fig. 1b  P< 0.05, com-
pared with the Sham group). Finally, the protein expression 

of GFAP was evaluated via WB. The statistics illustrated that 
GFAP expression in the T10 spinal cord of SCI rats increased 
with time (Fig. 1c P< 0.05, compared with the Sham group). 
We then conducted FISH assay and found that PVT1 was 
mainly located at GFAP-marked astrocytes (Fig. 1d). Further, 
primary astrocytes were treated with LPS for 0–14 days. PVT1 
and GFAP expression in astrocytes were also measured. The 
results revealed that PVT1 and GFAP expressions in the LPS 
group were gradually increased under LPS treatment (Fig. 1e-
f,  P< 0.05, compared with the control group). The findings 
suggested that PVT1 is involved in astrocyte activation fol-
lowing SCI.

Fig. 1   PVT1 was up-regulated in the spinal cord of SCI rats. An SCI 
rat model was established. a The level of PVT1 in T10 spinal cord at 
the 0, 3rd, 7th, 14th, and 21st day following surgery was detected by 
qRT-qPCR. b, c IHC and Western blot were used for the detection of 
GFAP-labeled astrocyte or GFAP expression in T10 spinal cord at the 
21st day. d FISH assay was used to detect lncRNA PVT1 (marked 
by red signal) in astrocyte (marked by green signal). e, f. Primary 

astrocytes were treated with LPS (100 ng/mL) for different times (6 h, 
12 h, 24 h, 8d, 14d). qRT-PCR was used to detect lncRNA PVT1 in 
the primary astrocytes (e). Western blot was used to detect GFAP 
expression in the cells (f). Data are expressed as the mean ± SD. NS 
P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001 (vs. Sham group or 
control group). N = 5
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Inhibition of PVT1 Reduced Neuropathic Pain of SCI 
Rats

To further study the function of PVT1 in SCI model rats, 
recombinant lentivirus LV-sh-PVT1 or LV-sh-NC were 
injected into SCI rats in the sheath. By detecting PVT1 
levels in the T10 spinal cord, we found that PVT1 expres-
sion decreased significantly in the SCI + LV-sh-PVT1 group 
compared with the SCI + LV-sh-NC group (Fig. 2a P< 0.05). 
Immunohistochemistry and WB were carried out to meas-
ure astrocyte activation. The results demonstrated that the 
injection of LV-sh-PVT1 both reduced GFAP-labeled cells 
and GFAP expression in the T10 spinal cord (Fig. 2b, c  
P< 0.05). The neurological function of the rats was moni-
tored using the BBB exercise score scale. The rats’ BBB 
exercise score in the SCI + LV-sh-PVT1 group was sig-
nificantly increased than that of SCI + LV-sh-NC group 
(Fig. 2d P< 0.05). Finally, 50% PWT and PWL were used 
to assess neuropathic pain in each group of rats. The results 
demonstrated that after the injection of LV-sh-PVT1, the 
PWT and PWL of SCI + LV-NC rats were increased com-
pared with SCI + LV-NC rats, indicating the alleviation of 
hyperalgesia (Fig. 2e, f P< 0.05). These results indicated that 

PVT1 inhibition in SCI models reduces the incidence of 
neuropathic pain.

Inhibition of PVT1 Reduced the Level 
of Inflammatory Cytokines and Oxidative Stress 
Factor

First, the expression of COX2 and iNOS was evaluated 
via WB. It turned out that compared with the Sham group, 
COX2 and iNOS were upregulated in the SCI + LV-sh-NC 
group. After the injection of LV-sh-PVT1, the expression 
of COX2 and iNOS in the T10 spinal cord of SCI rats were 
down-regulated compared with those in the SCI + LV-sh-
NC group (Fig. 3a  P< 0.05). ELISA detected the expression 
levels of inflammatory cytokines IL-6, TNF-α and oxidative 
stress factor MDA in T10 spinal cord. The results revealed 
that the levels of IL-6, TNF-α, and MDA in the SCI + LV-sh-
PVT1 group were significantly decreased compared with the 
SCI + LV-sh-NC group (Fig. 3b-d  P< 0.05). sh-NC and sh-
PVT1 were transfected into LPS-treated astrocytes, and the 
expression of COX2, iNOS, IL-6, TNF-α and MDA in the 
cells was detected by WB and ELISA. Similarly, downregu-
lation of PVT1 also reduced those inflammatory mediators 

Fig. 2   Inhibition of PVT1 improved NP in SCI rat model. The recom-
binant lentivirus LV-sh-PVT1 or LV-sh-NC were injected intrathe-
cally into SCI rats. a PVT1 in T10 spinal cord of SCI rats was meas-
ured via qRT-qPCR. b-c IHC and Western blot were used for the 
detection of GFAP-labeled astrocyte or GFAP expression in T10 spi-
nal cord at the 21st day post-surgery. d BBB scores were performed 
on the 0, 3rd, 7th, 14th, and 21st days. e In the assessment of pain-

related behaviors, 50% of the mechanical hypersensitivity reactions 
of rats in each group were determined by evaluating the withdrawal 
threshold. f Temperature hypersensitivity was analyzed by calculating 
withdrawal threshold. N = 10 in each group. Data are expressed as the 
mean ± SD of at least three independent experiments. One-way and 
two-way analysis of variance were applied. ***P < 0.001 (vs. Sham 
group), &&P < 0.01, &&&P < 0.001 (vs. SCI + LV-sh-NC group)
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(Fig. 3e–h P< 0.05). The outcomes manifested that inhibition 
of PVT1 mitigates inflammatory cytokines levels in SCI rats 
and astrocytes.

PVT1 Directly Bound to miR‑186‑5p

We browsed the online website StarBase (http://​starb​ase.​
sysu.​edu.​cn/​index.​php). It showed that PVT1 targets miR-
186-5p (Fig. 4a). Moreover, we carried out a dual-lucif-
erase reporter assay. It was found that the overexpression 
of miR-186-5p remarkably reduced the luciferase activity 
of astrocytes transfected with PVT -WT, but had no effect 
on that of the PVT1-MUT (Fig. 4b P< 0.05). Further, we 
conducted an RIP experiment. After transfection of miR-
186-5p in astrocytes, the amount of PVT1 precipitation in 
the AgO2 antibody group was notably higher than that in 
the IgG group, suggesting that PVT1 binds to Ago2 protein 
through miR-186-5p (Fig. 4c P< 0.05). Finally, PVT1 and 
miR-186-5p expressions were detected via qRT-PCR. The 
results illustrated that the down-regulation of PVT1 signifi-
cantly increased miR-186-5p expression (Fig. 4d  P< 0.05). 
These two experiments confirmed the binding relationship 
between miR-186-5p and PVT1.

The Overexpression of miR‑186‑5p Impeded the NP 
and Inflammatory Response of SCI Rats

Previous studies have shown a binding relationship between 
PVT1 and miR-186-5p, but the function of miR-186-5p in 
SCI rats remains to be clarified. Hence, the lentivirus vec-
tor LV-miR-186-5p was constructed and injected into rats 
(Fig. 2a  P< 0.05). Immunohistochemistry and WB were used 
to detect the GFAP-positive cells and GFAP expression in 
T10 spinal cord of SCI rats. The results represented that the 
cell number and protein level of GFAP decreased compared 
with the SCI + LV-NC group (Fig. 5 b, c, P < 0.05). Addi-
tionally, with miR-186-5p upregulation, the rats’ BBB exer-
cise scores were significantly increased (Fig. 5d P< 0.05), 
PWT and PWL were increased (Fig. 5e, f,  P< 0.05). The 
results of western blot represented that COX2, iNOS, IL-6, 
IL-1β and MDA levels in the SCI + LV-miR-186-5p group 
were considerably lower than those in the SCI + LV-NC 
group (Fig. 5g, h,  P< 0.05). These findings manifested that 
the overexpression of miR-186-5p inhibited the hyperalgesia 
and inflammatory response in SCI rats.

miR‑186‑5p Targeted CXCL13

CXCL13/CXCR5 expression in T10 spinal cord tissue of 
SCI rats and LPS-induced astrocytes was detected via WB. 
Compared with the sham or control group, their expression 
increased significantly after SCI (Fig. 6a, b P < 0.05). Then, 

Fig. 3   Inhibition of PVT1 reduced the level of inflammatory 
cytokines. a WB for the detection of COX2 and iNOS expres-
sion in the T10 spinal cord of SCI rats at the 21st day post-surgery. 
b–d: ELISA detected the expression of IL-6, TNF-α and oxida-
tive stress MDA in T10 spinal cord of SCI rats at the 21st day post-
surgery. ***P < 0.001 (vs.Sham group), &P < 0.05, &&P < 0.01, 
&&&P < 0.001 (vs.SCI + LV-sh-NC group). N = 5. Primary astro-

cytes were transfected with sh-NC or sh-PVT1, then treated with LPS 
(100 ng/mL) for 24 h. e WB was used for the detection of COX2 and 
iNOS expression in astrocytes. f–h ELISA was taken to evaluate the 
expression of IL6, TNF-α and oxidative stress MDA in astrocytes. 
Data are expressed as the mean ± SD. **P < 0.01, ***P < 0.001 (vs.
Con group), &P < 0.05, &&P < 0.01 (vs.SCI + LV-sh-NC group). 
N = 5
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we browsed online site StarBase (http://​starb​ase.​sysu.​edu.​
cn/​index.​php). It shows that CXCL13 is a potential target of 
miR-186-5p (Fig. 6c). Further, we carried out a dual lucif-
erase reporter assay. The statistics demonstrated that overex-
pression of miR-186-5p remarkably reduced luciferase activ-
ity in astrocytes transfected with CXCL13-3′-UTR-WT, but 
had no effect on MUT-CXCL13 (Fig. 6d P < 0.05). Moreo-
ver, the RIP experiment showed that CXCL13 was more 
precipitated in the Ago2 antibody group (vs. IgG group), 
suggesting that CXCL13 binds to the Ago2 protein through 
miR-186-5p (Fig.  6e  P < 0.05). Finally, WB outcomes 
revealed that the overexpression of miR-186-5p reduced the 
protein level of CXCL13/CXCR5 (Fig. 6f P< 0.05). These 
two experiments further confirmed the binding relationship 
between miR-186-5p and CXCL13.

PVT1 Promoted Inflammatory Factors’ Expression 
in Astrocytes Through the miR‑186‑5p/CXCL13 Axis

The PVT1 overexpressed plasmid was co-transfected with 
miR-186-5p mimics into the LPS-induced astrocytes. The 
levels of PVT1, miR-186-5p and CXCL13 were measured 

via qRT-QPCR. It turned out that PVT1 reversed miR-
186-5p mediated downregulation of PVT1, CXCL13/
CXCR5, COX2 and iNOS (Fig. 7a–e P< 0.05). Addition-
ally, the expression of IL-6, IL-1β and MDA in astrocytes 
was inhibited by miR-186-5p, while supplement of PVT1 
enhanced IL-6, IL-1β and MDA in astrocytes (compared 
with LPS + miR-186-5p group, Fig. 7f, P < 0.05). The above 
results indicated that PVT1 promoted the inflammatory 
response of astrocytes through the miR-186-5p/CXCL13 
axis.

Discussion

Uncontrolled neuroinflammatory response produced by 
astrocytes in the dorsal horn of the spinal cord exerts a 
prominent effect on NP [23]. Here, we observed that the 
PVT1/miR-186-5p /CXCL13/CXCR5 axis was associated 
with the occurrence of NP in SCI rats. Inhibition of PVT1 
reduced neuropathic pain by increasing miR-186-5p and 
decreasing CXCL13/CXCR5.

Fig. 4   PVT1 bound to miR-186-5p. a We predicted the potential 
binding site between PVT1 and miR-186-5p through the StarBase 
v2.0 database. b The luciferase reporter gene assay was performed 
to determine the binding site. c RIP experiment was implemented 
to detect PVT1-miR-186-5p interaction, and PVT1 expression 

in the lysates was detected by RT-PCR. NSP > 0.05, **P < 0.01, 
***P < 0.001 (vs. miR-NC group). N = 3. D: miR-186-5p expres-
sion in the T10 spinal cord of SCI rats was measured by qRT-qPCR. 
Data are expressed as the mean ± SD. ***P < 0.001(vs.Sham group), 
&&&P < 0.001(vs.SCI + LV-sh-NC group). N = 5
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Astrocytes are essential for maintaining homeostasis in 
the central nervous system. Accumulating evidence indicates 
that astrocytes may cause many neurological and neuropsy-
chiatric disorders, including chronic pain [24, 25]. Rebalanc-
ing astrocyte mediated inflammatory response helps to relive 
NP. For example, intrathecal injection of ketoconazole or the 
administration of p38 inhibitors significantly inhibits CCI-
induced mechanical abnormal pain through repressing astro-
cyte activation [26]. Thus, activation of astrocytes plays a 
key role in NP development. In this study, we also observed 
marked astrocyte activation in SCI rats’ T10 spinal cord.

Recent findings have suggested that lncRNAs contrib-
ute greatly to the progression of NP, such as LINC00657 
[27] and lncRNA DGCR5 [21], both were involved in NP 
development via modulating neuroinflammation. PVT1 has 
been identified as a carcinogenic lncRNA in ovarian cancer 
[28], nasopharyngeal cancer [29], esophageal cancer [30] 

and many other cancers. Moreover, studies have shown 
that PVT1 interferes with multiple diseases by influencing 
inflammatory mechanisms. As an example, PVT1 is highly 
expressed in an LPS-induced mouse model of septic acute 
kidney injury (AKI), and inhibition of PVT1 suppresses 
the JNK/NF-κB pathway and reduces the expression of 
LPS-induced inflammatory factors [31]. In diabetes-related 
neuropathy, PVT1 overexpression significantly reduces the 
mechanical withdrawal threshold (MWT) and thermal with-
drawal latency (TWL) and reduces the number of inflamma-
tion-related glial cells [32]. However, it has not been stud-
ied in NP after SCI. Here, we found that PVT1 was highly 
expressed in T10 spinal cord of SCI rat and LPS-induced 
astrocytes. Inhibition of PVT1 expression reduced the inci-
dence of NP and decreased the inflammatory response in 
T10 spinal cord and astrocytes, suggesting that PVT1 might 
be a potent regulator in SCI-mediated NP.

Fig. 5   Overexpression of miR-186-5p impeded the inflammatory 
response in SCI rats and reduced NP. The lentiviral vector LV-miR-
186-5p or LV-NC was injected into SCI rats. a qRT-PCR detected 
the mRNA expression of miR-186-5p in the T10 spinal cord of SCI 
rats at the 21st day post-surgery. b, c IHC and Western blot were 
used for the detection of GFAP-labeled astrocyte or GFAP expres-
sion in T10 spinal cord at the 21st day post-surgery. d BBB scoring 
was performed on the 0, 3rd, 7th, 14th, and 21st day. e In the evalu-
ation of pain-related behaviors, 50% of rats’ mechanical hypersen-

sitivity reactions in each group were determined by evaluating the 
withdrawal threshold, N = 10. f Temperature hypersensitivity was 
analyzed by calculating withdrawal threshold, N = 10. g WB detec-
tion of COX2 and iNOS expression in the spinal cord tissue of SCI 
rats. H: ELISA was taken to examine the expression of IL-6, TNF-α 
and oxidative stress MDA in the T10 spinal cord of SCI rats. Data are 
expressed as the mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001 (vs. 
SCI + LV-NC group). N = 5
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Increasing evidence has shown that miRNAs modulate 
NP. For example, miR-182 alleviates SNI-induced NP by 
modulating Nav1.7 in rats [33]. miR-129-5p inhibits pro-
inflammatory cytokines by down-regulating the expres-
sion of high-mobility family protein B1 (HMGB1) in CCI 
rats, thereby alleviating the pain sensation in CCI rats [34]. 
What’s more, miR-142-3p [35], miR-183 [36], miR-93 [37] 
and other miRNAs participate in the development of NP 
through different mechanisms. As for miR-186-5p, Jiang BC 
et al. reported that miR-186-5p reduces astrocytes’ activa-
tion and reduces pain hypersensitivity by inhibiting CXCL13 
expression spinal cord nerve ligation (SNL) mice [38]. In 
our study, miR-186-5p was lowly expressed in T10 spinal 
cord, and overexpression of miR-186-5p reduced the severity 
of NP and reduced the inflammatory response in SCI rats’ 

T10 spinal cord and LPS-treated astrocytes, indicating that 
overexpression of miR-186-5p helps in treating SCI induced 
NP through mitigating astrocytic activation.

It is worth noting that lncRNAs act as competitive 
endogenous RNA (ceRNA) and indirectly regulate mRNA 
through shared microRNAs, thus affecting diseases [39]. For 
instance, lncRNA PVT1 regulates chondrocyte apoptosis 
by acting as a cavernosum of miR-488-3p in osteoarthritis 
(OA) [40]. LncRNA-dleu2 promotes glioma by targeting the 
miR-186-5p/PDK3 axis [41]. Here, we found that PVT1 and 
miR-186-5p expressions in SCI rats’ spinal cord. Further 
experiments showed that PTV1 sponged miR-186-5p, thus 
reversing miR-186-5p-mediated anti-inflammatory effects 
in astrocyte. These results confirmed that PVT1 reduces NP 
inflammatory response by downregulating miR-186-5p.

Fig. 6   MiR-186-5p can 
be directly combined with 
CXCL13. a WB was con-
ducted to evaluate CXCL13 
and CXCR5 expression in the 
T10 spinal cord of SCI rats at 
different time points after the 
surgery (the 0, 3rd, 7th, 14th, 
and 21st day). b WB was used 
to detect the CXCL13 and 
CXCR5 expression in astrocytes 
LPS induction for different time 
points (including 6 h, 12 h, 
24 h, 8 d, 14 d). c We predicted 
the potential binding site 
between PVT1 and miR-186-5p 
through the StarBase v2.0 
database (http://​starb​ase.​sysu.​
edu.​cn/). d The dual luciferase 
reporter gene assay was per-
formed to determine the binding 
relationship between PVT1 and 
miR-186-5p. e RIP experiment 
was implemented to detect 
CXCL13-miR-186-5p interac-
tion, and CXCL13 expression 
in the lysates was detected by 
RT-PCR. f WB detection of 
CXCL13/CXCR5 expression 
in the T10 spinal cord of SCI 
rats after intrathecal injection 
of LV-miR-186-5p or LV-NC 
in SCI rats. Data are expressed 
as the mean ± SD. *P < 0.05, 
**P < 0.01, ***P < 0.001 (vs. 
SCI + LV-NC group, vs. LPS-
NC group). N = 5

http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/


1467Neurochemical Research (2021) 46:1457–1469	

1 3

Recent studies have involved chemokines in the patho-
genesis of NP. Furthermore, multiple chemokines are 
upregulated in the spinal cord after SCI and are involved in 
neuroinflammation and pain hypersensitivity in the spinal 
cord [42–44]. CXCL13 has been shown to be upregulated 
in NP [45, 46]. Knocking down lncRNA SNHG5 alleviated 
NP by targeting the miR-154-5p/CXCL13 axis to restrain 
the activation of astrocytes and microglia [47]. miR-
186-5p is involved in the regulation of NP via repress-
ing CXCL13 expression [38]. These researches show that 
CXCL13 produced by astrocytes has an important effect 
in NP. In our study, CXCL13 was significantly increased 
in SCI rats’ spinal cord tissues and LPS treated astrocytes. 

In addition, miR-186-5p targeted and reduced CXCL13 
expression. Therefore, PVT1 regulates the CXCL13/
CXCR5 signaling pathway by sponging miR-186-5p, thus 
promoting the inflammatory response in SCI rat’s T10 spi-
nal cord and astrocytes.

To sum up, this paper studied the expression charac-
teristics and mechanism of PVT1 in SCI rat model and 
astrocytes. Inhibition of PVT1 reduces the inflammatory 
response in NP by promoting miR-186-5p to regulate the 
CXCL13/CXCR5 signaling pathway, which is helpful for 
the formulation of its treatment.

Fig. 7   PVT1 promotes the expression of inflammatory factors in 
astrocytes through the miR-186-5p/CXCL13 axis. The PVT1 over-
expression plasmid and/or miR-186-5p mimic were co-transfected 
into LPS-induced astrocytes. a–c qRT-PCR detected the expression 
of PVT1, miR-186-5p, and CXCL13. d–e The protein expression of 

CXCL13, CXCR5, COX2, and iNOS was detected by WB. f ELISA 
detected the expression of IL-6, IL-1β and MDA in astrocytes. 
N = 3. Data are expressed as the mean ± SD. *P < 0.05, **P < 0.01, 
(vs. LPS-NC group), &P < 0.05, &&P < 0.01 (vs.LPS + miR-186-5p 
group)
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