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Abstract 
Objective: When nerve injury or inflammatory injury, different miRNA- 
mediated signal pathways are activated or inactivated, causing pain or hyperal-
gesia. Therefore, miRNA has become a new direction of pain mechanism re-
search. We aimed to investigate the effect and mechanism of miR-362-3p on 
neuropathic pain in rats with chronic sciatic nerve injury (CCI). Methods: 
Neuropathic pain CCI rat model was established. Real-time-quantitative po-
lymerase chain reaction (RT-PCR), Western blot, immunofluorescence, in-
trathecal injection, Enzyme-linked immunosorbent assay (ELISA), and dual 
luciferase reporter gene assays were used to explore the role of miR-362-3p in 
neuropathic pain development and the relationship between miR-362-3p and 
JMJD1A (Jumonji domain-containing 1A). Results: In the CCI group, the 
miR-362-3p level was increased and JMJD1A level was reduced in spinal 
cords and isolated microglia. The paw withdrawal threshold (PWT) and paw 
withdrawal latency (PWL) values were increased, the secretion of inflamma-
tory factors was reduced, and the microglial marker Iba1 expression was de-
creased after intrathecal administration of miR-362-3p. miR-362-3p was ob-
served to target JMJD1A. JMJD1A elevation abolished the inhibitory effects of 
miR-362-3p on neuropathic pain development. Conclusion: Intrathecal ad-
ministration of miR-362-3p significantly relieved neuropathic pain in CCI rats 
and inhibited neuroinflammation possibly through regulating JMJD1A. 
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1. Introduction 

Neuropathic pain (NP) is a chronic disease whose clinical features often manif-
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est as hyperalgesia, spontaneous pain or allodynia, and so on, and is considered a 
new burden in the 21st century [1]. Neuropathic pain is caused by damage to the 
peripheral or central nervous system or by chronic pain resulting from disordered 
function. Nevertheless, the exact pathogenesis of neuropathic pain is still an enig-
ma and there is no effective treatment. Since neuropathic pain is difficult to be ef-
fectively eradicated, it is currently a growing number of patients worldwide, caus-
ing enormous physical and mental suffering to patients, and has become an in-
tractable health problem that cannot be ignored [2]. In the clinic, antidepressants, 
antiepileptics as well as local anesthetics are the mainstays for neuropathic pain 
treatment, and these drugs often have many side effects or even pain sensitization 
[3]. Therefore, clarifying neuropathic pain pathogenesis and accelerating highly 
effective and low toxicity drug development has become hot areas of clinical re-
search. 

The expression imbalance of gene sets is a key factor that causes neuropathic 
pain, and it is clinically instructive to elaborate on the pathogenesis of the dis-
ease from the gene level. MiRNAs are a class of endogenous factors in the hu-
man body that have the function of regulating genomic expression, participating 
in the regulation of cell fate, tissue differentiation, functional maintenance, and 
so on [4]. MiRNAs play a role in regulating gene expression levels in eukaryotic 
cells, mainly by binding to the 3 URT region of target mRNA. Since neuropathic 
pain can be considered essentially as a stress response of the nervous system to 
injury, the pathological changes that occur are closely associated with the ex-
pression of various proteins, including signal transduction molecules, neuro-
transmitters, inflammatory factors, and ion channel proteins, among others [5]. 
Therefore, miRNAs exert different regulatory effects on the pathological process 
of neuropathic pain by regulating the expression of proteins related to different 
signaling pathways. For example, miR-194 has been found to exert an inhibitory 
effect on the pathological progression of CCI-induced neuropathic pain by tar-
geting Forkhead box A1 (FOXA1) expression [6]. In addition, the study of Huang 
et al. confirmed that miR-183 was also one of the aberrantly expressed miRNAs, 
and was considered as a closely related miRNA to neuropathic pain, and its effect 
was mainly through regulating the expression of Mitogen-activated protein kinase 
kinase kinase 4 (MAP3K4), thereby regulation of inflammatory factors TNF-α, 
COX-2 and IL-6 [7]. A recent study reported that miR-362-3p may be a potential 
therapeutic target for neuropathic pain [8]. Nevertheless, the mechanism of 
miR-362-3p in neuropathic pain progression has not been elucidated. 

In this study, we focused on a rat model of chronic sciatic nerve injury (CCI) 
to clarify molecular details of miR-362-3p in neuropathic pain, with a view to 
providing an effective strategy for neuropathic pain treatment. 

2. Materials and Methods 
2.1. Animals 

For this study, healthy adult male pathogen-free grade Sprague-Dawley rats (200 
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± 20 g) were selected as experimental animals, which were uniformly provided 
by the animal center of Shaanxi Provincial People’s hospital. The provided mice 
were acclimatized for 4 weeks to carry out the corresponding studies, and the 
mouse housing room conditions were set as: room temperature 20˚C - 25˚C, 
relative humidity 50% - 70%, and free access to food and water. All animal expe-
riments were designed and operated in compliance with international guidelines 
for laboratory animals. 

2.2. Chronic Sciatic Nerve Injury (CCI) Rat Model 

An animal model of neuropathic pain was established in rats by CCI [9]. Rats 
were anesthetized using an intraperitoneal injection of phenobarbital sodium (40 
mg/kg) and subsequently placed prone on the experimental operating table. The 
skin was cut out using surgical scissors, the muscles were separated, and both 
sciatic nerves of the rats were exposed. A segment of the sciatic nerve was se-
lected, and the two ends of the sciatic nerve were ligated using a 4 - 0 suture, cut 
at the middle portion of the ligated nerve, and the muscular and skin layers were 
sutured sequentially with sutures, sterilized, and wrapped. Sham group rats un-
derwent blunt dissection to expose the sciatic nerve and branches after, but 
without ligation and transection. 

2.3. Intrathecal Injection 

After rats were anesthetized, a 30 gauge Hamilton syringe needle was inserted in 
the subarachnoid space of the spinal cord between L4 and L5. In order to induce 
bilateral hind limb paralysis, the intrathecal catheter implantation in the correct po-
sition was affirmed by injecting 2% lidocaine. MiR-362-3p mimic or LV-JMJD1A 
was delivered intrathecally using a microsyringe connected to an intrathecal ca-
theter. At the end of the experiment, lumbar L4-L5 spinal cords were dissected 
for follow-up experiment. 

2.4. Spinal Cord Microglia Cell Culture 

Rat spinal cord tissue was first isolated and placed into cold Dulbecco′s Mod-
ified Eagle’s Medium (DMEM) medium, the tissue was sheared into small pieces 
of approximately 1 mm3 and digested with trypsin solution into a cell suspen-
sion, the supernatant was removed by centrifugation, and the cells were resus-
pended in complete medium containing DMEM. After that, they were plated in 
T75 flasks with a final volume of 25 ml and placed in an incubator at 37˚C with 5% 
CO2 for two weeks. Finally, microglia was separated from other cells by shaking 
the flask with mixed glial cells. 

2.5. Rat Behavioral Assays 

On days 0, 3, 7, and 14 after CCI surgery, rats were measured for mechanical 
paw withdrawal threshold (PWT) and paw withdrawal latency (PWL) according 
to previously described methods [10]. Rats were placed in cages before mea-
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surements and acclimatized for 30 min. PWT determination: rats were stimu-
lated on the bottom of the left hind foot with a probe from the electronic von 
Frey pain meter at stimulus intensities ranging from 0 to 50 g in 2.5 g/s incre-
ments, which were stopped when the rat had a lifting and paw withdrawal re-
sponse, and measured three times in consecutive intervals for 5 min each, and 
the mean value was taken as the PWT value (g) of the rat. PWL determination: 
when the left hind limb of rats was stimulated by heat radiation, the duration of 
paw retraction and heat radiation stimulation was recorded (s). The duration of 
paw retraction and heat radiation stimulation was measured continuously for 5 
times with an interval of 20 min. The mean value was the PWL value of rats (s). 

2.6. Enzyme Linked Immunosorbent Assay (ELISA) 

Treated rat spinal cord tissues were lysed with RIPA lysis buffer. According to 
the instructions of the respective ELISA kits, the concentrations of interleukin 
(IL)-6 and tumour necrosis factor-α (TNF-α) were measured. 

2.7. Immunofluorescence 

After the rats were sacrificed, they were quickly perfused with 4% paraformal-
dehyde through the ascending aorta. Subsequently, spinal cord segments were 
collected, fixed, cryopreserved in 30% sucrose, embedded in cryostat (Sakura, 
4583), and sectioned at 16 μm thick tissue sections. After sections were blocked 
with 4% normal Donkey Serum, primary antibody Iba1 were added for over-
night incubation, followed by secondary antibody incubation. Subsequently, 
DAPI were added into prolong gold antifade reagent, which was then added 
dropwise to the sections and the images were acquired under a fluorescence mi-
croscope (Olympus). 

2.8. Western Blotting 

Total protein was extracted from L4-L5 segments by utilized lysis buffer. The 
protein content was determined with a BCA kit. 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-PAGE) was used to separate the 
protein suspension, and polyvinylidene difluoride (PVDF) membranes were 
used to transfer the protein band. Primary antibodies for JMJD1A, Iba1 and 
GAPDH were used to incubate the membranes after they had been blocked with 
5% nonfat milk. After washing with Tris-buffered saline containing 0.1% tween-20 
(TBST) buffer, HRP-conjugated goat anti-rabbit IgG was performed to incubate 
for 1 h. After washing with TBST, the protein bands were visualized with ECL 
detection reagent, the intensity of the protein bands was quantitatively analyzed 
using image software, and the relative expression of the protein of interest was 
calculated. 

2.9. Real Time-Quantitative Polymerase Chain Reaction (RT-qPCR) 

Total RNA was obtained from spinal cord tissue of rats through TRIzol reagent 
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(Takara), extracted RNA was reverse transcribed to cDNA using primescript RT 
reagent kit. The single-strand cDNA was prepared employing Prime Script RT 
reagent Kit. Importantly, the software was then run in an ABI 7900HT RT-PCR 
system using the SYBR Premix Ex Taq II program. Ultimately, 2−ΔΔCT method 
was used to calculate the expression of miR-362-3p. 

2.10. Luciferase Reporter Assay 

The targeted binding sites between miR-362-3p and JMJD1A were predicted us-
ing Starbase bioinformatics tool. And miR-362-3p mimics or negative control 
were cotransfected with wild type JMJD1A (JMJD1A-wt) and mutant JMJD1A 
(JMJD1A-mut) luciferase reporter vectors into cells using LipofectamineTM 3000, 
followed by incubation 48 h and then detection luciferase activity. 

2.11. Statistical Analysis 

Each experiment was independently repeated three times, and the results were 
expressed as mean ± standard deviation (SD) and analyzed using SPSS 21.0, with 
student’s t-test for differences between two groups and ANOVA for multiple 
groups. A value of P < 0.05 was considered statistically significant. 

3. Results 
3.1. miR-362-3p Level is Decreased in Spinal Cord after CCI 

To examine the potential role of miR-362-3p in neuropathic pain, we established 
a rat model of CCI and further examined PWT and PWL at 0, 3, 7, and 14 days. 
The results demonstrated that CCI treatment caused a remarkable mechanical 
allodynia and thermal hyperalgesia (Figure 1(a) and Figure 1(b)). Moreover, 
RT-qPCR was performed to assess miR-362-3p expression in the spinal cord at 
segments L4-L5 and isolated microglias of CCI rats on day 0, 3, 7, and 14 fol-
lowing CCI. The results showed that downregulation of miR-362-3p was unco-
vered both in L4-L5 segments and isolated microglias (Figure 1(c) and Figure 
1(d)). 

3.2. Elevation of miR-362-3p Repressed Neuropathic Pain in Rats 
after CCI 

Rats underwent CCI or sham surgery on day 3 after intrathecal injection of 
LV-miR-miR-362-3p or LV-NC. RT-qRCR demonstrated that injection of LV-miR- 
miR-362-3p lead to an effective increase on miR-miR-362-3p level (Figure 2(a)). 
The results of behavioral measurement of rats showed that miR-362-3p overex-
pression significantly reduced the PWT and PWL (Figure 2(b) and Figure 2(c)). 
Upregulation of miR-362-3 pdramatically increased IL-6 and TNF-α production 
in the L4-L5 segments of rats with CCI (Figure 2(d) and Figure 2(e)). Moreo-
ver, immunofluorescence revealed that overexpression of miR-362-3p markedly 
suppressed the expression of microglial marker Iba1 in the spinal L4-L5 seg-
ments of CCI rats (Figure 2(f)). 
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Figure 1. Downregulation of miR-362-3p was found in CCI rats. (a) The mechanical paw withdrawal threshold was test at, 3, 7, 
and 14 days after CCI; (b) The paw withdrawal latency was test at 0, 3, 7, and 14 days after CCI; (c) and (d) RT-qPCR analysis of 
miR-362-3p level in spinal cord tissue and microglias of rats at 0, 3, 7, and 14 days after CCI, respectively. *P < 0.05 vs sham group. 
 

 
Figure 2. Overexpression of miR-362-3 relieved the development of neuropathic pain in CCI rats. (a) RT-qPCR analysis of 
miR-362-3p level in spinal cord tissue; (b) The mechanical paw withdrawal threshold was test; (c) The paw withdrawal latency was 
test; (d) and (e): ELISA analysis of IL-6 and TNF-α level; (f) Immunofluorescence analysis of Iba1 expression. *P < 0.05 vs sham 
group or CCI-LV-NC group. 
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3.3. miR-362-3p Directly Targets the 3’UTR of JMJD1A 

Through starbase databases retrieval, we found that there were highly conserved 
binding sites between miR-362-3p and JMJD1A, which suggested that JMJD1A 
might be a potential target of miR-362-3p (Figure 3(a)). Surprisingly, miR-362-3p 
mimics significantly reduced the luciferase activity of wild type JMJD1A, whe-
reas the luciferase activity of mutant JMJD1A was not changed (Figure 3(b)). 
Moreover, miR-362-3p mimics downregulated JMJD1A protein expression, 
whereas miR-362-3p inhibitor upregulated JMJD1A protein expression (P < 
0.01) (Figure 3(c)). All the results indicated that JMJD1A was the target gene of 
miR-362-3p. 

3.4. miR-362-3p Restrained Neuropathic Pain in CCI Rat Models 
by Regulating JMJD1A 

To study whether JMJD1A plays an active part in miR-362-3p-mediated biological 
function in neuropathic pain development, we injected LV-miR-362-3p alone or to-
gether with LV-JMJD1A in CCI rats. We first found that JMJD1A expression was 
increased both in L4-L5 segments and isolated microglias following CCI (Figure 
4(a) and Figure 4(b)). miR-362-3p elevation remarkably reduced JMJD1A level 
in CCI rats, which was counteracted by the JMJD1A overexpression (Figure 
4(c)). JMJD1A overexpression substantially abolished miR-362-3p-mediated 
neuropathic pain-like behaviors in CCI rats (Figure 4(d) and Figure 4(e)). 

 

 
Figure 3. miR-362-3p bound with JMJD1A. (a) Starbase analysis of the binding of miR-362-3p and JMJD1A; (b) 
Luciferase reporter assay analysis of the relationship of miR-362-3p and JMJD1A; (c) Western blotting analysis of 
JMJD1A level. *P < 0.05 vs NC mimic or NC inhibitor. 
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Figure 4. JMJD1A overexpression restored miR-362-3-mediated the impact of neuropathic pain in CCI rats. (a) and (b): RT-qPCR 
analys is of JMJD1A mRNA level in spinal cord tissue and microglias following CCI. LV-miR-362-3p or/and LV-JMJD1A were in-
jected to rats before CCI; (c) Western blotting analysis of JMJD1AT protein expression; (d) The mechanical paw withdrawal thre-
shold was test; (e) The paw withdrawal latency was test; (f) Western blotting analysis of Iba1 expression; (g) and (h): ELISA analy-
sis of IL-6 and TNF-α level. *P < 0.05 vs CCI-LV-NC + vector or CCI-LV-miR-362-3p. 
 

ELISA and western blotting demonstrated miR-362-3p overexpression suppressed 
IL-6 and TNF-α secretion and Iba1 expression in CCI rats, whereas JMJD1A 
overexpression could inverted these changes (Figures 4(f)-(h)). 

4. Discussion 

The pathogenesis of neuropathic pain is complex and involves peripheral or 
central nervous system sensitization, nerve conduction block, and neuroinflam-
mation, and there is still a lack of effective treatments in the clinic [11]. Acti-
vated inflammatory responses in the nervous system are important contributors 
to neuropathic pain, and it is now known that IL-6, IL-1β, TNF-α and other in-
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flammatory factors are involve in pathogenesis of neuralgia [12]. Accumulating 
evidence indicates that modulation of multiple miRNAs is able to reduce in-
flammatory factor secretion in the nervous system and relieve neuropathic pain 
[13] [14]. Recently, it was found that XIST acted as a competitive endogenous 
RNA of miR-362, and inhibition of XIST was helpful in alleviating cerebral 
ischemia-reperfusion injury by alleviating reduced inflammation and neuronal 
apoptosis by upregulating miR-362 expression [15]. Xie et al. reported that cur-
cumin alleviated LPS-induced inflammatory factors secretion in microglial BV2 
by inhibiting TRL4 via increasing the expression of miR-362-3p [16]. In spinal 
cord injury (SCI) rats, miR-362-3p alleviated SCI-induced secondary neuroin-
flammation, and decreased the degree of neuronal apoptosis to improve the 
motor function of SCI rats by targeted inhibition of ERK-p38 signaling [8]. Si-
milarly, the present study found that the expression levels of miR-362-3p were 
significantly decreased in CCI rats. Upregulation of miR-362-3p expression in-
hibited the secretion of inflammatory factors and activation of microglia, alle-
viated neuropathic pain in CCI rats. 

JMJD1A, also known as KDM3A, is a key member of the jumonji C family of 
histone demethylases, which play a role in many diseases. Accumulated evidences 
suggest that JMJD1A acted as an oncogene and contributed to tumor growth and 
drug resistance development [17] [18] [19]. JMJD1A could induce the expression 
of proinflammatory mediators through the NF-κB/P65 signaling pathway in car-
diomyocytes, exacerbating high glucose-mediated myocardial injury [20]. Zhang 
et al. revealed that JMJD1A was involved in promoting MAPK/NF-κB-dependent 
inflammation in vascular smooth muscle cell injury induced by high concentra-
tions of insulin [21]. JMJD1A was shown to exacerbate inflammatory damage in 
diabetes and vascular disease [22]. More importantly, our previous study found 
that pcat19 enhances neuroinflammation and thus exacerbates neuropathic pain 
by targeting the miR-182-5p/JMJD1A axis [23]. In this study, we found neuro-
pathic pain (decreased PWT and PWL) as well as neuroinflammation in CCI rats, 
and this sequence of changes was accompanied by upregulation of JMJD1A ex-
pression. Furthermore, JMJD1A was inferred as miR-362-3p downstream target 
gene, and overexpression of the miR-362-3p effectively restrained JMJD1A ex-
pression. Ectopic expression of JMJD1A reverses the impact of miR-362-3p on 
neuropathic pain development. 

5. Conclusion 

In summary, the present study observed that in CCI rats, the miR-362-3p level 
was downregulated, while JMJD1A was upregulated, accompanied by the devel-
opment of neuropathic pain (decreased PWT and PWL) as well as neuroinflamma-
tion in CCI rats. miR-362-3p overexpression significantly suppressed mechanical 
allodynia and thermal hyperalgesia and downregulated JMJD1A as well as neu-
roinflammation. Our experimental results provide new research ideas for neu-
ropathic pain treatment. 
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