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Abstract: Mesenchymal stem cells (MSCs) derived exosomes (Exos) are one of the 
most promising candidate for the treatment of this condition. However, the underlying 
molecular mechanism remains uncertain. Here we investigated the therapeutic effect 
of exosomal miR-181c-5p (ExomiR-181c-5p) on a rat model of neuropathic pain induced by 
sciatic nerve chronic constriction injury (CCI). In this study NP model was established 
using the CCI method. NP levels were assessed using PWT and PWL. Microarray analysis 
and RT-PCR were used to determine the relative expression of miR-181c-5p. MSC-derived 
exosomes were extracted using the total exosome isolation reagent characterized by 
WB and NTA. MiR-181c-5p was loading into Exos using electroporation. The infl ammation 
response in microglia cells and CCI rats were assessed by ELISA assay respectively. Our 
study demonstrates that miR-181c-5p expression was obviously decreased in a time-
dependent manner in CCI rats. MiR-181c-5p was effectively electroporated and highly 
detected in MSC-derived Exos. ExomiR-181c-5p internalized by microglia cells and inhibit 
the secretion of infl ammation factors. ExomiR-181c-5p intrathecal administration alleviated 
neuropathic pain and neuroinfl ammation response in CCI rats. Taken together, ExomiR-

181c-5p alleviated CCI-induced NP by inhibiting neuropathic infl ammation. ExomiR-181c-5p may 
be a valid alternative for the treatment of neuropathic pain and has vast potential for 
future development.
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INTRODUCTION
NP is one of the most common types of chronic 
pain, which redefined as “pain resulting 
from a lesion or disease in the peripheral or 
central nervous system” by The International 
Association for the Study of Pain in 2008 
(Scholz et al. 2019). Various etiologies including 
direct nerve trauma; central nervous lesions; 
viral infections and metabolic diseases (such 
as diabetes or multiple sclerosis) may lead 
to NP (Zhou et al. 2017, Chauhan et al. 2018). 
Although some studies believe that NP is 
related to neuroinflammation (Sommer al. 
2018). Up to now, the mechanisms of NP are 

poorly understood. NP affl icts approximately 
6% of the population in the world every year 
(Scholz et al. 2019). Despite the great morbidity, 
NP has a fi nite number of therapeutic options. 
Current treatment strategy such as physical, 
cognitive, pharmacological, and interventional 
approaches appear to be invalid in controlling 
this condition (Scholz et al. 2019, Finnerup 
et al. 2015, Baron et al. 2016). Many reports 
suggested that only about 30% of the patients 
who receive treatments, can get relief before 
pain inevitably reappears (Scholz et al. 2019). 
Therefore, to establishment a new disease-
modifying treatment strategy is necessary for 
the treatment of NP.
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MSC is a type of self-renewing and 
multipotent stromal cells, which can be obtained 
from various sources including embryonic, 
muscle, bone marrow, and adipose tissue 
(Bartolucci et al. 2017). MSCs transplantation, as 
a potentially effective strategy, has been applied 
to treat various diseases (Arzouni et al. 2018, 
Xiao et al. 2018). Some articles have reported 
that MSCs could differentiate into neuron-
like cells and have shown neuroprotective 
effect in a variety of nerve injury models (De 
Simone et al. 2019). In addition, a few recent 
studies have shown that autologous MSCs 
transplantation relieve NP in the CCI model (Al-
Massri et al. 2019). However, the mechanism of 
this therapeutic process has not been explicitly 
explained. One possible mechanism for the 
therapeutic process is that MSCs inhibited 
neuroinflammation and activated endogenous 
repair mechanisms. Furthermore, recently, 
accumulating evidence has demonstrated that 
the therapeutic benefits of cell-based therapy 
result from the release of Exos (Phinney & 
Pittenger 2017, Spees et al. 2016). Exos are small 
extracellular vesicles range in size from 50 to 
120 nm, which released by all kinds of cells 
including MSCs (Phinney & Pittenger 2017). Exos 
convey various cargo including lipids, proteins, 
mRNA and miRNA molecules to recipient cells 
for cell-to-cell communication (Wortzel et al. 
2019). A couple of researchers have confirmed 
that MSC-derived Exos have similar therapeutic 
functions as MSCs including anti-inflammatory 
effects (Zhuang et al. 2011, Steinbichler et al. 
2019). Compared to MSCs, MSC-derived Exos are 
preferred for clinical application due to their 
ease of storage, delivery, and management (Xu 
et al. 2016). Thus, exosome therapy would be a 
promising therapeutic strategy for neuropathic 
pain patients, which could be further optimized 
for its clinical application.

MicroRNAs are a class of small non-coding 
RNAs responsible for gene expression by 
translational inhibition or mRNA degradation. 
MiRNAs participate in the pathological process 
in many diseases (Alexander et al. 2015, Men et 
al. 2019). Accumulating evidence has confirmed 
that miRNAs play an important role in the 
anti-inflammation process by regulating target 
genes in a variety of signaling pathways (Men 
al. 2019). Additionally, recent findings suggest 
that the expression of various miRNAs, including 
miR-30a, miR-124, miR-125 and miR-183, are 
induced in neuropathic pain (Xu et al. 2014, 
Grace et al. 2018, Peng et al. 2017). Some target 
pathways regulating by these miRNAs have 
been identified, including mTOR/VEGF, SGK3 and 
SLC17A6, respectively (Xu et al. 2014, Peng et al. 
2017). A recent study reported that miR-181c-5p 
could attenuate excessive inflammation in an 
animal model (Wei et al. 2019). In the current 
study, we investigated the potential function of 
Exos carried miR-181c on NP in a rat CCI model. 
We found that Exos carried miR-181c could 
attenuate neuropathic pain after CCI. Moreover, 
we report that the therapeutic effect of miR-181c 
is achieved by regulating neuroinflammation.

MATERIALS AND METHODS
Animals
Sprague-Dawley (SD) rats (male, weight 200–250 
g) were supplied by the Guangzhou Medical 
Animal Laboratory Center, China. All rats were 
singly housed in separate cages under approved 
conditions with 24 ± 3°C, natural light/dark 
cycles, and feed with conventional rat feed 
and sterilized water. Cages were changed twice 
weekly. All animal experiments in the current 
study were approved by the Institutional 
Laboratory Animals Committee of Ningbo 
No.6 Hospital and conducted following The 
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Guidelines for Laboratory Animal Care and Use 
by Ningbo No.6 Hospital.

Neuropathic pain models

To create NP models, CCI surgery was performed 
as described previously (Gao et al. 2017). 
All surgeries were completed in a sterile 
environment under a surgical microscope. SD rats 
were anesthetized using sodium pentobarbital 
(50 mg/kg), and the left sciatic nerve was loosely 
ligated with 4-0 chromic gut sutures in four 
regions. Sham procedure involved equal process 
without sciatic nerve ligation.

Intrathecal Catheter Insertion 

A polyethylene catheter was inserted into the 
subarachnoid space of the spinal cord to L4-
L6 as previously described (Jia et al. 2020). On 
day 0, day 3 and day 7 after CCI surgery, 10µL 
(1.2mg/mL) Exo (Exoscramble), exosomal miR-181c 
(ExomiR-181c) and negative controls were injected 
via the implanted intrathecal catheter. Following 
catheter implantation, rats with spinal cord 
injury were excluded from the experiment. 

Behavioral testing
PWT and PWL was tested using a set of electronic 
von Frey Aesthesiometer (IITC Life Science Inc., 
WH, USA) on 0, 3, 7, 14 and 21 days after the CCI 
operation. Rats were placed on a metallic device 
covered with a plexiglass observation box. The 
clear paw withdrawal was recorded and then 
averaged. The Analgesia Meter Model 336 (IITC 
Life Science Inc., WH, USA) was used to detect 
thermal hyperalgesia. A heat generator was put 
under the plantar surface of each rat, then the 
latency of paw withdrawal was averaged. Both 
tests were repeated three times and performed 
in a blind fashion.

MicroRNA microarray
Total RNA of rat dorsal horn tissue was extracted 
using TRIzol reagent (Invitrogen, Carlsbad, USA) 
according to the manufacturer. The quantity of 
RNA samples was examined by the Agilent 2100 
Bioanalyser (Agilent, Chengdu, China), and RNA 
integrity was verified by gel electrophoresis. 
MiRNA expression analysis was performed using 
the RiboArray platform as described previously. 
This microarray platform is designed based on 
a locked nucleic acid (LNA) technology. Cluster 
analysis were performed by gplots. Differentially 
expressed microRNAs were identified through 
fold change filtering. Statistical analysis using T 
test, and P-value<0.05 and fold change >2 were 
considered significantly differentially expressed. 
Microarray images were generated by R software.

Cell culture

MSCs isolation and culture

Bone marrow tissue of young SD rats were 
collected for MSCs isolation as previously 
published (Mead & Tomarev 2017). In brief, both 
the tibiae and femora were dissected and the 
bone marrow was flushed with cold Dulbecco’s 
modified Eagle’s medium F12 (DMEM/F12, 
Invitrogen, CA, USA) supplemented with 5% 
fetal bovine serum (FBS, Gibco, CA, USA). After 
filtration and centrifugation, the MSC-pellets 
were resuspended and cultured in DMEM/
F12 containing 10% FBS and 1% penicillin/
streptomycin (Invitrogen, CA, USA). MSCs were 
kept in a humidified condition at 37°C, and 
supplied with 5% CO2. All non-adherent cells 
were removed, and culture medium was replaced 
every 3 days. MSCs identification was performed 
by flow cytometry. Monoclonal antibody CD90, 
CD29, CD34, and CD45 (Invitrogen, CA, USA) were 
used for verification of cell surface antigens.

Spinal microglia cell isolation and culture
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Microglia cells were obtained following a recently 
published protocol (Yip et al. 2009). In brief, Rats 
were sacrificed, the dorsal horn tissue samples 
with blood vessels removed were collected. The 
fresh tissue was minced and dissociated by 
incubation for 30 min in collagenase IV (150 μg/
mL) at 37°C. Spinal cord tissues were centrifuged 
at 800g for 10 min. The isolated microglial cells 
were plated in a 12-well plate previously coated 
with poly-D-lysine, and cultured in DMEM/
F12 medium supplemented with 10% FBS, 1% 
penicillin/streptomycin (Invitrogen, CA, USA). 
Cultures were maintained at 37°C in a 5% CO2 
atmosphere.

MSC-derived exosomes isolation and 
identification 
mMSC-derived Exos were isolated and purified 
using a previously described method (Thomi 
et al. 2019). Briefly, MSCs at passages 3-6 were 
cultivated in DMEM/F12 added with 10% Exo-free 
FBS for 48 h before culture medium collection. 
The supernatant was centrifuged at 2000 x g for 
30 min at 4°C and then passed through a 0.22 
µm filter to remove cellular debris. Exos in this 
study were extracted using ultracentrifugation 
(100,000g for 120 min at 4°C). Purified Exos were 
preserved in phosphate buffer saline (PBS) for 
the following experiments. The morphological 
features of Exos were observed by transmission 
electron microscope (TEM, Thermo Fisher 
Scientific, CA, USA). MSC-derived Exos were 
identified using CD63 and TSG101 (BD Biosciences 
NJ, USA) by Western blot. Nanoparticle tracking 
analysis (NTA) was performed with a NanoSight 
LM10-HSB instrument (A&P Instrument, United 
Kingdom) according to the manufacturer’s 
instructions.

Exosomes loading
Exos were loaded with miR-181c using 
electroporation performed on a Gene Pulser II 

system (Bio-Rad, CA, USA) as previously described. 
In brief, Exos at a total protein concentration of 
20 μg were mixed with 800 nM of miR-181c. The 
Exo-miRNA mixture was electroporated using a 
pulse 20 ms and 500 voltage. Then, the mixture 
was incubated at 4°C overnight. To remove free-
floating miRNAs, Exos were washed two times in 
PBS with 100,000g centrifugation for 2 h at 4°C. 
Finally, Exos pellets were preserved by PBS and 
stored at -80°C.

Exosomes internalization
Exos were labelled with DiI lipophilic dye 
(Invitrogen, CA, USA) as described previously. 
250 μg of purified Exos were incubated with 1 
μM DiI at 37°C for 30 min in dark. After removed 
excess dye, labelled Exos were collected by 
ultracentrifugation at 100000g for 120 min. 
Recipient microglia cells were incubated with 
DiI-labelled Exos (10 μg) for 6h. After removed 
the supernatants and washed with PBS, the 
samples were fixed with 4% paraformaldehyde 
(PFA, Invitrogen, CA, USA) for 10 min at room 
temperature (RT). Then samples were incubated 
with 4’,6-diamidino-2-phenylindole (DAPI, 1 : 
1000, Invitrogen, CA, USA) for 5 min at RT, and 
visualized under an inverted fluorescence 
microscope (Leica DMI6000B, Germany).

In vitro lipopolysaccharides (LPS) stimulation 
Microglia cells were plated at 2×105 cells/well 
in a 12-well plate at 37°C supplied 5% CO2. The 
following experiments were performed. First, 
Microglia cells were incubated in presence of 
20ng/ml LPS (Sigma, CA, USA) with or without 
MSC-derived Exos for 6 h. Cell lysates were 
collected to detect the expression levels of 
miR-181c after MSC-derived Exos treatment. 
Second, to evaluate if MSC-derived Exos inhibit 
microglia cells inflammation in response to 
LPS, proinflammatory cytokines were examined. 
Protein levels of interleukin-6 (IL-6), IL-1β, TNF-α, 
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and cyclooxygenase-2 (COX-2), in the conditioned 
media from microglia cells were detected by 
ELISA kit (R&D Systems, MN, USA).

Quantitative RT-PCR analysis
Total RNA was isolated from the samples by 
Trizol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the instructions. The reverse 
transcription reactions were performed using 
the PrimeScript® miRNA cDNA Synthesis kit 
(TaKaRa, Dalian, China) or the PrimeScript RT 
reagent kit (TAKARA, Dalian, China). RT-PCR 
was performed using SYBR Green qPCR Master 
Mix kit (Thermo Scientific, Shanghai, China) to 
detect the expression of miR-181c. The Applied 
Biosystems 7500 Real-Time PCR System (Applied 
Biosystems, CA, USA) was used. U6 was served as a 
control for the expression of miRNA. The primers 
are presented as follows: miR-181c (forward: 
5’-ATGGTTCGTGCGAACATTCAACCT GTCGG-3’; 
reverse: 5’-GCAGGGTCCGAGGTATTC-3’) and U6 
(forward: 5’-GCTTCGGCAGCACATATACTAAT-3’; 
reverse: 5’-CGCTTCACGAAT TTGCGTGTCAT-3’). The 
relative expression levels of target genes was 
calculated using the 2-△△Ct method.

Western blot
Western blot was performed as described 
previously. The protein concentrations was 
quantified by BCA assay (Thermo Scientific, 
Shanghai, China). A total of 30 μg protein 
were separated with sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto polyvinylidene 
difuoride PVDF membranes (Millipore, MA, USA). 
Primary antibodies, including CD63 (1:1000, BD 
Biosciences NJ, USA) and TSG101 (1:1000, BD 
Biosciences NJ, USA) were used for incubation 
with the PVDF membranes at 4 °C overnight. The 
PVDF membranes were then incubated in the 
secondary antibody for 1 h at RT. The membrane 
was developed by ECL Plus reagents (Thermo 

Scientific, Shanghai, China) and exposed under 
the ChemiDoc XRS system (Bio-rad-CA, USA).

Statistical analyses
All parameters were represented as the mean ± 
SD from at least three independent experiments. 
One way ANOVA and Two way ANOVA were 
performed to compare the differences of two 
groups and multiple groups respectively. The 
difference was considered significant as P value 
is less than 0.05 (P < 0.05). GraphPad Prism 6.0 
software (GraphPad Software, CA, USA) was used 
for statistical analyses and images generation.

RESULTS
MiR-181c-5p was downregulated in CCI rats
NP model was successfully established by CCI. 
As shown in Fig. 1a, a notable decline was shown 
both in PWT and PWL within 3 days after CCI 
surgery. This decline peaked on day 7 and lasted 
for 21 days after surgery. Microarray analysis 
was performed to identify the differentially 
expressed microRNAs in NP progression. Using 
a paired t-test, a total 130 microRNAs were 
significantly changed (change fold>2, P<0.05) on 
days 7 after surgery. The results exhibited the top 
20 differentially expressed miRNA between the 
CCI group and the sham group (Fig. 1b). Among 
these miRNAs, miR-181c was one of the most 
prominently down-regulated miRNAs. Then, we 
detected miR-181c expression levels at days 0, 3, 
7, 14, 21. As displayed in Fig. 1c, the expression of 
miR-181c was dramatically decreased in a time-
dependent manner in CCI rats. These results 
manifested that miR-181c was involved in the 
pathogenesis of NP.

Characterization of MSC and MSC-Derived 
Exosomes
MSCs were isolated and cultured in vitro as 
described previously. The isolated MSCs were 
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observed under an optical microscope and 
exhibited a typical spindle-shaped morphology 
(Fig. 2a). We then examined the expression of cell 
surface markers, the result from flow cytometer 
analysis showed that the isolated cells highly 
expressed markers of MSCs (CD90, CD29), but not 
the hematopoietic or endothelial markers (CD34, 
CD45) (Fig. 2b). Exos were separated from medium 
by ultracentrifugation as described in Materials 
and Methods and identified using TEM, WB and 
NTA analysis. TEM analysis revealed that the 
Exos were a classical “cup-shaped” morphology 
(Fig. 2c). Further, we verified the expression of 
exosomal markers CD63 and TSG101 in isolated 
Exos by WB analysis (Fig. 2d). Moreover, NTA 
analysis indicated that the diameters of these 

particles mainly ranged from 40 nm to 110 nm, 
similar to previously described Exos (Fig. 2e). 
Taken together, the results demonstrate that the 
characteristics of isolated Exos in our study met 
the classical criteria for Exos.

Exosomes electroporated with miR-181c and 
uptake by microglia cells
MSC-derived Exos were loaded with miR-181c 
using a Gene Pulser II system as described 
previously. The data of RT-qPCR analysis 
suggested that miR-181c expression level in Exos 
was obviously upregulated after transferred with 
miR-181c mimics, but significantly decreased 
when electroporated with miR-181c inhibitor (Fig. 
3a). To verify the uptake of Exos by microglia cells, 

Figure 1. miR-181c was 
dysregulation in spinal cord 
under NP conditions. a. 
The effect of CCI surgery on 
mechanical allodynia and 
thermal hyperalgesia was 
tested at day 0, 3, 7, 14, 21. 
b. Hierarchical clustering 
image was generated to 
exhibit expression level of 
miRNAs after CCI surgery. 
c. RT-PCR analysis was 
performed to examine the 
expression of miR-181c after 
CCI surgery. **P < 0.01 , ***P 
< 0.001vs. Sham group. 
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Exos were labeled with fluorescent carbocyanine 
dyes CM-Dil (red) and incubated with microglia 
cells in vitro. After 6h of coincubation, nuclei 
of microglia cells were stained with DAPI 
(blue). Using a fluorescence microscope, we 
provided qualitative evidence that the Exos 
were successfully absorbed by microglia cells 
as displayed in Fig. 3c. RT-qPCR were used to 
evaluate the expression of miR-181c in microglia 
cells after incubated with Exos electroporated 
with miR-181c mimics or inhibitor, respectively. 
We found that a significant increase of miR-181c 

expression in microglia cells taking up Exos 
loaded with miR-181c mimics when compared 
with negative controls and microglia cells taking 
up Exos loaded with miR-181c inhibitor.

ExomiR-181c alleviated inflammatory response in 
microglia cells
Accumulat ing  ev idence showed that 
neuroinflammation is involved in NP 
development. To confirm the relationship 
between miR-181c and neuroinflammation, in 
our study, microglial cells were stimulated with 

Figure 2. Identification of 
MSCs and MSC- derived 
Exos. a. Morphology of 
MSCs observed under 
an optical microscope. 
Scale bar=200μm. b. 
Flow cytometry analysis 
of isolated MSCs, 
positive expression of 
CD90, CD29 but a lack 
of expression of CD34, 
CD45. c. Morphology 
of MSC-derived Exos 
observed under a TEM. 
Scale bar=0.2μm. d. WB 
analysis of CD63 and TSG 
101 protein expression 
in MSCs and Exos. e. NTA 
analysis measured by 
NanoSight.
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LPS (0.5 ng/ml) for inflammation induction. Then, 
we measured inflammation factors including IL-
6, IL-1β, TNF-α and COX-2 protein expression. As 
showed in Fig. 3d, ELISA data exhibited that ExomiR-

181c dramatically inhibited protein expression of 
IL-6 IL-1β, TNF-α and COX-2 in microglia cells. 
These results revealed that ExomiR-181c significantly 
restrained the inflammation in vitro.

ExomiR-181c alleviated NP in CCI rats
To investigate the therapeutic effect of ExomiR-

181c on neuropathic pain, the rats were randomly 
divided into four groups (sham, CCI, Exoscramble, 
ExomiR-181c). As exhibited in Fig. 4a, ExomiR-181c was 
intrathecal administered to the rats on day 
0, day 3, and day 7 after CCI surgery, whereas 
CCI and Exoscramble served as controls. miR-181c 

Figure 3. Uptake of Exos 
and alleviates LPS-induced 
inflammation in microglia 
cells. a. The expression 
level of miR-181c was 
detected by RT-qPCR after 
miR-181c mimics, inhibitor 
electroporation in Exos. 
b. The expression level 
of miR-181c was detected 
by RT-qPCR after Exos 
co-incubation for 6 h in 
micraglia cells. c. DiI-labelled 
Exos taken up by microglia 
cells observed under 
fluorescence microscope. 
Scale bar=100μm. d. Protein 
levels of IL-6, IL-1β, TNFα and 
COX-2 in microglial cells were 
tested by ELISA. **P < 0.01 , 
***P < 0.001vs. LPS group.
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overexpression was verified using RT-qPCR. We 
found that miR-181c expression was dramatically 
upregulated in ExomiR-181c group compared with 
Exoscramble and CCI group (Fig. 4b). Additionally, 
we explored the changes of pain behavior after 
intrathecal administration. The results showed 

that both ExomiR-181c and Exoscramble attenuated 
CCI-induced mechanical allodynia and thermal 
hyperalgesia. Furthermore, compared to Exoscramble 
group, ExomiR-181c have better therapeutic effect 
on NP (Fig. 4c). These results suggested that 

Figure 4. ExosmiR-181c delivery 
alleviated NP in CCI rats. 
a. Schematic diagram 
of the time sequence of 
the experiment. b. The 
expression level of miR-181c 
was detected by RT-qPCR 
after ExosmiR-181c. c. The 
effect of ExosmiR-181c on NP 
was tested by PWT and PWL 
(n=12). d. Protein levels of 
IL-6, IL-1β, TNFα and COX-2 
in spinal cord were tested 
by ELISA. *P< 0.05, ***P < 
0.001vs. CCI group. ### P < 
0.001vs. Exosscramble group.



YU ZHANG et al. EXOSOMAL MIR-181C ALLEVIATES NEUROPATHIC PAIN

An Acad Bras Cienc (2022) 94(3) e20210564 10 | 13 

ExomiR-181c intrathecal administration inhibited NP 
in CCI rats.

ExomiR-181c inhibited neuroinflammation in CCI 
rats
Previous sections showed that ExomiR-181c 
relieved inflammation response in microglial 
cells stimulated with LPS. To further verify 
the therapeutic effect of ExomiR-181c on 
neuroinflammation in vivo, we used the ELISA 
assays to detect levels of IL-6, IL-1β, TNF-α, COX-
2 protein expression in spinal cord of different 
groups on day 7 after CCI surgery. Our data 
revealed that the expression of inflammation 
factors including IL-6, IL-1β, TNF-α and COX-2 were 
elevated in all CCI treatment groups. In addition, 
ExomiR-181c intrathecal administration, compared 
with Exoscramble intrathecal administration, 
significantly decreased the inflammatory 
response in CCI rats (Fig. 4d). These data suggest 
that ExomiR-181c relieves neuropathic pain in CCI 
rats via modulating neuroinflammation.

DISCUSSION
In present study, we investigate the potential 
influence of ExomiR-181c on NP. We firstly observed 
that miR-181c expression level in CCI rats was 
greatly down-regulated in spinal cord tissues 
and microglial cells compared with rats in 
sham groups. We further found that ExomiR-

181c attenuated LPS-induced inflammatory 
response in microglia cells. Moreover, we 
provided the first evidence showing that Exos 
loaded with miR-181c significantly reduced 
systemic neuroinflammation. These findings 
indicated that ExomiR-181c give an inspiring hope of 
therapeutic molecules for the treatment of NP.

NP is a worldwide severe chronic disease 
caused by disorder of nervous system, and its 
morbidity is increasing in the past decades (Scholz 
et al. 2019). Despite various pharmacological 

agents (nonsteroidal anti-inflammatory drugs, 
opioid analgesics, anticonvulsants, etc.) have 
been designed to attenuate NP. However, only 
few patients could get relief from current 
therapies. In addition, patients using these 
pharmacological agents are always accompanied 
by the risk of tolerance and addiction (Calvo et 
al. 2019). Therefore, it is necessary and urgent 
to explore the pathological mechanisms and 
develop a new effective strategy for NP therapy. 
MSCs transplantation is proposed as therapeutic 
agents for various diseases, including ischemia 
diseases, metabolic diseases, autoimmune 
diseases and tissue injury (Xu et al. 2019). Recent 
evidence suggests that MSCs transplantation can 
reduce inflammation in many disease models. 
MSCs have been found to prevent microglia cells 
proliferation, inhibit graft rejection and support 
post-traumatic-stroke regeneration (Doeppner 
et al. 2015). Nowadays, MSCs represent potential 
candidate in the treatment of NP both in basic 
experimental and clinical research. Our previous 
study revealed that early delivery of MSCs 
attenuates NP by reducing inflammation. The 
benefits of MSCs transplantation can be achieve 
via directly tissue regeneration or paracrine. 
MSCs release large amounts of extracellular 
vesicles (EVs), including Exos, and these Exos 
are currently considered as important regulators 
of cellular communication. Exos carry mRNA, 
microRNA, lipids, and protein to the recipient 
cells for molecular signals modify in the body. 
Recent evidence have demonstrated that MSC-
derived Exos confer the similar benefits as 
MSCs through transporting bioactive factors 
particularly miRNAs in inflammatory response 
(Xu et al. 2019). Compared to MSC, Exos have 
shown higher promise for clinical application 
because following advantage: (i)Exos are easier 
to management and store. (ii)Exos are non-
immunogenic and have lower risk of tumor 
formation. (iii) Exos can be easily genetically 



YU ZHANG et al. EXOSOMAL MIR-181C ALLEVIATES NEUROPATHIC PAIN

An Acad Bras Cienc (2022) 94(3) e20210564 11 | 13 

modified (Ludwig et al. 2019). Thus, Exos have the 
potential to be exploited as a novel therapeutic 
strategy for NP.

MicroRNAs are small noncoding RNAs and 
that act as post-transcriptional mediators of 
gene expression via silencing or degrading 
mRNA in normal cellular function as well as in 
pathological processes (Jonas & Izaurralde 2015). 
It is widely accepted that miRNAs play a crucial 
role in various processes of cell biological. 
Recently, several studies have demonstrated 
the dysregulation of microRNAs in spinal cord 
under NP conditions, and these results are 
consistent with ours in the current study. Using 
a miRNA microarray analysis, we found a total 
130 miRNAs were significant changed (change 
fold>2, P<0.05) in the spinal cord tissues after 
CCI surgery. Among these miRNAs, miR-181c 
exhibited the most significant decreased which 
were detected by RT-PCR analysis. Interestingly, 
recent findings suggest that miR-181c is abundant 
and widely distributed in the nervous tissues, 
and it is highly involved in the pathological 
process of neuroinflammation. For instance, 
X. Li et al. reported that delivery of miR-181c 
decreased TLR4 expression and subsequently 
reduced NF-κB/p65 activation, which inhibited 
the secretion of inflammatory factors in a 
burn-induced excessive inflammation model 
(Li et al. 2016). Our current results and those 
of others suggested that miR-181c might be a 
critical molecule to mediating pain syndromes. 
Considering the fact that Gene transfection, a 
potential and valuable method, was widely used 
to regulate gene expression in recent years, we 
hypothesized that loading miR-181c into MSC-
derived Exos may help us cure NP. In current 
study, we investigated the effect of ExomiR-181c 
on the sensitivity for mechanical and thermal 
stimulus. Our results suggest that ExomiR-181c 
dramatically inhibited mechanical allodynia and 
thermal hyperalgesia induced by CCI surgery.

While enormous efforts have been made, 
there is still a lack of understanding about 
mechanisms underlying the pathogenesis of NP. It 
is generally accepted that the neuroinflammation 
triggered by nervous system trauma is a 
critical event of this pain syndrome. Microglia 
cells are the principal resident immune cells 
that maintenance of the microenvironment 
homeostasis in nervous tissue. Many studies 
have reported that microglial cell activation is the 
early event that mediates neuroinflammation 
in NP. In response to neural injury, microglial 
cells release inflammatory factors such as IL-
6, IL-1β, TNF-α and COX-2, which have been 
proved important for pain behavior. Therefore, 
a further research on microglial cell activation is 
necessary for understanding the development 
of NP. Blocking microglia cell function may 
have therapeutic effects in neuroinflammatory 
diseases. Here, we assume ExomiR-181c as a 
potential modulator of microglia cells. To verify 
our hypothesis, an in vitro model of microglia 
cells stimulation with LPS was performed. Our 
data suggest that ExomiR-181c inhibit the activation 
of microglia cells upon LPS stimulation by 
preventing secretion of IL-6, IL-1β, TNF-α and 
COX-2.

In conclusion, the evidence presented here 
suggests that genetically modified Exos can be 
easily internalize by microglia cells and prevent 
inflammatory cytokines secretion. Moreover, 
intrathecal administration of exosomal miR-181c 
could be a valid alternative for the treatment of 
NP and has vast potential for future development.
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