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Abstract 

Purpose: To investigate the effect of miR-665 in neuropathic pain and the possible molecular 
mechanism involved. 
Methods: A neuropathic pain model was established using chronic constriction injury (CCI) methods in 
Sprague Dawley (SD) rats. Mechanical and thermal hyperalgesia were measured using paw withdrawal 
threshold (PWT) and paw withdrawal latency (PWL), respectively. The inflammation response was 
determined by assessing the production of inflammation factors. The target relationship of miR-665 and 
suppressor of cytokine signaling 1 (SOCS1) was verified by luciferase assay.  
Results: In the CCI rat model, PWT and PWL decreased following treatment with miR-665 (p < 0.01). 
MiR-665 was elevated in the spinal cord and microglia of CCI rats at different time points (p < 0.01). 
Down-regulation of miR-665 increased PWT and PWL and inhibited the production of interleukin (IL)-1β, 
IL-6, and tumor necrosis factor (TNF)-α in CCI rats (p < 0.01). Luciferase assay results indicate that 
SOCS1 was the target of miR-665 (p < 0.01). SOCS1 decreased in CCI rats (p < 0.01) after treatment 
with miR-665. MiR-665 negatively regulated the expression of SOCS1 (p < 0.01). Down-regulation of 
SOCS1 reversed the alleviating effect of decreased miR-665 on pain sensitivity and inflammation 
response (p < 0.01).  
Conclusion: Down-regulation of miR-665 alleviates neuropathic pain by targeting SOCS1, and hence 
making miR-665 a promising therapeutic target for neuropathic pain.  
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INTRODUCTION 
 
Chronic neuropathic pain is long-lasting 
pathological pain triggered by a lesion or disease 
of the somatosensory system [1]. Neuropathic 
pain is characterized by ectopic pain without pain 
stimulation and a hyperalgesia response to 

harmful stimulation caused by nervous system 
injury or dysfunction [2]. At present, neuropathic 
pain is a serious threat to public health that 
affects nearly 8% of adults [3]. Furthermore, 
neuropathic pain is difficult to manage and poses 
a challenge to quality of life for patients, 
especially because traditional drug therapy is 
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ineffective [3]. Thus, it is essential to explicate 
the molecular mechanism of neuropathic pain to 
develop effective therapeutic strategies.  
 
Small non-coding microRNAs (miRNAs) (~22 
nucleotides) serve as a post-transcriptional 
regulator in many diseases via inhibiting the 
expression of target genes [4]. Accumulating 
evidence shows that miRNAs participate in the 
regulation of neuropathic pain [5-7]. For example, 
the down-regulated miR-144 in a neuropathic 
pain mouse model modulates pain sensitivity and 
the inflammation response through targeting 
RAS P21 protein activator 1 (RASA1) [8]. 
Elevated miR-206 attenuates chronic constriction 
injury (CCI)-induced neuropathic pain through 
directly binding to brain-derived neurotrophic 
factor (BDNF) and activates the 
MEK/extracellular signal-regulated kinase (ERK) 
pathway [6].  
 
miR-150 suppresses mechanical and thermal 
hyperalgesia by targeting AKT serine/threonine 
kinase 3 (AKT3) [7]. In particular, miR-665 
controls inflammatory responses and cell 
apoptosis. miR-665 overexpression promotes 
cell apoptosis and colitis in inflammatory bowel 
disease through suppressing the expression of 
X-box-binding protein-1 (XBP1) and ORMDL 
sphingolipid biosynthesis regulator 3 (ORMDL3) 
[9]. Moreover, miR-665 exerts a neuroprotective 
effect in a rat model with sevoflurane-induced 
cognitive dysfunction through targeting insulin-
like growth factor 2 and activating the 
phosphoinositide 3-kinase (PI3K)/protein kinase 
B (Akt) pathway [10]. However, the effect of miR-
665 on chronic neuropathic pain remains 
unclear. Therefore, the role of miR-665 in 
neuropathic pain was investigated in the current 
study.  
 
In this study, the influences and potential 
modulation mechanism of miR-665 on 
hyperalgesia and inflammation response in 
neuropathic pain induced by CCI were studied. 
 
EXPERIMENTAL 
 
Establishment of chronic constriction injury 
(CCI) model  
 
The neuropathic pain rat model was established 
using CCI methods. Sprague Dawley (SD) rats 
weighing 250 ± 20 g were obtained from Beijing 
Laboratory Animal Research Center (Beijing, 
China) and randomly grouped into sham and CCI 
groups. For establishing the CCI model, chloral 
hydrate (350 mg/kg) was used to anesthetize the 
rats via intraperitoneal injection. In the CCI 
group, the left sciatic nerves were exposed at the 

mid-thigh level and were ligated with chromic 
catgut at 4 sites [11]. The interval between the 
two ligations was approximately 1 mm. The left 
sciatic nerves in the sham group were exposed 
to the middle thigh without ligation. At indicated 
times after ligation, the L4-L6 spinal cord of rats 
were collected for subsequent studies. The 
spinal microglia were isolated using 70% isotonic 
Percoll solution to perform follow-up 
experiments. To investigate the effect of mi-665 
on pain sensitivity and the production of 
inflammation factors and to determine the 
underlying mechanism, the rats in the sham and 
CCI groups were injected negative control 
antagomir (NC antagomir), miR-665 antagomir, 
or shRNA adenovirus plasmid of suppressor of 
cytokine signaling 1 (SOCS1) (GenePharma, 
Shanghai, China) in the medullary sheath. The 
animal experiments in the study were performed 
according to the National Institutes of Health 
guidelines for the use of experimental animals 
[12]. The study was approved by the Ethics 
Committee of The First People’s Hospital of 
Wenling. The Affiliated Wenling Hospital of 
Wenzhou Medical University (approval no. 
2017042) approved the study. 
 
Pain threshold assessment 
 
Mechanical ectopic pain was assessed by 
determining the paw withdrawal threshold (PWT) 
under the von Frey hair test according to 
methods used in previous studies [6,13]. The rats 
were placed in a transparent plastic box with a 
metal mesh floor. To determine the PWT, the 
pelma was pressed from below via the mesh 
floor with an electronic von Frey filament. The 
force applied when each rat withdrew their paw 
was recorded The PWT result was expressed as 
the mean of at least three trials. According to the 
Hargreaves method, the paw withdrawal latency 
(PWL) was measured by evaluating the thermal 
sensitivity of rats under thermal radiation. The 
rats were put in a Plexiglas box on a high glass 
table. The source of radiation was concentrated 
in the center of the plantar surface of each rear 
paw underneath the glass table [11]. The heat 
intensity was set to produce a PWL of 
approximately 10 s in normal animals. To avoid 
tissue injury, the cut-off time was set at 20 sec. 
The rats underwent three rounds of thermal 
stimulation every 5 to 10 min. 
 
Quantitative real-time polymerase chain 
reaction (qRT-PCR) 
 
The extraction of an RNA sample from the spinal 
cord and spinal microglia was conducted using 
QIAsymphony RNA Kit (QIAGEN, Hilden, 
Germany). The isolated RNA was used to 
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produce cDNA through reverse transcription 
reactions using the ReadyScript cDNA Synthesis 
Mix (Sigma, St. Louis, MO, USA) or miRNA 
cDNA Synthesis Kit (ComWin Biotech, Beijing, 
China). Quantitative PCR (qPCR) reactions were 
then performed with the generated cDNA as 
templates using SYBR Green PCR Master Mix 
(Thermo Fisher Scientific, Waltham, MA, USA) or 
miRNA qPCR Assay Kit (ComWin Biotech, 
Beijing, China). The primer sequences used for 
PCR are listed in Table 1 [14,15]. 
 
Enzyme-linked immunosorbent assay (ELISA) 
 
Rat spinal cords were collected to determine the 
levels of IL-1β, IL-6, and TNF-α (Abcam, 
Cambridge, UK) using ELISA assay kits following 
the manufacturers’ protocols. 
 
Luciferase assay 
 
The pmiRGLO vector (Promega, Madison, WI, 
USA) containing wild and mutant 3’-untranslated 
region (UTR) of SOCS1 were designed and 
cloned. The pmiRGLO-SOCS1-WT, pmiRGLO-
SOCS1-MUT, miR-665 mimics, and negative 
control mimics (NC mimics) (GenePharma, 
Shanghai, China) were co-transfected into 
HEK293 cells using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). The HEK293 
cells were collected at 48 h post-transfection to 
measure the relative luciferase activities via 
standardizing to the Renilla luciferase activity. 
 
Western blot  
 
The spinal cord was lysed in RIPA buffer to 
isolate total proteins, which were quantified using 
the bicinchoninic acid (BCA) method (ComWin 
Biotech, Beijing, China). Subsequently, 40 μg 
lysate was separated on an SDS-PAGE gel. The 
lysates were then transferred to a PVDF 
membrane. Next, the membrane was blocked 
with 4% non-fat milk. The membrane was probed 
with anti-SOCS1 antibody (1:500) (Abcam, 
Cambridge, UK) and anti-β-actin antibody 
(1:1000) (Abcam, Cambridge, UK) at 4 °C for 12 
h and incubated with HRP-labeled anti-IgG 
secondary antibody (Abcam, Cambridge, UK) at 
37 °C for 1 h. β-Actin was used as a control 
protein. Protein bands were visualized using the 

ECL Western blot kit (Thermo Fisher Scientific, 
Waltham, MA, USA) and quantified using Image 
J software. 
 
Statistical analysis 
 
SPSS version 22.0 (Chicago, IL, USA) was used 
for data analysis. All data are presented as mean 
± standard deviation (SD). The difference 
between two groups was determined using the 
Student’s t-test. One-way ANOVA was utilized to 
evaluate differences among multiple groups. P < 
0.05 was regarded as statistically significant. 
 
RESULTS 
 
MiR-665 expression was elevated in dorsal 
root ganglion of CCI rats 
 
After the establishment of CCI rats, the PWT and 
PWL were decreased in the CCI rats compared 
to the sham rats (p < 0.01, Figure 1 A and B). 
The results revealed that CCI rats had increased 
mechanical and thermal hyperalgesia and that 
the CCI model was successful. The results also 
showed miR-665 expression was elevated in the 
spinal cord and microglia of CCI rats in contrast 
to the sham group (p < 0.01, Figure 1 C and D). 
Therefore, the expression of miR-665 was 
increased in the dorsal root ganglion of CCI-
induced neuropathic pain rats. 
 
Down-regulation of miR-665 alleviated pain 
sensitivity of CCI rats 
 
To elucidate the influence of aberrantly 
expressed miR-665 in neuropathic pain, the rats 
were injected with miR-665 antagomir or NC 
antagomir to knockdown miR-665. The 
decreased levels of miR-665 in sham and CCI 
rats injected with miR-665 antagomir were 
verified by qRT-PCR assay (p < 0.01, Figure 2 
A). The miR-665 antagomir in CCI rats 
considerably increased the PWT and PWL 
compared to CCI rats injected with NC antagomir 
(p < 0.01), while there was no significant 
difference between the sham rats injected with 
NC antagomir and miR-665 antagomir (Figure 2 
B). Thus, the down-regulation of miR-665 
alleviated pain sensitivity of CCI rats. 

 
Table 1: PCR primer sequences 
 
Gene Forward Reverse
MiR-665 5’-AACAAGACCAGGAGGCTGAGG-3’ 5’-CAGTGCAGGGTCCGAGGT-3’ 
IL-1β 5’-CATCTTTGAAGAAGAGCCCG-3’ 5’-TGTTCGTTGCTGTTTTAGGG-3’ 
IL-6 5’-CGAAAGTCAACTCCATCTGCC-3’ 5’--GGCAACTGGCTGGAAGTCTCT-3’ 
TNF-α 5’-CCAGGAGAAAGTCAGCCTCCT-3’ 5’-TCATACCAGGGCTTGAGCTCA-3’ 
GAPDH and U6 served as internal reference genes. The relative expression of genes was analyzed using the 2-

ΔΔCt method 
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Figure 1: MiR-665 was overexpressed in the dorsal 
root ganglion of CCI rats. A. PWT was measured to 
reflect the mechanical hyperalgesia of CCI rats. B. 
PWL was determined to indicate thermal hyperalgesia 
of CCI rats. C. miR-665 expression in the spinal cord 
of CCI rats determined using qRT-PCR assay. D. miR-
665 expression in microglia of CCI rats determined 
using qRT-PCR; **p < 0.01 
 

 
 
Figure 2: Down-regulation of miR-665 alleviated pain 
sensitivity of CCI rats. A. qRT-PCR assay determined 
the expression of miR-665 in CCI rats injected with 
miR-665 antagomir or NC antagomir. B. The PWT and 
PWL were determined in CCI rats injected with miR-
665 antagomir or NC antagomir; **p < 0.01. ##p < 
0.01 
 
Down-regulation of miR-665 inhibited the 
production of inflammation factors in CCI rat 
spinal cord 
 
The levels of IL-1β, IL-6, and TNF-α were 
increased in CCI rats injected with NC antagomir 
compared to sham rats injected with NC 
antagomir (p < 0.01, Figure 3 A and B). 
Nevertheless, miR-665 antagomir significantly 
decreased IL-1β, IL-6, and TNF-α levels in CCI 
rats compared to CCI rats injected with NC 
antagomir (p < 0.01, Figure 3 A and B). Thus, 

down-regulation of miR-665 reduced the 
production of inflammation factors in CCI rats.  
 

 
 
Figure 3: Down-regulation of miR-665 reduced 
production of inflammation factors in the spinal cord of 
CCI rats. A. mRNA levels of IL-1β, IL-6, and TNF-α in 
the spinal cord of CCI rats injected with miR-665 
antagomir or NC antagomir were measured using 
qRT-PCR. B. The protein levels of IL-1β, IL-6, and 
TNF-α in spinal cord CCI rats injected with miR-665 
antagomir or NC antagomir were measured by ELISA; 
**p < 0.01. ##p < 0.01 
 
SOCS1 was the target gene of miR-665 
 
TargetScan (http//www.targetscan.org) was 
screened to find the potential target gene of miR-
665. Results showed that SOCS1 might be a 
target of miR-665 and the putative binding sites 
of miR-665 and SOCS1 are exhibited in Figure 4 
A. Luciferase assay results indicated that miR-
665 mimic markedly decreased the luciferase 
activity in HEK293 cells transfected with the wild 
type 3’-UTR of SOCS1 (p < 0.01, Figure 4 B). 
However, luciferase activity in HEK293 cells 
transfected with the mutant 3’-UTR of SOCS1 
had no significant differences between the miR-
665 and NC mimic groups (Figure 4 B). Western 
blot results showed that SOCS1 levels in CCI 
rats were significantly reduced compared to the 
sham group (all p < 0.01, Figure 4 C). 
Furthermore, the decreased levels of SOCS1 in 
CCI rats were increased by miR-665 antagomir 
(all p < 0.01, Figure 4 D). Therefore, SOCS1 was 
the target gene of miR-665 and miR-665 
negatively regulated the expression of SOCS1. 
 
MiR-665 aggravated neuropathic pain via 
regulation of SOCS1 expression 
 
To determine the regulation mechanism of miR-
665 on neuropathic pain, the CCI rats were 
injected with miR-665 antagomir and adenovirus 
plasmid of shSOCS1. Results showed that miR-
665 antagomir increased the protein level of 
SOCS1 (p < 0.01), while shSOCS1 restored 
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SOCS1 levels (p < 0.01, Figure 5 A). miR-665 
antagomir significantly increased the PWT and 
PWL, but shSOCS1 decreased the PWT and 
PWL (all p < 0.01, Figure 5 B). Moreover, the 
inhibitory effects of miR-665 down-regulation on 
the levels of IL-1β, IL-6, and TNF-α were 
suppressed by down-regulation of SOCS1 (all p 
< 0.01, Figure 5 C). Thus, miR-665 aggravated 
neuropathic pain through targeting SOCS1. 
 
DISCUSSION 
 
Neuropathic pain is a pathological and long-
lasting pain that affects approximately 8% of 
adults [3]. Neuropathic pain is a serious threat to 
public health and it reduces quality of life for 
patients [3]. Therefore, it is crucial to investigate 
the molecular mechanism of neuropathic pain to 
find effective therapeutic strategies.  
 
miRNA is a post-transcriptional regulator in many 
diseases, including neuropathic pain [16]. miR-
665 acts as a neuroprotective regulator and 
modulates inflammatory responses [9,10]. Thus, 
miR-665 may regulate neuropathic pain. To 
elucidate the roles of miR-665 in neuropathic 
pain regulation, a neuropathic pain model was 
established using the CCI method. The PWT and 
PWL were used as indices of mechanical and 
thermal hyperalgesia [17]. 
 

 
 
Figure 4: SOCS1 is the target gene of miR-665. A. 
The putative binding site of miR-665 and SOCS1. B. 
Luciferase assay was used to verify the relationship 
between miR-665 and SOCS1. C. The protein levels 
of SOCS1 in CCI rats determined using Western blot. 
D. The protein levels of SOCS1 in CCI rats injected 
with miR-665 antagomir or NC antagomir were 
measured using Western blot; **p < 0.01. ##p < 0.01 
 

 
 
Figure 5: miR-665 aggravated neuropathic pain by 
regulating SOCS1 expression. A. The protein levels of 
SOCS1 in CCI rats injected with miR-665 antagomir 
and adenovirus plasmid of shSOCS1 to the medullary 
sheath were determined using Western blot. B. The 
PWT and PWL were measured in CCI rats injected 
with miR-665 antagomir and adenovirus plasmid of 
shSOCS1. C. Levels of IL-1β, IL-6, and TNF-α in CCI 
rats injected with miR-665 antagomir and adenovirus 
plasmid of shSOCS1 as determined using qRT-PCR 
assay and ELISA assay; **p < 0.01, ##p < 0.01 
 
In the present study, the significant differences of 
mechanical and thermal hyperalgesia in CCI and 
sham rats indicated successful establishment of 
the CCI model. miR-665 was clearly elevated in 
the spinal cord and microglia in CCI rats. These 
results are consistent with the study reported by 
Li et al [9] in which miR-665 was overexpressed 
in active colitis. Furthermore, highly expressed 
miR-665 was observed in intestinal 
ischemia/reperfusion [18], gastric 
adenocarcinoma tissues and cells [19], and 
endothelial cells in heart failure [20]. Similarly, 
miR-665 was overexpressed in the dorsal root 
ganglion of CCI rats.  
 
Abnormally expressed miR-665 in CCI rats 
implied that miR-665 might regulate neuropathic 
pain. Therefore, miR-665 antagomir was used to 
decrease the level of miR-665 in the spinal cord 
of rats. The decreased PWT and PWL caused by 
CCI were increased by miR-665 antagomir. 
Thus, the down-regulation of miR-665 alleviated 
the pain sensitivity of CCI rats. Neuropathic pain 
is usually accompanied by an inflammatory 
response, which is a vital pathogenic mechanism 
underlying neuropathic pain [21]. Thus, the 
influence of miR-665 on the production of 
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inflammation factors such as IL-1β, IL-6, and 
TNF-α was studied. The levels of IL-1β, IL-6, and 
TNF-α were increased in the CCI model but 
decreased by miR-665 down-regulation. The 
down-regulation of miR-665 alleviated both pain 
sensitivity and the inflammation response of 
neuropathic pain. Thus, miR-665 may be a 
promising therapeutic target for neuropathic pain. 
 
Because miRNAs usually modulate disease 
development by altering the expression of target 
genes, the potential target genes of miR-665 
were screened. Results revealed that SOCS1 
was the target gene of miR-665, and SOCS1 
was reversely regulated by miR-665. Previous 
studies showed that SOCS1 is a negative 
modulator of cytokine signaling and involved in 
the inflammation response, cell proliferation, cell 
differentiation, and cell metastasis [22,23]. 
Moreover, SOCS1 was down-regulated in the 
spinal cord of CCI rats. These results are in 
agreement with findings in previous studies 
[24,25]. Zhang et al showed SOCS1 is down-
regulated in spinal neurons in CCI mice and is 
involved in neuropathic pain regulation [24]. 
SOCS1 overexpression abolishes the CCI-
induced behavioral pain, proinflammatory 
cytokine production, and activation of neurons, 
astrocytes, and microglia [24]. In addition, a 
separate study found miR-221 alleviates 
neuropathic pain via targeting SOCS1 [26].  
 
miR-19a also modulates neuropathic pain 
progression via targeting SOCS1. Hence, miR-
665 may regulate neuropathic pain by targeting 
SOCS1. To investigate whether miR-665 
regulates neuropathic pain through regulating 
SOCS1, the expressions of miR-665 and SOCS1 
were changed concurrently in CCI rats. 
Furthermore, down-regulation of SOCS1 
reversed the changes in PWT, PWL, and 
inflammatory factors induced by down-regulation 
of miR-665. Based on the above evidence, miR-
665 aggravated neuropathic pain via targeting 
SOCS1. 
 
CONCLUSION 
 
The findings of this study show that down-
regulation of miR-665 alleviates neuropathic pain 
by targeting SOCS1. Thus, miR-665 is a 
potential therapeutic target for neuropathic pain. 
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