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Abstract: Objectives: To explore the impact of miR-30a on neuropathic pain and associated mechanism. Methods: 
Sprague-Dawley (SD) rats were randomly assigned to bilateral chronic constriction injury (bCCI) group, sham group, 
and control group (ten in each group). Expression of miR-30a and suppressors of cytokine signaling (SOCS)1 were 
determined by quantitative real time RT-PCR (qRT-PCR). Then another 40 rats were induced model of bCCI and were 
randomly assigned to overexpression of miR-30a group and its control group, silencing of SOCS1 group and its con-
trol group using recombinant lentivirusvectors. The expression of miR-30a and SOCS1 after lentivirus transduction 
was evaluated by qRT-PCR and Western blotting, respectively. The rats in the four groups were assessed by neu-
robehavioral tests (mechanical hyperalgesia testing, thermal preference testing (TPT), and acetone testing) before 
surgery and at days 3, 7, and 14 after surgery. Results: The level of miR-30a was significantly decreased in the bCCI 
group than that in the sham group and control group, but the level of SOCS1 was significantly increased (P< 0.05). 
Besides, SOCS1 was a target gene of miR-30a and was negatively regulated by miR-30a. The mechanical shrinkage 
threshold (MWT) and paw withdrawal thermal latencies (PWTL) were significantly increased,while the frequency 
was significantly decreased in the overexpression of miR-30a group and knockout of SOCS1 group than those in 
their corresponding control groups (P< 0.05). Conclusion: Overexpression of miR-30a attenuates neuropathic pain 
maybe by targeting SOCS1.
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Introduction

Neuropathic pain, defined as “pain arising as a 
direct consequence of a lesion or disease 
affecting the somatosensory system” accord-
ing to International Association for the Study of 
Pain (IASP) [1, 2], is a frequent sequelae origi-
nating from a primary injury of the nervous sys-
tem or some diseases, such as diabetes, can-
cer, or trauma [3, 4]. It brings great pain 
intensity to the patients and has a major nega-
tive impact on sleep, work, mood, functionality, 
or other aspects of quality of life [5, 6]. The 
therapeutic recommendations for neuropathic 
pain include antidepressants, antiepileptics, 
opioids and neuro-stimulation methods [7]. 
However, these drugs produce side effects or 
often present drug resistance [8, 9]. Therefore, 
a better and a deeper understanding of the 
molecular mechanisms underlying neuropathic 

pain is benefit to develop novel and tailored 
therapeutic strategies.

Recently, the functional roles of microRNA 
(miRNA) have been gained considerable atten-
tion in various diseases [10]. MiRNAs are a 
class of 19-22 nucleotides, non-protein encod-
ing RNA molecules that play a critical role in the 
regulation of gene expression by binding to the 
3’-untranslated region (UTR) of target messen-
ger RNA (mRNA), leading to decreased proteins 
expression encoded by such target RNAs [11]. A 
previous study identified a series of miRNAs, 
such as hsa-miR-221, hsa-miR-34a, hsa-miR-
30d and hsa-miR-30a-3p, that may be associ-
ated with the development and maintenance of 
neuropathic pain using a miRNA expression 
profiling in a spinal nerve ligation (SNL) model 
of neuropathic pain [12]. In addition, pro-inflam-
matory chemokines and cytokines have been 
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reported to be involved with peripheral nerve 
injury [13, 14]. The suppressors of cytokine sig-
naling (SOCS) is a family of proteins that nega-
tively regulates the inflammatory response by 
limiting cytokine signaling, for example,Janus 
kinase (JAK)/signal transducer and activator of 
transcription (STAT) pathway [15-17]. SOCS1 
and SOCS3 proteins have been reported to play 
different roles in Wallerian degeneration (WD) 
in the mouse sciatic nerve after cut/ligation 
and crush injuries [18].

However, rare studies are available regarding 
the impact of miR-30a on neuropathic pain, 
and whether its associated mechanism 
responding to regulate the expression of SOCS1 
still remain unclear. Therefore, we aimed to 
investigate the effects of miR-30a on neuro-
pathic pain, as well as the associated 
mechanism.

Materials and methods

Animals

Adult male Sprague-Dawley (SD) rats weighing 
180-200 g that were maintained on 12:12 h 
light-dark cycle with controlled temperature 
(20-22°C) and humidity (50%) were used in the 
experiment. All the rats were single housed in 
individually ventilated cages and were provided 
standard diet and tap water ad libitum. The rats 
were acclimatized for one week before the ex- 
periment. The study was approved by the 
Animal Care and Use Committee of our 
hospital.

Experimental designs

SD rats were randomly assigned to bilateral 
chronic constriction injury (bCCI) group, sham 
group, and control group (ten in each group).
The rats in the bCCI group and sham group 
were induced model of neuropathic pain and 
sham-operated, respectively. The rats in the 
control group received no intervention. L4-L6 
dorsal spinal cord in the three groups was 
taken for further analysis. Then, another 40 SD 
rats were successfully induced model of neuro-
pathic pain using bCCI and were randomly and 
equally (10 in each group) assigned to overex-
pression of miR-30a group and its correspond-
ing control group, silencing of SOCS1 group  
and its corresponding control group using 
recombinant lentivirus vectors. The rats in the 

four groups were assessed by neurobehavioral 
tests before surgery and at days 3, 7, and 14 
after surgery. After the neurobehavioral tests, 
the 40 animals were sacrificed and the sciatic 
nerves were taken for further analysis.

Bioinformatics prediction of miRNAs targeting 
SOCS1

TargetScan6.2 and microRNA.org were used to 
identify possible miRNAs targeting SOCS1.

bCCI of sciatic nerve

The bCCI surgery was performed according to 
the previously described method [19]. In brief, 
48 rats were anesthetized with 40-50 mg/kg 
sodium pentobarbital by intraperitoneal injec-
tion.Approximately 1.5 cm incision was made 
along the dorsal to the pelvis. The common sci-
atic nerve was exposed and bluntly dissected 
from surrounding tissues. Four ligatures of 4.0 
chromic catguts were placed circumferentially 
around the sciatic nerve with 1 mm intervals. 
When there was a brief twitch occurring in the 
rats’ hind limb, the ligatures were tied. The inci-
sion was then closed layers by layers. The other 
side of the sciatic nerve was operated with the 
same manipulations. For the sham-operated 
rats, the same surgical procedure was carried 
out but without ligatures. For the control group, 
the rats received no intervention. All the surgi-
cal procedure was performed by the same 
operator. After operation, both bCCI and sham 
rats were kept under standard conditions as 
the same as the control group.

Vector construction, production and transduc-
tion

Lentivirus vectors were produced as described 
previously [20]. The miR-30a lentivirus expres-
sion vector pWPXL-miR-30a was constructed by 
replacing the green fluorescence protein (GFP) 
fragment of the pWPXL vector with the pri-miR-
30a sequence amplified from normal genomic 
DNA. The 3’-UTR sequence of SOCS1 was 
amplified from the genomic DNA and then sub-
cloned into the region directly downstream of 
the stop codon of luciferase. The recombinant 
lentivirus of small interference RNA (siRNA) tar-
geting SOCS1 (SOCS1-RNAi-lentivirus) and the 
control lentivirus (GFP-lentivirus) were pre-
pared, and the gene transfection process was 
carried out based on the company’ instructions 
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provided by the company. All constructs were 
verified by sequencing. Lentivirus expression 
plasmids were co-transfected into 293T cells 
using the calcium phosphate method to con-
struct viral stocks. The titers of lentivirus vector 
stocks ranging from 0.4×109 to 2.0×109 parti-
cles/mL were used.

The lentivirus vectors were delivered by intra- 
parenchymal injection as described before 
[21]. In brief, under anesthetized with chloral 
hydrate (400 mg/kg), the rats’ spine was kept 
with two individual bars placed around the L3 
vertebra to avoid movements induced by 
breathing. Then the thoracic T13 vertebra was 
drilled to access the left side of the lumbar spi-
nal cord with an operation microscope (Olympus 
OME 8000; Olympus, Tokyo, Japan). Appro- 
ximately 1-2 cm incision in the intact dura 
mater and arachnoid mater was exposed, 2 μL 
of lentivirus vectors (LV-EGFP or LV-SOCS1t) 
were delivered with the help of an automatic 
microinjection device (KDS 310; KD Scientific, 
Holliston, USA). After the muscles and skin 
were sutured, the animals were then housed in 
individual cages to recover.

Mechanical hyperalgesia testing, thermal pref-
erence testing (TPT) and acetone testing

All animals were assessed before operation 
and at days 3, 7, and 14 after operation. 
Pretesting was performed for at least three 
consecutive days to acclimate the testing pro-
cedure.Animals were accommodated in a wire 
mesh bottom cages (50×30×20 cm, pore diam-
eter 0.5×0.5 cm) for 10-30 minutes. The rats 
were assured quiet, and not presentation with 
seeking, exploratory defecation, urination move- 
ments, or resting over the paws before the 
tests.For the mechanical hyperalgesia testing, 
an electronic von Frey filament (Stoelting, Wood 
Dale, IL, USA) was performed. The force was 
alternated to hind paws, and the force present-
ed paw withdrawal was recorded. The mechani-
cal shrinkage threshold (MWT) was recorded as 
the minimal force that could initiate a withdraw-
al response. For the TPT, a radiant heat (BME-
410A, biomedical Engineering Institute of the 
Chinese Academy of Medical Sciences) was 
used to test the paw withdrawal thermal laten-
cies (PWTL). Each hind paw was repeated 3 
times, and the least interval was 3min. For the 
acetone testing, 0.1 ml of acetone was gently 
applied to each hindpaw. A brisk paw withdraw-

al response was taken as a sign of cold hyper-
algesia. The test was repeated for alternating 
hind paws with a 2 min interval between each 
test. All the entire procedures were repeated 3 
times, and the average values were considered 
as the threshold.

Quantitative real time RT-PCR (qRT-PCR) 

Tissues of large and small RNAs were isolate-
dand purified using mirVanamiRNA Isolation Kit 
(Ambion, Austin, TX, USA) according to the man-
ufacturer’s instructions. Total RNAs were ex- 
tracted with Trizol reagent (Life Technologies 
Inc., Gaithersburg, Maryland, USA) based on 
the manufacturer’s protocols. Complementary 
DNA (cDNA) was synthesized with iScriptcDNA 
Synthesis Kit (Bio-Rad). qRT-PCR was per-
formed to assess the mRNA expression level 
using Prime Script RT Reagent Kit (TaKaRa, 
Tokyo, Japan) and SYBR Premix Ex Taq(TaKaRa, 
Tokyo, Japan) based on the manufacturer’s 
instructions. The levels of SOCS1 transcript 
were measured by forward primer: 5’-AGCT- 
GTGTCGCCAGCGCATC-3’, and reverse primer: 
5’-CAGAAGTGGGAGG-CATCTCA-3’; GAPDH was 
used as an internal control and amplified with 
forward primer: 5’-AGAGCTTCAGGAAGGCAG-3’; 
and reverse primer 5’-TGTTGTTCATCTCGAAG- 
CCT-3’. The relative expression levels of the 
genes were calculated by using 2-ΔΔCT method.
The expression level of miR-30a was measured 
by TaqMan miRNA assays (ABI, Forest City, CA). 
U6 snRNA was used as a loading control of 
miRNA expression. All primers were synthe-
sized by Shanghai Sangni Biotechnology Co, 
Ltd. (Shanghai, China).

Western blotting

Protein was extracted with protein lysis buffer 
from the tissues. The protein concentration 
was determined using BCA Protein Assay Kit 
(Thermo Scientific, Rockford, IL, USA). The pro-
tein (25 μg) was resolved by 10-12% sodium 
dodecyl sulfonate (SDS)-denatured polyacryl-
amide gel electrophoresis (PAGE).Then it was 
transferred onto a nitrocellulose membrane 
(Tokyo, Japan). Membranes were blocked in a 
sealed in 5% fresh nonfat dry milk in phos-
phate-buffered saline (PBS) containing 0.05% 
Tween 20 for 2 hours at room temperature and 
were then incubated with the primary anti-
SOCS1 (Santa Cruz Biotechnology) overnight at 
4°C, following with horseradish peroxidase 
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(HRP)-conjugated secondary antibodies (Santa 
Cruz Biotechnology). Anti-GAPDH antibody 
(Santa, Cruz Biotechnology) was recorded as a 
reference. After that, the membranes were per-
formed to enhanced chemiluminescence and 
densitometric analysis.

Statistical analysis

All data were expressed as the mean ± stan-
dard deviation (SD). Statistical analysis was 
performed with statistical package for the 
social sciences (SPSS) software (version 18.0; 
SPSS Inc., Chicago, IL). A Student’s t test was 
used to statistical comparisons. Differences 
were considered statistically significant when 
P< 0.05.

Results

Expression of miR-30a and SOCS1

To explore the expression level and significance 
of miR-30a and SOCS1 in neuropathic pain, we 
first determined the expression levels of miR-
30a and SOCS1 in the bCCI group, sham group, 
and control group using qRT-PCR. As shown in 
Figure 1A, the expression level of miR-30a was 
significantly decreased in the bCCI group than 
that in the sham group and control group (P < 
0.05). However, there was no significant differ-
ence between the sham group and control 
group. The expression level of SOCS1 was sig-
nificantly increased in the bCCI group com-
pared with that of the other two groups (P< 
0.05) (Figure 1B). The results suggested that 

miR-30a and SOCS1 may play important roles 
in the neuropathic pain.

Effect of overexpression of miR-30a on neu-
robehavioral testing

To better understand the biological functions of 
miR-30a in the peripheral neuropathic pain, we 
first constructed a lentivirus vector expressing 
miR-30a and established the expression mRNA 
level of miR-30a in tissues using qRT-PCR after 
lentivirus transduction. The results showed 
that relative miR-30a mRNA level was signifi-
cantly up-regulated in the lentivirus transduc-
tion with miR-30a that in the lentivirus trans-
duction with empty vector (P < 0.05) (Figure 
2A). Then the effects of overexpression of miR-
30a on behavioral tests included hindpaw with-
drawal responses to mechanical hyperalgesia 
testing, TPT, and acetone testing were deter-
mined.These results showed that the MWT and 
PWTL in the overexpression of miR-30a group 
were significantly increased than that in the 
control group (P < 0.05), while the frequency 
after cold acetone stimuli was significantly 
decreased in the overexpression of miR-30a 
group than that in the control group (P < 0.05) 
(Figure 2B-D).

SOCS1 gene 3’-UTR carried a putative miR-
30a binding site and was negatively regulated 
by miR-30a

To investigate the underlying molecular mecha-
nism through which miR-30a prevents periph-
eral neuropathic pain, we explored the expres-

Figure 1. Expression of miR-30a and SOCS1 in the three groups using quantitative real time PCR. A. Relative miR-
30a level; B. Relative SOCS1 level. bCCI, bilateral chronic constriction injury; SOCS, suppressors of cytokine signal-
ing **P< 0.05.



Impact of miR-30a on neuropathic pain

1262	 Int J Clin Exp Pathol 2016;9(2):1258-1266

sion level of SOCS1 using Western blotting 
after overexpression of miR-30a. The results 
showed that the protein level of SOCS1 was sig-
nificant lower in the overexpression of miR-30a 

group than that in the control group (P < 0.05) 
(Figure 3A), indicating that SOCS1 might be 
negatively regulated by miR-30a.

To predict that SOCS1 gene mRNA 3’-UTR  
might contain a miR-30a binding site, the 
TargetScan6.2 and microRNA.org was used to 
confirm the prediction. The bioinformatic algo-
rithms results showed that the 3’-UTR of SOCS1 
mRNA comprises of several predicted miR-
30a-binding sites (Figure 3B).

Effect of knockout of SOCS1 on neurobehav-
ioral testing

To explore the role of SOCS1 in peripheral neu-
ropathic pain, we knocked out SOCS1 using 
recombinant lentivirus of siRNA targeting 
SOCS1. Then the expression levels of SOCS1 in 
the both siSOCS1 group and control group were 
determined using qRT-PCR. As shown in Figure 

Figure 2. The effect of overexpression of miR-30a on neurobehavioral testing. A. Relative miR-30a mRNA level in the 
lentivirus transduction with miR-30a and with control lentivirus; B-D. The results of mechanical hyperalgesia testing, 
thermal preference testing and acetone testing in the overexpression of miR-30a group and control group at differ-
ent time points (before surgery and at days 3, 7, and 14 after surgery), respectively. MWT, mechanical shrinkage 
threshold; PWTL, paw withdrawal thermal latencies **P< 0.05.

Figure 3. SOCS1 gene 3’-UTR carried a putative miR-
30a binding site and is negatively regulated by miR-
30a. A. The expression level of SOCS1 using Western 
blotting after overexpression of miR-30a; B. SOCS1 
gene 3’-UTR carries a putative miR-30a binding site. 
SOCS, suppressors of cytokine signaling; UTR, un-
translated region.
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4A, the expression level of SOCS1 was signifi-
cantly decreased in the siSOCS1 group than 
that in control group (P < 0.05). We further 
investigated the effect of knockout of SOCS1 
on neurobehavioral testing. We found that the 
MWT and PWTL in the knockout of SOCS1 
group were significantly increased than that in 
the control group (P < 0.05), while the frequen-
cy after cold acetone stimuli was significantly 
decreased in the knockout of SOCS1 group 
than that in the control group (P < 0.05) (Figure 
4B-D).

Discussion

In the present study, we investigated the  
functional role of miR-30a in neuropathic  
pain and explored its associated mechanism. 
The results suggested that miR-30ais signifi-
cantly decreased; while SOCS1 is increased in 
model of neuropathic pain (bCCI). Both miR-

30a and SOCS1 were involved in neuropathic 
pain. Besides, we demonstrated that SOCS1 is 
a target gene of miR-30a and is negatively reg-
ulated by miR-30a.Overexpression of miR-30a 
or knockout of SOCS1 could attenuate neuro-
pathic pain. Taken together, these results indi-
cate that miR-30a attenuates neuropathic pain 
maybe by targeting SOCS1.

It has been well demonstrated that gene 
expression patterns are significantly alternated 
in somatosensory nervous system [22, 23]. The 
neuropathic pain induced by peripheral nerve 
injury is characterized by changes of gene regu-
lation and protein expression [24], which may 
be accompanied by alteration in miRNAs 
expression involved in nociceptive pathways. 
Previous studies have confirmed many miRNAs, 
such as miR-200b and miR-429, are expressed 
in spinal cord in a model of chronic neuropathic 
pain [12, 25, 26]. A study conducted by Von et 

Figure 4. The effect of knockout of SOCS1 on neurobehavioral testing. A. Relative SOCS1 mRNA level in the lenti-
virus transduction with siRNA targeting SOCS1 and with control lentivirus; B-D. The results of mechanical hyperal-
gesia testing, thermal preference testing and acetone testing in the knockout of SOCS1 group and control group at 
different times points (before surgery and at days 3, 7, and 14 after surgery), respectively. MWT, mechanical shrink-
age threshold; PWTL, paw withdrawal thermal latencies; siRNA, small interference RNA **P< 0.05.



Impact of miR-30a on neuropathic pain

1264	 Int J Clin Exp Pathol 2016;9(2):1258-1266

al. [12] suggested a series of miRNAs are differ-
ently expressed in model of neuropathic pain, 
including has-miR30a-5p and has-miR30d, 
however, the exact mechanism and functional 
role were not explored. In addition, SOCS1, an 
important member of SOCS family, has been 
reported to be involved in the neuropathic pain 
by suppressing JAK/STAT pathway [18]. Then 
we proposed that there might be some correla-
tions between miR-30a and SOCS1 playing 
important roles in neuropathic pain.

In order to prove the hypothesis, we first inves-
tigated the expression level of miR-30a and 
SOCS1 in the model of neuropathic pain, sham, 
and control rats. The results showed that 
expression level of miR-30a was significantly 
decreased in the model group, but the level of 
SOCS1 was markedly increased compared with 
the sham group and control group. These 
results were in line with previous studies [12, 
18], suggesting that miR-30a and SOCS1 are 
involved in neuropathic pain. Subsequently,  
we predicted that SOCS1 gene mRNA 3’-UTR 
might contain a miR-30a binding site, the 
TargetScan6.2 and microRNA.org was used to 
assessed the prediction.The bioinformatic algo-
rithms results showed that the 3’-UTR of SOCS1 
mRNA comprises of several predicted miR-
30a-binding sites, indicating that SOCS1 is one 
of target gene of miR-30a. To further the rela-
tionship between the miR-30a and SOCS1, we 
investigated the expression protein level of 
SOCS1 when the level of miR-30a had been 
changed using lentiviral vector. The results 
demonstrated that the level of SOCS1 was 
inversely correlated with miR-30a, suggesting 
that SOCS1 is negatively regulated by 
miR-30a.

Recently, JAK2/STAT3 signaling pathway has 
been paid attention to the neuropathic pain. 
The phosphorylation states of JAK2/STAT3 
could induce neuropathic pain [27-29]. AG490, 
an inhibitor JAK2, could relieve the pain states 
induced by SNL injury [30]. In addition, Xue et 
al. [31] found the expression mRNA levels of 
JAK2, STAT3, and SOCS3 were significantly 
increased in a model of neuropathic pain 
induced by bCCI at each postoperative time 
point. But the pain-related behavioral changes 
were significantly relieved by administration of 
WP1066, a small molecule inhibitor of JAK2 
and STAT3. Besides, Dominguez et al. selec-
tively inactivated JAK/STAT3 signaling in a pre-
clinical model of neuropathic pain by transduc-

tion with local, lentiviral-mediated production 
of SOCS3, and found that mechanical hyper-
sensitivity induced by CCI was attenuated by 
preventing the abnormal expression of interleu-
kin (IL) 6, CC chemokine ligand CCL2, and  
activating transcription factor (ATF) 3 [21]. 
Moreover, Wand et al. [32] showed that 
mechanical allodynia was clearly reduced by 
blockade of JAK2/STAT3 signaling withthe JAK2 
inhibitor AG490 or the STAT3 inhibitor S3I-201 
or aspirin-triggered Lipoxin (ATL) in CCI rats. 
Interestingly, the expression of SOCS3 mRNA 
level in the spinal cord was further promoted 
after inhibition of JAK2/STAT3 signaling. 
Similarly, we also selectively inactivated JAK2/
STAT3 signaling by transduction with local, len-
tiviral-mediated production of SOCS1, and ana-
lyzed its impacts on a model of neuropathic 
pain. Our results found that MWT and PWTL 
was significantly increased, while the frequency 
after cold acetone stimuli was significantly 
decreased, indicating that neuropathic pain 
was effectively relieved, which was in line with 
the study conducted by Dominguez et al. [21]. 
Additionally, we analyzed the consequences of 
overexpression of miR-30a by lentivirus trans-
fection in the model of neuropathic pain.Similar 
results were obtained when enhanced the 
expression of miR-30a. Overexpression of miR-
30a could similarly relieve neuropathic pain 
induced by bCCI. This phenomenon may be 
associated with the down-expression of SOCS1, 
which negatively regulated the JAK2/STAT sin-
gling pathway and subsequently control expres-
sion of some pro-inflammatory chemokines 
and cytokines.

Taken together, our results suggest that overex-
pression of miR-30a attenuates neuropathic 
pain maybe by targeting SOCS1.
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