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mMiR-155 modulates the progression of neuropathic pain
through targeting SGK3
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Abstract: This study aimed to illustrate the potential effects of miR-155 in neuropathic pain and its potential mech-
anism. Spragure-Dawley (SD) rats were used for neuropathic pain model of bilateral chronic constriction injury
(bCClI) construction. Effects of miR-155 expression on pain threshold of mechanical stimuli (MWT), paw withdrawal
threshold latency (PMTL) and cold threshold were analyzed. Target for miR-155 was analyzed using bioinformatics
methods. Moreover, effects of miR-155 target gene expression on pain thresholds were also assessed. Compared
with the controls and sham group, miR-155 was overexpressed in neuropathic pain rats (P<0.05), but miR-155
slicing could significantly decreased the pain thresholds (P<0.05). Serum and glucocorticoid regulated protein ki-
nase 3 (SGK3) was predicted as the target gene for miR-155, and miR-155 expression was negatively correlated to
SGK3 expression. Furthermore, SGK3 overexpression could significantly decreased the pain thresholds which was
the same as miR-155 (P<0.05). Moreover, miR-155 slicing and SGK3 overexpression could significantly decrease
the painthreshold. The data presented in this study suggested that miR-155 slicing could excellently alleviate neu-
ropathic pain in rats through targeting SGK3 expression. miR-155 may be a potential therapeutic target for neuro-
pathic pain treatment.
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Introduction sis neuropathic pain via inhibiting Nav1.3 in [8].
Situation of similarity, miR-195 may enhance
neuropathic pain via through regulating autoph-
agy [9], which suggests that miRNAs may be
potential therapeutic targets for neuropathic

pain treatment.

Neuropathic pain is a kind of direct or indirect
pain that caused by the primary injury or dys-
function of somatosensory nervous system,
and has been considered as the public health
problem [1, 2]. Papers reported that activation
of cytokines and inflammatory mediator release
would change the sensitivity of nerve cells, and
then affecting the nerve plasticity, which lead-
ing to the neuropathic pain [3, 4]. However, the
definite pathogen mechanism for neuropathic
pain still remains unclear.

Previous evidences reported that miR-155 has
been widely proved to be involved in diseases
progression and development, including involv-
ing in inflammatory reactions [10, 11]. Paper
refers that the majority targets for miR-155 are
inflammation related proteins such as serum

miRNAs are some short endogenous RNAs and glucocorticoid regulated protein kinase 3

known to post-transcriptionally repress gene
expressions in animals and plants [5]. Recent
evidences perform that miRNAs may involve in
the processes for neuropathic pain regulation
through targeting the 3'UTR of mRNAs [6]. For
example, miR-96 and miR-182 are overex-
pressed in rat dorsal root ganglia but can be
inhibited by the ligation of spinal ganglion [7],
and intrathecal injection of miR-96 could ane-

(SGK3) [12]. SGK3 is an important inflamma-
tion signal protein which plays pivotal roles in
signaling pathway and cell phosphorylation cas-
cade [13, 14]. Despite numerous studies have
investigated the roles of miR-155 and SGK3 in
neuropathic pain associated diseases respec-
tively, but the correlations between miR-155
and SGK3 in regulating neuropathic diseases
still remain underlying.
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In this study, we constructed the rat neuro-
pathic pain model and assessed the pain
threshold nerve cells. Comprehensive experi-
mental methods were used to detect the ex-
pressions of miR-155 in rat neuropathic model
and the effects of miR-155 expression on SGK3
expression. This study aimed to investigate the
correlations between miR-155 expression in
neuropathic pain and its potential mechanism.
Our study may provide theoretical basis for
illustrating the therapeutic target role of miR-
155 in neuropathic pain.

Materials and methods
Neuropathic pain model construction

All experimental procedures were approved by
the Institute’s animal care center in accordance
with the guidelines of the international associa-
tion for the study of pain. Spragure-Dawley (SD)
rats weighting at 250-350 g and hosed at the
temperature of 22°C under a 12/12 h light/
dark cycle with free access to food and water
were chosen for the model construction in this
study.

Bilateral chronic constriction injury (CCIl) model
of rats was constructed for neuropathic pain
[15]. Briefly, rats were anesthetized by intraper-
itoneal injection of sodium pentobarbital with
dose of 40-50 mg/kg. Then the sciatic nerve
was exposed by blunt dissection through biceps
femoris at the level of the middle of the thigh.
Proximal to the sciatic’s trifurcation (above 2
mm distal to sciatic nerve), sciatic nerves were
tied loosely using 4 ligatures (4.0 chromic gut)
with about 1 mm spacing and the length of
nerve thus was 4-5 mm long. After that, the
artery on the surface of the sciatic nerve was
just barely constricted and the degree of its cir-
culation through the superficial epineurial vas-
culature was best to be retarded but not arrest-
ed when was observed using dissecting micro-
scope (40 X magnification). The desired degree
of constriction sometimes produced a small,
brief twitch in the muscle around the exposure.
After washed with physiological saline, the inci-
sion at muscle fascia, subcutaneous tissue and
skin were discontinuous closed. An identical
dissection was performed on the opposite side
in every rat. Sham procedures comprised equal
treatment but without ligation of the sciatic
nerve were performed to prepare some rats as
sham group. Rats were housed postoperatively
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in clear plastic cages with solid floors instead of
wire mesh floors to avoid exacerbate discom-
fort arising from the affected hind paw. All sur-
gical operations were performed by the same
person.

Cell culture

Rats microgliacytes which were purchased
from Sciencell (Carlsbad, CA, USA) were cul-
tured in Dulbecco’s modified eagle medium
(DMEM) supplemented with 10% hyclone, 100
IU/mL penicillin and 100 pyg/mL streptomycin
(Invitrogen, USA) in an atomosphere of 5% CO,
at 37°C. Microgliacytes were digested with
0.02% EDTA containing 0.05% trypsin (Sigma,
USA) every 48 h for subculture. Cells from rats
tissue: SD rats were sacrificed for the lumbar
pool of the spinal cord collection, then the col-
lected spinal cord was treated with precool
Hanks balanced salt solution (HBSS) [16], fol-
lowed with centrifugation at 400 g for 10 min
for cells collection. After that, cells were put
into 75% Percoll for centrifugation at 1000 g for
20 min. Isolated cells at 50/75% were washed
with precool PBS buffer (PH 7.4). Cells were
re-suspended using PBS buffer containing 1%
bovine serum (Invitrogen).

Pain threshold assay

Mechanical allodynia: Pain threshold of sharp
withdrawal threshold after mechanical stimuli
(MWT) for rat microgliacytes in response to
mechanical stimulation was assessed using
pain gauge measurement (von Frey, lITC, USA)
as described in previous study [17]. Briefly, rats
were acclimated in transparent plastic cages
with wire mesh floor for 30 min. Plantar surface
of each hind paw was applied pressure from
below with the calibrated Electronic von Frey
filament and held for about 5 s. Then force
applied at the time of sharp withdrawal was
recorded.

Thernal hyperalgesia: Heat sensitivity was mea-
sured using paw withdrawal threshold latency
(PMTL) in response to radiant heat based on
the Hargreaves method [18]. Procedures were
as follows: rats were placed in prespex boxes,
and then a radiant heat source BME-410A
beneath a glass-floor was focused on the cen-
ter of the plantar surface of the hind paw. Heat
intensity was approximately set up to 10 s to
produce PWTL in normal animals and the cutoff
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time was set at 20 s to avoid tissue damage.
The hind paws were given heat stimuli three
times with greater than 3 min intervals between
consecutive tests. Measurements were con-
ducted at the internal time of between 8 ante
meridiem and 2 post meridiem.

Cold allodynia: After acclimated in cages for
15 min, rats were gently injected with 0.1 mL
acetone at the hind paw with the 1 mL syringe
with a hose connection [19]. Reactions per-
formed with rapid withdrawal, licking, shaking
or lifting of the hind paw after the spread of the
acetone over the planter surface were consid-
ered as positive. Measurement was performed
three times for each hind paw with an interval
of approximately 2 min between consecutive
tests. The positive reaction frequency was con-
sidered as total member of withdrawal and
measurements were conducted at the internal
time of between 8 ante meridiem and 2 post
meridiem.

qRT-PCR

Quantitative real-time polymerase chain reac-
tion (QRT-PCR) was conducted to detect the
MRNA expression of miR-155 in rats tissues
[20]. Total RNA from rats cells was isolated
using TRIzol Reagent (Invitrogen) as previously
described [21] and then was treated with RNse-
free Dnase | (Promega Biotech, USA). Concen-
tration and purity for isolated RNA were mea-
sured using SMA 400 UVOVIS (Merinton, Shang-
hai, China). The purified RNA of 5 uL (0.5 pg/uL)
with nuclease-free water was used for cDNA
synthesis with the PrimerScript 15 Strand cDNA
Synthesis Kit (Invitrogen). Expression of miR-
155 in rat microgliacytes was detected using
the SYBR ExScript RT-qPCR Kit (Takara, China).
The total reaction system of 20 uL volume was
as follows: 1 yL cDNA from the above PCR, 10
pL SYBR Premix EX Taq, 1 pL each of the prim-
ers (10 pM), and 7 L ddH,0. The PCR program
was as follows: pre-degeneration at 94°C for
5 min, denaturation at 94°C for 1 min; anneal-
ing at 56°C for 1 min; followed by 45 cycles,
and extension at 72°C for 1 min. miR-155 ex-
pression was determined by the comparative
threshold (Ct) cycle (222°Y) method [22]. Primers
used for miR-155 amplification were 5-GCA-
GCTAGCCCAGGGTTG-3’ (sense) and 5-GCAA-
AGCTTCAGTTAACCCGGCGGTGA-3’ (antisense).
Phosphoglyceraldehyde dehydrogenase (GA-
PDH) was considered as the internal control.
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Western blotting

Rat tissues were lapped with radioimmuno-
precipitation (RIPA, Sangon Biotech, China) ly-
sate containing phenylmethanesufonyl fluoride
(PMSF, Sigma), and then were centrifuged at
12,000 rpm for 10 min at 4°C. Supertanant
was collected for the measurement of protein
concentrations using BCA protein assay kit
(Pierce, Rochford, IL). For Western blotting as-
say [23], 20 ug protein per cell lysate was sub-
jected to a 12% sodium dodecylsulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE), fol-
lowed by transferred onto a Polyvinylidence-
fluoride (PVDF) membrane (Mippore). Then the
PVDF membrane was blocked in Tris buffered
saline Tween (TBST) containing 5% non-fat milk
for 1 h. Consequently, the membrane was incu-
bated with rabbit anti-human antibodies (miR-
155, 1:100 dilution, Invitrogen) and overnight
at 4°C. Then membrane was incubated with
hoseradish peroxidase labeled goat anti-rat
secondary antibody (1:1000 dilution) at room
temperature for 1 h. Finally, PVDF membrane
was washed with 1xTBST buffer for 10 min with
3 times. Detection was conducted using the
development of X-ray after chromogenic sub-
strate with an enhanced chemiluminescence
(CEL) method. Additionally, GAPDH served as
the internal control.

Statistical analysis

All experiments were conducted independently
for 3 times. The data were expressed as mean
+ standard deviation (SD). Total data were
calculated with SPSS 17.0 (SPSS, San Diego,
CA, USA) and significant differences between
groups were analyzed using Student’s test or
one-way analysis of variance (ANOVA). The P<
0.05 was defined as statistically significant.

Results

Relative miR-155 expression in bCCl model
rats

Compared with the control and sham group,
relative miR-155 mRNA in bCCl rats was signifi-
cantly increased (P<0.05, Figure 1A), indicat-
ing that miR-155 overexpression may be corre-
lated with neuropathic pain in rats. Besides,
neuropathic pain threshold assay showed that
MWT and PMTL were significantly increased
when miR-155 was down-regulated with ASO-
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Figure 1. miR-155 expression in neuropathic pain model rats and effects of miR-155 expression on pain threshold.
A: miR-155 was significantly overexpressed in neuropathic pain model rats compared with the control and sham
control group; B: miR-155 down-regulation increased pain threshold of mechanical stimuli (NWT) at 15 day after
surgery; C: miR-155 down-regulation increased pain threshold of paw withdrawal threshold latency (PMTL) at 15
day after surgery; D: miR-155 down-regulation decreased threshold of positive frequency. *P<0.05, compared with
the control and the sham group.

miR-155 lentiviral vector transfection in rats, late SGK3 expression in neuropathic pain mod-
and the threshold up to maximum at 15 day el, and the results showed that miR-155 expres-
after surgery (P<0.05, Figure 1B and 1C), but sion could negatively regulate SGK3 expression
positive frequency for nerve sensitivity to cold (Figure 2C). Consequently, miR-155 was over-
was declined maximum at 15 day (P<0.05, expressed in cells to verify SGK3 expression,
Figure 1D), indicating that miR-155 down-regu- and results showed that miR-155 could nega-
lation resulted in surgery rats bear high MWT tively regulate SGK3 expression endogenous
and PMTL, and low temperature. (Figure 2D), which indicating that SGK3 was the

SGK3 was a direct target for miR-155 in neu- direct target for miR-155.

ropathic pain model Functional analysis of SGK3 in neuropathic

Bioinformatics methods including TargetSvan, pain model

PicTar and miRanda databases were used to

predict the target gene for miR-155 [24, 25]. In order to further analyze the potential mecha-
Data showed that SGK3 was a direct target for nism of miR-155 regulating SGK3 in neuropath-
miR-155 (Figure 2A). Fluorescence vector for ic pain model, SGK3 was overexpressed in N9
SGK3 was constructed to identify whether miR- cells by transfecting with pcDNA-SGK3 plasma
155 could target the 3-UTR of SGK3. The re- (Figure 3A). Further investigation showed that
sults showed that miR-155 expression could SGK3 overexpression could excellently improve
significantly decreased fluorescence density of the pain threshold for bCCl rats (P<0.01, Figure
SKG3-3'UTR compared with the control (Figure 3B-D), indicating that overexpression of SGK3
2B). Western blotting analysis was used to could alleviate the pain threshold for model
investigate whether miR-155 could down-regu- rats.
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Figure 2. Target gene selections for miR-155 in neuropathic pain model rats. A: Bioinformatics analysis showed that
SGK3 was the target for miR-155; B-D: Verification for SGK3 was the direct target gene for miR-155 both in vivo and

in vitro. **P<0.01, compared with the controls.

Remedial experiment

Remedial experiments were designed to fur-
ther verify whether SGK3 was the direct target
for miR-155 (Figure 4). Compared with the con-
trols, SGK3 expression could rescue the effects
of miR-155 expression on bCCI rats pain thre-
shold, including MWT, PWTL and pain positive
frequency with time increasing (Figure 4A-C),
suggesting that SGK3 overexpression could re-
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scue the effects of miR-155 overexpression on
pain threshold in model rats.

Discussion

Neuropathic pain has been considered as
a common public health problem, which is
caused by the primary injury or dysfunction
of somatosensory nervous system [1, 2]. The
effects of miR-155 in neuropathic pain have
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Figure 3. SGK3 expressions in neuropathic pain model rats and effects of SGK3 expression on pain threshold. A:
relative SGK3 expression was increased when cells were transfected with pcDNA-SGK3 vector; B: SGK3 overexpres-
sion significantly decreased NWT at 15 day after surgery; C: SGK3 overexpression significantly decreased PMTL
at 15 day after surgery; D: SGK3 overexpression significantly increased threshold of positive frequency. *P<0.05;

**P<0.01, compared with the control and the sham group.
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not been fully reported. In this study, we used
SD rats to construct the neuropathic pain mod-
el and then analyzed the influence of miR-155

14379

NC+NC
miR-155+NC
NC+SGK3
miR-155+8GK3

bted

Oh 5h 10h 15h

Figure 4. Remedial experiments for effects of
SGK3 overexpression on pain threshold which
were affected by miR-155 overexpression. A:
SGK3 overexpression could rescue NWT which
was decreased by miR-155 overexpression; B:
SGK3 overexpression could rescue PMTL which
was decreased by miR-155 overexpression; C:
SGK3 overexpression could rescue cold thresh-
old of positive frequency which was increased by
miR-155 overexpression.

in this kind of nervous system disease. The
data showed that miR-155 slicing could signifi-
cantly alleviate the pain thresholds, and SGK3
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was the direct target for miR-155 and SG-
K3 overexpression could significantly alleviate
the pain thresholds. Furthermore, experiments
showed that miR-155 slicing and SGK3 up-reg-
ulation could well alleviate nerve pain, which
suggesting the important roles of miR-155 and
SGK3 in neuropathic pain.

It has been demonstrated that miR-155 played
crucial roles in inflammatory reactions, such as
miR-155 was overexpressed in lupus Treg cells
[26]. miR-203 could regulate NPP through tar-
geting Rapla and its downstream signal MEK/
ERK pathway [27], and miR-21 down-regulation
could inhibit the pain threshold for rats in post-
nerve injury [28]. Tan and his partners proved
that miR-155 was overexpressed in neuropath-
ic pain rats and miR-155 suppression could
attenuate neuropathic pain via regulating sup-
pressor of cytokine signaling 1 (SOCS1) path-
way [29]. Coincidence with former evidences,
our data showed that miR-155 was overex-
pressed in neuropathic pain rats and miR-155
slicing could alleviate the pain thresholds, sug-
gesting the important roles of miR-155 in neu-
ropathic pain.

Meanwhile, the association between SGK3
and neuropathic pain still remain unclear yet.
Numerous evidences about SGK3 were mainly
in malignancies, such as SGK3 mediated the
INPP4B-dependent PI3K pathway in breast can-
cer cell migration [30], and SGK3 contributed
the cell growth of BRAF-mutant melanoma [31].
In this study, SGK3 was predicted as the direct
target for miR-155 in neuropathic pain, indicat-
ing that SGK3 may involve in neuropathic pain
progression and development. On the other
hand, miR-155 slicing could regulate the T/B
cells production in autoimmune arthritis and
miR-155 was overexpressed in gouty arthritis
patients than that in healthy persons [32]. In
this study, when miR-155 was suppressed and
SGK3 expression was overexpressed, the pain
thresholds were all improved compared with
that in controls, suggesting that miR-155 down-
regulation may function as a suppressor in
contributing neuropathic pain via up-regulating
SGK3 expression.

In conclusion, the data presented in this study
suggested that miR-155 down-regulation play-
ed pivotal roles in inhibiting neuropathic pain
through targeting SGK3 gene. SGK3 is the di-
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rect target gene for miR-155, and miR-155
slicing or SGK3 overexpression alleviates neu-
ropathic pain in rats. Our study may provide
theoretical basis for the exploration and appli-
cation of miRNAs in neuropathic pain therapeu-
tic treatment. Further studies are still needed
to deep the protective mechanism for miR-155
in neuropathic pain.
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