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Abstract
Neuropathic pain is an unneglectable pain condition with limited treatment options owing to its enigmatic underlying mecha-
nisms. Long noncoding RNA small nucleolar RNA host gene 5 (SNHG5) is involved in the progression of a spectrum of 
human cancers. However, its role in neuropathic pain remains undiscovered. In the present study, we established a mouse 
spinal nerve ligation (SNL) model, and a significant upregulation of SNHG5 was observed. Then we knocked down SNHG5 
level in mouse L5 dorsal root ganglion (DRG) by delivering specific short hairpin RNA against SNHG5 with adenovirus 
vehicle. Mouse paw withdrawal threshold (PWT) and paw withdrawal latency (PWL) in response to mechanical stimuli was 
increased after SNHG5 knockdown, accompanied with decreased protein levels of glial fibrillary acidic protein (GFAP) and 
ionized calcium binding adapter molecule 1 (IBA-1). Besides, SNHG5 directly modulated the expression of miR-154-5p, 
which was downregulated in SNL mice. MiR-154-5p inhibition abolished the effect of SNHG5 knockdown on mouse behav-
ioral tests and GFAP and IBA-1 levels. In addition, we validated that C-X-C motif chemokine 13 (CXCL13) was a novel 
downstream target of miR-154-5p, and CXCL13 level was positively related to that of SNHG5 in SNL mice. In conclusion, 
our study demonstrated that SNHG5 knockdown alleviated neuropathic pain and inhibited the activation of astrocytes and 
microglia by targeting the miR-154-5p/CXCL13 axis, which might be a novel therapeutic target for neuropathic treatment 
clinically.
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Introduction

Neuropathic pain is defined as chronic pain condition results 
from a lesion or nervous system dysfunction [1]. Affecting 
approximately 8% of the general population, neuropathic 
pain severely impairs the life quality of patients and brings 
substantial healthcare cost to society [2, 3]. Neuropathic pain 
is a consequence of a spectrum of diseases, among which 

diabetes mellitus (DM), herpes zoster and human immuno-
deficiency virus (HIV) infection are most clinically com-
mon [4]. Current treatment of neuropathic pain is limited 
and challenging owing to its obscure etiology. Medication 
including antidepressants and anticonvulsants remain the 
first-line therapeutic option for neuropathic pain. However, 
only less than 50% of patients suffer from neuropathic pain 
experience pain relief, accompanied with side effects includ-
ing sedation and dizziness [5, 6]. Consequently, a better 
understanding of the etiology to discover novel analgesics 
is of great importance to neuropathic pain management.

Long noncoding RNAs (lncRNAs) refer to non-protein-
coding transcripts larger than 200 nucleotides. LncRNAs 
are involved in the development of a variety of human dis-
eases including neuropathic pain [7]. For instance, lncRNA 
uc.48+ and NONRATT021972 knockdown alleviates DM-
mediated neuropathic pain through targeting P2X3 receptor 
to suppress excitatory transmission [8, 9]. Kcna2 antisense 
RNA silencing reverses nerve injury and relieves neuro-
pathic pain in rats [10]. LncRNA CCAT1 overexpression 
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ameliorates neuropathic pain in rat bilateral sciatic nerve 
chronic constriction injuries model [11]. Recent studies 
have revealed that lncRNA small nucleolar RNA host gene 
5 (SNHG5) was involved in the initiation and development 
of several human cancers including breast cancer, gastric 
cancer, glioma and colorectal cancer [12–15], yet its role 
in the onset and progression of neuropathic pain is still 
enigmatic. Bioinformatics prediction showed that lncRNA 
SNHG5 could directly bind to miR-154-5p (https​://starb​ase.
sysu.edu.cn/index​.php). MiR-154-5p is down-regulated in 
chronic constriction injury rat model, and miR-154-5p over-
expression alleviates neuropathic pain by targeting toll-like 
receptor 5 (TLR5) [16]. Besides, C-X-C motif chemokine 13 
(CXCL13) is a putative downstream target of miR-154-5p by 
prediction on Targetscan database (https​://www.targe​tscan​
.org/vert_72/). Therefore, SNHG5 might regulate neuro-
pathic pain through competitive binding of miR-154-5p to 
increase CXCL13 expression.

In the present study, we examined the expression of 
SNHG5 and miR-154-5p and evaluated their effects on neu-
ropathic pain in a mouse spinal nerve ligation (SNL) model. 
We also validated that CXCL13 is a downstream target of 
miR-154-5p which might be involved in neuropathic pain 
development. Our study may offer a potential therapeutic 
target for the treatment of neuropathic pain.

Materials and Methods

Mouse SNL Model Establishment

Male 6–8-week old C57BL/6 mice were purchased from 
Guangdong Medical Laboratory Animal Center (China). All 
mice were housed in sterilized cages and allowed to drink 
and eat ad libitum. For mice in SNL group, surgery was 
performed to expose the L5 spinal nerve, followed by liga-
tion with 4-0 silk thread. For mice in sham group, identical 
surgery was performed except for that the L5 spinal nerve 
was not ligated. All animal experiments were carried out 
according to the guidelines of the International Associa-
tion for the Study of Pain and approved by the Laboratory 
Animal Ethics Committee of Guizhou Medical University 
(Approval No. 1900724).

Adenovirus Infection and Cell Transfection

The SNHG5 short hairpin RNA was synthesized and 
inserted into ADV3 adenovirus plasmid with CMV pro-
moter (Genepharma, China) between EcoRI and BamHI, 
termed as Ad-SNHG5, and Ad-GFP (Genepharma, 
China) was used as a control. Ad-SNHG5, Ad-GFP, Ad-
SNHG5 + NC antagomir, Ad-SNHG5 + miR-154-5p antag-
omir and Ad-GFP + NC antagomir were injected into the 

L5 dorsal root ganglion (DRG) of mice via canula seven 
days before surgery for three days (8 mice were used in 
each group; adenovirus titer was l × 1011 pfu/ml, 20 μl/
day; the dosage of antagomir was 1 nmol/day) [10, 17, 18]. 
HEK293 cells were transfected with miR-154-5p mimics, 
miR-154-5p inhibitor, non-specific (NC) mimics or NC 
inhibitor using lipofectamine 2000 (Invitrogen, USA) 
according to the manufactures’ instruction.

In Situ Hybridization

SNHG5-specific and negative control locked nucleic 
acid-modified RNA probes, conjugated with digoxigenin 
at 3′ and 5′ terminals, were designed and purchased from 
Roche (Germany). Mouse L5 DRG was fixed with 4% 
paraformaldehyde and cryoprotected overnight. Then tis-
sue sections were digested with proteinase K for 5 min 
and hybridized with modified RNA probes overnight at 50 
℃. Then tissue sections were sealed with blocking solu-
tion (Roche, Germany) for one hour at room temperature 
and incubated with alkaline phosphatase conjugated anti-
digoxigenin antibody overnight at 4℃. Finally, tissue sec-
tions were stained with BM purple alkaline phosphatase 
substrate solution (Roche, Germany) for a week at room 
temperature and observed under a microscope [19].

Behavioral Tests

Von Frey filaments were used to measure the mouse paw 
withdrawal threshold (PWT) in response to mechanical 
stimuli (Muromachi Kikai, Japan) as previously described 
[18, 19]. And the paw withdrawal latency (PWL) was eval-
uated using a set of Plantar Test (Germany) according to 
the manufactures’ recommendation. The experimenter was 
blinded to mouse treatments. After behavioral tests, the 
mouse L5 DRG was removed for subsequent detections.

Quantitative Real‑Time PCR

Mouse L5 DRG or HEK-293 cells were lysed using Tri-
zol reagent (Thermofisher, USA) to extract total RNA. 
Total RNA was reverse-transcribed into cDNA using 
SuperScript IV reverse transcriptase (Thermofisher, 
USA). SYBR Green (Solarbio, China) was used to detect 
the mRNA level of SNHG4, which was normalized 
to GAPDH. The miR-154-5p level was detected using 
TaqMan MicroRNA assay kit (Thermofisher, USA), and 
small nuclear RNA U6 was used as an internal control 
[11]. The real-time PCR primers used in this study was 
listed in Table 1.

https://starbase.sysu.edu.cn/index.php
https://starbase.sysu.edu.cn/index.php
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Western Blot

Mouse L5 DRG was lysed using RIPA lysis buffer (Beyo-
time, China). Total proteins were quantified and subjected 
to SDS-10% polyacrylamide gel electrophoresis. Then pro-
teins were transferred onto a PVDF membrane (Millipore, 
USA) and blocked with 5% skim milk, followed by blot-
ting with CXCL13 antibody (1:2000, Affinity Biosciences, 
USA) or GAPDH antibody (1:5000, Affinity Biosciences, 
USA) at 4℃ overnight. After rinsing with PBS buffer, 
the membrane was incubated with HRP-conjugated goat 
secondary antibody (1:5000, Affinity Biosciences, USA) 
for 60 min at 37℃. Then proteins were visualized using 
SuperSignal substrate (Thermofisher, USA) and protein 
bands were analyzed using Gel-Pro-Analyzer.

Immunofluorescence Assay

The expression levels of glial fibrillary acidic protein 
(GFAP) and ionized calcium binding adapter molecule 1 
(IBA-1) were detected using immunofluorescence assay. 
Mouse L5 DRG was paraffin embedded and sliced into 
5 μm sections, followed by dehydration at 60 °C incu-
bator for 2 h. Then tissue sections were deparaffinized 
and boiled in antigen retrieval solution for 10 min. After 
blocking with goat serum (Solarbio, China) for 15 min 
at room temperature, tissue sections were washed and 
incubated with GFAP antibody (1:200, Abcam, UK) and 
Iba-1 antibody (1:200, Abcam, UK) at 4 °C overnight. 
Tissue sections were washed with PBS for three times and 
incubated with FITC-labeled goat anti-mouse IgG (1:200, 
Beyotime, China) for 90 min at room temperature Tis-
sue sections were sealed with anti-fluorescence quenching 
reagent (Solarbio, China) and typical pictures were cap-
tured under a fluorescence microscope (OLYMPUS BX53, 
Japan, ×100 magnification).

Dual‑Luciferase Reporter Assay

Dual-luciferase assay was performed to validate the inter-
action between SNHG5 and miR-154-5p. In brief, the 
mutant type of SNHG5 3′-untranslated region (UTR) was 
obtained by PCR using primers containing mutant seed 
sequence. Wildtype and mutant type of SNHG5 3′-UTR 
were cloned into pmirGLO (Promega, USA) plasmid, 
abbreviated as SNHG5-WT and SNHG5-MUT. 293T 
cells (Procell, China) were co-transfected with pmirGLO 
plasmids and NC/miR-154-5p agomir/inhibitor. Similar 
method was used to validate the interaction between miR-
154-5p and CXCL13: the wildtype and mutant type of 
CXCL13 3′-UTR, termed as CXCL13-WT and CXCL13-
MUT, were co-transfected with NC/miR-154-5p ago-
mir into HEK-293 T cells. The correlation was assessed 
through calculating the ratio of firefly luciferase to renilla 
luciferase activities.

Statistical Analysis

Data were presented as means ± SD and were analyzed 
using GraphPad Prism 7. The effects of miR-154-5p mim-
ics and inhibitor on miR-154-5p expression were analyzed 
using Students’ t-test. The expression levels of SNHG5, 
miR-154-5p, CXCL13, GFAP and IBA-1 were analyzed 
using one-way ANOVA combined with Bonferroni’s mul-
tiple comparisons test, and the rest of data were compared 
using two-way ANOVA combined with Bonferroni’s mul-
tiple comparisons test. All experiments were repeated at 
least three times and p values less than 0.05 were regarded 
as statistically significant.

Results

SNHG5 was Up‑Regulated in a Mouse SNL Model

Mouse SNL model was established as previously 
described. Mouse PWT and PWL in response to mechani-
cal stimuli were significantly reduced in SNL model from 
day 3 after surgery and remained lower (Fig. 1a, b). The 
SNHG5 level in mouse spinal cord was remarkably up-reg-
ulated since the third day after SNL model establishment, 
and SNHG5 level was over four times higher in SNL group 
than that in sham group 14 days after surgery (Fig. 1c). 
In situ hybridization assay displayed similar results that 
SNHG5 expression was dramatically elevated in L5 DRG 
in SNL group compared with that in sham group (Fig. 1d). 
These results showed that SNHG5 level was up-regulated 
in a mouse SNL model.

Table 1   The real-time PCR primers

Target Primers

SNHG5 Forward: 5′-CGC​TTG​GTT​AAA​ACC​TGA​CACT-3′
Reverse: 5′-CCA​AGA​CAA​TCT​GGC​CTC​TATC-3′

CXCL13 Forward:5′-GGC​CAC​GGT​ATT​CTG​GAA​GC-3′
Reverse: 5′-GGG​CGT​AAC​TTG​AAT​CCG​ATCTA-3′

GAPDH Forward: 5′-CAG​CCT​CAA​GAT​CAT​CAG​CA-3′
Reverse: 5′-TGT​GGT​CAT​GAG​TCC​TTC​CA-3′

miR-154-5p Forward: 5′-TAG​GTT​ATC​CGT​GTT​GCC​TTCG-3′
Reverse: 5′-GTG​CGT​GTC​GTG​GAG​TCG​-3′

RNU6B Forward: 5′-CTC​GCT​TCG​GCA​GCACA-3′
Reverse: 5′-AAC​GCT​TCA​CGA​ATT​TGC​GT-3′
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SNHG5 Knockdown Alleviated Neuropathic Pain 
in a Mouse SNL Model

Two adenoviruses carrying SNHG5 shRNA were injected 
into mouse L5 DRG, and SNHG5 level was significantly 
knocked down in both sham group and SNL group (Fig. 2a). 
Ad-SNHG5 2# resulted in higher efficiency in SNHG5 
knockdown and was chosen for subsequent experiments. 
SNHG5 knockdown conspicuously increased PWT and 
PWL in SNL group at day 14 after animal model establish-
ment, while no obvious effect of SNHG5 knockdown was 
observed on sham group (Fig. 2b, c). These results suggested 
that SNHG5 knockdown alleviated neuropathic pain in a 
mouse SNL model.

SNHG5 Knockdown Inhibited Astrocyte 
and Microglia Activation in Spinal Cord in a Mouse 
SNL Model

We further examined astrocyte and microglia activation in 
L5 DRG in SNL mouse after SNHG5 knockdown by immu-
nofluorescence assay. SNHG5 knockdown significantly 

decreased the protein levels of GFAP and IBA-1 in SNL 
group. However, no obvious effect of Ad-SNHG5 infection 
on GFAP and IBA-1 expression was observed in sham group 
(Fig. 3). This finding indicated that astrocyte and micro-
glia activation in SNL mice was inhibited after SNHG5 
knockdown.

SNHG5 is an Upstream Regulator of miR‑154‑5p

Bioinformatics prediction (https​://starb​ase.sysu.edu.cn/index​
.php) showed that SNHG5 is an upstream regulator of miR-
154-5p. The binding site of SNHG5 on miR-154-5p was 
shown in Fig. 4a. MiR-154-5p mimics we used significantly 
elevated the miR-154-5p level, while miR-154-5p inhibitor 
transfection remarkably reduced the miR-154-5p level in 
HEK-293 cell (Fig. 4b). Then we validated the interaction 
between SNHG5 and miR-154-5p using luciferase reporter 
assay. MiR-154-5p mimics dramatically inhibited the lucif-
erase activity in SNHG5-WT group yet had no obvious 
effect on SNHG5-MUT group. On the contrary, miR-154-5p 
inhibitor transfection remarkably increased the luciferase 
activity in SNHG5-WT group but had no significant impact 

Fig. 1   SNHG5 was up-regulated in a mouse SNL model. a, b Mouse 
PWT and PWL were evaluated using a Von Frey filaments a set of 
Plantar Test according to the manufactures’ instruction. c Rela-
tive SNHG5 level in mouse L5 DRG at day 3, day 7 and day 14 was 
measured using quantitative real-time PCR. d The SNHG5 expres-
sion was further assessed using in  situ hybridization (Bar = 50 μm). 

SNL group: surgery was performed to expose the L5 spinal nerve, 
followed by ligation with 4-0 silk thread. Sham group, identical 
surgery was performed except for that the L5 spinal nerve was not 
ligated. PWT paw withdrawal threshold, PWL paw withdrawal 
latency, *p < 0.05, **p < 0.01

https://starbase.sysu.edu.cn/index.php
https://starbase.sysu.edu.cn/index.php
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Fig. 2   SNHG5 knockdown alleviated neuropathic pain in a mouse 
SNL model. Adenoviruses were injected into the L5 DRG of mice for 
three days (n = 6; adenovirus titer was l × 1011 pfu/ml, 20  μl/day). a 
The SNHG5 level in mouse L5 DRG was measured using quantita-

tive real-time PCR after adenoviruses injection. b, c Mouse PWT and 
PWL were assessed using a commercial Von Frey filaments a set of 
Plantar Test. PWT paw withdrawal threshold, PWL paw withdrawal 
latency, **p < 0.01

Fig. 3   SNHG5 knockdown inhibited astrocyte activation in spinal 
cord in a mouse SNL model. The protein levels of GFAP and IBA-1 
were evaluated using immunofluorescence (Bar = 200  μm). GFAP 

glial fibrillary acidic protein, IBA-1 ionized calcium binding adapter 
molecule 1, **p < 0.01
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on SNHG5-MUT group (Fig. 4c). We further examined 
miR-154-5p level in mouse L5 DRG. The level of miR-
154-5p was significantly decreased since day 3 and reduced 
by more than a half on day 14 after surgery in SNL group 
compared with sham group (Fig. 4d). Besides, Ad-SNHG5 
infection elevated the miR-154-5p level in mouse L5 DRG in 
SNL mice compared with Ad-GFP control (Fig. 4e). These 
findings suggested that SNHG5 is an upstream regulator of 
miR-154-5p.

CXCL13 is a Downstream Target of miR‑154‑5p

Bioinformatics prediction on Targetscan database (https​
://www.targe​tscan​.org/vert_72/) showed that CXCL13 is 
a putative downstream target of miR-154-5p. The binding 
site of miR-154-5p on CXCL13 was shown in Fig. 5a. Lucif-
erase reporter assay showed that miR-154-5p mimics sig-
nificantly suppressed the luciferase activity in CXCL13-WT 
group compared with miR-NC, yet had no significant effect 
on that in CXCL13-MUT group (Fig. 5b). Then we exam-
ined the protein level of CXCL13 in SNL mouse by western 
blot. The CXCL13 level was significantly elevated since day 
3 and reached more than eight times higher at day 14 than 
that in sham group (Fig. 5c). MiR-154-5p agomir injection 
remarkably increased the miR-154-5p level (Fig. 5d), yet 
conspicuously reduced the CXCL13 protein level in SNL 
mice (Fig. 5e). These results revealed that CXCL13 is a 
downstream target of miR-154-5p.

SNHG5 Knockdown Alleviated Neuropathic Pain 
by Inhibiting Astrocyte and Microglia Activation 
Through miR‑154‑5p

We tested the efficiency of miR-154-5p antagomir using 
quantitative real-time PCR and found that miR-154-5p 
antagomir showed significant inhibitory effect on miR-
154-5p expression (Fig. 6a). Ad-SNHG5 infection signifi-
cantly inhibited CXCL13 expression while miR-154-5p 
antagomir abolished the SNHG5 knockdown induced 
CXCL13 down-regulation in SNL mice (Fig.  6b). Ad-
SNHG5 infection increased the PWT and PWL in SNL mice 
at day 14 after surgery, whereas simultaneous miR-154-5p 
inhibition partially abrogated such impact (Fig. 6c). Besides, 
SNHG5 knockdown decreased the protein levels of GFAP 
and IBA-1 in SNL mice, while miR-154-5p inhibition par-
tially reversed such effect (Fig. 6d). Together, these findings 
suggest that SNHG5 knockdown ameliorated neuropathic 
pain by suppressing astrocyte and microglia activation 
through miR-154-5p.

Discussion

The dysregulated expression of lncRNAs in injured nerve, 
DRG and spinal cord has generated increasing interests in 
neuropathic pain research. To date, several lncRNAs includ-
ing Kcna2 AS RNA, MRAK009713, NONRATT021972, 

Fig. 4   SNHG5 is an upstream regulator of miR-154-5p. a The biding 
site of SNHG5 on miR-154-5p was shown. b Relative miR-154-5p 
level in HEK-293 cell after miR-154-5p mimics or miR-154-5p inhib-
itor transfection was measured using quantitative real-time PCR. c 

The interaction between miR-154-5p and SNHG5 was validated using 
luciferase reporter assay. d, e Relative miR-154-5p level in mouse L5 
DRG after animal model established and adenoviruses infection was 
measured using quantitative real-time PCR, **p < 0.01

https://www.targetscan.org/vert_72/
https://www.targetscan.org/vert_72/
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BC168687 and uc.48+ have been reported to participate in 
the regulation of neuropathic pain [9, 10, 20, 21]. Although 
exploring the roles of lncRNAs in the pathogenesis of this 
unneglectable disorder may offer novel therapeutic options, 
our investigation is still at its preliminary stage. More lncR-
NAs remain to be discovered and more intensive researches 
are required for their clinical application [22]. Jiang et al. 
investigated the role of SNHG5 in rats with spinal cord 
injury (SCI) and found that SNHG5 was up-regulated in the 
spinal cord of SCI rats, and SNHG5 over-expression aggra-
vated SCI and facilitated the activation of astrocytes and 
microglia by targeting Krüppel-like factor 4 (KLF4) [23]. 
Astrocyte and microglia activation is positively related to 
neuropathic pain [24]. These previous studies inspired us 
to investigate the role of SNHG5 in neuropathic pain. In 
the present study, we first examined the expression level 
of SNHG5 in the mouse L5 DRG. PWT and PWL detec-
tions revealed that we successfully established a mouse 

neuropathic pain model, and a dramatic up-regulation of 
SNHG5 was observed. Then we delivered SNHG5 short 
hairpin RNAs via adenovirus vehicle into mouse L5 DRG 
and observed a conspicuously increased PWT and PWL, 
indicating that SNHG5 knockdown could efficiently alle-
viate neuropathic pain. Besides, SNHG5 knockdown also 
reduced levels of GFAP and IBA-1, typical markers for 
astrocyte and microglia activation, in SNL mice but not in 
sham mice. These results indicated that SNHG5 knockdown 
could efficiently ameliorate neuropathic pain and had no 
effect on normal mice. Therefore, SNHG5 knockdown is 
a potential therapeutic strategy for neuropathic pain treat-
ment. However, more preclinical investigations are required 
to validate this strategy.

The “competing endogenous RNAs (ceRNA)” hypoth-
esis that noncoding RNAs communicate with each other 
through microRNA response elements, is validated to be 
a crucial regulatory network in numerous physiological 

Fig. 5   CXCL13 is a down-
stream target of miR-154-5p. a 
The binding site of miR-154-5p 
on CXCL13 was shown. b The 
interaction between miR-154-5p 
and CXCL13 was verified 
using luciferase activity. c The 
CXCL13 protein level was 
detected at day 3, day 7 and day 
14 after SNL model establish-
ment. d Relative miR-154-5p 
level in mouse L5 DRG after 
miR-154-5p agomir or NC 
agomir injection was measured 
using quantitative real-time 
PCR. e The CXCL13 protein 
level in mouse L5 DRG after 
miR-154-5p agomir or NC ago-
mir injection was detected using 
western blot, **p < 0.01
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processes [25]. MiR-154-5p modulates the progression of 
a spectrum of human cancers by targeting specific tar-
get genes [12, 26–28]. Wei et al. first demonstrated that 
lncRNA X inactive-specific transcript (XIST) aggravated 
neuropathic pain by sponging miR-154-5p to increase 
TLR5 expression, implying its critical role in neuropathic 
pain progression [16]. In this study, we found that miR-
154-5p was down-regulated in L5 DRG in mouse SNL 
model. We further validated that SNHG5 directly regulates 
the expression of miR-154-5p in mouse SNL model, which 
was highly in accordance with previous study in breast 
cancer [12]. Besides, SNHG5 knockdown mediated neuro-
pathic pain alleviation was abolished by miR-154-5p inhi-
bition, accompanied with promoted astrocyte and micro-
glia activation. These findings suggested that SNHG5 
knockdown alleviates neuropathic pain by regulating 

miR-154-5p. In addition, CXCL13 is up-regulated in SNL 
animal model and induces neuropathic pain by activat-
ing spinal astrocyte [29]. In the present study, CXCL13 
was validated to be a downstream target of miR-154-5p. 
The expression of CXCL13 was also positively regulated 
by SNHG5 according to our results, which suggest that 
SNHG5 modulates neuropathic pain by regulating the 
miR-154-5p/CXCL13 axis. We may investigate the exact 
interaction between SNHG5 and CXCL13 in the progres-
sion of neuropathic pain in our future work.

In conclusion, our results demonstrated that lncRNA 
SNHG5 knockdown alleviated neuropathic pain and inhib-
ited the astrocyte and microglia activation through regulat-
ing the miR-154-5p/CXCL13 axis. Our findings might offer 
a potential therapeutic target for the clinical treatment of 
neuropathic pain.

Fig. 6   SNHG5 knockdown alleviated neuropathic pain and inhib-
ited astrocyte activation through miR-154-5p. a The inhibitory effect 
of miR-154-5p antagomir was assessed using quantitative real-time 
PCR. b The protein level of CXCL13 in mouse L5 DRG after Ad-
SNHG5 or miR-154-5p antagomir injection was examined by western 

blot assay. c Mouse PWT and PWL were assessed using a commer-
cial Von Frey filaments a set of Plantar Test. d The protein levels of 
GFAP and IBA-1 after Ad-SNHG5 or miR-154-5p antagomir injec-
tion were assessed using immunofluorescence assay. PWT paw with-
drawal threshold, PWL paw withdrawal latency, **p < 0.01
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