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whereas 3-MA (a specific inhibitor of autophagy) sup-
presses Poly (I:C)-induced secretion of proinflammatory 
cytokines. Autophagy inhibition further inhibits TLR3-
mediated mechanical and cold hypersensitivity follow-
ing SNL. These results suggest that inhibition of TLR3/
autophagy signaling contributes to alleviate neurophathic 
pain triggered by SNL.
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Introduction

Neuropathic pain following peripheral nerve injury (PNI), 
correlated with local neuroinflammation in the spinal cord, 
is a severe incapacitating condition with which clinical 
treatment remains a major challenge [1, 2]. PNI results in 
microglial activation that induces excessive inflammation, 
which contributes to neuropathic pain and secondary tis-
sue damage [3]. The advances in suitable therapy for the 
purpose of alleviating neuropathic pain hypersensitivity 
have been limited because the pathophysiological mecha-
nisms causing this remain unclear. Revealing underlying 
mechanisms for the development of neuroinflammation and 
neuropathic pain is indispensable for developing effective 
pharmacotherapy.

Toll-like receptors (TLRs) have been shown to play an 
important role in inducing innate immunity by recogniz-
ing exogenous structures in microorganisms or produced 
from tissue injury [4, 5]. TLRs signaling have been impli-
cated in the activation of spinal cord microglia during the 
development of nerve injury-induced neuropathic pain [6, 
7]. Several studies showed that microglia express func-
tional TLR2, TLR3, TLR4 and TLR9 [8]. TLR4 is a key 
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microglial receptor in the initiation of behavioral hypersen-
sitivity following PNI. TLR4 expression in spinal microglia 
is upregulated after L5 SNL in rats [6]. TLR4-knockout 
mice show a reduced microglial activation and strongly 
decreased expression of pain related cytokines, and these 
animals develop less neuropathic pain [9]. Likewise, sev-
eral studies observed that TLR2 triggers the proinflamma-
tory activation of spinal cord microglia during peripheral 
nerve injury [10, 11]. Kim et  al. demonstrated that TLR2 
is necessary for the development of neuropathic pain [10]. 
TLR2/4 promotes microglial activation and inflammatory 
injury partly by activating autophagy [12, 13]. Emerg-
ing studies showed that TLR3 is also crucial to the devel-
opment and maintenance of neuropathic pain [14]. Obata 
et  al. reported that TLR3 could induce p38 mitogen-acti-
vated protein kinase (MAPK) activation in spinal micro-
glia and result in the development of SNL-induced neu-
ropathic pain [15]. Ketamine can significantly attenuate 
SNL-induced mechanical allodynia by depressing TLR3 
signaling in spinal microglia in a rat model of neuropathic 
pain [14]. However, the underlying mechanisms of TLR3 in 
regulating neuropathic pain are not clarified.

Autophagy is a lysosome-mediated intracellular cata-
bolic process by which cells remove their damaged orga-
nelles for the maintenance of cellular homeostasis [16]. 
Several researches showed that autophagy involves in the 
regulation of inflammatory response [17, 18]. Shi et  al. 
demonstrated that miR-195 increases neuroinflammation 
and aggravates neuropathic pain by inhibiting autophagy 
following PNI [18]. Interestingly, mRNA is an endogenous 
ligand for TLR3. Therefore traumatic injury that accumu-
lates RNA in pathologic lesions has the potential to activate 
this receptor [8].

Based on above findings, we hypothesized that TLR3 
might be involved in nerve injury-induced activation of 
spinal cord microglia, and autophagy might play important 
roles in TLR3-mediated neuroinflammation and neuro-
pathic pain.

Materials and Methods

Neuropathic Pain Model

All animal experiments were carried out according to 
the guidelines of the International Association for the 
Study of Pain and were approved by the Animal Care and 
Use Committee of Ruijin Hospital Luwan Branch. Male 
Sprague–Dawley rats (180–200  g) were purchased from 
the Animal Center of the Chinese Academy of Sciences 
(Shanghai, China) and maintained in a specific pathogen-
free environment under conditions of 22–25 °C ambient 
with food and water available. Every effort was made to 

alleviate pain and suffering during the experimental proce-
dures, and the number of rats used was the least required to 
obtain significant statistical power.

The L5 SNL model was produced as previously 
described [19, 20]. Briefly, rats were anesthetized with iso-
flurane (2.5%, Baxter, Deerfield, IL), and an approximately 
2-cm long skin incision was made along the rat’s back. 
After removal of L6 transverse spinal process, the L5 spi-
nal nerve was identified and ligated tightly with a 3 − 0 silk 
thread without damage to the dorsal root ganglions or other 
nerves. In sham-operated rats, the left L5 spinal nerve was 
isolated, without ligation. In each group, the ipsilateral L4 
spinal nerve remained untouched, and the right side was 
not subjected to any surgery.

Real‑time PCR

Total RNA was isolated from ipsilateral spinal cord or 
cultured microglia by using Trizol Reagent (Life Tech-
nologies, CA, USA) and was reverse-transcribed to cDNA 
using the Oligo (dT) 18 primer. Quantitative real-time PCR 
(qPCR) was performed using a standard protocol from the 
SYBR Premix Ex Taq (TaKaRa) on Applied Biosystems 
7300 real-time PCR system (Applied Biosystems, Foster 
City, CA). The qPCR primers for TLR3 are as follows: 
forward (TCTTTCCTACAACAGCCTCCG) and reverse 
(TAAATGCTCGCTTCAAACTCAG). β-actin was used as 
references for mRNAs. Each sample was analyzed in trip-
licate. PCR was carried out as previously described [21] at 
the following conditions: denaturing at 94 °C for 10  min, 
followed by 40 cycles of 94 °C for 10 s, 55 °C for 10 s and 
72 °C for 10 s. Data were analyzed using the comparative 
threshold cycle (Ct) method, and results were expressed as 
fold difference.

Western Blot Analysis

After quantifications of the protein samples using BCA 
Protein Assay Kit (Pierce Biotechonology, Rockford, IL). 
A total of 120  µg protein of ipsilateral L5 spinal sample 
or cultured microglia was electrophoresed through a 12% 
SDS-polyacrylamide gel, and then wet electro-transferred 
to 0.2  µm PVDF membranes (Bio-Rad). The blots were 
incubated overnight at 4 °C with antibodies (TLR3: 1  µg/
mL, ab62566, Abcam, CA, USA; Microtubule-associated 
protein 1 light chain 3 beta (LC3B): 1  µg/mL, ab63817, 
Abcam; Sequestosome 1 (SQSTM1/ p62): 2  µg/mL, 
ab56416, Abcam), then incubated with a goat anti-rabbit 
HRP-conjugated secondary antibody (1:5000, Jackson, 
USA). Protein signals were assayed using an enhanced 
chemiluminescence detection system (Pierce Biotechonol-
ogy, Rockford, IL). An anti-β-actin antibody with 1:1000 
dilution (Cell Signaling Technology, USA) was used as an 
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internal control. The intensity of the selected bands was 
analyzed using Image J software (National Institutes of 
Health [NIH], Bethesda, MD, USA).

Primary Microglial Cell Cultures

The spinal microglial cells were isolated by Percoll den-
sity gradient centrifugation as described previously [8, 10, 
18, 22]. Briefly, rats were sacrificed and the portions of the 
ipsilateral L4–L5 spinal cord were isolated. Spinal cords 
were ground in ice-cold Hanks’ balanced salt solution. Sus-
pensions were passed through a 70-μm cell strainer (Fal-
con, Becton Dickinson and Company, Heidelberg, Ger-
many) and cells were centrifuged at 1000 rpm for 10 min. 
A density gradient consisting of 4 mL cells in 75% Percoll, 
3 mL 50% Percoll, 3 mL 35% Percoll and 2 mL PBS was 
centrifuged (1000 g for 20 min). Cells at the 50/75% inter-
face were collected, washed in ice-cold PBS, and main-
tained in DMEM, supplemented with heat-inactivated 
10% fetal bovine serum (Gibco, USA), 100 U/mL penicil-
lin, and 0.1 mg/mL streptomycin (Gibco, USA). Microglia 
were harvested from the underlying astrocytic monolayer 
by gentle agitated. Purity of microglia was determined by 
CD11b staining and was greater than 98% (Supplementary 
Fig. S1). The following experiments were carried out after 
culturing for 2–4 days.

ELISA Assay

Primary microglial cells were plated on 96-well plates 
at a density of 2 × 104/well. After stimulation with indi-
cated reagents, IL-1β and TNF-α released into the culture 
medium were assessed using ELISA kits. Rat IL-1β and 
TNF-α ELISA kits were purchased from R&D Systems 
(R&D, MN, USA). Plates were read using a microplate 
reader (Model 550, Bio-Rad, USA) at a 450  nm wave-
length. Each sample was analyzed in triplicate.

Immunofluorescence

Rats were anesthetized with sodium pentobarbital (50 mg/
kg, i.p.) and transcardially perfused with 4% paraform-
aldehyde in 0.1 M PBS (pH 7.4). The L5 spinal cord was 
removed, postfixed in 4% paraformaldehyde for 1 h at room 
temperature. Spinal cord transverse Sections (14-μm-thick) 
were prepared on a gelatin-coated slide glass using a cry-
omicrotome (Leica). The sections were briefly rinsed in 
PBS and blocked in a solution containing 5% BSA (Sigma) 
and 0.1% Triton X-100 (Sigma) for 1 h at room tempera-
ture. The sections were then incubated overnight at 4 °C 
with the indicated primary antibody (TLR3: 5  µg/mL, 
ab62566, Abcam). After rinsing in 0.1  M PBS, the sec-
tions were incubated for 1  h at room temperature with a 

mixture of FITC-conjugated or Cy3-conjugated secondary 
antibodies (1:200, Jackson ImmunoResearch Laboratories). 
Fluorescent images were obtained with the FluoView™ 
FV1000 confocal microscope (Olympus, Tokyo, Japan).

Additionally, microglial cells were fixed with 4% para-
formaldehyde, and subjected to immunocytochemistry 
using TLR3 antibody (5 µg/mL, ab62566, Abcam). Micro-
glia were identify using Iba1 antibody (1:1000, WAKO). 
Samples were examined with the FluoView™ FV1000 
confocal microscope (Olympus).

Autophagy level was assayed using an autophagy detec-
tion kit according to the manufacturers’ instructions (ENZ-
51031-K200, Enzo life science). In brief, 2 × 104 micro-
glial cells were seeded on poly-l-lysine-coated coverslips 
sitting on the bottom of 12-well plates. After 24  h, cells 
were washed once in PBS and re-suspended in 1 × Cyto-ID 
Green autophagy detection reagent and incubated at room 
temperature for 30  min. Analysis of the stained cells was 
performed with the FluoView™ FV1000 confocal micro-
scope (Olympus). Green puncta was calculated to show the 
activation of autophagy.

Intrathecal Injections

Intrathecal administration was performed by lumbar punc-
ture as described by Calvo et al. [23]. Under anaesthesia a 
26G-gauge needle was inserted between the L5 and L6 ver-
tebrae. About 10  μL of working solution containing poly 
(I:C) (5  mg/mL), 3-MA (1.5  mg/kg/day) or siRNA mix-
tures against TLR3 (0.2 μg/μl, Santa Cruz Biotechnology, 
CA, USA), which was referred to as Khoroosh’s study [24] 
and according to our preliminary results, was given once 
a day for 2 weeks. The knockdown effects of the mixtures 
of three siRNAs were verified in vivo and in vitro. Saline 
was used for control injections. The quality of each injec-
tion was ensured by the observation of an injection-induced 
tail-flick.

Behavioral Assessment

Tests were performed as described previously [18]. 
Mechanical sensitivity were tested using calibrated von 
Frey filaments (Stoelting, Wood Dale, IL) applied to the 
plantar surface of the hind paw ipsilateral to surgery. A 
servo-controlled mechanical stimulus was applied to the 
plantar surface at 10-min intervals. The withdrawal thresh-
old of each paw was tested three times for each time point 
and mean values were used in the analysis. To test the cold 
allodynia, a drop (50 µl) of acetone was applied to the cen-
tre of the plantar face of a hindpaw. Acetone was applied 
alternately twice to each hindpaw, with 5 min between each 
successive application. Responses were monitored during 
2  min after acetone application. All behavioral tests were 
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assessed by the same author (Weijia Chen) who is not 
aware of the group assignment.

Statistical Analysis

Data are presented as mean ± standard deviation (SD) from 
at least three separate experiments. The unpaired Student 
t test was used to assess statistical differences between 
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two experimental conditions. Differences among more 
than two experimental conditions were tested by the one-
way ANOVA, followed by the Scheffé test to analyze dif-
ferences between groups. Behavioural data was analyzed 
using RM two-way ANOVA. Differences were deemed sta-
tistically significant at p < 0.05.

Results

L5 SNL Results in an Increased Expression of TLR3

Emerging studies showed that TLRs play pivotal roles in 
PNI-induced inflammatory processes, and individual TLRs 
have been investigated in nociception [25]. However, the 
role of TLR3 in the regulation of neuropathic pain follow-
ing SNL remains unclear. Here we first assayed whether L5 
SNL changes the expression level of TLR3. As shown in 
Fig. 1a, TLR3 mRNA level is promptly increased in the L5 
spinal cord tissues after L5 SNL and maintained at higher 
values throughout a period of 14 d compared to that for the 
sham-operated group. Then we carried out immunofluores-
cence analysis costaining with antibodies against TLR3 and 
Iba1 in the ipsilateral L5 spinal cord dorsal horn. Figure 1b 
showed that TLR3 expression is increased following injury, 
and the TLR3-immunoreactivity usually co-localized to 
microglial markers Iba1. Western blot analysis also veri-
fied that the expression of TLR3 is enhanced after L5 SNL 
compared to sham-operated group (Fig. 1c).

We further analyzed the expression level of TLR3 in pri-
mary microglial cells because microglial cells are key cel-
lular mediators of neuroinflammatory processes. Figure 1d 
showed that the mRNA level of TLR3, which is low in 
sham-operated rats, is upregulated in spinal microglia after 
L5 SNL, starting from postoperative 2 days, and persisting 

a period of 14  days. Western blot analysis verified that 
the protein level of TLR3 is increased following L5 SNL 
(Fig. 1e). We next performed double-immunolabeling with 
cell type specific markers and found that most TLR3 + cells 
are positive for the microglial markers Iba1, and spinal 
microglia with the high levels of TLR3 also indicates an 
activated morphology (Fig. 1f).

L5 SNL Increases the Activation of Microglial 
Autophagy

Much evidence demonstrated that TLRs-mediated 
autophagy contributes to microglial activation and inflam-
matory injury in mouse models of intracerebral haemor-
rhage [13] or in rat models of PNI [25]. Autophagy acti-
vation involves in the regulation of inflammatory response 
[17, 18]. For example, autophagy inhibition suppresses 
miR-195-induced neuroinflammation and neuropathic pain 
after PNI [18]. To verify this speculation, we carried out 
in  situ IHC costaining with antibodies against LC3 and 
Iba1 in the ipsilateral L5 spinal cord dorsal horn. Fig-
ure 2a showed that LC3 expression is increased following 
injury, and the LC3-immunoreactivity usually co-local-
ized to microglial markers Iba1. Then primary microglia 
cells were isolated from sham- and SNL-treated rats, and 
respective activation of autophagy was analyzed. Figure 2b 
showed that following SNL, there is an increase of green 
puncta representing autophagic vacuoles and an accumu-
lation of LC3-II in spinal microgial cells, indicating that 
autophagy is activated. The ratio of LC3-II to LC3-I has 
been shown to be a reliable indicator of autophagy [26]. 
Figure  2c showed that L5 SNL results in an increase in 
the ratio of LC3-II/LC3-I. The ubiquitin-binding protein 
p62 is an autophagy substrate, which upon direct binding 
to LC3 incorporates into autophagosomes and is efficiently 
degraded by autophagy [27]. The autophagy flux is further 
determined by assaying the decrease of p62/SQSTM1 pro-
tein level, a well-established autophagy substrate (Fig. 2d).

TLR3 Positively Regulates Autophagy Activation

L5 SNL upregulates TLR3 expression and increases the 
activation of autophagy. Then we will investigate whether 
TLR3 mediates autophagy activation. Primary microglial 
cells were isolated from sham rats and were treated with 
Poly (I:C), a TLR3 agonist. Figure  3a showed that Poly 
(I:C) treatment results in an increase of green puncta, 
indicating that autophagy is activated. Western blot analy-
sis showed that Poly (I:C) treatment increases the ratio of 
LC3-II/LC3-I (Fig. 3b). The autophagy flux is further veri-
fied by assaying the decrease of p62/SQSTM1 protein level 
(Fig. 3c). We next investigated whether TLR3 knockdown 
inhibits microglial autophagy after L5 SNL. Figure  3d, e 

Fig. 1   TLR3 expression is increased after SNL. a The mRNA level 
of TLR3 is increased in the L5 spinal cord tissues after L5 SNL. 
Total RNA was extracted from the L5 spinal cord tissues of sham-
operated and SNL-injured rats and was subjected to real-time PCR to 
analyze the relative expression level of TLR3 in each sample. n = 9. 
*p < 0.05 vs. sham. b TLR3 and microglial marker (Iba-1) protein 
levels were assayed using in  situ immunofluorescence in the ipsilat-
eral L5 spinal cord dorsal horn. Representative spinal cord sections 
are shown. Scale bar 50  µm. c Western blot analysis of TLR3 pro-
tein expression in the L5 spinal cord tissues in each sample. n = 9. 
*p < 0.05 vs. sham. d Primary spinal microglial cells were isolated 
from sham-operated and SNL-injured rats at the indicated time, and 
relative TLR3 mRNA levels were analyzed by real-time PCR. n = 9. 
*p < 0.05 vs. sham. e Primary spinal microglial cells were isolated 
from sham-operated and SNL-injured rats at the indicated time, and 
relative TLR3 protein levels were analyzed using western blot. n = 9. 
*p < 0.05. f Double immunofluorescence labeling for TLR3 (red) and 
cell-type markers (Iba-1, microglia marker, green) in spinal micro-
glial cells isolated from sham-operated and SNL-injured rats. Scale 
bar 50 µm. (Color figure online)

◂
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showed that the activation of microglial autophagy follow-
ing SNL, measured by immunofluorescence and western 
blot analysis, is decreased after TLR3 knockdown in vivo. 
The inhibition of autophagy flux is further verified by 
assaying the p62/SQSTM1 protein level (Fig.  3f). These 
data suggest that TLR3 positively regulates autophagy acti-
vation following L5 SNL.

TLR3/Autophagy Signaling Regulates 
Neuroinflammation, and Mechanical and Cold 
Hypersensitivity After L5 SNL

To investigate the role of TLR3/autophagy signaling on 
regulating neuroinflammation and neuropathic pain fol-
lowing SNL, microglial cells were treated with Rapa (an 
autophagy agonist) and proinflammatory cytokines were 
assessed after treatment with Poly (I:C). Rapa significantly 
increases Poly (I:C)-induced expression of IL-1β and 
TNF-α in spinal microglia, whereas knockdown of TLR3 
suppresses Poly (I:C) and Rapa-induced release of pro-
inflammatory cytokines (Fig. 4a, b). Expectedly, 3-MA (a 
specific autophagy inhibitor) treatment inhibits Poly (I:C)-
induced secretion of pro-inflammatory cytokines (Fig. 4c, 
d).

To examine the role of TLR3/autophagy signaling in 
regulating tactile allodynia, we measured paw mechanical 

withdrawal threshold and cold allodynia after intrathecal 
administration of Poly (I:C) and 3-MA. Intrathecal admin-
istration of Poly (I:C) results in a significant increase in 
cold sensitivity, whereas 3-MA effectively inhibits Poly 
(I:C)-induced acute cold hypersensitivity (Fig.  5a). Poly 
(I:C) treatment displays a marked decrease in the paw 
mechanical withdrawal threshold in rat model of L5 SNL, 
whereas intrathecal administration of 3-MA reduces the 
effect of Poly (I:C) on enhancing mechanical sensitivity 
(Fig. 5b). These results confirmed that inhibition of TLR3/
autophagy signaling might effectively suppress SNL-
induced neuroinflammation and alleviate neuropathic pain.

Discussion

Several studies have demonstrated the expression of TLRs 
on spinal glia and the ability of TLR agonists to evoke 
secretion of cytokines, and have emphasized the role of 
spinal TLRs in spinally mediated facilitated pain states [25, 
28–30]. In models of persistent inflammation, mice with 
defects in TLRs expression show a prominent attenuation 
of behaviorally defined hyperpathia [25, 31].

In the current study, our results clearly show the induc-
tion of TLR3 in the spinal microglia and that TLR3 expres-
sion is crucial to the production of pro-inflammatory 

Fig. 2   L5 SNL increases the activation of microglial autophagy. a 
Autophagy marker (LC3) and microglial marker (Iba-1) protein lev-
els were assayed using in  situ IHC in the ipsilateral L5 spinal cord 
dorsal horn. Representative spinal cord sections are shown. n = 3, 
Scale bar 100  µm. b Primary spinal microglial cells were isolated 
from sham-operated and SNL-injured rats (n = 3) at day 10, and the 
autophagosome formation was visualized by assaying activated green 
puncta. Punctate staining is indicative for the redistribution of LC3 

to autophagosomes. The average number of green puncta per cell 
with standard deviation for each group is presented. Scale bar 50 µm. 
*p < 0.05. c Primary spinal microglial cells were isolated from sham-
operated and SNL-injured rats (n = 3) at day 10, and LC3B protein 
levels were assayed using western blot analysis. p < 0.05. d Primary 
spinal microglial cells were isolated from sham-operated and SNL-
injured rats (n = 3) at day 10, and the protein levels of p62 were 
assayed using western blot analysis. p < 0.05. (Color figure online)
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cytokines, including TNF-a and IL-1β. Meanwhile, L5 
SNL induces the activation of autophagy, which contrib-
utes to microglial activation and subsequent pro-inflam-
matory response. More important, we revealed that TLR3 
directly regulates autophagy activation in spinal microglia. 

Intrathecal administration of Poly (I:C) contributes to 
the activation of microglial autophagy, whereas TLR3 
inhibition by its specific siRNAs suppresses L5 SNL-
induced microglial autophagy. Functionally, autophagy 
activation by Rapa treatment increases the production of 

Fig. 3   TLR3 positively regulates autophagy activation. a Primary 
spinal microglial cultures isolated from sham rats (n = 3) were treated 
with poly (I:C) (0.5 μg/mL), and the autophagosome formation was 
evaluated by assaying green puncta. The average number of green 
puncta per cell with standard deviation for each group is presented. 
Scale bar 50  µm. *p < 0.05. Primary spinal microglial cultures iso-
lated from sham rats (n = 3) were treated with poly (I:C), and LC3B 

protein levels (b) or p62 protein levels (c) were assayed using west-
ern blot analysis. *p < 0.05. Primary spinal microglial cultures were 
isolated from SNL-rats (n = 3) treated with TLR3 specific siRNAs, 
and the autophagosome formation was evaluated by assaying green 
puncta (d), LC3B protein levels (e) or p62 protein levels (f). Scale 
bar 50 µm. *p < 0.05. (Color figure online)
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pro-inflammatory cytokines, whereas knockdown of TLR3 
inhibits Rapa-induced neuroinflammation. Finally we dem-
onstrated that autophagy inhibition by specific inhibitor 
alleviates TLR3-mediated mechanical and cold hypersensi-
tivity following L5 SNL.

Autophagy, an intracellular degradation and energy 
recycling mechanism, is emerging as a crucial regula-
tor of immune responses, and defects in autophagy have 
been linked to several inflammation-related diseases [16, 
32], including steroid-resistant airway inflammation [33], 
inflammatory bowel disease [34] and neuroinflammation 
[35]. The relationship between autophagy and inflammation 
are complex. On one hand, previous studies showed that 
autophagy negatively regulates inflammation to prevent 
the harmful amplification of inflammatory factors [36]. 
For example, autophagy inhibition results in an activation 
of inflammasomes which control the proteolytic processing 
and secretion of IL-1β and IL-18 under inflammatory stress 
[37, 38]. In an addition, inhibition of autophagy related 
16-like 1 promotes the releases of IL-1β and IL-18 in the 

mouse model of Crohn’s disease [39]. On another hand, 
several reports demonstrated that autophagy contributes to 
microglial activation and inflammatory injury. For exam-
ple, erythrocyte lysis induces TLR4-mediated microglial 
autophagy [13]. The autophagy inhibition decreases micro-
glial activation and inflammatory injury, and improves the 
neurological function after intracerebral haemorrhage [13]. 
Also, cocaine-induced upregulation of autophagy contrib-
utes to cocaine-mediated activation of microglia. Inhibi-
tion of autophagy results in a decreased expression and 
release of inflammatory factors in microglial cells [40]. 
In our study, we found that L5 SNL activates microglial 
autophagy. Autophagy activation contributes to the releases 
of pro-inflammatory cytokines and increases mechanical 
and cold hypersensitivity after L5 SNL.

Emerging studies revealed that TLR-mediated 
autophagy regulates microglial activation and inflamma-
tory injury. TLR 4 is a sensor for autophagy associated 
with innate immunity [41]. Yang et al. reported that lysed 
erythrocyte-treated microglia (TLR4−/−) have reduced 

Fig. 4   TLR3/autophagy signaling regulates neuroinflammation. 
Primary spinal microglial cultures isolated from sham-operated rats 
(n = 3) were treated with siTLR3 (30nM), poly (I:C) (0.5 μg/mL) and 
Rapa (500 nM). ELISA analysis of IL-1β (a) or TNF-α (b) of protein 
levels were carried out using Elisa kit. Primary spinal microglial cul-

tures isolated from sham-operated rats (n = 3) were treated with poly 
(I:C) (0.5 μg/mL) and 3-MA (1 μM). ELISA analysis of IL-1β (c) or 
TNF-α (d) of protein levels were carried out using Elisa kit. Data are 
expressed as mean ± SD. *p < 0.05
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autophagy activation and inflammation compared with 
microglia (wildtype) in vitro [13]. The autophagy inhibitor 
(3-MA) could markedly inhibit microglial activation and 
inflammatory injury due to lysed erythrocyte treatment, 
and improve the neurological function of intracerebral 
haemorrhage mice. Additionally, TLR2 ligands could also 
induce autophagy and regulate microglial cell death [12]. 
However, the roles of TLR3 in regulating autophagy activa-
tion and the effects of TLR3/autophagy signaling on regu-
lating neuroinflammation and subsequent neuropathic pain 
following PNI remain unclear. Here our results demon-
strated that upregulated expression of TLR3 following L5 
SNL promotes the activation of microglial autophagy, and 
that inhibition of TLR3/autophagy signaling contributes to 
alleviate neurophathic pain triggered by SNL.
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