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Abstract 

Background: Neuropathic pain (NP) is a prevalent disease, which badly impairs the life quality of patients. The under-
lying mechanism of NP is still not fully understood. It has been reported that spinal Annexin A10 (ANXA10) contrib-
utes to NP. This study aims at exploring the underlying mechanisms of spinal ANXA10 in regulating NP in rats.

Methods: Spinal nerve ligation (SNL) was adopted to establish a NP model in rats. After SNL, paw withdrawal thresh-
old and paw withdrawal latency were recorded to measure pain behaviors, RT-PCR was used to check the change 
of the expression of spinal ANXA10 mRNA, western blot analysis was used to detect the change of the protein level 
of ANXA10, nuclear factor kappa B (NF-κB), and maisrix metalloproteinase-9 (MMP-9) in the spinal cord. The levels of 
proinflammatory cytokines, including tumor necrosis factor-α (TNF-α), interleukine-1β (IL-1β), and interleukine-6 (IL-6), 
were explored by ELISA kits. The effects of both knockdown of spinal ANXA10 and inhibition of NF-κB on pain behav-
iors and the expression of MMP-9 and proinflammatory cytokines were investigated.

Results: Our present findings highlighted that SNL caused pain hypersensitivity and increased the expression of spi-
nal ANXA10/pNF-κB, TNF-α, IL-1β, and IL-6 both in the early and late phase of NP in rats, while spinal MMP-9 was only 
slightly increased in the early phase of NP. Knockdown of ANXA10 at the spinal cord level suppressed the SNL-induced 
hyperalgesia and blocked the activation of NF-κB, TNF-α and IL-1β both in the early and late phase of NP. Spinal 
ANXA10 knockdown could prevent the upregulation of spinal MMP-9 in the early phase and inhibit IL-6 expression in 
the late phase of SNL-induced NP.

Conclusions: In conclusion, spinal ANXA10/NF-κB/MMP-9 pathway, along with the activation of proinflammatory 
cytokines, was involved in the SNL-induced NP. MMP-9 may act as the downstream target of ANXA10/NF-κB pathway 
in the development rather than the maintenance of NP.
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Background
Neuropathic pain is a common pain state, caused by pri-
mary lesion or disease in the central or peripheral nerv-
ous system. Characterized by hyperalgesia (enhanced 
pain response to a normally painful stimulus) and allo-
dynia (painful response to a normally harmless stimu-
lus), NP is an intractable disease worldwide [1]. The 

underlying pathophysiological mechanisms of neuro-
pathic pain are still not fully understood. The spinal 
cord, which receives input from peripheral nociceptors 
and projects to the upper central nervous systems, plays 
a pivotal role in the progress of pain [2]. It is generally 
believed that the alteration of spinal gene expression and 
pain-related signal pathway is an important factor in the 
formation and development of chronic neuropathic pain 
[3]. Annexin A10 (ANXA10) is the latest identifed mem-
ber of annexin family, which is an evolutionary conserved 
multigene family formed by calcium and phospholipid 
binding proteins [4]. Former studies have shown that 
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ANXA10 is closely related to some physiological and 
pathological processes including tumor progression, cell 
division, and dedifferentiation. ANXA10 may act as a 
possible tumor suppressor role in gastroenteric cancers 
[5]. Recently, Lu et al. found that in a mice model of SNL-
induced neuropathic pain, spinal ANXA10 gene is highly 
upregulated in the astrocytes and neurons and is involved 
in the pathogenesis of neuropathic pain [6]. It has been 
reported that spinal extracellular regulated kinase (ERK) 
signalling and the subsequent release of proinflammatory 
cytokines act as the downstream pathway of ANXA10 in 
modulation of neuropathic pain caused by chronic con-
strictive injury in rats [7].

Pain-related cytokines participate in pain modulation 
at the spinal cord level through autocrine and paracrine, 
leading to hyperalgesia. Activated glial cells are the main 
source of cytokines in the central nervous system (CNS). 
When glial cells are activated, they produce and release a 
large number of cytokines such as IL-1β, IL-6, and TNF-α 
[8, 9]. Some proinflammatory cytokine are well known to 
be key modulators in the pathogenesis of neuropathic 
pain. The signaling pathways related to cytokines include 
the nuclear factor kappaB (NF-κB) transduction path-
way. NF-κB is a homologous or heterodimeric complex, 
among which p50/p65 is the most common dimeric form. 
NF-κB is an important transcription factor that regulates 
the gene expression of multiple pain-related factors [10]. 
Constitutively expressed in CNS, NF-κB plays a vital 
role in cell survival and synaptic plasticity. Activation of 
NF-κB is triggered in many kinds of animal models of 
neuropathic pain such as spinal nerve ligation, chronic 
constriction injury of the sciatic nerve [11]. Pain sensitiv-
ity caused by nerve injury can be alleviated by inhibition 
of NF-κB. Translocation of NF-kB into the nucleus could 
trigger the activation of many cytokines, including IL-1β, 
IL-6, TNF-α [12].

MMP-9 is a member of maisrix metalloproteinase 
(MMP), which is  a group of  Zn2+-containing proteases 
that degrade the extracellular matrix (ECM) and par-
ticipate in the inflammation and tissue repair processes 
of various neurodegenerative diseases [13, 14]. Many 
studies have demonstrated that expression of MMP-9 
in dorsal root ganglion (DRG) and spinal cord was cor-
related with the pathological process of neuropathic pain 
[13, 15]. The mechanisms of MMP-9 in mediating neu-
ropathic pain are complex. It’s been reported that the 
binding sites of MMP-9 on its promotor was regulated 
by NF-κB [16]. The NF-κB/MMP-9 signaling pathway 
has been implicated in many biological processes, such 
as injury-induced neointimal hyperplasia, the process 
of cancer cell invasion [17]. There is increasing evidence 
to support the idea that NF-κB/MMP-9 pathway is also 
involved in the development of neuropathic pain [18]. 

Besides, MMP-9 has been shown to induce neuropathic 
pain through promoting cleavage of some particular 
cytokines at early times after nerve injury [19].

In this study, we performed spinal nerve ligation (SNL) 
model, which is commonly believed to mimic the human 
patients suffering from long-lasting and recurrent pain. 
We focused on NF-κB/MMP-9 pathway and the release 
of proinflammatory cytokines to dissect out the under-
lying mechanism of ANA10 in modulating neuropathic 
pain.

Methods
Animals
Adult male Sprague–Dawley rats weighing 200–250  g 
were used in the current study. The rats were pur-
chased from Zhejiang Chinese Medical University (Hang 
Zhou, China). All the animals were maintained under a 
12 h/12 h light/dark cycle with a constant room tempera-
ture (RT) of 23 ± 1  °C. All experiments were performed 
according to the guidelines and regulations set by the 
International Association for the Study of Pain.

Spinal nerve ligation (SNL)
Firstly, the rats were anesthetized with sodium pento-
barbital (40 mg/kg) intraperitoneally. After the skin was 
sterilized, a midline incision was made along the sixth 
left lumbar. Then the left paraspinal muscles were sepa-
rated and  L6 transverse process was removed to expose 
the left  L5 spinal nerve. The  L5 spinal nerve was carefully 
separated and ligated with 4–0 silk sutures. Finally, the 
incision was closed layer by layer. Rats in the sham group 
underwent the same procedure except for nerve ligation.

Behavior tests
The mechanical thresholds were measured by paw with-
drawal threshold (PWT). PWT was assayed by von Frey 
test as described by Chaplan et  al. [20]. Before testing, 
rats were placed in a transparent plastic cage on wire 
mesh to adapt to the environment for 30 min. The pro-
cedure was performed while keeping surrounding envi-
ronment quiet. Using Von Frey filament, we pressed the 
plantar surface of each rat’s left hind paw. When the 
rat showed paw withdrawal or paw-licking responses, a 
lower filament was switched. If there were no positive 
responses, a higher filament was selected. The withdrawal 
threshold was evaluated using Dixon’s up–down method.

Paw withdrawal latency (PWL) was used to determine 
the thermal hyperalgesia of rats using heat radiation 
method. Each rat was placed in a plexiglass box, which 
was placed on a glass plate, to adapt to the environment 
for 30  min. The plantar surface of left foot was irradi-
ated with a heat stimulator in accordance with the Har-
greaves method [21]. The time from the beginning of the 



Page 3 of 9Sun et al. BMC Neurosci           (2019) 20:28 

irradiation to the emergence of paw withdrawal or paw-
licking response was recorded as PWL. A cutoff time of 
30 s was set to avoid skin or tissue damage.

Quantitative reverse transcription polymerase chain 
reaction (RT‑PCR)
The rats were anesthetized with sodium pentobarbital 
(50 mg/kg) intraperitoneally. The  L4–5 region of the spi-
nal cord was quickly dissected into separate RNase-free 
Eppendorf tubes and immediately transferred to − 80 °C 
refrigerator. Total RNA of the frozen lumbar spinal cord 
was isolated by using Trizol reagent (Life Technologies, 
CA, USA). After purification, the RNA concentration 
was estimated using the Spectrophotometer (Thermo 
Fisher Scientific). Real-time PCR was performed using 
the SYBR PrimeScript Kit (Takara) on the CFX96 Real-
time PCR detection system (Bio-Rad, US). The primer 
sequences of rat ANXA10 were: Forward: TGA TGG ATG 
CCC AAG TGA TAG, Reversd: CAT TGC TGC GTT GTG 
TTA GG. β-actin was taken as reference gene. The primer 
sequences of β-actin were: Forward: AGG TCG GTG TGA 
ACG GAT TTG, Reversd: GGG GTC GTT GAT GGC AAC 
A. Relative RNA expression (fold change) was analyzed 
using the  2−ΔΔCt method [22].

Western blotting
The rats were anesthetized with sodium pentobarbital 
(50  mg/kg) intraperitoneally. The  L4–5 spinal cord was 
rapidly removed and frozen in liquid nitrogen. The tis-
sues were homogenated with protein lysate buffer for 
30 min on ice. After the homogenate was centrifuged at 
10,000  rpm for 15  min at 4  °C, the supernatants of the 
samples were collected and estimated for protein con-
centration by the BCA protein assay (Boster, Wuhan). 
After being boiled at 100  °C for 5  min, the supernatant 
was mixed with 5 × loading buffer. Samples containing 
equal amount of total protein were loaded and electro-
phoresed on a 10% SDS-PAGE gel. The separated pro-
teins were then transferred to the polyvinylidene fluoride 
(PVDF) membranes. The membranes were blocked in 
5% non-fat milk at room temperature for 2 h. Then, the 
membranes were incubated with primary antibody rab-
bit anti-ANXA10 antibody (1:1000, db2943, Diagbio, 
lot: Q1009); rabbit anti-pNF-κB/p65 (1:1000, ab86299, 
Abcam, lot: GR3204852-6); rabbit-anti-MMP-9 (1:1000, 
ab38898, Abcam, lot: 573144); rabbit-anti-GAPDH 
(1:2000, db106, Diagbio, lot: P1020) overnight at 4  °C. 
The membranes were washed for 3 × 10 min with TBST 
(Tris-buffered saline Tween-20). After being washed, the 
membranes were further incubated with secondary anti-
body (goat anti-rabbit IgG, HRP, 1:5000, BA1054, Boster) 
at room temperature for 2  h. Membranes were washed 

for 3 × 10 min with TBST. Quantity One (Bio-Rad,USA) 
was used to perform the densitometry analysis.

Enzyme‑linked immunosorbent assay (ELISA)
The levels of proinflammatory cytokines in the  L4–5 spi-
nal dorsal horn tissues were detected by the ELISA kits 
(TNF-α: ab46070, Abcam; IL-1β: ab100768, Abcam; IL-6: 
ab100772, Abcam) according to the attached instructions 
of the kits. Samples were assayed in triplicate so that each 
experiment was performed three times to take the aver-
age value.

Administration of drugs
The drugs were administrated intrathecally in rats under 
inhalational anesthesia. Rats were briefly anesthetized 
with 2% sevoflurane, the lower back of the rat was shaved 
and sterilized. Using a Hamilton microsyringe, the drug 
was injected between the  L4 and  L5 vertebrae. A sud-
den slight flick of the tail implicated that the needle has 
just entered into the subarachnoid space. The drug was 
injected slowly in 30  s. After injecton, the needle was 
held in place for a further 10 s to prevent outflow. Finally, 
the incision site was closed in layers.

A small interfering RNA (siRNA) was designed to 
target rat ANXA10 based on the genomic sequence 
(Gene Bank Accession: NM_001109110.1). The targeted 
nucleotide sequences were: 5′-TGC GAG AAG CCT ACT 
GTT TAC AAT ACAGC-3′. A scrambled sequence was 
designed as negative control (NC siRNA). The siRNA 
(3  μg/μl, dissolved in 10  μl PBS) was injected intrathe-
cally. PDTC (ab141406, Abcam, 0.5  μg/10  μl), was dis-
solved in dimethyl sulfoxide (DMSO) for intrathecal 
injection.

Statistical analysis
All data were presented as mean ± SD. Statistical analy-
ses were performed using GraphPad Prism 6 (USA). Stu-
dent’s t test was used to compare the data between two 
groups of samples. One-way repeated analysis of variance 
(ANOVA) or two-way repeated ANOVA, followed by 
Bonferroni post hoc test was used to determine signifi-
cance between different multiple groups. The difference 
was considered statistically significant if p < 0.05.

Results
Effects of SNL on behavioral tests and the expression 
of spinal ANXA10/NF‑κB/MMP‑9 and proinflammatory 
cytokines
Behavioral testing (PWL and PWT) was undertaken 
on day 1, 3, 7, and 15 after SNL or sham surgery opera-
tion. The naive rats were used as control group. In sham 
group, the  L5 spinal nerve of each rat was separated 
but not ligated. The results showed that SNL produced 
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thermal and mechanical hyperalgesia, which devel-
oped on day 1 after surgery and sustained for more 
than 2  weeks (Fig.  1a). The change of spinal ANXA10 
mRNA was checked by RT-PCR on day 1, 3, 7, and 15 
after surgery. Compared to the sham group, SNL caused 
an upregulation of ANXA10 mRNA in the spinal cord 
(Fig. 1b). Both the results of behavior and PCR indicated 
that there was no significant difference between rats in 
control group and sham group, thus we included only 
sham group in the following experiments.

Western blot analysis showed that the expression of 
ANXA10 and pNF-κB (the activated form of NF-κB) in 
the  L4–5 dorsal horn increased on day 1 and day 7 after 
SNL (Fig.  2a). There was a mild increase in the expres-
sion of MMP-9 on day 1 after SNL. However, on day 7 

after surgery, there was no significant change of MMP-9 
expression between sham group and SNL group (Fig. 2a). 
To search for cytokines involved in the process of neu-
ropathic pain, we examined the expression of TNF-α, 
IL-1β, and IL-6 in the spinal dorsal horn. ELISA analysis 
showed that the expression of these cytokines increased 
both on day 1 and day 7 after SNL, which was in consist-
ent with the results of former studies (Fig. 2b).

Effects of siRNA ANXA10 on behavioral tests 
and the expression of spinal NF‑κB/MMP‑9 
and proinflammatory cytokines
In order to further investigate the role of ANXA10 in 
the modulation of neuropathic pain, the siRNA targeting 
ANXA10 was administrated intrathecally to knockdown 

Fig. 1 Behavioral tests and detection of the expression of spinal ANXA10 mRNA after SNL. a PWL and PWT measured on day 1 before surgery, day 
1, 3, 7, and 15 after surgery in control, sham, and SNL group. (*p < 0.05, **p < 0.01, ***p < 0.001, compared with sham group, n = 6) b PCR analysis of 
the expression of ANXA10 mRNA in the spinal cord after surgery in control, sham, and SNL group. The  L4–5 spinal cord tissue was extracted on day 1 
before surgery, day 1, 3, 7, and 15 after surgery. (**p < 0.01, ***p < 0.001, compared with sham group, n = 6)
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spinal ANXA10 both in the early and late phase of SNL-
induced neuropathic pain. Behavior results showed 
that knockdown of ANXA10 in the early phase (siRNA 
administrated continuously on 1  day before surgery, at 
4 h before surgery, and on 1 day after surgery) alleviated 
the SNL-induced thermal hyperalgesia on day 1 after 
surgery, and inhibited the mechanical hyperalgesia for 
more than three days (Fig.  3a). Meawhile, inhibition of 
ANXA10 in the late phase (siRNA administrated consec-
utively on day 5, day 6, and day 7 after surgery) relieved 
both the thermal and mechanical hyperalgesia for more 
than 8 days (Fig. 3b).

Western blot analysis showed that compared to NC 
siRNA treatment, siRNA administration in the early 
phase not only blocked the expression of ANXA10, but 
also prevented the expression of pNF-κB and MMP-9. 
Inhibition of ANXA10 in the late phase suppressed the 
activation of NF-κB, but had no effect on MMP-9 expres-
sion (7d after sugery) (Fig. 4a). The SNL-induced upregu-
lation of spinal TNF-α and IL-1β was prevented by both 

early and late treatment of ANXA10 inhibition. Interest-
ingly, the increased release of spinal IL-6 caused by SNL 
was suppressed by ANXA10 siRNA treatment in the late 
phase rather than early phase (Fig.  4b). These results 
indicated that in the early development of neuropathic 
pain, ANXA10 acted as an upstream regulator of the 
initial activation of NF-κB/MMP-9, and the subsequent 
release of TNF-α and IL-1β. In the late phase of neuro-
pathic pain, ANXA10 promoted the activation of NF-κB, 
and the release of TNF-α, IL-1β, and IL-6. MMP-9 may 
be the downstream target of ANXA10 only in the early 
phase of neuropathic pain.

Effects of NFκB inhibitor on the expression of spinal MMP‑9 
and proinflammatory cytokines
To further investigate the role of NF-κB pathway in SNL, 
we performed intrathecal administration of PDTC, a 
highly effective inhibitor of NF-κB, to block the activa-
tion of spinal NF-κB. PDTC, which was administrated in 
the early phase of SNL, blocked the activation of NF-κB 

Fig. 2 Detection of the expression of spinal ANXA10, pNF-κB, MMP9 and proinflammatory cytokines after SNL. a Western blot analysis of the 
expression of spinal ANXA10, pNF-κB, MMP9 on day 1 and day 7 after surgery in sham and SNL group. Fold change for the density of protein level 
was normalized to GAPDH. (*p < 0.05, **p < 0.01, ***p < 0.001, compared with sham group, n = 4) b ELISA analysis of the expression of spinal TNF-α, 
IL-1β, and IL-6 in sham and SNL group. (*p < 0.05, **p < 0.01, ***p < 0.001, compared with sham group, n = 4)
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and prevented the induction of spinal MMP-9. However, 
PDTC had no effect on spinal ANXA10 expression nei-
ther in the early nor in the late phase of SNL. Western 
blot showed that in the late phase of SNL, MMP-9 was 
slightly inhibited by PDTC administration, but the dif-
ference was not significant (Fig.  5a). Additionally, the 
increase of relevant proinflammatory cytokines (TNF-
α, IL-1β, and IL-6) was prevented by PDTC, which was 
administrated both in the early and late phase of SNL 
(Fig. 5b).

Discussion
The main findings of this study are: (1) SNL caused pain 
hypersensitivity in rats, along with increased expression 
of spinal ANXA10, pNF-κB, and particular cytokines 
(TNF-α, IL-1β, and IL-6) both in the early and late phase 
of NP. (2) Knockdown of spinal ANXA10 suppressed the 
SNL-induced hyperalgesia and blocked the activation of 
NF-κB, TNF-α and IL-1β both in the early and late phase 
of NP. Meanwhile, spinal MMP-9 expression was slightly 
increased in the early phase, which could be suppressed 

by knockdown of ANXA10. In addition, knockdown of 
spinal ANXA10 could only inhibit the upregulation of 
spinal IL-6 in the late phase of SNL-induced NP. (3) Inhi-
bition of NF-κB prevented the activation of MMP-9 in 
the early phase, and blocked the expression of pNF-κB, 
TNF-α and IL-1β both in the early and late phase of NP.

Neuropathic pain is a refractory disease that causes 
serious financial burden. Current therapeutic strategies, 
such as opioids and non-steroidal anti-inflammatory 
drugs (NSAIDs), are limited for long-term application by 
their serious side effects [23]. Thus, exploring the entire 
and exact mechanisms of neuropathic pain to search for 
new and effective therapy is very urgent. The underly-
ing mechanisms involved in NP are quite complicated, 
involving neuroinflammatory responses, neuroimmunol-
ogy, the formation of neuroplasticity, which contributes 
to peripheral and central sensitization [2, 24, 25].

The expression of many different kinds of genes in 
the spinal cord was screened by microarray method 
after SNL. Among the significant up-regulated genes, 
ANXA10 increased by over 70 times, which was the only 

Fig. 3 Behavioral tests after intrathecal administration of siRNA ANXA10. a PWL and PWT measured on day 1 before surgery, day 1, and 3 after 
surgery in SNL + NC siRNA, and SNL + siRNA group. The siRNA or NC siRNA was administrated intrathecally on day 1 before surgery, at 4 h before 
surgery, on day 1 after surgery. (^p < 0.05, ^^p < 0.01, ^^^p < 0.001, compared with “SNL + NC siRNA” group, n = 6) b PWL and PWT measured on 
day 1 before surgery, day 1, 3, 7, and 15 after surgery in SNL + NC siRNA, and SNL + siRNA group. The siRNA or NC siRNA was administrated on day 5, 
6, 7 after surgery. (^^p < 0.01, ^^^p < 0.001, compared with “SNL + NC siRNA” group, n = 6)
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significantly up-regulated member of annexins family 
[6]. Nerve damage or tissue inflammation induces the 
expression of inflammatory factors in the spinal cord 
and dorsal root ganglia. ANXA10 is widely distributed 
in spinal astrocytes and neurons, which could express 
inflammatory factors. The activation of particular inflam-
matory cytokines could act on neuronal excitability and 
accelerate the development of neuropathic pain. The 
release of inflammatory factors can be regulated by intra-
cellular signaling pathways such as mitogen-activated 
protein kinase (MAPK), protein kinase, and NF-κB [26, 
27]. NF-κB is the upstream signal of MMP-9 and pro-
motes the activation of some proinflammatory cytokines 
in the process of NP [28]. There is a very high similar-
ity of the structure of the ANX protein family. The highly 
conserved C-terminal core region of each ANX protein 
generally has four Anx repeats and  Ca2+—binding sites 
that function in conjunction with other molecules and 
structures [29]. ANXA2, also a member of the annexins 
family, formed a complex with the subunit and increased 
the transcriptional activity of NF-κB, leading to upregula-
tion of the transcription of several target genes, including 
the proinflammatory factor IL-6 [30]. Given the similar 

structure of ANXA2 and ANXA10, and most impor-
tantly, the importance of spinal ANXA10 and NF-κB in 
regulating neuropathic pain, we hypothesized that acti-
vation of spinal NF-κB/MMP-9 pathway and the down-
stream cytokines (TNF-α, IL-1β, and IL-6) underlies the 
mechanism of ANXA10 in modulating neuropathic pain. 
One of the most important findings of our study is that 
SNL caused pain hypersensitivity and increased the acti-
vation of spinal ANXA10/NF-κB, and cytokines (TNF-α, 
IL-1β, and IL-6) both in the early and late phase of NP. 
Besides, our study indicates that MMP-9 activity in the 
spinal cord dorsal horn was relatively low, which was 
moderately increased by SNL. MMP-9 may act as the 
downstream target of ANXA10/NF-κB pathway in the 
development rather than the maintenance of NP.

It is noteworthy that in our study, the expression level 
of spinal ANXA10 mRNA upregluated for nearly 100 
times in SNL rats, but the protein only increased for 2 
times. There may be two main reasons accounting for 
the different upregulation level of ANXA10 mRNA and 
protein. Firstly, the mRNA abundance of a particular 
gene does not necessarily have a linear relationship with 
the corresponding protein expression. There are many 

Fig. 4 Detection of the expression of spinal pNF-κB, MMP9 and proinflammatory cytokines after intrathecal administration of siRNA ANXA10. a 
Western blot analysis of the expression of spinal ANXA10, pNF-κB, MMP9 on day 1 and day 7 after surgery in SNL + NC siRNA, and SNL + siRNA 
group. Fold change for the density of protein level was normalized to GAPDH. (&p < 0.05, &&p < 0.01, compared with “SNL + NC siRNA” group, n = 4) 
b ELISA analysis of the expression of spinal TNF-α, IL-1β, and IL-6 in SNL + NC siRNA, and SNL + siRNA group. (^p < 0.05, ^^p < 0.01, compared with 
“SNL + NC siRNA” group, n = 4)
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levels of regulation of gene expression, the regulation 
of transcriptional level is only a link. Post-transcrip-
tional regulation and translation and post-translational 
regulation also play a role in the final amount of pro-
tein [31]. Furthermore, factors such as mRNA degrada-
tion, protein degradation, and folding of the expression 
may also result in inconsistent mRNA abundance and 
protein expression level [32]. Secondly, the expression 
levels of many genes vary with time, with peaks and 
bottoms [33]. If we adjust the time to detect the protein 
expression, maybe the increase range of protein expres-
sion is consistent with the mRNA expression. This will 
be further investigated in our future research.

Consequently, ANXA10 expression and its down-
stream pathways would be potential targets in treat-
ing neuropathic pain. The current study yields new 
insight into the potential molecular mechanisms in 
the spinal cord in neuropathic pain and may pro-
vide a scientific basis for clinical neuropathic pain 
control.

Conclusions
Using SNL model, this study illustrates the involve-
ment of ANXA10/NF-κB/MMP-9 and proinflammatory 
cytokines (TNF-α, IL-1β, and IL-6) in mediating NP at 
the level of spinal cord. MMP-9 may act as the down-
stream target of ANXA10/NF-κB pathway in the devel-
opment rather than the maintenance of NP.

Abbreviations
NP: neuropathic pain; SNL: spinal nerve ligation; ANXA10: annexin A10; NF-κB: 
nuclear factor kappa B; TNF-α: tumour necrosis factor-α; IL-1β: interleukine-1β; 
IL-6: interleukine-6; siRNA: small interfering RNA; PWT: paw withdrawal thresh-
old; PWL: paw withdrawal latency.

Acknowledgements
Not applicable.

Authors’ contributions
LS conceived the idea and participated in the design. QX and WZ carried out 
the behavior tests, western blot, and RT-PCR. CJ and HW performed drug 
administration and ELISA. LS and QX drafted the manuscript and analyzed 
the data. XC was responsible for the design of the study, analysis of the data, 
and the revision of the manuscript. All authors read and approved the final 
manuscript.

Fig. 5 Effects of NFκB inhibitor (PDTC) on the expression of spinal MMP9 and proinflammatory cytokines. a Western blot analysis of the expression 
of spinal ANXA10, pNF-κB, MMP9 on day 1 and day 7 after surgery in SNL + DMSO, and SNL + PDTC group. The DMSO or PDTC was administrated on 
day 1 before surgery, at 2 h before surgery, on day 1 after surgery. Fold change for the density of protein level was normalized to GAPDH. (&&p < 0.01, 
&&&p < 0.001, compared with “SNL + DMSO” group, n = 4) b ELISA analysis of the expression of spinal TNF-α, IL-1β, and IL-6 in SNL + DMSO, and 
SNL + PDTC group. ($ p < 0.05, $$p < 0.01, $$$ p < 0.001 compared with “SNL + DMSO” group, n = 4)



Page 9 of 9Sun et al. BMC Neurosci           (2019) 20:28 

Funding
This research was supported by the funding from the National Natural Science 
Foundation of China (NSFC, No 81471126). Dr Xinzhong Chen, who is the 
funding recipient, was responsible for the design of the study, analysis of the 
data, and the revision of the manuscript.

Availability of data and materials
The datasets analyzed during the current study are available from the cor-
responding author on reasonable request.

Ethics approval and consent to participate
All experiments were in compliance with the guidelines and regulations set 
by the International Association for the Study of Pain. The experiments are in 
accordance with the Ethical Standards for Investigation of Experimental Pain 
in Animals. In addition, this study was approved by the Ethic and Investigation 
Committee of Zhejiang Province.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 16 February 2019   Accepted: 12 June 2019

References
 1. Cohen SP, Mao J. Neuropathic pain: mechanisms and their clinical impli-

cations. BMJ. 2014;348:f7656.
 2. Kuner R. Central mechanisms of pathological pain. Nat Med. 

2010;16(11):1258–66.
 3. Lacroix-Fralish ML, Tawfik VL, Tanga FY, Spratt KF, DeLeo JA. Differential 

spinal cord gene expression in rodent models of radicular and neuro-
pathic pain. Anesthesiology. 2006;104(6):1283–92.

 4. Gerke V, Creutz CE, Moss SE. Annexins: linking  Ca2+ signalling to mem-
brane dynamics. Nat Rev Mol Cell Biol. 2005;6(6):449–61.

 5. Quiskamp N, Poeter M, Raabe CA, Hohenester UM, Konig S, Gerke V, et al. 
The tumor suppressor annexin A10 is a novel component of nuclear 
paraspeckles. Cell Mol Life Sci CMLS. 2014;71(2):311–29.

 6. Lu Y, Ni S, He LN, Gao YJ, Jiang BC. Annexin A10 is involved in the devel-
opment and maintenance of neuropathic pain in mice. Neurosci Lett. 
2016;631:1–6.

 7. Li F, Xue ZY, Liu X, Bai G, Wang YL. Annexin A10 contributes to chronic 
constrictive injury-induced pain through activating ERK1/2 signalling in 
rats. Int J Neurosci. 2018;128(2):125–32.

 8. Ohtori S, Takahashi K, Moriya H, Myers RR. TNF-alpha and TNF-alpha 
receptor type 1 upregulation in glia and neurons after peripheral nerve 
injury: studies in murine DRG and spinal cord. Spine. 2004;29(10):1082–8.

 9. Watanabe M, Guo W, Zou S, Sugiyo S, Dubner R, Ren K. Antibody array 
analysis of peripheral and blood cytokine levels in rats after masseter 
inflammation. Neurosci Lett. 2005;382(1–2):128–33.

 10. Ji RR. Gereau RWt, Malcangio M, Strichartz GR: MAP kinase and pain. Brain 
Res Rev. 2009;60(1):135–48.

 11. Liu J, Feng X, Yu M, Xie W, Zhao X, Li W, et al. Pentoxifylline attenuates 
the development of hyperalgesia in a rat model of neuropathic pain. 
Neurosci Lett. 2007;412(3):268–72.

 12. Huang SJ, Yan JQ, Luo H, Zhou LY, Luo JG. IL-33/ST2 signaling contributes 
to radicular pain by modulating MAPK and NF-kappaB activation and 
inflammatory mediator expression in the spinal cord in rat models of 
noncompressive lumber disk herniation. J Neuroinflamm. 2018;15(1):12.

 13. Chattopadhyay S, Myers RR, Janes J, Shubayev V. Cytokine regulation of 
MMP-9 in peripheral glia: implications for pathological processes and 
pain in injured nerve. Brain Behav Immun. 2007;21(5):561–8.

 14. Parks WC, Wilson CL, Lopez-Boado YS. Matrix metalloproteinases as 
modulators of inflammation and innate immunity. Nat Rev Immunol. 
2004;4(8):617–29.

 15. Ji RR, Xu ZZ, Wang X, Lo EH. Matrix metalloprotease regulation of neuro-
pathic pain. Trends Pharmacol Sci. 2009;30(7):336–40.

 16. Kim HS, Kim HJ, Park KG, Kim YN, Kwon TK, Park JY, et al. Alpha-lipoic acid 
inhibits matrix metalloproteinase-9 expression by inhibiting NF-kappaB 
transcriptional activity. Exp Mol Med. 2007;39(1):106–13.

 17. Lee YR, Noh EM, Han JH, Kim JM, Hwang BM, Kim BS, et al. Sulforaphane 
controls TPA-induced MMP-9 expression through the NF-kappaB 
signaling pathway, but not AP-1, in MCF-7 breast cancer cells. BMB Rep. 
2013;46(4):201–6.

 18. Chen KH, Yang CH, Wallace CG, Lin CR, Liu CK, Yin TC, et al. Combination 
therapy with extracorporeal shock wave and melatonin markedly attenu-
ated neuropathic pain in rat. Am J Transl Res. 2017;9(10):4593–606.

 19. Kawasaki Y, Xu ZZ, Wang X, Park JY, Zhuang ZY, Tan PH, et al. Distinct roles 
of matrix metalloproteases in the early- and late-phase development of 
neuropathic pain. Nat Med. 2008;14(3):331–6.

 20. Chaplan SR, Bach FW, Pogrel JW, Chung JM, Yaksh TL. Quantitative 
assessment of tactile allodynia in the rat paw. J Neurosci Methods. 
1994;53(1):55–63.

 21. Hargreaves K, Dubner R, Brown F, Flores C, Joris J. A new and sensitive 
method for measuring thermal nociception in cutaneous hyperalgesia. 
Pain. 1988;32(1):77–88.

 22. Livak KJ, Schmittgen TD. Analysis of relative gene expression data 
using real-time quantitative PCR and the  2−ΔΔCT method. Methods. 
2001;25(4):402–8.

 23. Jensen TS, Baron R, Haanpaa M, Kalso E, Loeser JD, Rice AS, et al. A new 
definition of neuropathic pain. Pain. 2011;152(10):2204–5.

 24. DeLeo JA, Yezierski RP. The role of neuroinflammation and neuroimmune 
activation in persistent pain. Pain. 2001;90(1–2):1–6.

 25. Gold MS, Gebhart GF. Nociceptor sensitization in pain pathogenesis. Nat 
Med. 2010;16(11):1248–57.

 26. Popiolek-Barczyk K, Makuch W, Rojewska E, Pilat D, Mika J. Inhibition 
of intracellular signaling pathways NF-kappaB and MEK1/2 attenuates 
neuropathic pain development and enhances morphine analgesia. 
Pharmacol Rep PR. 2014;66(5):845–51.

 27. Li W, Li Y, Zhu S, Ji Q, Shu Y, Zhang L, et al. Rosuvastatin attenuated the 
existing morphine tolerance in rats with L5 spinal nerve transection 
through inhibiting activation of astrocytes and phosphorylation of 
ERK42/44. Neurosci Lett. 2015;584:314–9.

 28. Chen Y, Zhang Y, Huo Y, Wang D, Hong Y. Adrenomedullin mediates 
tumor necrosis factor-alpha-induced responses in dorsal root ganglia in 
rats. Brain Res. 2016;1644:183–91.

 29. Gerke V, Moss SE. Annexins: from structure to function. Physiol Rev. 
2002;82(2):331–71.

 30. Jung H, Kim JS, Kim WK, Oh KJ, Kim JM, Lee HJ, et al. Intracellular annexin 
A2 regulates NF-kappaB signaling by binding to the p50 subunit: implica-
tions for gemcitabine resistance in pancreatic cancer. Cell Death Dis. 
2015;6:e1606.

 31. Chen G, Gharib TG, Huang CC, Taylor JM, Misek DE, Kardia SL, et al. Dis-
cordant protein and mRNA expression in lung adenocarcinomas. Mol Cell 
Proteom MCP. 2002;1(4):304–13.

 32. Kim S, Jacobs-Wagner C. Effects of mRNA degradation and site-
specific transcriptional pausing on protein expression noise. Biophys J. 
2018;114(7):1718–29.

 33. Griffin TJ, Gygi SP, Ideker T, Rist B, Eng J, Hood L, et al. Complementary 
profiling of gene expression at the transcriptome and proteome levels in 
Saccharomyces cerevisiae. Mol Cell Proteom MCP. 2002;1(4):323–33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The involvement of spinal annexinA10NF-κBMMP-9 pathway in the development of neuropathic pain in rats
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Animals
	Spinal nerve ligation (SNL)
	Behavior tests
	Quantitative reverse transcription polymerase chain reaction (RT-PCR)
	Western blotting
	Enzyme-linked immunosorbent assay (ELISA)
	Administration of drugs
	Statistical analysis

	Results
	Effects of SNL on behavioral tests and the expression of spinal ANXA10NF-κBMMP-9 and proinflammatory cytokines
	Effects of siRNA ANXA10 on behavioral tests and the expression of spinal NF-κBMMP-9 and proinflammatory cytokines
	Effects of NFκB inhibitor on the expression of spinal MMP-9 and proinflammatory cytokines

	Discussion
	Conclusions
	Acknowledgements
	References




