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Background: Clinically, chronic low back pain and sciatica associated with lumbar
disc herniation (LDH) is a common musculoskeletal disorder. Due to the unawareness of
detailed mechanisms, it is difficult to get an effective therapy.

Objective: The aim of the present study was to identify the role of the RAGE/STAT3
pathway in the dorsal root ganglion (DRG) on the formation and development of
persistent pain hypersensitivity induced by LDH.

Study Design: Controlled animal study.
Setting: University laboratory.

Methods: After LDH induced by implantation of autologous nucleus pulposus (NP,
harvested from animal tail) on the left L5 nerve root was established, mechanical
thresholds and electrophysiological tests were conducted at relevant time points during
an observation period of 28 days. Protein levels and localization of RAGE and p-STAT3
were performed by using Western blotting and immunohistochemistry, respectively.

Results: LDH induced persistent pain hypersensitivity, increased excitability of DRG
neurons, and upregulated the expression of RAGE and p-STAT3 in the DRG. Consecutive
injection of both RAGE antagonist FPS-ZM1 (i.t.) and STAT3 activity inhibitor S31-201 (i.t.)
inhibited the enhanced excitability of DRG neurons and mechanical allodynia induced
by NP implantation. Furthermore, local knockdown of STAT3 by intrathecal injection
of AAV-Cre-GFP into STAT3flox/flox mice markedly alleviated NP implantation-induced
mechanical allodynia in mice. Importantly, the expression of p-STAT3 was colocalized
with that of RAGE in the DRG and inhibition of RAGE with FPS-ZM1 prevented NP
implantation-induced STAT3 activation.

Limitations: More underlying mechanism(s) of the role of the RAGE/STAT3 pathway
on the formation and development of persistent pain hypersensitivity induced by LDH
will be needed to be explored in future research.

Conclusion: These findings suggest activation of the RAGE/STAT3 pathway plays a
critical role in persistent pain induced by LDH, and this pathway may represent novel
therapeutic targets for the treatment of LDH-induced persistent pain.
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umbar disc herniation (LDH) is highly associated

with low back pain and sciatica, which affects

about 80% of the population during their lifetime
(1). Despite that previous studies have suggested
that various factors, including age, hereditary, and
environmental factors, might contribute to LDH, there
is no well-established treatment to prevent or minimize
discogenic pain. So, understanding the mechanism
underlying LDH-induced persistent pain has a high
research priority.

It is well known that the receptor for advanced gly-
cation end-products (RAGE) is a complex, multi-ligand
signaling system associated with the pathogenesis of
cardiovascular disease, diabetes, neurodegeneration,
and various cancers (2). Recently, the emerging data
show that RAGE plays an important role in the states of
sensory nerve hyper-excitability associated with periph-
eral inflammation or nerve injury. For example, RAGE
is localized on peripheral nerves and dorsal root gan-
glions (DRG), and the expression is enhanced following
nerve injury, trauma, or other diseases (3). Meanwhile,
specific modulation of RAGE effectively attenuates no-
ciceptive sensitivity associated with chronic inflamma-
tory and neuropathic pain states (4). In addition, activa-
tion of neuronal RAGE by high mobility group protein
box-1 (HMGB1) (5), which is confirmed to contribute to
the neuropathic pain (6), results in an increase of neu-
ronal excitability in DRG and RAGE antibody significant
decreases the enhancement of DRG neuronal excit-
ability induced by HMGB1 (5). It has been showen that
LDH induced by nucleus pulposus (NP) transplantation
markedly increased the excitability of DRG neurons (7).
However, whether enhanced RAGE via enhancing the
excitability of DRG neurons contributes to LDH-induced
persistent pain is unknown.

The signal transducer and activator of transcription
factor 3 (STAT3) is an efficient regulatory protein dedicat-
ed to the regulation of gene expression. Studies indicate
that STAT3 is intensively involved in the process of cel-
lular growth, survival, development, and differentiation.
It is well known that STAT3 is involved in the change of
synaptic plasticity in the hippocampus (8). Recent studies
further demonstrated that nerve injury induced STAT3
activation in the spinal cord and inhibition of STAT3 sig-
nificantly attenuated the pain hypersensitivity, which
suggested that activation of STAT3 might be involved in
neuropathic pain (9,10). However, it remains unknown
whether STAT3 participates in LDH-induced enhance-
ment of DRG neuronal excitability and persistent pain.
In addition, accumulating evidence that activation of

RAGE, as a transmembrane receptor of the immunoglob-
ulin superfamily, via activating NF-xB, MAPK signal trans-
duction molecule initiated inflammatory response and
contributes to the diseases of the central nervous system
(CNS) (11). Importantly, recent studies showed that RAGE
also promoted the phosphorylation of STAT3 and affect-
ed cancer cell proliferation (12). However, whether RAGE
through activation of STAT3 in DRG neurons contributes
to the enhancement of neuronal excitability and persis-
tent pain induced by LDH is still unclear.

MEeTHODS

Animals and Surgery

Male Sprague Dawley rats weighing 200-220 g and
male C57BL/6 background mice weighing 20-30 g were
obtained from the Institute of Experimental Animals of
Sun Yat-sen University. STAT3flox/flox mice (ID: 016923)
were purchased from the Jackson Laboratory. All ani-
mals were housed in separated cages with ad libitum to
food and water. The room was kept at 24°C tempera-
ture and 50% — 60% humidity, under a 12/12 hour light/
dark cycle. All experimental procedures were approved
by the Institutional Animal Care Committee of Sun
Yat-Sen University and were carried out in accordance
with the guidelines of the National Institutes of Health
guide for the care and use of laboratory animals. All
efforts were made to minimize animal suffering and to
reduce the number of animals used.

For intrathecal injection of the drug, a polyethyl-
ene-10 (PE-10) catheter was implanted as described by
Liu et al (13) and Kawakami et al (14). In brief, rats were
anesthetized intraperitoneally with sodium pentobarbi-
tal (50 mg/kg); a sterile catheter filled with saline was in-
serted into the subarachnoid space through the L2-L3 in-
tervertebral space, and gently advanced caudally to the
spinal lumbar enlargement level. Then, the catheter was
fixed under the skin with paravertebral muscles and su-
tured at the head of rats. After rats completely recovered
from anesthesia, the correct placement of the catheter
was confirmed by observing the behavior of dragging or
paralysis in bilateral hind limbs following the injection of
2% lidocaine (10 pl). Finally, rats with catheter prolapse,
infection, or neurological deficit were excluded from the
following experiments. All rats were observed for 3 days
before the implantation of NP to L5 DRG.

Surgery for the LDH model was performed as pre-
viously described by Wang et al (15) and Anzai et al
(16). In brief, rats were anesthetized intraperitoneally
with sodium pentobarbital (50 mg/kg) and laminecto-
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mies were performed in which the left L5 nerve roots
and corresponding DRG were exposed. Autologous NP
was harvested from the disc level between the second
and third coccygeal intervertebral disc of each tail and
applied to the left L5 nerve roots just proximal to the
corresponding DRG. The right side of the dorsal roots
was to be kept intact without surgery in all rats. The sur-
gical procedure in the sham control group was identical
to the NP treated group, including exposing nerve roots
and harvesting NP from the tail, except for the applica-
tion of NP. Special care was taken to prevent infection
and minimize the influence of inflammation.

Injection of Adenovirus-associated Vector
(AAV)

Recombinant adeno-associated virus encoding Cre
and GFP marker (AAV8-Cre-GFP) and AAV encoding GFP
(AAV8-GFP) were purchased from Beijing Vector Gene
Technology Company Ltd. Four pyl AAV8-Cre-GFP was in-
trathecally injected into the subarachnoid space of the
L4-L6 spinal cord of STAT3flox/flox mice. Control mice
were injected with the same amount of AAV encoding
GFP (AAV8-GFP). The implantation of autologous NP on
left L5 spinal nerve roots was performed on day 21 after
the virus injection.

Behavioral Test

The 50% withdrawal threshold was assessed using
von Frey hairs as described previously (15). Briefly, each
animal was loosely restrained beneath a plastic box on a
metal mesh for at least 15 minutes once daily for 3 sepa-
rate days and mechanical allodynia in the NP and sham
groups were examined one day before surgery. Then, the
animals recovered for 7 days, and the test was performed
weekly until 4 weeks postoperatively. Mechanical allo-
dynia was assessed by the hindpaw withdrawal thresh-
old in response to probing with a series of von Frey fila-
ments. A nociceptive response was defined as a brisk paw
withdrawal or flinching of the paw following von Frey
filament application. In the presence of a response, a von
Frey filament with the next lower force was applied. In
the absence of a response, a von Frey filament with the
next greater force was applied. As described previously,
the tactile stimulus producing a 50% likelihood of with-
drawal was defined by the “up-down” calculating meth-
od (15). Each test was repeated for 2 — 3 times at approxi-
mately 2 minute intervals, and the average value of von
Frey filament force was determined as the force to evoke
a withdrawal response. The experimenter who conduct-
ed the behavioral test was blinded to all treatments.

Western Blot

Animals were anesthetized with sodium pentobarbi-
tal (50 mg/kg, i.p.) at different time points. Left L5 DRG
were immediately removed and homogenized on ice in 15
mmol/l Tris containing a cocktail of proteinase inhibitors
and phosphatase inhibitors. Protein samples were separat-
ed by gel electrophoresis (SDS-PAGE) and transferred onto
a PVDF membrane. The blots were placed in the block
buffer for one hour at room temperature and incubated
with primary antibody against RAGE (1:2000, Abcam,
USA), phosphorylated STAT3 (1:1000, Abcam, USA), STAT3
(1:1000, Abcam, USA), or B-tubulin (1:2000, Cell Signaling
Technology, USA) overnight at 4°C. The blots were then
incubated with horseradish peroxidase-conjugated sec-
ondary antibody. ECL (Pierce, USA) was used to detect the
immune complex. The band was quantified with comput-
er-assisted imaging analysis system (NIH ImageJ).

Immunohistochemistry

Immunohistochemistry was performed as previously
described (13). Briefly, rats were anesthetized with in-
traperitoneal injection of sodium pentobarbital (50 mg/
kg) and immediately perfused through the ascending
aorta with 4% paraformaldehyde. The left L5 DRG were
removed and post-fixed in the same fixative overnight.
Cryostat sections (16 pm) were cut and processed for im-
munohistochemistry with primary antibody for RAGE
(1:300, Abcam, USA), phosphorylated STAT3 (1:1000, Ab-
cam, USA), NF200 (1:500, Chemicon, USA), GFAP (1:500,
Chemicon, USA), or I1B4 (1:500, Chemicon, USA). After in-
cubation overnight at 4°C, the sections were incubated
with cy3-conjugated and fluorescein isothiocyanate-con-
jugated secondary antibodies for one hour at room tem-
perature. The stained sections were then examined with
a Leica (Leica, Germany) fluorescence microscope, and im-
ages were captured with a Leica DFC350 FX camera.

Culture of DRG Neurons and
Electrophysiological Recordings

DRG neurons were dissociated using enzyme di-
gestion as previously described with minor modifica-
tions (17). In brief, left L5 DRG were excised, freed from
their connective tissue sheaths, and broken into pieces
with a pair of sclerotic scissors in DMEM/F12 medium
(GIBCO, USA) under low temperature (in a mixture of
ice and water). After enzymatic and mechanical disso-
ciation, DRG neurons were seeded on cover lips coated
with Poly-L-Lysine (Sigma-Aldrich, USA) in a humidified
atmosphere (5% CO2, 37°C) and then used for patch-
clamp investigation 4 hours after plating.
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Whole-cell patch-clamp recordings from DRG neu-
rons were performed using an EPC-10 amplifier and the
PULSE program (HEKA Electronics, Lambrecht, Germa-
ny) as previously described (18). Patch pipettes with one
to 3 MQ resistance were fabricated from borosilicate
glass capillaries (Sutter Instruments, Novato, CA) using
a Sutter P-87 puller (Sutter Instruments, Novato, CA).
The action potentials of DRG neurons were recorded in
current clamp mode. Action potentials were elicited by
a constant current 500 pA (one second). The external
solution contained (in mM): 140 NacCl, 3 KCl, 1 MgCl,, 1
CaCl,, and 10 HEPES, pH adjusted to 7.3 with NaOH. The
pipette solution contained (in mM): 140 KCl, 0.5 EGTA,
5 MgATP, and 5 HEPES, pH 7.3 with KOH.

Statistical Analysis

All data were expressed as means + SEM, and ana-
lyzed with SPSS 13.0 (SPSS, USA). Western blot and elec-
trophysiological data were analyzed by 2-way ANOVA
followed by Tukey post hoc test. For behavioral test, one-
way or 2-way ANOVA with repeated-measures followed
by Tukey post hoc test was carried out. The criterion for
statistical significance was P < 0.05. While no power anal-
ysis was performed, the sample size was determined ac-
cording to our and peers’ previous publications in pain-
ful behavior and pertinent molecular studies.

REsuLTs

LDH by Implantation of Autologous NP
Induced Mechanical Allodynia and Enhanced
the Excitability of DRG Neurons

Consistent with previous studies (15,19), rats ex-

hibited significant and prolonged mechanical allodynia
after NP implantation (Fig. 1A) on the ipsilateral side.
Compared to the values of the sham group (19.25 +
2.47) and the pre-treatment baseline (19.88 + 2.59), the
50% withdrawal threshold on the ipsilateral side sig-
nificantly decreased to 4.15 + 1.62, 3.60 + 1.36, 4.98 =
1.27, and 5.73 = 1.45 on days 7, 14, 21, and 28 after NP
implantation, respectively (Fig. 1A). To define whether
LDH induced by NP implantation enhanced the DRG
neurons excitability, which contributed to the persistent
pain, we observed the number of action potentials in
the separated left L5 DRG neurons of rats. Interestingly,
electrophysiological results showed that the number of
action potentials of DRG neurons was significantly in-
creased on day 7, 14, and 28 following NP implantation
(Fig. 1B). These results implied that LDH might mediate
mechanical allodynia via enhancing excitability of DRG
neurons.

Upregulated RAGE in DRG Neurons
Contributes to the Enhanced Excitability
of DRG Neurons and Mechanical Allodynia
Induced by LDH

Next, we examined the expression of RAGE in DRG
of rats by western blot analysis. The results showed
that the expression of RAGE was significantly upregu-
lated on day 7 and maintained to the end of the ex-
periment (day 28) following LDH induced by implanta-
tion of autologous NP (Fig. 2A). Immunohistochemistry
results further confirmed that the expression of RAGE
in LDH rats on day 14 was significantly increased com-
pared with the sham group (Fig. 2B). The time course of
upregulated RAGE is consistent with that of mechani-
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Fig. 1. LDH induced mechanical allodynia and enhanced the excitability of DRG neurons. (A) The paw withdrawal threshold
of rats was significantly decreased following NP implantation (** P < 0.01 versus the sham group, n = 12 in each group ).
(B) The number of action potentials in DRG neurons were increased after NP implantation (** P < 0.01 versus the sham
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Fig. 2. Upregulation of RAGE in DRG neurons plays an important role in the mechanical allodynia and enhanced excitability
of sensory neurons induced by LDH. (A) Representative blots and histogram showed the upregulation of RAGE in DRG
induced by LDH (** P < 0.01 versus the sham group, n = 6 in each group ). (B) Immunohistochemistry results indicated that
the expression of RAGE in DRG on day 14 after LDH was significantly increased (** P < 0.01 versus the sham group, n =

5 in each group). (C) Intrathecal injection of RAGE antagonist 'PS-Z M1 at dose of 100ug/10ul or 200 ug/10 ul, but not
10ug/10ul, obviously attenuated the mechanical allodynia caused by NP implantation (** P < 0.01 versus the sham group,

## P < 0.01 versus the corresponding LDH group, n = 12 in each group). (D) Blockage of RAGE with FPS-ZM]1 at dose of
100pg/10ul (i.t.) significantly decreased the enhanced number of action potentials on day 7 following NP implantation (** P
< 0.01 versus the sham group, ## P< 0.01 versus the corresponding LDH group, n = 25 in each group).

cal allodynia. To define the role of RAGE in persistent
pain induced by LDH, RAGE antagonist FPS-ZM1 (i.t.)
was daily intrathecally administrated for consecutive 7
days. The results demonstrated that RAGE antagonist
at doses of 100 pg/10 pl or 200 pg/10 pl, but not 10 pg/
10pl, significantly inhibited LDH-induced mechanical al-
lodynia (Fig. 2C). Meanwhile, FPS-ZM1 treatment at a
dose of 100 pg/10 pl (i.t.) also markedly reduced the en-
hancement of action potentials in DRG neurons on day
7 following LDH induced by NP implantation (Fig. 2D).
These results suggested that LDH upregulated RAGE via
enhancing the DRG neurons excitability contributed to
the persistent pain.

Activation of STAT3 Mediated Mechanical
Allodynia Induced by LDH

Recent studies indicated that STAT3 activation
played a critical role in the neuropathic pain (20). In this

study, the western blot results revealed that the phos-
phorylation of STAT3 in DRG was significantly increased
on day 7 and persisted to the end of the experiment
(day 28) after NP implantation in rats (Fig. 3A). Immuno-
histochemistry results also showed that the phosphory-
lated STAT3 was upregulated in DRG on day 14 after NP
implantation in rats (Fig. 3B), and the phosphorylated
STAT3 mainly was expressed in IB4 and NF200 positive
cells, but not GFAP positive cells (Fig. 3B). Importantly,
consecutive intrathecal injection of STAT3 activity in-
hibitor S31-201 at doses of 100 pg/10 pl or 200 ug/10 pl,
but not 25 pg/10 pl for 7 days, significantly ameliorated
the mechanical allodynia induced by NP implantation in
rats (Fig. 3C). Meanwhile, S31-201 treatment at a dose
of 100 pg/10 pl (i.t.) also markedly decreased the en-
hanced number of action potentials on day 7 following
NP implantation (Fig. 3D). To further define the role of
STAT3 in DRG in persistent pain induced by LDH, the
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Fig. 3. Activation of STAT3 contributed to mechanical allodynia induced by LDH. (A) NP implantation significantly upregulated
the expression of p-STAT3, but not the expression of STAT3 in DRG of rats (** P < 0.01 versus the sham group, n = 6 in each
group). (B) The expression of p-STAT3 were markedly increased in DRG on day 14 after LDH (** P < 0.01 versus the sham
group, n =5 in each group ) and colocalized with 1B4 positive cells and NF200 positive cells, but not GEAP positive cells in DRG

of LDH rats (n = 6 in each group). (C) Intrathecal injection of STAT3 activity inhibitor S31-201 at dose of 100ug/10ul or
200ug/10ul, but not 25ug/10ul, significantly attenuated the mechanical allodynia induced by LDH in rats (** P < 0.01 versus the
sham group, ## P < 0.01 versus the corresponding LD H group, n = 12 in each group). (D) Inhibition of the activity of STAT3
with S31-201 at dose of 100 ug/10 ul (i.t.) markedly decreased the enhanced number of action potentials on day 7 following NP
implantation (** P < 0.01 versus the sham group, ## P < 0.01 versus the corresponding LDH group, n = 25 in each group). (E) A
marked green fluoresces in DRG of mice was observed on days 21 after AAV-Cre-GF'P injection (n = 6 in each group). (F) STAT3
expressions in DRG were significantly reduced on day 21 after AAV-Cre-GFP injected STAT3flox/flox mice (** P < 0.01 versus
corresponding AAV-GF'P group; n = 6 in each group). (G) The mechanical allodynia was greatly attenuated in AAV-Cre-GFP-
injected STAT3flox/flox mice compared to that of AAV-GF P-injected STAT3flox/flox mice following NP implantation (** P <
0.01 versus the sham group, ##P < 0.01 versus the corresponding AAV-GFP +LDH group, n = 12 in each group).
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recombinant adeno-associated virus encoding Cre and
GFP (AAV-Cre-GFP) was intrathecally injected into the
subarachnoid space of L4-L6 spinal cord of STAT3flox/
flox mice. Control mice were injected with AAV encod-
ing GFP (AAV-GFP). Twenty-one days after virus injec-
tion, marked green fluoresces in the DRG suggested a
high efficiency of transfection (Fig. 3E). Western blot
analysis indicated that the expression of STAT3 in DRG
was significantly reduced on day 21 after AAV-Cre-GFP
injection in STAT3flox/flox mice (Fig. 3F). Importantly,
the mechanical allodynia was greatly inhibited in AAV-
Cre-GFP injected STAT3flox/flox mice compared to that
of AAV-GFP-injected STAT3flox/flox mice following LDH
induced by NP implantation (Fig. 3G).

Blockage of RAGE Reduced STAT3 Activation
Induced by Implantation of Autologous NP
Due to the consistent time course between the
upregulated RAGE and p-STAT3, we further observed
whether the upregulation of RAGE mediated STAT3 ac-
tivation following LDH induced by NP implantation. Im-
munohistochemistry results showed that RAGE-positive
cells were colocalized with p-STAT3-positive cells (Fig.
4A). Furthermore, consecutive administration of RAGE

antagonist FPS-ZM1 (100 pg/10 pl, i.t.) significantly in-
hibited the STAT3 phosphorylation of DRG on day 21
induced by NP implantation (Fig. 4B). These results sug-
gested that the upregulation of RAGE may activate
STAT3 in DRG, thus contributing to the persistent pain
induced by LDH.

Discussion

A number of studies show that implantation of
autologous NP in animals, which mimicked the LDH,
induced significant and prolonged mechanical allo-
dynia (15,19). Here, we confirmed the previous study
that 7 days after LDH induced by implantation of au-
tologous NP, rats exhibited significant mechanical al-
lodynia. We further found that LDH also significantly
enhanced the excitability of DRG neurons, which is
consistent with the finding in a rat model of LDH-
induced pain hypersensitivity (7). It is well known that
the peripheral sensitization involves the increased ex-
citability of primary afferent nociceptors such as DRG
neurons, which mainly convey peripheral stimuli into
the action potentials, and thus propagate to the CNS
(7,21). All these suggested that the enhancement of
neuronal excitability of DRG might contribute to pe-
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ripheral sensitization and persistent pain induced by
LDH.

Accumulated evidence revealed that RAGE, the
receptor for advanced glycation end products, plays a
pivotal role in the progression of neuroinflammation,
neurodegeneration, and various neurodegenerative
conditions such as diabetic neuropathy and familial
amyloid polyneuropathy (22,23). In the present study,
we further found that implantation of autologous NP
significantly increased the RAGE expression in DRG, and
the time course of upregulated RAGE is consistent with
mechanical allodynia. In addition, intrathecal applica-
tion of RAGE antagonist FPS-ZM1 markedly attenuated
the mechanical allodynia induced by LDH. Importantly,
inhibition of RAGE by using FPS-ZM1 significantly re-
duced the enhanced excitability of DRG neurons fol-
lowing implantation of autologous NP. Studies showed
that RAGE activation can trigger several signal path-
ways such as NF-xB and JNK pathways, thereby induc-
ing an increase of proinflammatory molecules (22,23).
These proinflammatory molecules such as TNF-a and IL-
1B play a critical role in the hyperalgesia and mechani-
cal allodynia via increasing the sensory neurons excit-
ability (24). Altogether, the present results indicated
that upregulation of RAGE via enhancing DRG neurons
excitability contributed to LDH-induced persistent pain,
and was supported by the study that activation of neu-
ronal RAGE was involved in the increased neuronal ex-
citability and neuropathic pain induced by nerve injury
(5). It is known that FPS-ZM1 is not toxic to mice and can
easily cross the blood-brain barrier (25). FPS-ZM1 might
be a novel therapeutic agent to treat LDH patients.

A recent study showed that STAT3, as a transcrip-
tion factor, was involved in the induction and mainte-
nance of neuropathic pain following nerve injury. For
example, a marked activation of STAT3 in spinal astro-
cytes was observed following spinal nerve injury (26),
and inhibition of STAT3 significantly attenuated the
nerve injury-induced neuropathic pain (9,20). Our re-
sults also showed that LDH significantly increased the
phosphorylated STAT3 expression in DRG, and the up-
regulated p-STAT3 was only co-localized with the 1B4
or NF200-positive cells. Although the present results
were supported by many studies that p-STAT3 was ex-
pressed on the neurons in the brain (27,28), some stud-
ies also showed that activated STAT3 can be expressed

on the astrocytes or microglia (20,26). We also found
that STAT3 inhibitor S31-201 significantly attenuated
the mechanical allodynia and the enhancement of DRG
neurons excitability induced by LDH. In addition, the lo-
cal deficiency of STAT3 by intrathecal injection of AAV-
Cre-GFP into the STAT3flox/flox mice significantly ame-
liorated the STAT3 expression and mechanical allodynia
in the mice with LDH. These results indicated that acti-
vation of STAT3 in DRG neurons might be also implicat-
ed in LDH-induced mechanical allodynia. Importantly,
we found that p-STAT3-positive cells were co-localized
with the RAGE-positive cells. Furthermore, intrathe-
cal injection of RAGE antagonist FPS-ZM1 significantly
prevented the STAT3 activation on day 7 following im-
plantation of autologous NP. Although studies showed
that many molecules such as hormones, growth factors,
or cytokines via acting on their respective receptor can
activate the STAT3 (29), the present study showed that
RAGE was an upstream molecule for STAT3 activation
in persistent pain induced by LDH, and this result was
consistent with the study that RAGE activated STAT3
in pancreatic ductal adenocarcinoma (12). However, the
mechanisms underlying p-STAT3-mediated persistent
pain in the LDH need further investigation.

ConcLUSION

Taken together, these data indicated that activa-
tion of RAGE/STAT3 pathway plays a critical role in the
persistent pain induced by implantation of autologous
NP in a rat model of LDH, and this pathway may rep-
resent novel therapeutic targets for the treatment of
LDH-induced persistent pain.
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