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Background: Neuropathic pain is a complex state of chronic pain that is usually accompanied by
peripheral and central nervous system damage or dysfunction. Previous studies have indicated that
neuroinflammation in the spinal cord is an important contributor to neuropathological and behavioral
abnormalities. A series of early inflammatory markers, such as IL-1, TNF-a, and IFN-y, and advanced
inflammatory markers, such as high-mobility group box 1 (HMGB1), are involved in neuroinflammation.

Study Design: A randomized, double blind, controlled animal trial.

Objective: In this study, a lentivirus delivering human IL-10 (LV/hIL-10) was administered
intrathecally to determine the effects of IL-10 on allodynia and hyperalgesia in a chronic constriction
injury-induced (CCl) rat model of neuropathic pain.

Methods: Sprague-Dawley rats weighting 260 - 320 g were randomly divided into 4 groups.
Group Sham (Sham), Group CCl+Normal Saline (NS), Group CCI+LV/hIL-10 (LV/hIL-10), and Group
CCltLV/control (vector). Rats in each group were intrathecally administered NS, LV/control, or
recombinant vector LV/hIL-10 in a total volume of 10 ul. Paw withdrawal mechanical thresholds
(PWMT) and paw withdrawal thermal latency PWTL were measured one day before CCl (baseline)
and 0, 3, 7, 14, and 28 days after intrathecal administration. Cerebrospinal fluid (CSF) samples
were collected during surgical plane anesthesia and the collected CSF samples were used to
assay for human IL-10, rat IL-1B, rat IL-6, and rat TNF-a by enzyme-linked immunosorbent assay
(ELISA). Animals were sacrificed and the L4-5 lumbar segment of the spinal cord was removed for
determination of green fluorescent protein (GFP) expression. Immunohistochemical analysis was
performed using anti HMGB1 antibodies and the expression of HMGB1 protein in the spinal cord
was determined by Western blot analysis after intrathecal delivery (n = 8 each).

Results: The results show that intrathecal LV/hIL-10 reverses enhanced pain states. Moreover,
the increased level of HMGB1 exhibited in a late stage of CCl was inhibited by exogenous
overexpression of hiL-10 in the CCl model. Expression of HMGB1, RAGE, and pAkt were lower
in CCl-induced rats treated with LV/hIL-10 than in those treated with LV/control (vector) or saline
(NS). Our results showed that IL-10 inhibits activation of the inflammatory HMGB1-RAGE pathway
in the CCl rat model.

Limitations: Further experimental investigations are needed to clarify the specific biological roles
played by HMGB1 in IL-10-mediated regulation of neuropathic pain.

Conclusion: Our results indicate that intrathecal lentiviral-mediated transfer of IL-10 attenuates
CCl-induced neuropathic pain in rats. The anti-thermal hyperalgesia and anti-mechanical allodynia
may be partly attributable to the decreased expression of HMGB1 and inhibition of HMGB1-RAGE
pathway.
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europathic pain is a refractory chronic pain

syndrome with a complicated mechanism,

and effective therapy has yet to be
developed (1,2). Spinal cord glias are considered
critical to the creation and maintenance of pain
through the release of proinflammatory cytokines
(3-5). An intimate relationship has been documented
between neuropathic pain and high levels of
expression of early inflammatory cytokines like IL-6,
TNF-a, and IL-1B (6-8). However, anti-inflammatory
cytokines such as interleukin-10 (IL-10) can suppress
these proinflammatory cytokines. In a previous study,
we reported that IL-10 overexpression attenuated
TNF-a and IL-1B levels, which had been increased
by lipopolysaccharides (LPS) in astrocytes (9). Recent
evidence suggests that IL-10 has a notable therapeutic
effect on rat neuropathic pain induced by spinal cord
injury, chronic sciatic nerve constriction injury, and
intrathecal administration of the HIV-1 envelope
protein (5,10-14).

Because anti-inflammatory cytokine IL-10 has a
very short half-life (about 2 h) in rat cerebrospinal
fluid (CSF) (15), IL-10 gene therapy may provide a
more efficient means of attaining neuropathic pain
control. Milligan et al (16,17) used adenovirus-vector-
mediated IL-10 to control neuropathic pain. Milligan et
al’s (16,17) results suggest that intrathecal IL-10 gene
therapy may provide a novel approach to prolonged
clinical pain control. Lentiviral (LV) vectors are among
the most popular vectors used for gene delivery into
the central nervous system (CNS) (18-20). Because LV
vectors can transduce a wide array of cells including
non-proliferating cells, which are ubiquitous within
the CNS (21), support long-term gene expression, and
be modified to enhance cell targeting, they are a pow-
erful modality to deliver life-long therapeutic pro-
teins (22). In the previous study, we have developed
a highly efficient method of LV-mediated delivery of
short-hairpin RNAs (shRNA) targeting protein kinase C
gamma (PKCy) for in vivo gene silencing in the spinal
cord of rats (23,24). M.E. van Strien et al (25) reported
that LV-mediated overexpression of IL-10 or IL-1 re-
ceptor antagonist in rat glial cells and macrophages
produced an anti-inflammatory effect.

High mobility group box 1 (HMGB1) protein is
both a nuclear factor and a secreted protein. It plays
a role in chronic inflammation. It is synthesized and
secreted into the dorsal root ganglion (DRG) and spi-
nal nerve, and it contributes to the development of
neuropathic pain after nerve injury (9,26-28). One of

our previous studies indicated that the expression of
HMGB1 decreased markedly after intrathecal injec-
tion of the TLR4 inhibitor EGCG (1 mg/kg), which was
administered once daily starting one day before CCl
surgery and continuing for 3 days after. IL-10 levels in
the spinal cord increased significantly. This was accom-
panied by dramatic improvement in pain behaviors
in CCl rats (29). The persistent release of HMGB1 was
found to contribute to tactile hyperalgesia in a rodent
model of neuropathic pain (9). Milligan et al (30,31)
reported that the anti-inflammatory cytokine IL-10
can suppress proinflammatory cytokines such as TNF-q,
IL-1B, IL-6, and spinal cord glial amplification of pain.
However, it remains unclear whether LV-mediated
transfer of IL-10 attenuates CCl-induced neuropathic
pain through modulation of spinal HMGB1 in rats. In
this study, we report that HMGB1 was upregulated in
a rat model of CCl and was inhibited by intrathecal
administration of LV-mediated transfer of IL-10.

METHODS

Animals and Surgery

The experiments were carried out on male
Sprague-Dawley rats weighing about 260 - 320 g
at the time of surgery. All surgical procedures were
performed under aseptic conditions and deep anes-
thesia induced by a xylazine and ketamine cocktail
that was injected intraperitoneally (xylazine 1.6 mg/
kg; ketamine 64 mg/kg). Animals were kept at room
temperature and their normal circadian rhythms were
maintained. They were protected from light and noise
stimulation, took food and water freely, and were fed
separately after surgery. Using the method described
by Bennett and Xie (32), the CCl model was created at
the mid-thigh level of the left hind leg. Four sterile,
absorbable surgical chromic gut sutures (cuticular 4-0,
chromic gut, 27¢, cutting FS-2; Ethicon, Somerville,
NJ, U.S.) were loosely tied around the gently isolated
sciatic nerve while the rats were under anesthesia. The
left sciatic nerve was exposed, but no ligature was ap-
plied to the groups of sham-operated rats. Penicillin
at 40,000 unit i.m. per rat was given after surgery to
prevent infection. All animal experimental procedures
conformed to the guidelines established by the Council
of the China Physiologic Society and were approved by
the Administrative Committee of Experimental Animal
Care and Use of Central South University. The study
adhered to the Ethical Guidelines of the International
Association for the Study of Pain (33).
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Lentiviral Vectors Expressing hiL10 (LV/hIL10)

PCYIL-10 plasmid containing the human IL-10 (hIL-
10) coding sequence (CDS) was a kind gift from Dr.
Xianmin Meng of Thomas Jefferson University (Phila-
delphia, PA, U.S.). LV vector (pWPXL-GFP), packaging
plasmid (psPAX2), and envelope plasmid (pMD2.G)
were given to us by Professor Didier Trono of the
School of Life Sciences, Ecole Polytechnique Fédérale
de Lausanne [EPFL] (Lausanne, Switzerland). The cDNA
of hIL-10 was digested by the restriction enzymes
(Pmel, Takara), which were subcloned to the LV vec-
tor backbone plasmid pWPXL-GFP. The newly gener-
ated pWPXL-hIL-10 and 2 other helper vector plasmids,
psPAX2 and pMD2.G, were transfected into 293FT cells
with Lipofectamine 2000 (Invitrogen). The proportion
of Lipofectamine to plasmid was 2.5:1. Supernatants
were harvested starting at 24 hours post-transfection
every day for a total of 4 days, and centrifuged at
15,000 rpm/min for 10 min to remove debris. They were
then transferred into a 36 mL ultracentrifuge tube for
ultracentrifugation at 25,000 rpm/min for 3 hours. The
pellet containing LV vectors was resuspended in a neu-
ral stem cell (NSC)culture medium, and aliquots were
stored at -80°C. Viral vector titers were assayed by
infection of 293FT cells at different dilutions; the titers
were 1x109 TU/mL after concentration by ultracentri-
fugation. LV vector-only expressing green fluorescent
protein (GFP) was used as negative control.

Intrathecal Catheter Implantation

Lumbosacral intrathecal catheters were constructed
and implanted using a lumbar approach and anesthesia
as described by Malkmus and Yaksh (34). The indwelling
catheters were used to microinject LV/hIL-10, LV/control
vector or normal saline (NS) into the subarachnoid space
surrounding the lumbar enlargement of the spinal cord.
All intrathecal microinjections were performed using
a 10 pL volume to ensure complete drug delivery. All
catheter placements were verified after death by vi-
sual inspection. Only data from animals with catheters
whose tips had entered the CSF space at the lumbar
enlargement of the spinal cord were analyzed.

Measurement of Pain Threshold

The thermal nociceptive threshold (PWTL) was de-
tected using a Hargreaves apparatus (Plantar test, 7370,
Ugo Basile, Comerio, Italy) as described previously (35).
Rats were placed in clear plastic cages on an elevated glass
plate and allowed to acclimate to their surroundings for
30 min before testing. After acclimation, a radiant heat

source of constant intensity was placed underneath the
glass and aimed at the mid-plantar area. A digital timer
automatically read the duration between the start of
stimuli and paw withdrawal. The PWTL was measured
to the nearest 0.1 s. The baseline PWTL of rats was con-
trolled at about 11 s by adjusting the intensity of the
light of the pain threshold detector. A cutoff time of 15 s
of irradiation was used to avoid any tissue damage. Five
minutes was allowed to elapse between stimulations.

Paw withdrawal mechanical thresholds (PMWT)
were determined in response to pressure from an
electronic von Frey anesthesiometer (2390 series, IITC
Instruments, Woodland Hills, U.S.) as described previ-
ously (36). The amount of pressure (g) needed to pro-
duce a paw withdrawal response was measured 3 times
on each paw at 3 min intervals. The results of 3 tests
per each paw per day were averaged. PMWT and PWTL
were measured one day before CCl (baseline) and 0, 3,
7, 14, and 28 days after IT administration.

Western Blotting

The rats were euthanized and the effects of LV/
hIL-10 on HMGB1 expression in the lumber spinal cord
were evaluated. All rats were euthanized quickly, and
the lumbar spinal cords were removed and frozen on
dry ice. The dissected spinal dorsal horns were homog-
enized in a sodium dodecyl sulfate (SDS) sample buffer
with a mixture of proteinase inhibitors (sigma).

The electrophoresis samples were heated to 100°C
with standard Laemmli solutions for 5 minutes and
loaded onto 10% SDS-polyacrylamide gels. The pro-
teins were transferred onto a polyvinylidene difluoride
membrane (PVDF, Millipore, U.S.), blocked with 5%
non-fat dry milk for one hour, and incubated overnight
with primary antibodies (rabbit anti-HMGB1, 1:1000,
BD Pharmigen; mouse anti-GAPDH, 1:10000, Sigma;
rabbit anti-pAkt, 1:1000, anti-Akt, 1:1000, Cell Signal-
ing Technology; rabbit anti-RAGE, 1:1000, Abcam).
After incubation with horseradish peroxidase (HRP)-
conjugated secondary antibody (1:10,000; Amersham
Pharmacia Biotech Inc., U.S.), the proteins were detect-
ed by enhanced chemiluminescence (ECL) (Amersham).
The densities of the protein blots were analyzed using
Image) software (US National Institutes of Health NIH,
Bethesda, MD, http://rsb.info.nih.gov/ij).

Immunohistochemical Staining and GFP
Fluorescence Observation

Spinal cords were carefully excised from the lum-
bar region. After fixing with 4% paraformaldehyde/
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Fig. 1. CCI-induced mechanical allodynia and thermal
hyperalgesia over time. CCI produced significant
mechanical allodynia and thermal hyperalgesia, but

normal (no surgery) and sham treatment did not. PWMT
and PWTL over time are presented in Figs. 14 and B,
respectively. (C) Contralateral allodynia was observed in the
CCI group. Results are presented as mean = SD at different
times following surgery. Significance is defined as *P <
0.05 compared to the normal or sham groups at each point
intime (P < 0.05) (8 animals per group).

PBS (Sigma) and dehydrating in 70% ethanol, the fixed
tissues were infiltrated in 30% sucrose in PBS at 4°C
overnight. Transverse sections of the lumbar spinal cord
were cut using a Leica CM1900 cryostat (Leica, Germa-
ny), and immunohistochemical analysis was performed
using anti HMGB1 antibodies. The controls were rou-
tinely performed using incubation with rabbit IgG.
Finally, slides were covered with Vectashield Mounting
Medium (37) (Vector Laboratories, Inc, Burlingame, CA)
containing 1 uM DAPI (Sigma). The GFP fluorescence in
the spinal cord cells was monitored with a fluorescent
microscope (Leica, Germany).

Enzyme-linked Immunosorbent Assay (ELISA)
The rats were subjected to sodium pentobarbital
overdose immediately upon the completion of behav-
ioral testing. CSF samples were collected during surgical
plane anesthesia. Subarachnoid space CSF samples were
collected and flash-frozen in liquid nitrogen or at -80°C
until analyzed. Commercial Human Interleukin 10 ELISA
kits (R&D Systems) were used to assay for human IL-10,
rat IL-1B, rat IL-6, and rat TNF-o, as described by the
manufacturer (ELx800uv; Bio Tek Instruments, USA).

Statistical Analysis

Data are presented as mean * standard devia-
tion (SD) of the indicated number of separate experi-
ments. All statistical comparisons were computed using
SPSS 15.0. Time-course measures for each behavioral
test were analyzed by repeated-measures of ANOVAs
followed by Student-Newman-Keuls post hoc analysis,
where appropriate. The IL-10, IL-1B, IL-6, and TNF-a
contents of CSF were analyzed by one-way or two-way
ANOVAs with Student-Newman-Keuls post hoc analysis.
Differences were deemed significant at P < 0.05.

REesuLTs

Behavioral Assessment

To evaluate mechanical allodynia and thermal
hyperalgesia, PIWMT and PWTL were determined using
an electronic von Frey anesthesiometer and Hargreaves
test, respectively, which were also used for video analy-
sis 3, 7, 14, 21, and 28 days after surgery. As shown in
Fig. 1, the results demonstrated significantly enhanced
mechanical allodynia (F1, 20 = 769.8, P < 0.0001) and
thermal hyperalgesia (F1, 20 = 106.2, P = 0.0005) of the
ipsilateral hindpaw in experimental groups but not in
the sham group. This reached a maximum at day 7 and
showed signs of amelioration on day 28. CCl also caused
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contralateral allodynia (F1, 20 = 118.9, P = 0.0004). Rats
who received sham surgeries and those who were not
operated upon displayed no significant changes from
baseline with respect to mechanical allodynia (F1, 20 =
3.723, P =0.1259), thermal hyperalgesia of the ipsilater-
al hindpaw (F1, 20 = 2.408, P = 0.8859), or contralateral
allodynia (F1, 20 = 0.2911, P = 0.6182) (Fig. 1).

Transduction of Lentiviruses Containing GFP
in Vivo

To confirm the delivery of LV/hIL-10 into nerve cells
in the spinal cord, the uptake of labeled GFP in spinal
cord cells was evaluated by fluorescence microscopy.
Many cell bodies were highly fluorescent after intra-
thecal administration of LV/hIL-10 or LV/control vector.
Fluorescence was observed primarily in the cytoplasm
(Fig. 2A, B).

Effects of Intrathecal Administration of LV/
hIL-10 on the Concentration of hIL-10 in the
Spinal Cords of Rats Subjected to CCI

To determine whether intrathecal administration
of LV/hIL-10 changes IL-10 protein content in CSF, the
expression of hIL10 was detected by ELISA in the CSF of
rats after administration of LV/hIL10 or LV/control. The
concentration of hIL10 increased significantly after 3
days (1.68 + 0.39 ng/mL) and 7 days (6.15 = 2.66 ng/mL)
of administration of LV/hIL10 (F1, 30 = 73.64, P=0.0001)
but not after administration of LV/control (Fig. 3A).

Effects of Intrathecal Administration of LV/
hIL-10 on the Release of Proinflammatory
Factors in the Spinal Cords of Rats Subjected
to CCI

To determine the effects of LV/hIL-10 on spinal
cord levels of proinflammatory cytokines, the expres-
sion profiles of TNF-a, IL-1B, and IL-6 were evaluated
in LV/hIL-10 and LV/control after CCl and compared.
As in other reports, TNF-a, IL-1B, and IL-6 levels were
increased in the lumbar spinal cord of rats after 3 days
of CCl (13,25). Significant decreases in TNF-a. (F1, 40 =
45.66, P < 0.0001), IL-1B (F1, 40 = 37.77, P = 0.0003), and
IL-6 (F1, 40 = 9.099, P = 0.0166) were observed after LV/
hIL-10 administration (Fig. 3B, 3C, and 3D). Decreased
TNF-a (P < 0.01) and IL-6 (P < 0.05) were found 3 days
after intrathecal administration of LV/hIL-10. However,
IL-1B did not decrease until 7 days later, when the ex-
pression of HMGB1 began to increase (Fig. 3C and
Fig. 4A).

Effects of Intrathecal Administration of LV/
hIL-10 on CCl-induced Mechanical Allodynia
and Thermal Hyperalgesia

Several previous studies have shown that other
methods of delivering IL10 can reverse thermal hyper-
algesia and mechanical allodynia in CCl rats (12,13,38).
We also determined the effects in CCl rats by using
LV/hIL-10. The results also showed that LV/hIL-10 suc-
cessfully decreased not only CCl-induced mechanical

100 um, B: Scale bar = 50 um

Fig. 2. Fluorescence microscopy images of neurons after transduction with LV/hIL10 or LV/control. Fluorescence microscopy
images of GF'P expression in spinal dorsal horn neurons 7 days after transduction with intrathecal delivery of LV/hIL10 or LV/
control (A X 100), (B X 200). Arrows indicate GF P fluorescence in spinal dorsal horn neurons (white arrow). A: Scale bar =
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Fig. 3. Profile of inflammatory cytokines in the spinal cord of CCI-induced rat after LV/hIL10 administration. Human IL-
10 levels in lumbar CSF after administration of LV/hIL10. Lumbar CSF was collected from rats and assayed using ELISA.
Higher levels of 1L-10 were observed in the lumbar region than in the LV/control group (F1, 30 = 73.64, P = 0.0001). A
significant decrease in TNF-o (F1, 40 = 45.66, P < 0.0001),
9.099, P = 0.0166) was observed after administration of LV/hIL-10. *: vs. LV/control group P < 0.05; **: vs. LV/control
group P < 0.01. Results are presented as mean £ SD at different times following surgery n =8

IL-1B (F1,40 = 37.77, P = 0.0003), and I1L-6 (F1, 40 =

allodynia (F1, 20 = 86.63, P = 0.0007) and thermal hy-
peralgesia of the ipsilateral hindpaw (F1, 20 = 71.32, P
= 0.0011), but also CCl-induced contralateral allodynia
(F1, 20 = 38.32, P = 0.035) (Fig. 5A, 5B, 5C).

Effects of Intrathecal Administration of LV/
hIL-10 on Activation of the Spinal HMGB1
HMGB1 has been shown to increase in rats that
suffer from bone cancer pain (14). We detected the
expression of HMGB1 in the spinal cords of CCl-induced
neuropathic rats. The expression of HMGB1 over time

was evaluated in the spinal cords of rats that had been
subjected to CCl. Western blot results showed that the
HMGB1 expression was up-regulated from day 7 to day
28 in CCl-induced neuropathic pain rats (Fig. 4A) but
not in the control or sham rats. We then assessed the
expression of HMGB1 lumbar segments of the spinal
cord in rats 14 days after the intrathecal administration
of LV/hIL-10. Compared to LV/control group and saline
group, there was a significant decrease of HMGB1 ex-
pression after treatment with LV/hIL10 (P = 0.027, P =
0.031, Fig. 4B and C). The number of spinal cord cells
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Fig. 4. Effects of intrathecal injection of LV/hIL10 on the expression of HMGBI in CCI-induced neuropathic pain rats. The
profile of HMGBI expression in CCI-induced rats is shown. (A) The expression of HMGBI increased in a time-dependent
manner in the CCl-induced rat. (B) A representative result of HMGBI expression was shown 14 days after administration
of CCI. (C) The expression of HMGBI was decreased by intrathecal injection of LV/hIL10. (D) Immunohistochemistry
was performed using anti HMGBI1 antibodies in the spinal cord, and the HMGBI positive-expressed cells appeared brown.

Magnification 200X.

positive for HMGB1 expression was lower in the LV/hIL-
10 treated rats than in LV/control treated rats (Fig. 4D).
To confirm that the activation of HMGB1 was affected
by intrathecal administration of LV/hIL-10, the relative
expression of HMGB1, its binding receptor RAGE, and
downstream gene were analyzed in the spinal cord of
rats 14 days after CCl-induced neuropathic pain. Our
results showed that HMGB1, RAGE, and phosphory-
lated Akt (pAkt) were significantly upregulated in the
CCl-treated rats. The expression of HMGB1, pAkt, and
its receptors RAGE all were decreased after LV/hIL-10
treatment (Fig. 6A and B).

Discussion

This study demonstrates that intrathecal adminis-
tration LV-mediated overexpression of IL-10 has a con-
siderable antinociceptive therapeutic effect and that it
exerts this effect through modulation of spinal HMGB 1
in rats. To the best of our knowledge, this represents

the first demonstration of intrathecal LV-mediated
transfer of IL-10 that effectively attenuates CCl-induced
neuropathic pain in rats.

This study showed that the occurrence of neu-
ropathic pain was indirectly related to the release of
earlier period mediators of inflammation, and the
symptoms of neuropathic pain was prolonged. We
observed an increase in spinal TNF-a, IL-1B, and IL-6
in CCl-induced neuropathic pain rats. The release of
earlier period mediators of inflammation, however,
was not entirely consistent with the profile of thermal
hyperalgesia and mechanical allodynia observed in
the CCl-induced neuropathic pain model. One recent
study showed that the induction of HMGB1 in the DRG
contributes to pain hypersensitivity and that blocking
spinal HMGB1 could reverse bone cancer pain by down-
regulating IL-1B expression (14).

HMGB1 is a ubiquitous nuclear protein that exerts
numerous extranuclear and extracellular functions, in-

www.painphysicianjournal.com
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cluding proinflammatory activity. It can induce cytokine
expression and activate inflammatory cells (39). The re-
lationship between HMGB1 and inflammatory reactions
has attracted broad attention, and increasing evidence
shows that HMGB1 is the advanced stage at which the
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Fig. 5. CCI-induced mechanical allodynia and thermal hyperalgesia
over time in rats given CCI and treated with LV/hIL-10.
Intrathecal injection of LV/hILI10 significantly reversed (A)
CCl-induced mechanical allodynia, (B) thermal hyperalgesia,
and (C) contralateral allodynia. Resulis are presented as mean
SD at different times following surgery n = 8.

mediated factor leads to a fatal systemic inflammatory
response in sepsis and serious trauma (40). Some stud-
ies have indicated that HMGB1 may participate in the
invasion procedure of arthritis deformans. HMGB1 s
secreted by macrophages, monocytes, and pituicytes af-
ter stimulation with endotoxins, LPS, IL-1, TNF-a, IFN-y,
and HGMB1 itself (41). Secretion of HMGB1 can activate
these cells, resulting in the release of proinflamma-
tory cytokines, such as TNF-q, IL-1q, IL-1B, IL-6, and IL-8,
which are associated with hyperalgesia and mechanical
allodynia in CCl rats (42).

The anti-inflammatory cytokine IL-10 inhibits the
production of many different inflammatory mediators.
It shows promise as a therapeutic agent for a variety of
inflammatory diseases. Because IL-10 has a very short
half-life (about 2 h) in rat CSF, IL-10 gene therapy may
provide a more efficient means of attaining neuro-
pathic pain control than the use of raw IL-10 (15). LV
vectors are among the most popular vectors used for
gene delivery into the CNS because they do not initiate
the immunological responses that can inhibit the viabil-
ity of transduced cells and transduce non-proliferating
cells (43).

Our results show increased expression of HMGB 1
at advanced stages of CCl in a rat model. This is con-
sistent with the results of other studies (14,27). These
data indicate that HMGB1 may affect the occurrence
and maintenance of neuropathic pain. In this study,
our results also show that intrathecal administration
LV/hIL-10 can reverse enhanced pain states. The work
provides evidence that intrathecal gene therapy can
be used to express anti-inflammatory cytokines, such
as IL-10. This may be an approach worthy to be pur-
sued as the treatment for chronic pain, consistent
with work done on activated macrophages (44). It
was found that there is a notable analgesic effect of
IL-10; the mechanism is related to the inhibition of
earlier period mediators of the expression of inflam-
mation (15,45). Our work has shown that intrathecal
administration of LV/hIL-10 can exert an analgesic
effect and inhibit the expression of advanced-stage
mediators of inflammation, such as HMGB1. Down-
regulated expression of HMGB1 may participate in
the analgesic mechanism of IL-10. HMGB1 has been
shown to transduce cellular signals by interacting with
RAGE. This leads to activation of the nuclear factor
pathway, which promotes cytokine production (46).
Our results have shown that IL-10 inhibits activation of
the HMGB1-RAGE pathway, which increases the con-
centration of inflammatory cytokines in CCl rats. More
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Fig. 6. LV/hIL-10 attenuated activation of HMGBI1-RAGE pathway in the spinal cord of CCI-induced rats. HMGBI, RAGE,
pAEkt, and tAkt were assessed using Western blotting. The expression of HMGBI1, RAGE, and p Akt were lower in CCI-induced
rats treated with LV/hIL-10 (1L-10) than in those treated with LV/control (vector) or saline (NS). Cirl: sham surgical
treatment. GAPDH served as a loading control. Data are representative of 3 independent experiments.

research is needed to determine how IL-10 interacts
with HMGB1 and participates in the maintenance of
neuropathic pain and its analgesic mechanism.

This study confirms that LV/hIL10 can reverse
thermal hyperalgesia and mechanical allodynia in CCI
rats and that these effects may be partially due to
the decreased expression of HMGB1 and inhibition of
the HMGB1-RAGE pathway. These findings may have
implications for future study designs and therapeutic
approaches to management of neuropathic pain.

Strengths and Limitations

The current study reports the first proof that in-
trathecal LV-mediated transfer of IL-10 can attenuate
CCl-induced neuropathic pain in rats. Intrathecal LV-
mediated overexpression of IL-10 provides a prolonged
antinociceptive therapeutic effect through modulation

of spinal HMGB1 in CCl rats. There could be several
limitations in the current study. Firstly, further experi-
mental investigations utilizing HMGB1 gene knock-out
models or glycyrrhizin, a known inhibitor of HMGB1,
are needed to clarify the specific biological roles played
by HMGB1 in IL-10-mediated regulation of neuropathic
pain. In addition, more LV/hIL-10 doses should be used
to further investigate the dose-effect relationship in
the future.
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