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Abstract Previous studies have demonstrated that the
red nucleus (RN) is involved in the regulation of neuro-
pathic pain and plays both facilitated and inhibitory roles
through different cytokines. Here, we aim to investigate
the expression changes and roles of interleukin-6 (IL-6),
a pleiotropic cytokine, as well as its receptor (IL-6R) in
the RN of rats with neuropathic pain induced by spared
nerve injury (SNI). Immunohistochemistry indicated that
IL-6 and IL-6R were weakly expressed in the RN of nor-
mal rats, and were mainly co-localized with neurons and
oligodendrocytes. Following SNI, the expression levels of
IL-6 and IL-6R in the RN did not show obvious changes
at 1 week and 2 weeks postinjury. However, both of them
were significantly increased in the RN contralateral (but
not ipsilateral) to the nerve ligation side at 3 weeks postin-
jury, and co-localized not only with neurons and oligoden-
drocytes, but also with numerous astrocytes. Injection of
different doses of anti-IL-6 antibody (100, 250, 500 ng)
into the RN contralateral to the nerve ligation side at
3 weeks postinjury dose-dependently increased the paw
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withdrawal threshold (PWT) of rats and alleviated SNI-
induced mechanical allodynia. Conversely, injection of
different doses of recombinant rat IL-6 (5.0, 10, 20 ng)
into the unilateral RN of normal rats dose-dependently
decreased the PWT of contralateral (but not ipsilateral)
hind paw and evoked significant mechanical allodynia,
which was similar to SNI-induced neuropathic allodynia.
These results further support the conclusion that the RN is
involved in the modulation of neuropathic pain, and sug-
gest that IL-6 and IL-6R in the RN play a facilitated role
in the later maintenance of SNI-induced neuropathic pain.

Keywords Interleukin-6 - Interleukin-6 receptor -
Neuropathic pain - Red nucleus - Spared nerve injury

Introduction

The red nucleus (RN), an important nucleus of the extrapy-
ramidal tract, plays an important role in motor control. It is
involved in modulating muscle tension, motor learning, trig-
gering conditioned motor responses, postural corrections,
and the recovery of movement after spinal injury [1-5]. The
RN neurons in the intact and decerebrate cat show phasic
discharge in the swing phase of locomotion, during which
they influence the activity of flexor muscles [4]. Unilateral
lesions of the RN in rats produce a characteristic asymme-
try in which abnormal braking and propulsive forces are
induced during locomotion [1]. Furthermore, chemical or
electrical stimulation of the RN promotes the low-threshold
afferent-evoked jaw-opening reflex (JOR), but inhibits the
high-threshold afferent-evoked JOR, implying the impor-
tant role of the RN in the control of jaw movements [6].

In recent years, accumulating evidence has shown that
the RN is also involved in nociceptive processing and the
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modulation of pathological pain. Spontaneous discharges
have been recorded in RN neurons in normal rats, and the
discharge frequency in most neurons is altered by nocicep-
tive stimulation of the peripheral nerve or limbs [7, 8]. Injec-
tion of glutamic acid into the RN can increase the tail flick
latency of normal rats, and this effect is blocked by lido-
caine injected into the nucleus raphe magnus [9]. Our recent
studies indicate that the expression levels of pro-inflamma-
tory cytokines, including interleukin-1p (IL-1f) and tumor
necrosis factor-alpha (TNF-a), are significantly increased in
the RN of rats with spared nerve injury (SNI), and blockade
with corresponding antibodies could alleviate SNI-induced
mechanical allodynia [10, 11]. Repeated injection of recom-
binant rat TNF-a into the RN of normal rats evokes a signifi-
cant mechanical allodynia [12]. Further studies demonstrate
that IL-10, an anti-inflammatory cytokine, is also increased
in the RN of rats with SNI, and injection of recombinant rat
IL-10 into the RN alleviates SNI-induced mechanical allo-
dynia [13]. On the contrary, transforming growth factor-
(TGF-B), another anti-inflammatory cytokine, is signifi-
cantly decreased after SNI although it is highly expressed in
the RN of normal rats and has antinociceptive effects [14].
These findings indicate that the RN takes part in the modu-
lation of pain and plays both facilitated and inhibitory roles
by different neurotransmitters and cytokines.

IL-6, a pleiotropic cytokine, plays multiple roles in the
central nervous system including neuronal differentiation,
neuronal survival and neuroprotection [15, 16]. The biologi-
cal effects of IL-6 are transmitted through a combination
with specific membrane-anchored IL-6R that associates
with gp130, a transmembrane subunit necessary to activate
IL-6 intracellular signaling. IL-6 can act via soluble IL-6R
that is produced by the limited proteolysis of the membrane-
anchored IL-6R or by the alternative splicing of IL-6R
mRNA [17]. Recent studies imply that IL-6 is also involved
in nociceptive processing and the regulation of pathological
pain [18-28]. However, the expressions and roles of [L-6 in
the RN under normal and neuropathic pain conditions are
still unknown. Thus, the aim of this study was to explore
the expression patterns of IL-6 and its receptor (IL-6R) in
the RN and also their biological roles in the development of
SNI-induced neuropathic pain.

Materials and Methods
Animals

A total of 74 adult male Sprague—Dawley rats (200-230 g)
were used for the study, all of which were provided by the
Experimental Animal Center of Shaanxi Province, China.
All animals were housed with ad libitum access to food and
water and maintained on a 12 /12 h light/dark cycle (lights

on at 07:00 h). The experiments were approved by the insti-
tutional Animal Care Committee of Xi’an Jiaotong Univer-
sity and carried out in accordance with the ethical guidelines
of the International Association for the Study of Pain [29].

Spared Nerve Injury

After rats were anesthetized with sodium pentobarbital
(50 mg/kg, i.p.), three terminal branches of the right sci-
atic nerve were isolated. The common peroneal and tibial
nerves were tightly ligated with 5-0 silk sutures and sec-
tioned distal to the ligation, removing 2—4 mm of the distal
nerve stump [30]. In the sham-operated rats, three terminal
branches of sciatic nerve were exposed but not lesioned.
Utmost care was taken to avoid damaging the sural nerve in
the process of establishing SNI rats since any stretching or
injury of sural nerve would decrease the sensory sensitivity
of SNI rats [30]. To exclude rats with damage of the sural
nerve, only rats with a 50% withdrawal threshold lower
than 4.0 g (=80 %) in the right hind paw were used in these
studies.

Immunohistochemistry

Following SNI, rats in different groups (four rats/group)
were anesthetized with sodium pentobarbital (50 mg/kg,
i.p.) and transcardially perfused with saline followed by
Bouin’s fixation fluid [14]. The brain tissues containing the
RN were harvested and postfixed in the same fixative for
1 day, and then dehydrated by 30 % sucrose. Each brain tis-
sue was embedded in optimal cutting temperature (OCT)
compound, and cut into 10 pm-thick coronal sections using
a freezing microtome. Three sections (one section from
100 um) were picked from each rat and used for the follow-
ing experiment.

After treatments with ice acetone, 3% H,0, and goat
serum blocking solution, all of the sections were incubated
with rabbit anti-rat IL-6 antibody (1:800; Abcam) or anti-rat
IL-6R antibody (1:250; Beijing Biosynthesis Biotechnology
Co., Ltd., China) overnight at 4 °C. Sections were then incu-
bated for 30 min with horseradish peroxidase (HRP)-labeled
goat anti-rabbit immunoglobulin G (IgG), and subsequently
reacted with DAB for color development. Negative controls
in which the primary antibody was omitted or preadsorbed
with soluble IL-6 (200 ng/ul; Sigma) were performed to
confirm immunospecificity. Olympus BX51 microscope
and DP71 camera were used to view histological sections
and capture the images. Using Image J software (National
Institute of Health, Bethesda, MA, USA), IL-6 and IL-6R
immunoreactivity (IR) were quantified by an experimenter
blinded to the treatment group. Briefly, digital images from
each rat were opened using Image J and converted to eight-
bit grayscale, allowing the computer to distinguish between
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areas of immunoreactivity and background. Following a
standardized elimination of background through adjusting
the threshold, the RN area was selected and the mean optical
density (MOD) and area ratio of IL-6- and IL-6R-positive
cells (area of positive signal/area of region of interest) were
measured to reflect the intensity of IR and the number of
positive cells, respectively (http://rsb.info.nih.gov/ij/).

Immunofluorescence Staining

Three weeks after SNI, rats in different groups (three rats/
group) were deeply anesthetized with a lethal dose of
sodium pentobarbital (70 mg/kg, i.p.) followed by heart
bloodletting. The brain tissues containing the RN were rap-
idly removed and freshly freezed at —80 °C after embedded
in OCT. Each brain tissue was cut into 10 pm-thick coronal
sections using a freezing microtome.

After treatments with acetone and goat serum blocking
solution, all of the sections were incubated with the primary
antibodies of rabbit anti-rat IL-6 antibody (1:400; Abcam)
or anti-rat IL-6R antibody (1:200; Beijing Biosynthesis
Biotechnology Co., Ltd., China) mixed with mouse anti-
rat NeuN (1:1000; Abcam; marker of neuron), mouse anti-
rat O4 (1:250; Abcam; marker of oligodendrocyte), mouse
anti-rat glial fibrillary acidic protein (GFAP) (1:250; Sigma;
marker of astrocyte), or mouse anti-rat OX42 (1:100; Mil-
lipore, USA.; marker of microglia) overnight at 4°C, then
followed by 1 h incubation with secondary antibodies,
including FITC-conjugated goat anti-mouse IgG antibody
(1:250; Abcam; green fluorescence) and Cy3-conjugated
goat anti-rabbit IgG antibody (1:2500; Abcam; red fluores-
cence) at room temperature. The cell nucleus was counter-
stained with 4',6-diamidino-2-phenylindole (DAPI).

Catheterization and Drug Administration

After rats were anesthetized with sodium pentobarbital
(50 mg/kg, i.p.), the rat skull was exposed, and a stainless
steel guide cannula (0.8 mm in diameter) was implanted at
a position 2.0 mm dorsal to the left RN at the following
coordinates: 5.2—6.7 mm from the bregma, 0.6—1.4 mm lat-
eral, 4.4-5.4 mm below the cortical surface [14]. The guide
cannula was fixed on the skull with four microscrews and
dental cement. A stainless steel plug was inserted into the
guide cannula, and kept in place until intracerebral injec-
tion. After catheterization, each rat was injected intraperi-
toneally with 0.2 million units penicillin per day for three
consecutive days.

One week after catheterization, rats were lightly anesthe-
tized with Enflurane (Baxter Caribe Inc., Guayama, Puerto
Rico, USA) and maintained for 2 min, and a 1.0 pl micro-
syringe with its tip extending 2.0 mm beyond the end of the
guide cannula was used for the injection of drugs (0.5 pl).
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Drugs used during this study, including rabbit anti-rat IL-6
antibody (anti-IL-6-Ab; Abcam) and recombinant rat IL-6
(Sigma), were diluted with normal saline and slowly infused
into the RN within 60 s. To prevent the backflow of drug
solution, microsyringe was left in place for an additional
30 s. Anti-IL-6-Ab (100, 250, 500 ng) was injected into the
RN of SNI rats at 3 weeks postinjury, while recombinant
rat IL-6 (5.0, 10, 20 ng) was injected into the RN of normal
rats. The same volume of normal saline or normal rabbit
IgG was injected as vehicle control. At the end of experi-
ments, the injection sites were histologically verified to be
within the RN using toluidine blue (0.1 %) staining.

Behavioral Testing

All of the rats were habituated in the experimental arena for
20 min daily at least 3 days before the formal test. The paw
withdrawal threshold (PWT) of rat was measured blindedly
by an experimenter before and after drug administration
by using the up-down method [31]. Briefly, the rat was put
under a transparent plastic chamber (28 x 25 x 21 c¢m) placed
on a metal wire mesh floor, and ten von Frey filaments rang-
ing from 0.4 to 15.0 g (Stoelting Company, USA) were used
to stimulate the lateral surface of the hind paw (sural nerve
skin area). The pattern of negative and positive responses
was converted into a 50% PWT. In the cases where con-
tinuous negative or positive responses were observed all the
way to the end of the stimulus range, a value of 15.0 or
0.25 g was appointed, respectively.

Data Analysis

All results were presented as Mean+SEM. Pearson’s cor-
relation analysis was used to assess the correlation between
the effects and doses of drug. One-way analysis of variance
(ANOVA) was used to analyze the differences in the MOD
and area ratio of positive cells. Two-way repeated mea-
sures of ANOVA (two-way RM ANOVA) was used to test
the differences in drug effect among groups. Logarithmic
transformed values were used for the statistical analysis,
enabling ANOVA tests. For all comparisons P<0.05 was
considered significant.

Results
General

After SNI, the PWT on the nerve ligation side (but not intact
side) dropped from a baseline value of 13.35+0.41 g (before
surgery, n=12) to 2.48+0.27 g (1 week postinjury; £=19.53,
P<0.001). At 2 weeks and 3 weeks postinjury, the PWT
were extremely low, respectively reaching 1.96+0.23 g
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and 1.95+0.19 g (¢=30.26, t=31.32; P<0.001). Dur-
ing the whole test period, no significant changes of PWT
were observed in sham-operated rats compared with the
baseline value (12.62+0.75 g) (P>0.05), the PWTs were
12.03+£0.62 g for 1 week, 12.56+0.53 g for 2 weeks and
12.74+0.38 g for 3 weeks postinjury, respectively.

Expressions of IL-6 and IL-6R in the RN of Normal
and SNI Rats

Immunohistochemistry demonstrated a low-level expression
of IL-6 in the RN of normal (Fig. 1a) and sham-operated rats
(Fig. 1b). Following SNI, IL-6 immunoreactivity (IR) did
not show significant differences in the RN of rats at 1 week
(Fig. 1c) and 2 weeks postinjury (Fig. 1d), while was mark-
edly up-regulated in the RN contralateral but not ipsilateral
to the nerve ligation side at 3 weeks postinjury (Fig. le, f)
compared with normal and sham-operated rats. Consistent
with the expression of IL-6, IL-6R IR was also seen in the
RN of normal (Fig. 1g) and sham-operated rats (Fig. 1h),
and did not show obvious changes at 1 week (Fig. 1i) and
2 weeks after SNI (Fig. 1j). However, IL-6R IR did increase
in the RN contralateral, but not ipsilateral to the nerve liga-
tion side at 3 weeks after SNI (Fig. 1k, 1). No immunoreactiv-
ity was observed after the primary antibodies were omitted
(Fig. 1m, n) or anti-IL-6-Ab was preadsorbed with soluble
IL-6 (Fig. 10), suggesting that the IL-6 IR and IL-6R IR in the
RN were specific. Quantitative analysis of immunoreactivity
indicated that both the MOD and the area ratio of IL-6- and
IL-6R-positive cells were significantly (z=15.44, P<0.001;
t=13.30; P<0.001) enhanced in the RN at 3 weeks (but not
1 and 2 weeks) after SNI compared with sham-operated rats
(Fig. 2a, b). Neither IL-6 IR nor IL-6R IR showed difference
between normal and sham-operated rats (P=0.76; P=0.74).
These results imply that IL-6 and IL-6R in the RN perhaps
take part in the modulation of pain, and contribute to the later
maintenance of SNI-induced neuropathic pain.

Distributions of IL-6 and IL-6R in the RN of Normal
and SNI Rats

Immunofluorescence staining demonstrated that IL-6 IR and
IL-6R IR in the RN of normal rats were mainly co-localized
with neurons (Fig. 3a, 1) and oligodendrocytes (Fig. 3b, j),
while were hardly observed in astrocytes (Fig. 3c, k) and
microglia (Fig. 3d, 1). At 3 weeks after SNI, both IL-6 IR
and IL-6R IR in the RN contralateral to the nerve ligation
side were obviously up-regulated in neurons and glia, and
co-localized not only with neurons (Fig. 3e, m) and oligo-
dendrocytes (Fig. 3f, n), but also with numerous astrocytes
(Fig. 3g, 0). Neither IL-6 nor IL-6R was detected in the RN
microglia under neuropathic pain condition (Fig. 3h, p). The
percentages of IL-6- and IL-6R-positive neurons and glial

cells in the RN of normal and SNI rats were shown in Table 1.
These results imply that RN neurons, oligodendrocytes and
astrocytes maybe contribute to the later maintenance of SNI-
induced neuropathic pain through expressing IL-6 and IL-6R.

IL-6 in the RN Facilitated the Neuropathic Pain
Induced by SNI

To further investigate the roles of the RN IL-6 in the main-
tenance of SNI-induced neuropathic pain, different doses
(100, 250, 500 ng) of anti-IL-6-Ab were injected into the
RN contralateral to the nerve ligation side at 3 weeks after
SNI, and the mechanical PWT were dynamically measured.
As shown in Fig. 4c, injection of different doses of anti-
IL-6-Ab into the RN dose-dependently (Pearson’s analysis;
r=0.988, P=0.01) increased the PWT of hind paw ipsilat-
eral to the nerve ligation side and alleviated SNI-induced
mechanical allodynia. The mean PWTs during the 120 min
(15-135 min) observation period were 1.83+0.07 g (n=6)
for vehicle control, 2.13+0.14 g (n=6) for 100 ng of anti-IL-
6-Ab, 3.85+0.24 g (n=06) for 250 ng of anti-IL-6-Ab, and
5.2140.39 g (n=6) for 500 ng of anti-IL-6-Ab, respectively.
Further analysis indicated that 250 and 500 ng of anti-IL-
6-Ab injected into the RN both significantly increased the
mechanical PWT of SNI rats (z=6.04, P<0.001; ¢=10.10,
P<0.001), the peak analgesic effects appeared at 75 min
and thereafter gradually reduced to the baseline at 135 min.
However, 100 ng of anti-IL-6-Ab did not show significant
anti-allodynic effect (t=1.16, P=1.00) compared with vehi-
cle group although a short anti-allodynic effect was observed
at 45 min. In contrast, injection of different doses (5.0, 10,
20 ng) of recombinant rat IL-6 into the RN of normal rats
dose-dependently (Pearson’s analysis; r=—0.955, P=0.04)
decreased the PWT of contralateral hind paw and induced a
unilateral mechanical allodynia (Fig. 4d). The mean PWTs
during the 75 min (15-90 min) observation period were
12.61+£0.17 g (n=6) for vehicle control, 12.37+0.23 g
(n=6) for 5.0 ng of IL-6, 10.50+0.35 g (n=6) for 10 ng of
IL-6, and 9.54+0.55 g (n=06) for 20 ng of IL-6, respectively.
Further analysis indicated that 10 and 20 ng of IL-6 injected
into the RN both significantly decreased the PWT of normal
rats (¢=3.47, P=0.02; t=5.04, P<0.001), the peak alge-
sic effect appeared at 45 min and then gradually recovered
to the baseline at 90 min. Whereas, 5.0 ng of IL-6 did not
show any effect compared with vehicle control (¢=0.38,
P=1.00). Injection of vehicle controls into the RN did not
change the PWTs of normal and SNI rats (¢=0.32, P=1.00;
t=0.61; P=1.00). During the whole test period, no obvious
changes were observed in motor behaviors after injection of
anti-IL-6-Ab into the RN of SNI rats or IL-6 into the RN of
normal rats. These results demonstrate that IL-6 in the RN
is involved in nociceptive processing and plays a facilitated
role in the maintenance of SNI-induced neuropathic pain.
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Fig. 1 Expressions of IL-6 and IL-6R in the RN of normal and SNI
rats. a, b IL-6 IR in the RN of normal rats (a) and sham-operated rats
(b). c—e IL-6 IR in the RN contralateral to the nerve ligation side at
1 week (¢), 2 weeks (d) and 3 weeks (e) after SNI. f IL-6 IR in the RN
contralateral and ipsilateral to the nerve ligation side at 3 weeks after
SNI. g, h IL-6R IR in the RN of normal rats (g) and sham-operated rats
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Fig. 2 Quantitative analysis of IL-6 IR and IL-6R IR in the RN after
SNI. a The mean optical density (MOD) of IL-6 IR and IL-6R IR in
the RN of rats. b The area ratio of IL-6- and IL-6R-positive cells in the
RN ofrats. ***P<0.001, compared with sham-operated rats (one-way
ANOVA)

Discussion

IL-6 is a multifunctional cytokine and plays various roles
in different tissue systems, depending on the target cell and
cell conditions. Numerous studies have shown that IL-6
and IL-6R are detected in the peripheral nerve, dorsal root
ganglia (DRG), spinal cord and various brain areas under
physiological condition, and distributed in neurons and also
glial cells [18-28, 32, 33]. In the central nervous system,
IL-6 is involved in the development, differentiation, sur-
vival, regeneration and degeneration of neurons [15, 16].
Recent studies show that IL-6 is also involved in nocicep-
tive processing and the regulation of pathological pain [23].
In patients with chronic pain, an elevated IL-6 has been
observed in the cerebrospinal fluid in patients with lumbar
radicular pain or complex regional pain syndrome [34, 35].
In animal pain models, an increased level of IL-6 is detected
in the injured nerve, DRG, spinal cord and also various
brain areas [18-28, 36]. In accordance with these results,

we demonstrate that IL-6 and IL-6R are weakly expressed
in the RN of normal rats and significantly increased in the
RN of rats at 3 weeks after SNI. However, different from
our previous reports that TNF-o and IL-1p are significantly
increased in the RN at 2 weeks after SNI [10, 11], the rise
time of IL-6 is later than those of TNF-a and IL-1f. These
results imply that the RN IL-6 and IL-6R maybe partici-
pate only in the later maintenance (but not early initiation)
of SNI-induced neuropathic pain, and the increase of the
RN IL-6 is perhaps not directly caused by SNI, but may be
secondary to up-regulation of TNF-o and/or IL-1p. Further
experimentation is required to clarify the production mecha-
nisms of IL-6 in the RN of rats with SNI. In addition, our
data indicate that IL-6 and IL-6R in the RN are co-localized
mainly with neurons and oligodendrocytes in normal rats,
while co-localized not only with neurons and oligodendro-
cytes but also with numerous astrocytes in SNI rats, sug-
gesting that RN neurons, oligodendrocytes and astrocytes
maybe contribute to the later maintenance of SNI-induced
neuropathic pain through expressing IL-6 and IL-6R.
Further studies suggest that IL-6 is a relevant mediator
of nociception. Intraplantar, intrathecal or intracerebroven-
tricular administration of IL-6 induces pain hypersensitivity
in normal animals, and increases the pain-related behaviors
in rats with nerve injury [37—41]. In contrast, genetic dele-
tion of IL-6 shows a reduced sensitivity to mechanical and
thermal stimuli [42, 43]. Intraplantar, perineural or intrathe-
cal administration of neutralizing anti-IL-6 antibody signifi-
cantly inhibits the development of pain-related behaviors
induced by inflammation or nerve injury [24, 37, 41, 44—46].
In the present study, we further investigate the regulatory
roles of the RN IL-6 in the development of neuropathic pain
through injection of anti-IL-6-Ab into the RN of SNI rats
and recombinant rat IL-6 into the RN of normal rats. Con-
sistent with previous reports, our data indicate that different
doses of anti-IL-6-Ab injected into the RN of rats with SNI
dose-dependently increase the mechanical PWT and signifi-
cantly alleviate SNI-induced neuropathic allodynia, while
different doses of IL-6 injected into the RN of normal rats
dose-dependently decrease the mechanical PWT and evoke
significant mechanical allodynia, which is similar to SNI-
induced neuropathic allodynia. These results strongly sug-
gest that IL-6 in the RN is involved in nociceptive processing
and plays a facilitated role in the later maintenance of SNI-
induced neuropathic pain. Although the analgesic effect of
anti-IL-6-Ab we used in the present study lasts only 90 min,
this result still recommends that inhibition of IL-6 will be an
effective treatment for neuropathic pain since an anti-IL-6
receptor monoclonal antibody, tocilizumab, has been clini-
cally proved to be effective on sciatica [47]. However, some
opposite results have also been reported that intraplantar or
intrathecal administration of IL-6 produces an antinocicep-
tive effect in pathological pain models, but has little or no
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Fig. 3 Co-localization of cell specific markers (green) and IL-6 or
IL-6R (red) in the RN of normal and SNI rats. a—d IL-6 IR in the RN
of normal rats was co-localized with neurons (a) and oligodendrocytes
(b) (vellow), while was hardly observed in astrocytes (¢) and microglia
(d). e~h At 3 weeks after SNI, increased IL-6 IR was co-localized with
the RN neurons (e), oligodendrocytes (f) and astrocytes (g) but not
microglia (h). i-1 IL-6R IR in the RN of normal rats was co-localized

with neurons (i) and oligodendrocytes (j) (vellow), while was hardly
observed in astrocytes (k) and microglia (). m—p At 3 weeks after
SNI, increased IL-6R IR was co-localized with the RN neurons (m),
oligodendrocytes (n) and astrocytes (o) but not microglia (p). NeuN,
marker of neuron; O4, marker of oligodendrocyte; GFAP, marker of
astrocyte; OX42, marker of microglia. Scale bars 50 pm (Color figure
online)

Table 1 The percentages of IL-6- and IL-6R-positive neurons and glial cells in the RN of rats (%)

Normal (n=3) SNI (3 w) (n=3)

Neu Oli Ast Mic Neu Oli Ast Mic
IL-6 30.4+4.1 294+2.4 0.4+0.1 0 70.7+2.3% 59.7+3.6° 10.0+£1.7%
IL-6R 37.6+2.6 26.0+2.4 0.5+0.1 0 75.3+1.4% 66.2+2.7% 13.0+£1.1*

Neu neuron, Oli oligodendrocyte, Ast astrocyte, Mic microglia

2P<0.05 compared with normal rats

effect in normal animals [48—50]. These discrepancies may
result from different drug doses, injection sites, behavioral
tests, animal models and species.

How could IL-6 in the RN contribute to the development
of neuropathic pain following SNI? A previous study has
reported that IL-6 enhances the excitability of dural affer-
ents through the modulation of sodium channels, which
plays a crucial role in the development of neuropathic pain
by sequentially leading to the central sensitization [51]. IL-6
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can up-regulate the expressions of transient receptor poten-
tial vanilloid channel type 1 (TRPV1) in DRG neurons, and
contributes to the sensitization of DRG neurons and the
development of bone cancer pain [52]. Moreover, a recent
study has demonstrated that IL-6 can suppress GABA- and
glycine-induced currents, which decreases inhibitory synap-
tic transmission in superficial dorsal horn neurons, suggest-
ing an opposing increased excitatory synaptic transmission
[53]. These results imply that IL-6 in various tissues may
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guide cannula

Fig. 4 The effects of anti-IL-6 antibody (anti-IL-6-Ab) and recombi-
nant IL-6 injected respectively into the RN of SNI rats and normal rats.
a A schematic picture showing the injection site in the RN. b A photo-
graph indicating the actual injection site in the RN (stained with tolu-
idine blue). ¢ Injection of different doses (100, 250, 500 ng) of anti-
IL-6-Ab into the RN at 3 weeks after SNI dose-dependently (Pearson’s
analysis; #=0.988, P=0.01) increased the PWT of hind paw ipsilateral
to the nerve ligation side and alleviated mechanical allodynia induced

be involved in pain regulation through different pathways.
However, whether these pathways are involved in the abil-
ity of IL-6 to sensitize RN neurons and mediate neuropathic
pain needs to be further explored.

Collectively, this study demonstrates that IL-6 and IL-6R
are weakly expressed in the RN of normal rats and up-regu-
lated after SNI. RN neurons, oligodendrocytes and astrocytes
contribute to the up-regulations of IL-6 and IL-6R under neu-
ropathic pain condition. IL-6 and IL-6R in the RN play a facili-
tated role in the later maintenance of SNI-induced neuropathic
pain. Targeting IL-6 and/or its receptor system may present
a new and efficient way to treat neuropathic pain symptoms.
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