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Background: To date, there has been no study on the effects of interleukin-10 (IL-10) on
complex regional pain syndrome (CRPS) rodent models, despite the anti-allodynic effect of
IL-10 in previous studies. Thus, the aim of this study was to investigate the effect of IL-10 in a
CRPS mouse model and find whether early inhibition of neuro-inflammation by IL-10 adminis-
tration, which is considered to be one of the important mechanisms in the generation of central
sensitization, could prevent the transition from the acute stage to the chronic stage of CRPS.
Method: A mouse model of CRPS (n=6/group) involving tibia fracture/cast immobilization to
test the efficacy of intrathecal IL-10 (0.3 pg/5 uL™! day™! for 7 days) or vehicle during the acute
(3 weeks after fracture) stage of CRPS.

Results: Intrathecal recombinant IL-10 (rIL-10) administration was anti-allodynic in the acute
stage of the CRPS mouse model, and these anti-allodynic effects of IL-10 developed by modulat-
ing microglial activation and decreasing NK1 receptor expression in the spinal cord. However,
intrathecal rIL-10 administration in the acute stage of the CRPS mouse model cannot prevent
the transition to the chronic stage of CRPS in the acute stage of CRPS.

Conclusion: Collectively, these results demonstrate that intrathecally administered rIL-10
attenuates mechanical allodynia in the CRPS mouse model. However, this effect of IL-10 on
allodynia in the acute stage of CRPS was not sufficient to prevent the transition to the chronic
stage of CRPS. In the future, further studies about the mechanisms of central sensitization in
CRPS will be necessary.
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Introduction
Complex regional pain syndrome (CRPS) is a painful, disabling, and often chronic
condition with an estimated incidence rate of 26.2 per 100,000 person years.' The
syndrome encompasses a disparate collection of symptoms and signs involving hyper-
sensitivity to noxious somatosensory stimuli (hyperalgesia), pain from non-noxious
stimuli (allodynia), spreading pain (spontaneous and evoked) that involves undamaged
regions in the affected limb to the opposite limb and other parts of the body, dysfunc-
tion of skin growth changes, autonomic nervous systems, bone demineralization, and
vascular dysfunction as well as changes in emotional and cognitive functions.?
Although CRPS is described as a single disease, it is usually categorized into two
distinct phases: an acute and a chronic stage of CRPS.? In addition to changes in the
clinical symptoms and signs, these two distinct stages are accompanied by different
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biochemical changes in both human patients* and mouse
models of CRPS.® This transition from the acute to the
chronic stage of CRPS has been investigated through previ-
ous studies, which have found that it may be related to a
change in the underlying mechanisms of pain, with peripheral
mechanisms believed to support at least some of the acute
manifestations and changes of the central nervous system
changing to support symptoms in the more chronic stages.
Although the mechanisms supporting the chronic phases of
CRPS are still very poorly understood, neuro-inflammation
by glia cells has been identified as one of the major causes
of central sensitization, and regarded as one of the causes of
the chronic stage of CRPS in previous studies.®®

Interleukin-10 (IL-10) is known to inhibit neuro-inflam-
mation by modulating the activation of glia cells,!° and to
improve neuropathic pain, such as allodynia in the rodent
neuropathic pain model.'""!* Despite the therapeutic potency
of IL-10, to the best of our knowledge, there has been no
study about the effects of IL-10 on CRPS rodent models. In
this study, therefore, we investigated the therapeutic effect of
IL-10 on pain in a CRPS mouse model, as well as the central
sensitization by neuro-inflammation, which is considered to
be one of the main mechanisms of the transition to the chronic
stage of CRPS from the acute stage.

Method

Animals

Male C57/B6J mice between 12—14 weeks of age were
obtained from KOATECH Experimental Animal Center
(Pyeongtaek, South Korea) and were allowed to habituate
to the animal facility for at least 10 days prior to the experi-
ments. The mice were housed in four groups on a 12-hour
dark-light cycle, in an ambient temperature in the range of
20.0°Ct022.0°C, and fed as desired. The animal experiments
were approved by the Institutional Animal Care Committee
of Daegu Fatima Hospital and conducted in accordance with
the animal care guidelines of the National Institutes of Health.
All efforts were made to minimize animal suffering and the
number of animals used.

Limb fracture and cast immobilization

After random allocation to the fracture/cast group or the
control group, mice were anesthetized with 1.5% isoflurane
and a tibial fracture of the left limb was performed. We made
a closed fracture of the left tibia just distal to the middle of
the tibia using a hemostat, and the left leg was wrapped in
casting tapes, as previously described.? After the procedure,
subcutaneous enrofloxacin (5 mg/kg), tramadol (30 mg/kg),

and normal saline (1.5 mL once) were injected for the next
2 days, for management of postoperative pain, prevention
of dehydration, and infection. After 3 weeks of surgery, the
casts were removed under isoflurane anesthesia. Only mice
that showed typical symptoms of CRPS, hind paw swelling,
and allodynia, were selected as CRPS model. A total of 50
mice were operated on, and 13 of them without symptoms
of CRPS were excluded. Naive sex- and age-matched mice
were used as controls.

Drug preparations

Control and fracture mice were randomly assigned to one of
two treatment groups: IL-10 or vehicle infusion. Mouse IL-10
(I3019) was purchased from Sigma, (St Louis, MO, USA).
Recombinant mouse IL-10 was dissolved in sterile saline
containing 0.1% endotoxin-free bovine serum albumin (BSA,
A-8806, Sigma), and the same solution of BSA (solvent) was
used as a vehicle. IL-10 (0.03 pg in 5 pL of sterile saline
containing 0.1% BSA) or vehicle was intrathecally injected
daily (intrathecal administration by lumbar puncture) 1 hour
before the mechanical hypersensitivity test to measure the
anti-allodynic effect of IL-10 in the CRPS mouse model for
7 days (Figure 1A). The dose for IL-10 was determined based
on the previous studies.'""

Behavioral testing

Mechanical hypersensitivity

The 50% threshold to withdraw was measured by application
of calibrated monofilaments (von Frey hairs; Stoelting, Wood
Dale, IL, USA) to the plantar surface of the hind paw.'® The
intensity of stimulus ranged from 0.004 to 1.7 g, correspond-
ing to the number of filaments (1.65, 2.36, 2.44, 2.83, 3.22,
3.61,3.84,4.08,4.17, and 4.31).

Rotarod

An accelerating rotarod (Harvard Apparatus, Holliston, MA,
USA) was used for measurement of the locomotor capacity of
the mice. The task involves a speed ramp from 0 to 30 rota-
tions per minute for 60 seconds, followed by an additional
240 seconds at the maximal speed. The latency to fall was
measured for the first exposure to the rotarod, in addition to
five consecutive trials (30 minutes inter-trial interval).

Hind paw volume

The thickness, lengths of the long axis (longitudinal; exclud-
ing dactyl region), and short axis of the bilateral hind paws
were measured using an electronic digital caliper (Mitutoyo,
Tokyo, Japan) and recorded at 3, 4, and 7 weeks. The paw
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Figure | Time course of ipsilateral (fractured) and contralateral paw withdrawal thresholds up to 7 weeks after fracture (A). Recombinant mouse IL-10 or BSA was
administered daily for 7 days through intrathecal injection. The intrathecal administration of recombinant IL-10 for 7 days resulted in increased mechanical thresholds of
ipsilateral hind limbs when administered 3 weeks after fracture. However, early intervention of IL-10 to reduce central sensitization at the acute stage of CRPS could not
make a significant improvement in mechanical allodynia of the ipsilateral paw at 7 weeks after fracture (B). *P<0.05 vs BSA-injected group.

Abbreviations: BSA, bovine serum albumin; CRPS, complex regional pain syndrome; IL-10, interleukin- | 0.

volume was calculated as described in a previous report!®:
paw volume (mm?)=1/2 (length of short axisxlength of long
axisxthickness of paw).

Immunohistochemistry

Under anesthesia, mice were perfused through the aorta with
0.1 M PBS followed by 4% paraformaldehyde fixative. The
lumbar spinal cord was dissected out and post-fixed overnight.
Then, the specimens were cryoprotected in 30% sucrose in
0.1 M PBS at 4°C. To prepare 30 um sections of lumbar
spinal cord, a cryostat was used and the section of spinal cord
was placed in PBS and stained with immunoperoxidase, as

described previously.'” At room temperature, cryostat sections
were blocked with 4% normal serum in 0.3% Triton X-100 for
1 hour. Then, cryostat sections were hybridized with primary
antibodies (rabbit anti-mouse glial fibrillary acidic protein
[GFAP] antibody [1:1000]; Dako, Carpinteria, CA, USA) and
rabbit anti-mouse Iba-1 antibody ([1:1000]; Wako, Osaka,
Japan) overnight at 4°C. Then, cryostat sections were washed
with PBS containing 0.1% Tween 20 (PBS-T) and incubated at
room temperature with biotinylated secondary antibodies (Vec-
tor Laboratories, Burlingame, CA, USA) at 1:200 dilution. The
cryostat sections were incubated in an avidin-biotin-peroxidase
complex (1:100 dilution; ABC Elite; Vector Laboratories) for

Journal of Pain Research 2018:11

submit your manuscript

1731

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kim et al

Dove

1 hour at room temperature after being washed several times
in PBS-T. The horseradish peroxidase reaction was developed
with 0.1 M Tris-buffered saline (pH 7.4) containing 0.05%
3,3’-Diaminobenzidine tetrahydrochloride. Then, the cryostat
sections were dehydrated, mounted on glass microscope slides,
and cover-slipped. Ibal+ and GFAP+ cells were quantified in
Image J (National Institute of Health, Bethesda, MD, USA).

Real-time polymerase chain reaction (RT-PCR)

Mice were anesthetized and perfused with PBS to remove
blood. Then, the lumbar spinal cord was rapidly dissected out.
The spinal cord at L4-L5 was divided into two constituent
parts; ipsilateral and contralateral spinal cord. Then, these
were frozen in liquid nitrogen and homogenized in TRIzol
reagent (Life Technologies, Carlsbad, CA, USA). Total RNA
(2 ng) from each sample was reverse-transcribed into cDNA
using a First Strand cDNA synthesis kit (MBI Fermentas,
Hanover, Germany). Using the one-step SYBR® Prime-
Script™ RT-PCR kit (Perfect Real-Time; Takara Bio Inc.,
Tokyo, Japan) and the ABI Prism® 7000 sequence detec-
tion system (Applied Biosystems, Foster City, CA, USA),
real-time PCR was performed according to the manufac-
turer’s instructions. The 24T method was used to calculate
relative changes in gene expression,'® and glyceraldehyde-
3-phosphate dehydrogenase was used as a control. The primer
nucleotide sequences are listed in Table S1.

Statistical analysis

Statistical analyses were performed using SPSS for Windows
and R package for Windows (version 2.15.2, R Foundation
for Statistical Computing, Vienna, Austria). All results are
presented as means * standard error of the mean (SEM). A
two-tailed Student’s #-test was employed for comparisons of
two groups. Differences with p-values of <0.05 were con-
sidered statistically significant.

Results

Intrathecal recombinant IL-10 (rlL-10)
administration was anti-allodynic in the
acute stage (3 weeks) of the CRPS mouse
model

The intrathecal administration of rIL-10 for 1 week resulted in
increased mechanical thresholds of bilateral hind limbs when
administered 3 weeks after fracture (Figure 1B). Increases
in mechanical thresholds began at 4 days after intrathecal
administration of rIL-10, with the best improvement at 1 week
after administration, and the effect was maintained for 3 days
after the injection was completed (Figure 1B).

Intrathecal rIL-10 administration has no
effect on decreasing the volume of the
hind paw in the acute stage of the CRPS

mouse model

The volume of the ipsilateral hind paw at 3 weeks after
fracture was significantly larger than that at 4 weeks after
fracture in both IL-10- and BSA-injected groups (Figure 2A:
a, b, d, e; 2B). However, there was no significant difference
of volume in the ipsilateral hind paw at 4 weeks after frac-
ture between IL-10- and BSA-injected groups (Figure 2A:
d, ). The volume of the contralateral hind paw after fracture
was not significantly different between the IL-10- and the
BSA-injected groups at 4 weeks (Figure 2A: c, f; 2B). In
addition, there was no significant difference of hind paw
volume between naive and 4 weeks after fracture (Figure 2C).
This may mean that the intrathecal rIL-10 administration
did not have a significant effect on the inflammation of the
peripheral tissue.

Anti-allodynic effects of intrathecal riL-10
administration developed by modulating
microglial activation and decreasing
tachykinin receptor | (TACRI)

expression in the spinal cord

In the immunohistochemistry at 4 weeks after fracture, there
was a significant decrease in Ibal+ cells in the dorsal horn of
the spinal cord of the IL-10-injected group compared with
the BSA-injected group (Figure 3A: a-1; 3B). However, there
was a significant decrease in GFAP+ cells in the dorsal horn
of the spinal cord of the IL-10-injected group compared
with the BSA-injected group (Figure S1). In real-time PCR
at 4 weeks after fracture, the IL-10-injected group showed
a significant decrease in the RNA level of mIL-1f3, mouse
tumor necrosis factor-alpha (mTNF-o), and mTACR1 of the
ipsilateral spinal cord, although mIL-1f, mTNF-c., mGFAP,
and mTACR1 were significantly increased in both groups
compared with the ipsilateral spinal cord of the naive mouse
(Figures 4 and 5).

Intrathecal rlL-10 administration in acute
stage of CRPS mouse model cannot
prevent the transition to the chronic
stage of CRPS

The anti-allodynic effect did not differ between the BSA
and IL-10 treated groups after 1 week of stopping the
injection, and mechanical hypersensitivity persisted
until the seventh week in both groups (Figure 1B). In

submit your manuscript

1732

Dove

Journal of Pain Research 2018:11


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Effect of IL-10 on CRPS rodent model

A 3 weeks after fracture
Ipsilateral Ipsilateral
<
)
m
e
=
B
100
BSA ipsilateral
— BSA contralateral
é % IL-10 ipsilateral
Tn/ *
0 *
Q
£ 80
Q
£
z 70
o
°
£
T 60
50
3 week 4 week 7 week

4 weeks after fracture

Contralateral

Cc
70 Lo
Naive ipsilateral
R Naive contralateral
E
E
12}
1%
[0]
£
S 60
E=i
3
®©
<
el
£
T
50

3 week 4 week 7 week

Figure 2 The image of bilateral hind paw in CRPS mice at 4 weeks (A); (a-c) BSA, (d-f) IL-10. The volume of bilateral hind paw in CRPS mice at 3, 4, and 7 weeks (B). The

volume of bilateral hind paw in naive mice at 3, 4, and 7 weeks (C).

Abbreviations: BSA, bovine serum albumin; CRPS, complex regional pain syndrome; IL-10, interleukin-10.

immunohistochemistry, Ibal+ cells were not significantly
different between the two groups at the dorsal horn of the
bilateral spinal cord at 7 weeks after fracture (Figure 3A:
m—t; 3B) In addition, there were also no significant dif-
ferences in the RNA level of IL-1B, TNF-o and TACRI
in real-time PCR, although mIL-13, mTNF-o,, mGFAP,
and mTACR1 were significantly increased in both groups
compared with the ipsilateral spinal cord of the naive
mouse (Figures 4, 5) Considering this, the intrathecal
administration of rIL-10 for 1 week had anti-allodynic
effects, but did not prevent the transition to the chronic
stage of CRPS from the acute stage.

At the 7-week time point, we observed no significant
changes among naive, BSA-treated, and IL-10 treated mice
in the motor performance test. These data suggest that func-
tional deficits caused by fracture are not easily observed at

these time points (although there may be a tendency to reduce
motor performance) (Figure S2).

Discussion

In previous studies of neuropathic pain or the CRPS rodent
model, it has been reported that activated glial cells in the
spinal cord can release pro-inflammatory cytokines, which
initiate a signal transduction cascade and cause the release
of excitatory amino acids and promote pain transmission.>!”
IL-10 is a potent anti-inflammatory cytokine, and it inhib-
its the synthesis of pro-inflammatory cytokines, such as
TNF-o and IL-1f by activated microglia.?’ By inhibiting
the release of the pro-inflammatory cytokines TNF-o. and
IL-1f by activated microglia, it has already been reported
that IL-10 possesses anti-allodynic or anti-hyperalgesic
effects.!’!214 The anti-allodynic effect of IL-10 is consistent
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Figure 3 Effect of IL-10 on the activation of microglia in CRPS mouse model at 4 and 7 weeks after fracture.

Notes: (A) At 4 weeks after fracture, Iba-1 was detected in the spinal dorsal (a, b) and ventral horn (c, d) of naive mice, in the spinal dorsal (e, f) and ventral horn (g, h) of
BSA-injected group, and in the spinal dorsal (i, j) and ventral horn (k, I) of the IL-10-injected group. In addition, Iba-1 was also detected in the spinal dorsal (m, n) and ventral
horn (o, p) of BSA-injected group, and in the spinal dorsal (q, r) and ventral horn (s, t) of the IL-10-injected group. Scale bar, 400 um. (B) Quantified immunohistochemical
data for Iba-1 are shown in the bar graphs, which display the number of Iba-1-positive cells in the dorsal and ventral horn of the spinal cord at 4 weeks after fracture. Results
are presented as mean + standard error of the mean. ***P<0.001 vs naive (ipsilateral), **P<0.05 vs naive (ipsilateral), *#P<0.001 vs naive (contralateral), #P<0.05 vs naive
(contralateral), $¥%P<0.001 vs ipsilateral, $*P<0.05 vs ipsilateral, #4P<0.001 vs vehicle, #P<0.05 vs vehicle.

Abbreviations: BSA, bovine serum albumin; CRPS, complex regional pain syndrome; IL-10, interleukin-10; NS, not significant.
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Figure 4 Real-time polymerase chain reaction results of spinal cord at 4 and 7 weeks after fracture.
Notes: Compared with the naive group, mRNA expression of TNF-0, IL-1[3, GFAP were increased in both the IL-10- and BSA-injected groups. Intrathecally injected IL-10

reduced the mRNA expression of TNF-o. and IL-1f3 in the ipsilateral spinal cord of the CRPS mouse compared to the BSA group. In the contralateral spinal cord, the mRNA
expressions of TNF-o. and IL-1f also decreased more in the IL-10-injected group than in the BSA group. However, intrathecally injected IL-10 could not reduce the mRNA
expression of GFAP of the ipsilateral spinal cord compared with the BSA-injected group.All data points are expressed as the mean * standard error of the mean. *P<0.05 vs
naive group, *P<0.05 vs BSA-injected group.

Abbreviations: BSA, bovine serum albumin; CRPS, complex regional pain syndrome; GFAP, glial fibrillary acidic protein; IL-10, interleukin-10; TNF-c;, tumor necrosis

factor-o.
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Figure 5 Real-time polymerase chain reaction results of spinal cord at 4 and 7 weeks after fracture.

Notes: Compared with the naive group, mRNA expression of TAC| and TACRI were increased in both the IL-10-injected and BSA groups. Intrathecally injected IL-
10 reduced the mRNA expression of TACRI in the ipsilateral spinal cord of the CRPS mouse compared to the BSA group. In the contralateral spinal cord, the mRNA
expressions of TACRI also decreased more in the IL-10-injected group than in the BSA group. However, intrathecally injected IL-10 could not reduce the mRNA expression
of TACI of ipsilateral spinal cord compared with the BSA-injected group. All data points are expressed as the mean * standard error of the mean. *P<0.05 vs naive group,

#P<0.05 vs BSA-injected group.

Abbreviations: BSA, bovine serum albumin; CRPS, complex regional pain syndrome; IL-10, interleukin-10; TACI, tachykinin I; TACRI, tachykinin receptor I.

with the results of our study, which showed a decrease in
microglial activation (decrease of microglial marker, Iba
1) in immunohistochemistry and a significant decrease in
mRNA expression of TNF-o and IL-1p in the spinal cord of
the IL-10-injected group. In addition, the results of this study
also showed that mRNA expression of TACR1 (neurokinin 1
receptor [NK1R]) was significantly decreased in the spinal
cord of the IL-10-injected group, unlike substance P, which
did not show a significant difference from the BSA-injected
group in the IL-10-injected group.

Substance P is an 11-amino acid neuropeptide present
in the peripheral and central terminals of non-myelinated
primary sensory neurons.?'?> The actions of substance P
are mainly mediated by NK 1R, encoded by the tachykininl
receptor (taclr) gene,”** and glia cells, such as microglia
and astrocytes as well as neuron express substance P NK1
receptors.?2

It is known that substance P stimulates glia to express
TNF-a, IL-1, and IL-6 pro-inflammatory cytokines.?’*° In
previous studies of the fracture/casting CRPS rodent model,

substance P mRNA and protein expression in the ipsilateral
L4-L5 dorsal root ganglia and sciatic nerve, and expression
of NK1 receptor in the lumbar spinal cord were increased,
indicating amplification of substance P spinal signaling in
CRPS.3! Moreover, many previous studies using transgenic
substance P-deficient or NK1 receptor-deficient animal mod-
els have demonstrated that an increase of a pro-inflammatory
cytokine, such as TNF-a and IL-1J, in the spinal glia cells
is dependent on substance signaling.>?'3! Moreover, a pro-
inflammatory cytokine increase for substance P exacerbates
neuro-inflammation by increasing the expression of NK1R in
glia cells (Figure 6). However, the administration of IL-10 is
thought to have an anti-allodynic effect, not only in inhibiting
pro-inflammatory cytokines in activated microglia, but also
in inhibiting the expression of NKI1R in the CRPS mouse
model, which is consistent with the results of our study and
previous studies.?*33

The present results demonstrate for the first time that
intrathecal administration of rIL-10 can attenuate the
mechanical allodynia in the CRPS mouse model. These
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Figure 6 Substance P-mediated exacerbation of neuro-inflammation causes central sensitization in the CRPS mouse model.

Notes: The actions of substance P are mainly mediated by NKIR, encoded by TACIR gene. Substance P-mediated by nociceptive sensory neurons due to peripheral
nociceptive stimuli stimulated glia expression of pro-inflammatory cytokines, such as TNF-o, IL-1B, and IL-6. These pro-inflammatory cytokines, which are increased by
substance P, also exacerbate neuro-inflammation by increasing the expression of NK| receptor in glia cells, and can elevate local production of substance P. This positive
feedback loop would be anticipated to sensitize glia to this neuropeptide, thereby exacerbating central sensitization. Administration of IL-10 is thought to have an anti-
allodynic effect, not only in inhibiting pro-inflammatory cytokines in activated microglia but also in inhibiting the expression of NK| receptors in the CRPS mouse model.
Abbreviations: BSA, bovine serum albumin; CRPS, complex regional pain syndrome; IL-10, interleukin-10; NKIR, neurokinin | receptor; TACI, tachykinin I; TACRI,

tachykinin receptor |; TNF-o, tumor necrosis factor-o.

results are similar to the anti-allodynic effect of IL-10 seen
in previous neuropathic pain mouse models.!"'>! However,
unlike previous studies that focused on the reduction of pro-
inflammatory cytokine secretion by IL-10, we have found
that inhibition of substance P receptors (NK1 receptors)
expression in microglia can be another mechanism of anti-
allodynic effect of intrathecal IL-10.

In our study, we also investigated whether early inhibi-
tion of neuro-inflammation by IL-10 administration, which
is considered to be one of the important mechanisms in
the generation of central sensitization, could prevent the
transition to the chronic stage in the acute stage of CRPS.
Although intrathecal administration of rIL-10 in the acute
stage of CRPS led to a significant decrease in neuro-
inflammation through a decrease of significant microglial
activation and pro-inflammatory cytokine and NKI1R
expression, it was not sufficient to prevent the transition to
CRPS. This was probably due to two reasons: 1) an insuf-
ficient amount or duration of intrathecal IL-10 administra-
tion to prevent the transition to the chronic stage despite
the effective decrease of neuro-inflammation in the acute

stage of CRPS; 2) the possibility of central sensitization by
mechanisms other than neuro-inflammation by spinal glial
activation, such as supra-spinal structures. Considering
that some clinical studies have shown evidence that other
than the spinal cord, the prefrontal cortex,** thalamus,® and
the basal ganglia,® play an important role in the develop-
ment of central sensitization of CRPS, further studies
will be needed to elucidate the underlying mechanism of
central sensitization other than neuro-inflammation in the
CRPS.

Our study has some limitations. First, only a single dose
of rIL-10 was administrated in this study. However, the dose
of IL-10 in our study was determined on the basis of the dose
of IL-10 with anti-allodynic effects in previous studies. In
addition, this dose of IL-10 has also anti-allodynic effects
in CRPS mice. Although administration of a higher dose
of IL-10 may have increased the degree and duration of
mechanical allodynia, it does not seem to prevent transition
to the chronic stage of CRPS completely considering sus-
tained increased substance P level of the spinal cord in CRPS
mice. Because the anti-inflammatory effect of IL-10, which
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can attenuate the neuro-inflammation of the spinal cord, is
temporary, the continued secretion of substance P or other
neurotransmitters in sensory afferent nerves at the spinal
cord dorsal horn will exacerbate the neuro-inflammation
again. However, considering the anti-allodynic effects of
IL-10 in the CRPS mouse model, it may be more effec-
tive in reducing the allodynia of CRPS using gene therapy
with adeno-associated virus. Second, we could not measure
thermal allodynia of the hind paw.>® Because we referred to
previous study of CRPS mice, which checked only mechani-
cal allodynia for measurement of allodynia, we thought that
mechanical allodynia and incapitance tests were sufficient
to check the anti-nociceptive effects of IL-10. Considering
previous studies in which IL-10 was effective for thermal
allodynia in neuropathic pain rodent models, IL-10 appears
to be effective in thermal allodynia in CRPS mice.*” In the
future, additional studies, including thermal allodynia may
be necessary to confirm the anti-thermal allodynic effect of
IL-10 in CRPS mice.

In conclusion, our present results demonstrate that intra-
thecally administered rIL-10 attenuates mechanical allodynia
in the CRPS mouse model. The effects of IL-10 may be due,
at least in part, to the modulation of microglia activation,
and the decrease in pro-inflammatory cytokines and NK1
receptors in the CRPS mouse spinal cords. However, these
effects of IL-10 on allodynia in the acute stage of CRPS were
not sufficient to prevent the transition to the chronic stage of
CRPS. In the future, further studies on the mechanisms of
central sensitization in CRPS will be necessary.
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Figure S| Effect of IL-10 on the activation of astrocytes in CRPS mouse model at 4 and 7 weeks after fracture.

Notes: (A) GFAP was detected in the spinal dorsal and ventral horn of naive mice, in the spinal dorsal and ventral horn of BSA-injected group, and in the spinal dorsal and
ventral horn of the IL-10-injected group. Scale bar, 400 um. (B) Quantified immunohistochemical data for Iba-1 are shown in the bar graphs, which display the number of
GFAP-positive cells in the dorsal and ventral horn of the spinal cord at 4 weeks after fracture. Results are presented as mean * standard error of the mean.
Abbreviations: BSA, bovine serum albumin; CRPS, complex regional pain syndrome; GFAP, glial fibrillary acidic protein; IL-10, interleukin-10.
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Figure S2 The results of Rotarod test in naive and CRPS mice at 7 weeks.

Abbreviations: BSA, bovine serum albumin; CRPS, complex regional pain
syndrome; IL-10, interleukin-10; NS, not significant.

Table S| Nucleotide sequences of the primers used in RT-PCR

Mouse cDNA RT-PCR methods Primer sequences
GAPDH Real-time F, 5-TGG GCT ACA CTG AGC ACC AG-3’
R, 5-GGG TGT CGC TGT TGA AGT CA-3’
IL-1B Real-time F, 5-AAG TTG ACG GAC CCC AAA AGA T-3'
R, 5-TGT TGA TGT GCT GCT GCG A-3’
TNF-a Real-time F, 5-ATG GCC TCC CTC TCAGTT C-3’
R, 5-TTG GTG GTT TGC TAC GAC GTG-3’
GFAP Real-time F, 5-GAA GAA AAC CGC ATC ACC AT-3’
R, 5-GCA CAC CTC ACA TCA CAT CC-¥’
TACI Real-time F, 5-TTT GCA GAG GAA ATC GGT GCC AAC-3’
R, 5-GGC ATT GCC TCC TTG ATT TGG TCA-3’
TACRI Real-time F, 5-CTG GAA AGA GGA GCC TTG TG-3’

R, 5-CTG AGA CGG AAA GGA ACA-GC-3’

Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; GFAP, glial fibrillary acidic protein; IL-1p, interleukin-13; RT-PCR, real-time polymerase chain
reaction; TACI, tachykinin I; TACRI, tachykinin receptor I; TNF-o, tumor necrosis factor-c.
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