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CD11b-activated Src signal attenuates
neuroinflammatory pain by orchestrating
inflammatory and anti-inflammatory
cytokines in microglia
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Yajuan Yang1, and Hongbin Yuan1

Abstract

Neuroinflammation plays an important role in the induction and maintenance of chronic pain. Orchestra of pattern-

recognition receptor-induced pro-inflammatory and anti-inflammatory cytokines is critical for inflammation homeostasis.

CD11b on macrophages could inhibit toll-like receptor (TLR) activation-induced inflammatory responses. However, the

function of CD11b on microglia remains unknown. In the current study, we demonstrated that CD11b-deficient microglia

cells produced more inflammatory cytokines, such as interleukin-6 and tumor necrosis factor alpha, while less

anti-inflammatory cytokines. Signal transduction assay confirmed that nuclear factor-jB activation was increased in

CD11b-deficient microglia cells, which resulted from decreased activation of Src. Inhibition of Src by PP1 increased inflam-

mation in wild-type microglia cells significantly, but not in CD11b-deficient microglia cells. In vivo, CD11b-deficient mice

were more susceptible to chronic constrictive injury-induced allodynia and hyperalgesia with significantly more inflammatory

cytokines expression. All these results indicated that the regulatory function of CD11b-Src signal pathway on both inflam-

matory and anti-inflammatory cytokines in microglia cells is a potential target in neuropathic pain treatment.
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Introduction

Chronic pain is typically characterized by hyperalgesia,
which is an increased response to noxious thermal or
mechanical stimuli, as well as allodynia, nociceptive
responses which occur to normally innocuous stimuli

even light touch (known as mechanical allodynia).1–3

Inflammation is defined as homeostatic interaction
between the immune system and injury tissues.

Inflammatory mediators, such as misfolded proteins,
aberrantly localized nucleic acids, reactive oxygen species
(ROS), Hþ, adenosine-triphosphate (ATP) bradykinin,
prostaglandins, nerve growth factor, and pro-

inflammatory cytokines and chemokines, released locally
after tissue injury can directly stimulate and cause sensi-
tization of pain-sensing nociceptors located at nerve fibers

of primary afferent neurons in peripheral tissue.4–8 The
innate immune receptors in microglia cells can directly
respond to damage-associated molecular patterns
(DAMPs) or pathogen-associated molecular patterns

(PAMPs).9,10 Abnormal activation of microglia cells
leads to the sustained exposure of neurons to pro-
inflammatory mediators and causes neuronal dysfunction
or cell death. Thus, activation and regulation of microglia
cells are critical for neuron system homeostasis.

Microglia expressed a board spectrum of pattern-
recognition receptors (PRRs), including toll-like recep-
tor (TLR) 2, TLR4, and TLR6. As there is a strong

overlap between the signaling pathways induced by
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PAMPs and DAMPs, microglia may not be able to dis-
criminate invading pathogens and misfolded or aberrant
endogenous molecular patterns.11–13 Inappropriate
activation of PRRs can lead to prolonged inflammation,
which induces both pro-inflammatory cytokines, such
as interleukin (IL)-6 and tumor necrosis factor alpha
(TNF-a), and anti-inflammatory cytokines, such
as IL-10 and transforming growth factor beta
(TGF-b).9,10,14 Although the molecular regulatory mech-
anism of TLR signaling in macrophages has been under
intensive research, it remains unknown whether there is
a potential signal pathway orchestrating both inflamma-
tory and anti-inflammatory cytokines. Thus, it is critical
to determine the balance of PRRs signal transduction
pathway in inflammatory response and immune disor-
ders in order to maintain innate immune response.

CD11b, a member of integrin family, is highly
expressed on monocytes/macrophages, common dendrit-
ic cells (DCs), and microglia cells.15,16 CD11b expressed
on DCs inhibited Th17 differentiation and T-cell activa-
tion.17,18 Stromal microenvironment of spleen, liver, and
lung can drive generation of a new population of
CD11bhi regulatory DCs with higher IL-10 production,
which could inhibit T-cell activation.19–21 CD11b on
macrophages could also inhibit TLR activation-
induced inflammatory responses by inhibiting inflamma-
tory cytokines and increasing anti-inflammatory
cytokine IL-10 by activating Src-spleen tyrosine kinase
(Syk) signaling.22,23 However, the function of integrins
on microglia, such as CD11b, remains unknown.

Therefore, we made the following assumptions and
validate them by experiments: CD11b inhibits inflamma-
tory cytokines IL-6 and TNF-a via Src/Syk pathway,
and attenuates chronic constrictive injury (CCI)-induced
allodynia by promoting TLR-triggered IL-10 expression.
Here, we found that CD11b-deficient microglia pro-
duced more inflammatory cytokines, such as IL-6 and
TNF-a, while less anti-inflammatory cytokines, such as
IL-10. Signal transduction assay confirmed that CD11b
inhibited TLR-signaling and inflammatory cytokines
through Src/Syk. CD11b-deficient mice were more sus-
ceptible to CCI-induced hypersensitivity. Our results
revealed the regulatory function of CD11b-Src signal
pathway in orchestrating both inflammatory and anti-
inflammatory cytokines in microglia cells, which outlines
potential-targeted signal pathway in the treatment of
neuropathic pain by Src activator.

Materials and methods

Animal preparation

Male C57 BL/6J mice (20–25 g) were purchased from the
Laboratory Animal Center of the Second Military
Medical University and caged in groups of four or

five. Mice homozygous for Itgam (CD11b) deficiency
(B6.129S4-Itgamtm1Myd/J; 003991; Jackson Laboratories,
Bar Harbor, ME) were bred in pathogen-free conditions.
Mice were maintained 12:12 h light/dark cycle with
adequate food and water. All mice were placed in the
experimental room 24 h before behavioral test for accli-
matization. All experiments were reviewed and approved
by the Institutional Animal Care and Use Committee of
the Second Military Medical University (Shanghai,
China) and conducted in accordance with the
American Physiological Society’s Guiding Principles in
the Care and Use of Animals.24

All male mice were randomly separated from animal
center. On the day before experiment, the mice were ran-
domly assigned to either the control group or one of the
experiment groups, and sample size for each experiment
was estimated by Mead’s resource equation, which are
appropriate.

Primary cultures of microglia

Microglia were isolated from primary mixed glial cell
cultures prepared from the whole brain of new born
mice on day 14 using the “shaking off” method as pre-
viously described.5,6 The isolated cells (1� 106) were
plated into six-well plate in high-glucose Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal
bovine serum, 2 mM L-glutamine and 1% penicillin/
streptomycin. After 10 days in culture, plates were
gently shaken to detach microglial cells to culture
media. The culture media were then plated in a fresh
six-well plate for 30 min. The suspensory glial cells
were then removed via changing culture media. The
purity of the cultures (99%) was determined by anti-
CD11b immunostaining (BD Biosciences, Franklin
Lakes, NJ).

CCI model

CCI to the sciatic nerve in mice was performed as pre-
viously described.25,26 Briefly, mice were anesthetized
with 5% chloral hydrate (0.8 ml/100 g), and an incision
was made just below the right hipbone, parallel to the
sciatic nerve. The sciatic nerve was isolated and loosely
ligated with three ligatures (4-0 silk), around the nerve
distal. A brief twitch can be observed in the right hind
limb. Then, the incision was closed and mice were placed
on the constant temperature mattress until they recov-
ered from anesthesia. In sham-operated mice, the right
sciatic nerve was exposed without ligation.

Behavioral tests for mechanical thresholds

Mechanical allodynia, measured as paw withdraw
threshold assessed by von Frey monofilaments
(Stoelting, Wood Dale, IL), was carried out prior to
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CCI surgery and 1, 3, 7, and 14 days after CCI surgery.

Briefly, mice were placed in individual plastic boxes

(20� 20� 15 cm) on a metal mesh floor and allowed

to acclimate for approximately 1 h before testing.

Beginning with 0.16 g and ending with 4.0 g, we used

the von Frey filament to touch the plantar surface of the

hind paw, which was held for 6–8 s. In the event of the

absence of paw withdrawal, the next stronger stimulus

was chosen, while a weaker stimulus was applied in the

opposite situation. This was repeated 10 times, and the

stimulation strength was determined as the average cor-

responding to a 50% response rate. The measurements

were repeated five times and performed between 11 a.m.

and 3 p.m.26,27

Behavioral tests for thermal hypersensitivity

Thermal hyperalgesia was assessed by testing the paw

withdrawal latency using the Hargreaves radiant heat

apparatus (IITC Life Science, Woodland Hills, CA).

Specifically, mice were placed beneath the same plastic

cages upon an elevated glass floor. With mouse standing

relatively still, a radiant heat source beneath the glass

floor was aimed at the plantar surface of the hind paw

and was moved away immediately when mice lifted up or

licked the hind paw. The stimulus also shut off automat-

ically after 20 s to prevent tissue damage.3 This was

repeated four times for each hind paw at 5-min intervals,

and the average was taken as the paw withdraw-

al latency.

Real-time PCR

Total RNAs from L5 DRGs were isolated using an

Ultraspec RNA isolation kit (Biotecx, Houston, TX).

Triplicate real-time PCR samples were preceded as pre-

viously reported on the ABI Prism 7000 sequence detec-

tion system. The primers for TNF-a, IL-6, and IL-1b
(sTable 1) were according to previously reported.22,23

All real-time RT-PCR experiments were performed at

least three times, and the mean� SEM values

are presented.

Immunoblot assay

Cells pretreated as described above were lysed with

RIPA buffer (Cell Signaling Technology, Beverly,

MA) supplemented with protease inhibitor cocktail.

Protein concentrations of the extracts were measured

with BCA assay. Phosphor-specific antibodies against

p65(Ser536), p38(Thr180/Tyr182), ERK(Thr202/

Tyr204), JNK(Thr183/Tyr185), TAK1(Thr184/187),

IKKa/b(Ser176/180), c-jun(Ser63), phosphor-Src

(Tyr416), phosphor-Syk(Tyr352), and b-actin antibodies

were from Cell Signaling Technology. Inhibitors for

PP1, R406, and U0126 were from Calbiochem (San

Diego, CA).

Immunostaining

Mice were deeply anesthetized with sodium pentobarbi-

tal (65 mg/kg intraperitoneal injection) and perfused

transcardially with 40 ml ice-cold phosphate-buffered

saline (PBS) and 60 ml 4% paraformaldehyde (PFA).

After perfusion, the spinal cord was exposed and the

L4-L5 vertebrae were removed and postfixed in 4%

PFA for 6 h; these samples were transferred to 30%

sucrose in phosphate buffer for approximately two

days. The spinal cord was removed from the sucrose,

blocked in optimum cutting temperature compound,

and incubated at �20�C for approximately 20 min.

The tissues were sectioned at a 16-mm thickness on a

freezing microtome. All samples were incubated in

blocking solution containing 1% bovine serum albumin,

5% donkey serum (Abcam), and 0.3% Triton X-100 at

room temperature for 2 h. The sections were then incu-

bated with the following primary antibodies at room

temperature overnight: phosphor-specific antibodies

against p65(Ser536), pERK(Thr202/Tyr204), and goat

anti-ionized calcium-binding adapter Molecule 1

(IBA-1) (1:200, Abcam). On the second day, the sections

were washed four times with PBS, incubated with spe-

cific secondary antibodies for 2 h, and washed again as

described above. Finally, the sections were rinsed and

mounted on a gelatin-coated slide. The images of the

sections were captured using a fluorescence microscope

connected to a charge-coupled device spot camera.

Enzyme-linked immunosorbent assay

The production of TNF-a, IL-6, and IL-10 was mea-

sured using supernatant from 2� 105 microglia cells

upon lipopolysaccharide (LPS) (100 ng/ml) with a com-

mercial enzyme-linked immunosorbent assay (ELISA)

kit from R&D Systems (Minneapolis, MN), as described

previously.26

Statistical analysis

Data are represented as mean� SEM. The statistical sig-

nificance of differences was analyzed using the PASW

statistical program (SPSS Inc., Chicago, IL). Statistical

analyses were performed using a Student’s t-test and

one-way analysis of variance (ANOVA). For behavior

responses, a two-way ANOVA with repeated measure

ANOVAs was performed followed by the Holm-Sidak

posthoc test for multiple comparisons. A value of

P< 0.05 was considered statistically significant. As the

predefined criteria, the outliers will be discarded in

our study.
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Results

Increased inflammatory cytokines and decreased
anti-inflammatory cytokines in CD11b-deficient
microglia cells

As the function of integrin in microglia remains elusive,
we assayed TLR4-induced inflammatory and anti-
inflammatory cytokines in CD11b-deficient microglia
cells. The LPS stimulation-induced IL-6 and TNF-a pro-
duction was significantly increased, while the production
of IL-10 and TGF-b was decreased in CD11b-
deficient microglia cells (Figure 1(a) and sFigure 1(A)).
Accordingly, the mRNA expression of IL-6 and TNF-a
was increased, while mRNA of IL-10 and TGF-b
was decreased in CD11b-deficient microglia cells

(Figure 1(b)). In accordance with previous report that

CD11b promoted LPS-induced ROS production,22

CD11b-deficient microglia cells also produced less

ROS production than control microglia cells (data
not shown). Thus, CD11b inhibits TLR-induced

inflammatory responses by the inhibition of inflamma-

tory cytokines (IL-6 and TNF-a) and increasing anti-

inflammatory cytokines (IL-10 and TGF-b) production
in microglia cells.

Increased TLR-signaling in CD11b-deficient

microglia cells

To further investigate how CD11b orchestrates TLR-

induced inflammation, TLR-induced signal transduction

was assayed. TLR4-induced nuclear factor-jB (NF-jB)

Figure 1. CD11b orchestrates inflammatory and anti-inflammatory cytokines in microglia cells. (a) ELISA of IL-6, TNF-a, IL-10, and
TGF-b production in supernatant from microglia cells primed with LPS for 0, 6, 12, and 24 h. (b) Q-PCR assay of mRNA expression of IL-6,
TNF-a, IL-10, and TGF-b in microglia cells primed with LPS for 6 h. Data are representative of three different experiments. Data are
presented as mean� SEM. *P< 0.01.
WT: wild type; LPS: lipopolysaccharide; IL: interleukin; TGF-b: transforming growth factor beta; TNF-a: tumor necrosis factor alpha.
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activation was enhanced in CD11b-deficient microglia
cells, which was proved by increased phosphorylation
level of TAK1, IKKa/b. and p65 (Figure 2(a)).
Furthermore, the activation of MAPK was reduced in
CD11b-deficient microglia cells, as evidenced by potent-
ly decreased phosphorylation level of extracellular
signal-regulated kinase 1 (ERK) (Figure 2(b)).
However, the phosphorylation of JNK and p38 was
not affected by CD11b deficiency (Figure 2(b)). To fur-
ther confirm the activation of NF-jB and MAPK, we
assayed the nuclear translocation of p65 and c-jun
(Figure 2(c)). Accordingly, the nuclear translocation of
p65 was also increased, while the nuclear translocation
of c-jun was decreased upon on TLR4 activation in
CD11b-deficient microglia cells. Thus, CD11b deficiency
increased TLR4-induced NF-jB activation, but
decreased ERK activation.

Increased stability of myeloid differentiation factor 88
and decreased Src-Syk activation in CD11b-deficient
microglia cells

Myeloid differentiation factor 88 (MyD88) is a key
adaptor protein of TLR signaling.9 Previous studies
reported that CD11b promoted Casitas B lineage lym-
phoma proto-oncogene b (Cbl-b)-mediated degradation
of MyD88 through the activation of Src, a major down-
stream signal molecule of CD11b.22,28 We assayed pro-
tein expression of MyD88 in CD11b-deficient and
control microglia cells (Figure 3(a)). TLR4-ligation
also induced time-dependent degradation of MyD88 in
control microglia cells, while the expression of MyD88 in
CD11b-deficient microglia cells was more stable. The
results indicated that CD11b might inhibit inflammation
through promoting degradation of MyD88.

Previous studies showed tyrosine kinases including
Src and Syk were major downstream signal molecules
of CD11b.22,28 We investigated whether CD11b deficien-
cy also affects the activation of Src and Syk in microglia
cells (Figure 3(a)). TLR4-ligation-induced activation of
Src and Syk was decreased by CD11b deficiency in
microglia cells, as evidenced by decreased phosphoryla-
tion of the Src and Syk. These results indicate that
CD11b may promote MyD88 degradation and inhibit

Figure 2. CD11b orchestrates TLR signaling. (a and b)
Immunoblot analysis of NF-jB and MAPK activation in microglia
cells primed with LPS for 30 min by using antibodies as indicated.
(c) Immunoblot analysis of the p65 and MAPK transcript factor
c-jun in microglia cells stimulated with LPS for 30 min. Data are
representative of three different experiments.
WT: wild type; LPS: lipopolysaccharide.

Figure 3. CD11b promotes MyD88 degradation. (a) Immunoblot
analysis of MyD88 expression and Src/Syk activation in microglia
cells primed with LPS for indicated time by using antibodies as
indicated. (b) Quantification of bands strength. Data are repre-
sentative of three different experiments. Data are presented as
mean� SEM. *P< 0.05.
WT: wild type; LPS: lipopolysaccharide.
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TLR-induced inflammatory responses by activating

Src-Syk.

Inhibition Src/Syk increases inflammatory cytokines

production and decreases anti-inflammatory cytokines

Then, we investigated whether the inhibition of Src could

simulate the phenotype of increased inflammatory

responses in CD11b-deficient microglia cells. Wild-type

microglia cells pretreated with Src inhibitor PP1 produced

more TLR4-induced IL-6 and TNF-a than

control (Figure 4(a)). Interestingly, pretreatment of PP1

also decreased in anti-inflammatory cytokine IL-10

(Figure 4(a)). Accordingly, pretreatment of PP1 also

increased the mRNA expression of IL-6 and TNF-a
and decreased the mRNA expression of IL-10 (Figure 4

(b) and sFigure 1B). Wild-type microglia cells pretreated

with Syk inhibitor R406 produced more TLR4-induced

inflammatory cytokines, IL-6 and TNF-a, than control

(Figure 4(c)), whereas produced less anti-inflammatory

cytokine IL-10 (Figure 4(c)). A combination of these

results indicated that CD11b may inhibit inflammatory

cytokines production and increase anti-inflammatory

cytokines through Src/Syk signaling.

Src/Syk inhibits TLR signaling by increasing

degradation of MyD88

To investigate how CD11b inhibits inflammatory cyto-

kines production and increases anti-inflammatory cyto-

kines, signal transduction in microglia cells pretreated

with PP1 was assayed by immunoblot. TLR4-ligation-

induced activation of NF-jB signal was increased by

PP1 pretreatment, as shown by increased phosphoryla-

tion level of TAK1, IKKa/b, and p65 (Figure 5(a)).

TLR4-ligation-induced activation of MAPK family indi-

cated that PP1 pretreatment decreased the ERK activa-

tion (Figure 5(a)). MyD88, as the key adaptor protein of

TLR-signaling, was found to increase the stability in

CD11b-deficient microglia cells. We further investigated

Figure 4. Src/Syk orchestrates inflammatory and anti-inflammatory cytokines in microglia cells. (a) ELISA of IL-6, TNF-a, and IL-10
production in supernatant from microglia cells pretreated with Src inhibitor PP1 for 30 min and then primed with LPS for 12 h. (b) ELISA of
IL-6, TNF-a, and IL-10 production in supernatant from microglia cells pretreated with Syk inhibitor R406 for 30 min and then primed with
LPS for 12 h. (c) Q-PCR assay of mRNA expression of IL-6, TNF-a, and IL-10 in microglia cells pretreated with Src inhibitor PP1. Data are
representative of three different experiments. Data are presented as mean� SEM. *P< 0.01.
IL: interleukin; TNF-a: tumor necrosis factor alpha; DMSO: dimethyl sulfoxide.
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Figure 5. Src/Syk orchestrates TLR signaling. Immunoblot analysis of NF-jB and MAPK activation (a) and MyD88 expression (b) in
microglia cells pretreated with Src inhibitor PP1 for 30 min and then primed with LPS for 30 min by using antibodies as indicated.
Immunoblot analysis of NF-jB and MAPK activation (c) and MyD88 expression (d) in microglia cells pretreated with Syk inhibitor R406 for
30 min and then primed with LPS for 30 min by using antibodies as indicated. Data are representative of three different experiments. Data
are presented as mean� SEM.
LPS: lipopolysaccharide; DMSO: dimethyl sulfoxide.
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whether the expression level of MyD88 was also affected

by PP1 pretreatment (Figure 5(b)). TLR4-ligation

induced time-dependent downregulation of MyD88

expression in control pretreated microglia cells, whereas

PP1 pretreatment blocked the downregulation of

MyD88 expression.
Accordingly, pretreatment of Syk inhibitor R406 also

increased NF-jB signal (Figure 5(c)) and decreased

ERK activation (Figure 5(c)). Accordingly, the stability

of MyD88 protein was also stabilized by R406 pretreat-

ment (Figure 5(e)).

CD11b orchestrates TLR responses through balancing

NF-jB and ERK activation

The aforementioned results indicated that CD11b inhib-

ited TLR-ligation-induced signaling and inflammatory

cytokines production through Src/Syk. Then, we

wonder how CD11b-activated Src-Syk signaling could

balance both inflammatory and anti-inflammatory cyto-

kines. NF-jB and ERK activation was reported to be

important for TLR-induced inflammatory and anti-

inflammatory cytokines.9,10 As the above data indicated

that CD11b regulated the activation of Src and ERK,

CD11b-deficient or wild-type microglia cells were pre-

treated concurrent with Src inhibitor PP1 and ERK

inhibitor U0126. PP1 pretreatment increased

TLR-ligation-induced inflammatory cytokine produc-

tion in wild-type microglia cells, but not in CD11b-

deficient microglia cells (Figure 6(a) and sFigure 1C).

Interestingly, both PP1 and U0126 pretreatment respec-

tively decreased anti-inflammatory cytokine IL-10

production in wild-type microglia cells, but not in

CD11b-deficient microglia cells (Figure 6(b)). PP1 and

U0126 co-pretreatment almost abolished the IL-10 pro-

duction in both wild-type and CD11b-deficient microglia

cells. Furthermore, PP1 and U0126 could inhibit ERK

activation vigorously in wild-type microglia cells, but

not in CD11b–/– microglia cells (sFigure 2). These results

indicated that CD11b might orchestrate TLR responses

through balancing NF-jB and ERK activation.

CD11b-deficient mice were more susceptible to

CCI-induced hyperalgesia and allodynia

To address in vivo function and phenotype of increased

inflammatory responses in CD11b-deficient microglia

cells, CCI-induced animal neuropathic pain model

was built in CD11b-deficient and wild-type mice. The

CCI-induced mechanical allodynia was significantly

increased and its effects lasted for more than 14 days

in CD11b-deficient mice (Figure 7(a)). Accordingly,

CD11b-deficient mice also showed more susceptible to

Figure 6. Src and ERK cooperate to orchestrate inflammatory and anti-inflammatory cytokines in microglia cells. ELISA of IL-6 and TNF-a
(a), IL-10 (b) production in supernatant from WTor CD11b–/– microglia cells pretreated with Src inhibitor PP1 and ERK inhibitor U0126
respectively or in combination for 30 min and then primed with LPS for 12 h. Data are representative of three different experiments. Data
are presented as mean� SEM. *P< 0.01.
WT: wild type; DMSO: dimethyl sulfoxide; IL: interleukin; TNF-a: tumor necrosis factor alpha.

8 Molecular Pain



the CCI-induced thermal hyperalgesia than wild-type

mice (Figure 7(b)).
To further determine whether the increased suscepti-

bility of mechanism and thermal hyperalgesia of CD11b-

deficient mice was related to increased inflammation, we

measured the expression of inflammatory and anti-

inflammatory cytokines. The expression of inflammatory

cytokines IL-6 and TNF-a was significantly higher in the

spinal cord of CD11b-deficient mice than wild-type mice

(Figure 7(c)). Whereas the expression of anti-

inflammatory cytokine IL-10 in the spinal cord was sig-

nificantly lower in CD11b-deficient mice (Figure 7(c)).

Accordingly, the activation of NF-jB was increased,

while the activation of ERK was decreased in the

spinal cord of CD11b-deficient mice compared with

wild-type mice (Figure 7(d)). These results indicated

Figure 7. CD11b suppresses CCI-induced mechanical and thermal allodynia. Mechanical (a) and thermal (b) allodynia was measured at
indicated time. (c) Q-PCR analysis of IL-6, TNF-a, and IL-10 in spinal cord of WT or CD11b-deficient mice three days after CCI.
(d) Immunofluorescence staining of phorspho-p65 and phorspho-p-ERK (as indicated by white arrows) in the WTor CD11b-deficient mice
three days after CCI. Scale, 20 lm. (E) Schematic diagram of CD11b-activated Src-Syk signaling keeps homeostasis of neuroinflammation.
Data are presented as mean� SEM, n¼ 8 (n indicates the number of animals per group); *P< 0.01.
WT: wild type; TLR: toll-like receptor; IL: interleukin; TNF-a: tumor necrosis factor alpha; TGF-b: transforming growth factor beta;
CCI: chronic constrictive injury; Q-PCR: quantitative PCR.
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the negative regulation of inflammation of CD11b in
vivo in microglia cells.

Discussion

Emerging studies have shown that microglial–neuronal
interactions play an important role in the genesis of
pathological pain.11,13,29 Alteration of glial functions is
a culprit causing aberrant neuronal activities in the pain
signaling pathway. In present study, we found CD11b
could inhibit NF-jB activation and inflammatory cyto-
kines production through promoting MyD88 degrada-
tion, whereas CD11b promoted ERK activation and
anti-inflammatory cytokines production by activating
Src/Syk.

Increasing evidence suggests that neuroinflammation
is an underlying cause of several central nervous system
diseases, including Alzheimer’s disease, Parkinson’s dis-
ease, multiple sclerosis, and psychiatric disorders.30,31

Although acute inflammation produces transient central
sensitization, chronic pain is associated with a long-
lasting and sometimes permanent central sensitization
that persists even after acute inflammation has been
resolved.32 For example, TLR4 expressed in the spinal
cord has been shown to mediate the transition from
acute to persistent mechanical hypersensitivity after the
resolution of inflammation in a rodent model of arthri-
tis, where the DAMPs play critical function.33,34 During
neuron injury, DAMPs released by injured cells, such as
HMGB-1, mammalian dsDNA, and uric acid crystals
could activate inflammatory responses via TLR4,
nucleotide-binding oligomerization domain, or NLPR3
signaling.4,7,30,35 Our finding that CD11-b-Src signaling
could balance inflammatory and anti-inflammatory
cytokines induced by TLR4 activation may be also
promising for other nervous inflammation-associated
diseases. Pain and inflammation can also be dissociated
in other conditions, for example, periodontal disease
(which occurs as a result of chronic inflammation) is
not normally associated with pain.30,34

PRRs play an essential role in recognizing specific
components of microorganisms and triggering innate
immune responses that eliminate the invading microor-
ganisms.9,10,36 For neuron system, the activation of
PRRs is mainly aimed to repair the damaged tissue
upon DAMPs. However, inappropriate activation of
PRRs can lead to prolonged inflammation or even auto-
immune and inflammatory diseases, for example, persis-
tent activation of microglia cells by amyloid-b protein
leads to Alzheimer’s disease.9,10,36 The polymorphism of
TNF-a, tumor necrosis factor receptor, and IL-1b genes
has been found to be related to Alzheimer’s disease.37,38

On the other way, anti-inflammatory cytokine IL-10
could prevent inflammatory and autoimmune patholo-
gies and function at different stages of an immune

response via signal transducer and activator of transcrip-

tion3.39,40 Including pro-inflammatory cytokines, such

as IL-6 and TNF-a, macrophages, and myeloid DCs

also produces large amounts of IL-10 during pathogens

infection upon TLRs activation, which is critical in pre-

venting overactivation of PRRs-induced inflammatory

responses. Monocytes-induced inflammation and

microglial-induced microgliosis were elegantly shown

to be quite important for pain after peripheral nerve

injury.41,42 Thus, the proper production of inflammatory

and anti-inflammatory cytokine needs the cooperation

of various signal pathways. Our finding that CD11b-

activated Src/Syk could balance PRRs signal transduc-

tion and balance immune homeostasis of pro-

inflammatory and anti-inflammatory cytokines may

provide novel insight for maintaining innate response

and inflammatory diseases.
There are several reports about the roles of Src/Syk in

the regulation of TLR and other PRR signaling. Syk

deficiency rescues the enhanced TLRs signaling in

DAP12-deficient macrophages,43 and Src family

member Lyn-deficient mice suffered from MyD88-

dependent autoimmune disease44; however, the underly-

ing mechanism is unclear. In accordance with recent

report that neutrophils secreted high amounts of the

anti-inflammatory cytokine IL-10 in a DAP12-Syk and

MyD88-dependent manner, we found that CD11b

attenuated CCI-induced allodynia by promoting TLR-

triggered IL-10 expression, while inhibiting inflammato-

ry cytokines IL-6 and TNF-a via Src/Syk pathway.

Conclusions

Taking our in vivo and in vitro results together, we sug-

gest that CD11b attenuates CCI-induced allodynia by

promoting TLR-triggered IL-10 expression while inhib-

iting inflammatory cytokines IL-6 and TNF-a via Src/

Syk pathway.
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