


Myelin Induces Inflammation

IL-1b and TNF-a were performed by Duoset ELISA Develop- induce significant neutrophil infiltration in either WT or CR3 KO
ment kit from R&D Systems (Minneapolis, MN). ELISA for mouse mice (Figure 2B and D). In myelin injection region in the spinal
MIF was done under the instruction of manual for human MIF cord from CR3 KO mice, neutrophil infiltration was significantly

ELISA kit from R&D Systems. reduced by more than 50% relative to that in WT mice at all time
points after myelin injection (Figure 2C and D). Similar pattern
Statistical Analysis can be observed in the marginal region of myelin injection

Data in figures are presented as meén SEM, with n  (Figure 2C and D). After 7 days of myelin injection, few
representing the number of experiments. Statistical significancBéutrophils can be observed in CR3 KO mice, while neutrophils
was evaluated using Student’s unpairéeists or one-way analysis N the spinal cord from WT mice still can be detected (Figure 2D).
of variance (ANOVA) followed by Dunnett's post-test for multiple In addition, macrophages were not detected within the injection

comparisons among groups. Statistical significance was &t atf€gion in either WT or CR3 KO mice at 1 day after myelin
value, 0.05. injection. The number of macrophages significantly increased by 4

days at injection and marginal region in WT mice (Figure 2E and
F). Macrophage infiltration was significantly suppressed in CR3
KO mice at 4 days after myelin injection (Figure 2E and F).

Myelin Is a Direct Inflammatory Stimulus which Induces However, there were no significant differences for macrophage
Inflammation in Animal Models infiltration between WT and CR3 KO mice at 7 days post-

Although it is well documented that degenerated myelin triggerdni€ction (Figure 2F). By contrast, injection of PBS did not induce
undesirable inflammatory responses in MS and EAE, there ha ignificant macrophage infiltration in either WT or CR3 KO mice

been very little study to show that myelin debris from injured (Figure 2B and F).
spinal cord can trigger undesirable inflammation direatlyvitro . .
and in vivoWe first assessed whether myelin is an inflammatoryEffect of Myelin on Pro-Inflammatory Cytokine
stimulus in vivo We used mouse peritonitis model, a well- Expressionin Vitro
documented experimental animal model for studying pathogenesis We then determined whether myelin treatment has effects on
of inflammatory stimuli and evaluatingp vivoefficacy of anti- pro-inflammatory cytokine expression by inflammatory cells such
inflammatory and anti-infectious treatments. We administratedas macrophages. We performed quantitative real-time (QRT)-PCR
myelin (25 mg/kg body weight) or PBS (as control) intraperito-and ELISA on mouse bone marrow-derived macrophages to
neally {.p) to C57BL/6 WT and CR3 KO mice, respectively and measure mRNA and protein levels of cytokines after myelin
then performed peritoneal lavage and collected cells at 0, 4, 24 angfimulation. As shown in Figure 3, mRNA levels of several of
72 hours after the myelin injection. The number of cells in cytokines increased at 6 h and 12 h after myelin treatment. There
peritoneal lavage rapidly increased after myelin injection in WTwas dramatic increase in expression of T&fL-1b, IL-6 and IL-
mice (Figure 1A) and few neutrophils were found in mice injectedl2. Macrophage migration inhibitory factor (MIF) and matrix
with PBS alone. The total number of cells in WT mice at all time metalloproteinase 9 (MMP9) were also increased by myelin
points was significantly higher than that of CR3 KO mice stimulation (Figure 3A). Interestingly, the expression of anti-
(Figure 1B). Furthermore, neutrophil infiltration dramatically inflammatory cytokines such as IL-4 and TFwas inhibited by
increased in WT mice by 4 h after myelin injection and then myelin (Figure 3A). In addition to pro-inflammatory cytokines(
declined quickly at 24 h after injection (Figure 1C). In comparison,TNF-a and IL-1b), expression of chemokines MIBALCL3
neutrophil infiltration in CR3 KO mice was significantly reduced (chemokine (C-C moitif) ligand 3) and CXCL10/IP-10 (interferon-
at all time points (Figure 1C). Macrophage infiltration started atinducible protein 10) significantly increased in macrophages
72 h after myelin injection in WT mice (Figure 1C) and the CR3 stimulated by myelin (Figure 3A). However, myelin did not
KO mice showed the less macrophage infiltration compared tosignificantly enhance MCP-1/CCL2 production (Figure 3A). The
WT mice (Figure 1C). In addition, increased levels of H.ahd protein levels of TNR, IL-1b and MIF secreted by macrophages
TNF-a in peritoneal lavage fluid were detected at time 4 h andtreated with myelin were confirmed by ELISA (Figure 3B). Myelin
declined after 24 h (Figure 1D) and significantly higher levels oéxerts a time-dependent effect on expression of &NIE-1b and
IL-1b and TNF-a were detected in WT mice compared to CR3 MIF.
KO mice (Figure 1D). By contrast, peritoneal injection of PBS did
not induce significant cell infiltration and cytokine production in Myelin Induces NFkB Activation
both WT and CR3 KO mice (Figure 1). We investigated signaling pathways triggered by myelin in
We further assessed whether myelin is able to generatmacrophages. NkB is a key participant centrally in the
inflammatory response in mouse spinal cord. Myelin at totalinflammatory response to lipopolysaccharide (LPS) and other
volume of 0.51L (125ng/kg body weight) or PBS was pro-inflammatory stimuli. We therefore examined the effects of
stereotaxically injected into the spinal cord at T8—T10 vertebraeNF-kB modulation on myelin-induced stimulation of macrophag-
by a T10 laminectomy in WT and CR3 KO mice. Mice were es. Myelin treatment increased the level of phosphoryldt&eal
sacrificed at 1, 4 and 7 days after myelin injection. Myelinan inhibitory subunit of NF«B, from 5 minutes up to 30 minutes
injection induced large amount of leukocyte infiltration (Figure 2).(Figure 4A). Meanwhile, there was degradation of tdBl& after
We assessed the infiltration of macrophages and neutrophils byyelin treatment (Figure 4A). Phosphorylation d&Bia is
using IBA-1 (ionized calcium-binding adaptor molecule 1) and Ly-considered to induce its degradation, which then releasekB\F-
6G (lymphocyte antigen 6 complex, locus G, also known as Gr-1and confers it transcriptional activity. Pre-incubation with K-
respectively. The mouse Gr-1 antigen is a G-protein linkedinhibitor BAY 11-7082 (1GvM) for 30 minutes blockedkB-a
meyloid differentiation marker also known as Ly-6G [11]. Double activation induced by myelin (Figure 4B). We also did immuno-
immunostaining showed that infiltrated neutrophils were Ly-6G fluorescence to detect subcellular distribution of p65, a major
positive but negative for IBA-1 (Figure 2A). Kinetics of these cellsomponent of NFkB. As shown in Figure 4C, p65 (stained as red)
infiltrated into the spinal cord is much earlier than IBA-1 positive was located in the cytoplasm in the absence of myelin. After 90
macrophages (Figure 2C, D, E and F). Injection of PBS did nomminutes of exposure to myelin, p65 moved into the nuclei and this

Results
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Figure 1. Inflammatory effect of myelin in peritoneal cavity from WT and CR3 KO mice. (A) Morphology of infiltrated cells in peritoneal
cavity from WT mice. Neutrophils were indicated with black arrow and macrophages were indicated with white arrow. (Scale bar =50 nm). (B) The
total number of cells in peritoneal cavity. (C) Number of infiltrated neutrophils and macrophages in peritoneal cavity. (D) Levels of TNF-ocand IL-1f3
in peritoneal lavage fluid detected by ELISA. Data were expressed as mean = SEM. (n =4 at each time point, *P<<0.05 vs. WT + PBS; #P<0.05 vs. CR3
KO + Myelin; t-test).

doi:10.1371/journal.pone.0009380.g001

@ PLoS ONE | www.plosone.org 4 February 2010 | Volume 5 | Issue 2 | €9380



P

\ . Injection region "

WT+mye\“|ﬁ 41D

[ pep——

CR3KO+myelin 4D

WT+PBS 1D

Myelin Induces Inflammation

CR3KO+PBS 1D

o

Numbers of IBA1 positive

Numbers of IBA1 positive

# Injection region

o

2 2 300 - WT+PBS

8 =2 —&— WT+myelin

e > —+—CR3 KO+PBS

3 2 200 —&— CR3 KO+myelin
=

3‘ '.s *#

S -

of a1 *#

59 o ¥ ¥ ¥

= 1D 4D 7D

Time after injection (days)

Marginal region

(%3
=3
=3

*#

o 8 &
*

D 4D 70
Time after injection (days)

Numbers of Ly-6G positive
cells per arbitrary unit
L]
28

Injection region
= 200+
£ ¥ v wrepss
> 1504 —— WT+myelin
© —+—CR3 KO+PBS
LE —&— CR3 KO+myelin
5 1004
g
I 504
®
o = %
1D 4D 7D
Time after injection (days)
Marginal region
-~ -
= 200
-
g
T
2 150
£ o #
@ 359
o
o,

1D 4D 7D
Time after injection (days)

Figure 2. Inflammatory effect of myelin in spinal cord from WT and CR3 KO mice. (A) Neutrophils were positive for Ly-6G (green) but
negative for IBA-1 (red) detected by double immunostaining. (B) Neutrophil and macrophage infiltration in spinal cord at 1 d after PBS injection
detected by double immunostaining. (C) Neutrophil infiltration (Ly-6G", green) in spinal cord at 1 d after myelin injection, along with injection region
(solid line), marginal region (dashed line) and enlarged injection region. (D) The number of neutrophils at injection region and marginal region in
spinal cord at 1 d after myelin or PBS injection. (E) Macrophage infiltration (IBA-1%, red) in spinal cord at 4 d after myelin injection, along with injection
region (solid line), marginal region (dashed line) and enlarged injection region. (F) The number of macrophages at injection and marginal region in
spinal cord at 4 d after myelin or PBS injection. Scale bar=200 nm. Data were expressed as mean * SEM. (n =4 at each time point, *P<<0.05 vs. WT +

PBS; #P<0.05 vs. CR3 KO + myelin; t-test).
doi:10.1371/journal.pone.0009380.g002
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Figure 3. Expression of inflammatory mediators at transcriptional and translational levels in bone marrow-derived macrophages
regulated by myelin. (A) Cytokines and chemokines in the cells detected by gRT-PCR. (B) Cytokines in the supernatants of cell culture detected by
ELISA. Data were expressed as mean = SEM and similar results were obtained from three independent experiments. (n= 3. *P<<0.05 vs. control; one
way ANOVA with Dunnett's post-test).
doi:10.1371/journal.pone.0009380.g003
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Figure 4. Effect of myelin on NF- kB activation. (A) Bone marrow-derived macrophages were incubated with myelin for indicated time and
phosphorylation/degradation of kB-a were assessed by western blot. (B) Effect of KB- inhibitor BAY 11-7082 on myelin-inducedkB-a
phosphorylation and degradation. (C) Myelin-induced p65 translocation in macrophages detected by immunofluorescent staining. p65 was stained
red and nuclei were stained with DAPI (blue) (Scale bar=fh). (D) Sphingomyelin (2%g9/mL) had no effect on kB-a phosphorylation and
degradation macrophages. (E) MBP (3/mL) had no effect on kB-a phosphorylation and degradation in bone marrow-derived macrophages. The
inhibitor was used for 30-minute pre-incubation before myelin incubation. Phosphorylation levels were normalized to non-phosphorylated total
proteins. Similar results were obtained from three independent experiments.

doi:10.1371/journal.pone.0009380.9g004

translocation can be abolished by pre-incubation of BAY 11-7082ctivation of NFkB. Inhibition of NFKB activation abrogates
(Figure 4C). The data indicate that myelin rapidly activateskBF- the stimulatory effects of myelin on cytokines production by
in macrophages. By contrast, sphingomyelin r@bnL), the macrophages.
major lipid component of myelin and MBP (ig/mL) are not able
to activate NFkB pathways (Figure 4D and E). Myelin-Induced NFkB Activation and Cytokine
o o ) Expression Is CR3-Dependent

Inhibition of NFkB Activity Suppresses Myelln-lnduced Binding and phagocytosis of myelin by macrophages is
Cytokine Expression mediated by complement receptor 3 (CR3, CD11b/CD18), a

We further investigated whether inhibition of NdB activity member of integrin family [12,13]. CR3 interacts with many
could suppress the myelin-induced cytokine expression. Macranolecules in the extracellular matrix (ECM), such as iC3b and
phages were pre-incubated with BAY 11-7082 for 30 minutes angbathogens. Binding of ECMe(gfibrinogen, collagen, ICAM-1,
then incubated with myelin for 12 or 24 hours. BAY 11-7082 and ICAM-2) with integrin, including CR3/MAC-1, can induce
significantly inhibited myelin-induced expression of TAlAL-1b, integrin activation and then regulate a variety of cell functions,
IL-6, IL-12, MIF and CXCL10 at mRNA level (Figure 5A) including proliferation, apoptosis, migration and survival. We
detected by gRT-PCR and the protein level by ELISA (Figure 5B).therefore ascertained whether myelin-induced kB--activation
These data indicate that myelin is a strong pro-inflammatoryand cytokine expression were CR3-dependent. Myelin cannot
stimulus which can enhance the expression of a variety of prophosphorylate and degradekB-a in bone marrow-derived
inflammatory cytokines and chemokines in macrophages bynacrophages from CR3 KO mice (Figure 6A). Furthermore,
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Figure 6. Effect of myelin on NF-kB activation and cytokine expression in bone marrow-derived macrophages from CR3 KO mice.
(A) Macrophages from CR3 KO mice were treated with myelin for the indicated time and phosphorylation/degradation of IxB-o were assessed by
western blot. (B) Macrophages from CR3 KO mice were treated with myelin for 6 and 12 hours. Cytokine and chemokine expression in cells at mRNA
levels were detected by gRT-PCR. (C) Macrophages from WT and CR3 KO mice were treated with myelin for 24 hours and cytokines in the
supernatants of cell culture were detected by ELISA. Phosphorylation levels were normalized to non-phosphorylated total proteins. Data were
expressed as mean £ SEM and similar results were obtained from three independent experiments. (n =3, *P<0.05 vs. CR3 KO + myelin; t-test).
doi:10.1371/journal.pone.0009380.g006
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Figure 7. Effect of myelin on FAK phosphorylation. Bone marrow-derived macrophages from WT and CR3 KO mice were treated with myelin
for the indicated time and phosphorylation of FAK (pFAK) was assessed by western blot. Phosphorylation levels were normalized to non-
phosphorylated total proteins. Similar results were obtained from three independent experiments.

doi:10.1371/journal.pone.0009380.9g007

entiation and intracellular trafficking [16]. As NF-xB can be
activated through many different pathways, including phosphati-
dylinositol 3-kinase (PI3K) and its major downstream kinase, Akt
[18], we hypothesize that PI3K/Akt contributes to myelin-induced
NF-kB activation. IFigure 8A shows myelin treatment phosphor-
ylated p85 regulatory subunit of PI3K and Akt in macrophages
from W'T mice but not in macrophages from CR3 KO mice. Pre-
incubation with PI3K inhibitor, LY-294002 (50 mM) not only
effectively inhibited myelin-induced phosphorylation of p85 in
macrophages but also inhibited phosphorylation of IxB-o and its
degradation induced by myelin (Figure 8B). The Akt inhibitor IV
(1 mM), but not protein kinase C (PKC) inhibitor G6 6983 (5 nmM)
inhibited IxB-o phosphorylation and degradation in macrophages
(Figure 8C). Moreover, phosphorylation of Akt in macrophages
can be abolished by both Akt inhibitor IV and PI3K inhibitor LY-
294002, but not by PKC inhibitor G6 6983 and NF-«B inhibitor
BAY 11-7082 (Figure 8D), suggesting that Akt is specifically
activated by PISK and Akt is the upsteam molecule of NF-kB.
Accordingly, PI3K activating NF-xB was confirmed by immuno-
fluorescent staining of p65 as the inhibitor of PI3K (LY-294002)
suppressed p65 translocation from cytoplasm to the nuclei
(Figure 8E, I, II and III). Moreover, the Akt inhibitor IV and
NF-xB inhibitor BAY 11-7082 readily blocked nuclei translocation
of p65 by myelin administration (Figure 8E, IV and V). In
contrast, G6 6983 had no inhibitory effect on p65 nuclei
translocation (Figure 8E, VI). These results suggest that PI3K/
Akt is upstream kinases for NF-kB signaling and myelin activates
the PI3K/Akt/NF-kB signaling pathway. We also showed that
mhibitors of PI3K and Akt blocked the myelin induced cytokine
production (Figure 9).

Discussion

Trauma and inflammation damage myelin, creating myelin
debris. Myelin debris contains several inhibitors of axonal
regeneration [19]. Although the inhibitory effect on axonal
regeneration has been well documented, little direct evidence is
available concerning myelin-induced changes in inflammation in
spinal cord injury. Our findings presented in this study indicated
that myelin is a strong inflammatory stimulus that CR3-myelin
interaction enhances expression of pro-inflammatory mediators,
down-regulates the production of anti-inflammatory cytokines in
macrophages, and triggers undesirable inflammation & vivo.

These data are crucial for our understanding of the role of
myelin in CNS injury and inflammation. Myelin debris generated
after CNS injury not only inhibits axonal regeneration and CNS
remyelination [20] but also stimulates inflammatory responses. In
our present study we showed that the myelin induced inflamma-
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tory response is myelin specific as sphingomyelin (the major lipid
of myelin) and MBP (one of the major proteins of myelin) are not
able to activate NF-kB signaling pathway. Other myelin specific
lipids and proteins may have capacity to activate NF-xB. For
example, sulfatide, one of major lipid component of myelin sheath,
might be a target autoantigen in MS and EAE [21,22]. Recent in
vitro results suggested that sulfatide can activate inflammatory
response in microglia cells via activation of MAKPs and NF-kB
[23]. It 1s not clear whether CR3 or other receptors is involved in
sulfatide-induced NF-xB activation. Further study is needed to
investigate whether NF-kB in macrophages can be activated by
other myelin specific lipids and proteins.

Myelin not only up-regulates expression of pro-inflammatory
mediators such as TNF-o, IL-1B, 1L-6, IL-12, MIP-1a. and
CXCLI10 but also down-regulates production of anti-inflammato-
ry cytokines such as IL-4 and TGF-Bl. These cytokines play
important roles in pathology of CNS injury and inflammation. For
example, TNF-a0 and IL-1B are well-documented pathogenic
mediators involved in CNS inflammation and axonal degenera-
tion. Overexpression of IL-6 and IL-12 induced neurodegenera-
tive and inflammatory pathology, respectively [24]. IL-6 and IL-12
deficient mice fail to respond to experimental autoimmune
encephalomyelitis (EAE) [25,26]. IL-4, a well-known anti-
inflammatory cytokine, has marked inhibitory effects on the
expression and release of the pro-inflammatory cytokines [27,28].
TGF-B1 exerts potent anti-inflammatory and neuroprotective
properties on a LPS-induced model of CNS inflammation and
degeneration [29]. CXCLI10 and its receptor CXCR3 play a
critical role in multiple sclerosis, particularly in leukocyte
recruitment into the CNS [30,31]. Taken together, myelin up-
regulation of pro-inflammatory mediators in CNS injury and
down-regulation of anti-inflammatory cytokines combine to amply
the inflammatory responses.

Kerschensteiner et al observed that axonal degeneration and
myelin breakdown can happen as early as 30 minutes after injury
[32]. In combination with our results, such early myelin debris
provides rapid and strong stimuli that stimulate macrophages to
produce cytokines including TNF-a and IL-1f and therefore the
early increased cytokine expression can be observed after spinal
cord injury by Pan ¢t al [33] who showed that cytokines mRNA
such as TNF-o, IL-6 and IL-1B were increased during the first
2 hours following spinal cord injury, prior to the appearance of
circulating cells. Myelin debris is cleared rapidly and efficiently in
peripheral nervous system (PNS) [34,35]. However, myelin debris
can persist for years after degeneration of CNS axons as myelin
debris can not be efficiently cleared in CNS [36]. Therefore,
myelin debris not only provides an early the inflammatory
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Figure 8. Effect of myelin on activation of PI3K/Akt pathway. (A) Phosphorylation of p85 and Akt in bone marrow-derived macrophages from
WT and CR3 KO mice treated with myelin for the indicated time. (B) Effect of PI3K inhibitor LY-294002 on myelin-indkBaalphosphorylation and
degradation in macrophages. (C) Effect of Akt inhibitor IV on myelin-inducddta phosphorylation and degradation in macrophages. (D) Effect of
inhibitors of PI3K, Akt, NikB and PKC on myelin-induced Akt phosphorylation in macrophages. (E) Macrophages were pretreated with inhibitors of
PI3K, Akt, NkB and PKC for 30 minutes, respectively and then incubated with myelin for 90 minutes. Myelin-induced p65 translocation in
macrophages was detected by immunofluorescent staining. p65 was stained red and nuclei were stained with DAPI (blue) (Scale barmLQAll
inhibitors were used for 30-minute pre-incubation before myelin incubation. Phosphorylation levels were normalized to non-phosphorylated total
proteins. Similar results were obtained from three independent experiments.

doi:10.1371/journal.pone.0009380.g008
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environment for axons but also prolong inflammation, thereby
amplifying secondary injury and inhibiting axonal regeneration.
Therefore, clearance of myelin debris in CNS may be critical for
allowing regeneration.

Myelin can induce macrophages to produce pro-inflammatory
cytokines and NO in vitro by van der Laan et al [13]. However,
there were lack of i viwvo data and cellular mechanism study about
how myelin stimulates cytokine production. Understanding the
molecular underlying myelin stimulation of inflammatory response
should prove vital insights into indentifying new therapies that
reduce the secondary damage and enhance regeneration. Our
results indicate that myelin strongly activates FAK/PISK/Akt/
NF-xB pathway in macrophages and increases the expression of
inflammatory mediators in WT mice but not in CR3 KO mice,
suggesting that NF-kB activation by myelin may be CR3-
dependent (schematized in Figure 10). Myelin-induced cytokine
production is more likely a direct effect as NF-xB can be activated
within 5 min, suggesting myelin interacts with macrophages
directly rather than the consequence of myelin phagocytosis by
macrophages or cytokines released in response to myelin binding
to CR3 working in an autocrine manner to trigger NF-xB.

Myelin Signaling

Myelin Induces Inflammation

Treatment with inhibitors of PISK, Akt and NF-xB or deletion of
CR3 reversed myelin-induced NF-kB activation and also inhibited
myelin—mediated production of pro-inflammatory mediators.
Therefore, myelin induces cytokine production by activating
FAK/PISK/Akt/NF-kB through CR3-dependent mechanisms.
Further studies are needed to identify or rule out other signaling
pathways contributing to the myelin-induced cytokine expression.

This study suggests a few strategies to reduce inflammatory
response and secondary damage and to promote neuronal
regeneration: 1) enhance clearance of myelin debris such as
increasing phagocytotic uptake of myelin; 2) inactivation of PI3K/
Akt/NF-xB pathway; and 3) targeting CR3-myelin interaction.
Although inhibition of NF-kB activity has been shown to reduce
inflammation and improves function recovery after SCI [37],
enhancement of myelin debris clearance and targeting CR3-
myelin interaction after SCI should be further investigated.
Leukemia inhibitory factor (LIF) not only acts as a neurotrophic
factor [38] in CNS but also inhibits the production of oxygen
radicals and TNF-o, and stimulates myelin uptake by macro-
phages [39], suggesting that LIF may be useful for treating CNS
trauma or other demyelinating diseases. In addition, phagocytosis
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Figure 10. Schematic diagram depicting the possible mechanism that myelin induces inflammatory responses. Myelin debris
generated in injured CNS or demyelinating diseases may bind to CR3 and then activate NF-kB through FAK/PI3K/Akt pathway, therefore initiating

gene expression of pro-inflammatory mediators.
doi:10.1371/journal.pone.0009380.g010
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can be also regulated by transmembrane molecules. For example,
CD200-CD200R interaction inhibits macrophage/microglia func-
tion [40,41]. Blocking CD200-CD200R interaction and stimula-
tion of macrophage/microglia activation may enhance clearance
of CNS myelin debris [36]. Given the crucial roles of CR3 in
inflammation and the finding that myelin can initiate inflamma-
tory responses in CR3-dependent manner, blocking CR3-myelin
interaction may be beneficial for treatment of CNS injury. It has
been shown that myelin clearance is mediated primarily by CR3,
however, our @ vitro and i vivo data showed that microglia cells
expressing high level of CR3 have poorer efficiency for myelin
clearance and myelin clearance by macrophages from CR3 KO
mice was not impaired (see Supporting Information Figure S1 and
S2), which consistent with the studies from other group showing
myelin is not phagocytosed by microglia after SCI [42] and myelin
phagocytosis by macrophages may be via galectin-3/Mac-2 [43].
These studies suggested that targeting CR3 may be possible to
suppress myelin-induced inflammation without affecting myelin
clearance.

Supporting Information
Table S1 Primer sequences for gRT-PCR

Found at: doi:10.1371/journal.pone.0009380.s001 (0.04 MB
DOC)
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Figure S1 Mpyelin clearance by macrophages from WT and
CR3 KO mice. (A) Bone marrow-derived macrophages from WT
and CR3 KO mice were incubated with myelin for 48 hours and
cells were stained with Oil Red O and MBP antibody, respectively.
(B) In vivo study showed that myelin debris can be phagocytosed
by macrophage from WT and CR3 KO mice after spinal cord
injury. Representative micrographs of myelin uptake by macro-
phage in the injured spinal cord at 2 weeks after injury in WT and
CR3 KO mice using confocal microscopy. Macrophage was
labeled with IBA-1 (green) and myelin debris was stained by Oil
Red O (red). Scale bar =10 mm.

Found at: doi:10.1371/journal.pone.0009380.s002 (3.94 MB TIF)

Figure 82 Comparison of myelin uptake by bone marrow-
derived macrophages and primary microglia cells. Bone marrow-
derived macrophages and primary microglia cells were incubated
with myelin for 3 hours. Non-ingested myelin was washed away
with PBS and cells were lysed. Intracellular MBP was assessed by
ELISA. Data were expressed as mean £ SEM. (n = 3, *P<<0.05 vs.
control; #P<0.05 vs. microglia cells + Myelin; #test).

Found at: doi:10.1371/journal.pone.0009380.s003 (0.00 MB TTF)
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