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Abstract
Macrophages and microglia are implicated in spinal cord injury, but their precise role is not
clear. In the present study, activation of these cells was examined in a spinal cord injury model
using 2 different antibodies against ED1 clone and ionized calcium binding adaptor molecule 1
(Iba1). Activation was observed at 1, 4, 8, and 12 weeks after contusion injury and was compared
with sham operated controls. Our results indicate that activation could be observed in both the
dorsal funiculus and the ventral white matter area in the spinal cord at 5 mm rostral to the epicenter of injury. For both cells, there was a gradual increase in activation from 1-4 weeks, followed
by down-regulation for up to 12 weeks. As a result, we could stain macrophages by ED1 and microglia by Iba1. We concluded that macrophages may play a role in the phagocytosis of denatured
dendrites after spinal cord injury, while microglia may have some cooperative functions, as they
were found scattered near the macrophages.
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Diﬀerent Expression of Macrophages and Microglia in
Rat Spinal Cord Contusion Injury Model at
Morphological and Regional Levels
Di Wu , Osamu Miyamoto , Sei Shibuya , Maiko Okada , Hiroharu Igawa ,
Najma A. Janjua , Hiromichi Norimatsu , and Toshifumi Itano
Departments of Orthopaedic Surgery and Neurobiology, Plastic Reconstructive Surgery,
Faculty of Medicine, Kagawa University, Miki, Kagawa 761‑0793, Japan

Macrophages and microglia are implicated in spinal cord injury, but their precise role is not clear.
In the present study, activation of these cells was examined in a spinal cord injury model using 2
diﬀerent antibodies against ED1 clone and ionized calcium binding adaptor molecule 1 (Iba1).
Activation was observed at 1, 4, 8, and 12 weeks after contusion injury and was compared with
sham operated controls. Our results indicate that activation could be observed in both the dorsal
funiculus and the ventral white matter area in the spinal cord at 5mm rostral to the epicenter of
injury. For both cells, there was a gradual increase in activation from 1‑4 weeks, followed by
down-regulation for up to 12 weeks. As a result, we could stain macrophages byED1 and microglia
byIba1. We concluded that macrophages mayplaya role in the phagocytosis of denatured dendrites
after spinal cord injury, while microglia may have some cooperative functions, as they were found
scattered near the macrophages.
Key words: macrophages, microglia, spinal cord injury, ED1, Iba1

pplying suﬃcient weight to the spinal cord can
induce complete or incomplete paralysis［1, 2］.
Thepossiblecauses oftheinduced paralysis arerelated to
many factors and changes and may occur in 2 stages:
primary injury due to tissue detrition and necrosis as a
result ofexternalmechanicalforces; and secondaryinjury
caused by ischemia［3］, excitoaminotoxicity［4］, and
apoptosis［5］
. One ofthe changes occurring after spinal
cord injury (SCI) is the activation of microglia and
macrophages［6］. Microglia arethought to contributeto
the onset of or to exacerbate neuronal degeneration and/
or inﬂ
ammation in many brain diseases by producing
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deleterious substances such as superoxide anions, nitric
oxide, and inﬂ
ammatory cytokines［7, 8］
. However,
another function ofmicrogliaand macrophages is thought
to be brain defense, as they are known to scavenge
invading microorganisms and dead cells, and also to act
as immune or immunoeﬀector cells［9］. Moreover,
microglia produce neurotrophic and/or neuroprotective
molecules, and it has been suggested that they promote
［10］
neuronalsurvivalin cases ofbrain injury
. However,
the precise role of macrophages and/or microglia as
neurotoxiccells oras neuroprotectivecells in vivo remains
unclear.
The objective of the present study was to examine the
activation of macrophages and microglia after spinal cord
injuryusing 2 diﬀerent types ofantibodies for thesecells.
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Materials and Methods
［11, 12］ Male SpragueDawley rats (n＝ 25)
with an averagebodyweight of312g (280 to 330g)were
used to prepare the model of contusive traumatic SCI.
After anesthetizing theanimals byadministering pentobarbital sodium intraperitoneally (30mg/kg), the animals
wereﬁ
xed on asurgicaltableand surgerywas performed.
A midlineskin incision was madeon thedorsal side, and
the spinal column was exposed from theT9 to L1 levels.
ThelaminaofT11 and T12 werecarefullyremoved using
microrongeurs, starting from the caudal edge ofthe T12
lamina. After laminectomy, thedurawas conﬁ
rmed to be
intact. The clamp was adjusted and ﬁ
xed to ensure that
the spinal column was horizontal relative to the ﬂ
oor. In
theexperimentalgroup(SCI group: n＝ 20), ametalrod
2mm in diameter weighing 30g was gently placed centrallyonto the dura of the spinal cord on the dorsal side.
Compression was then applied continuouslyfor 10min to
produce the contusive injury model. In shamoperated
animals (control group: n＝ 5), the same dural exposure
procedure was performed, but the spinal cord was not
compressed. During the surgical procedure, body temperature was controlled at 37°
C using a feedbackcontrolled heating pad (Temperature controller; CMA,
Stockholm, Sweden)and by rectal temperature monitoring. Twenty minutes after the end of compression, all
rats were housed under a 12h light regime, with one
animal per cage. Water and food were provided ad
libitum. Bladders wereemptied manuallytwicedailyuntil
suﬃcient bladderemptying function returned. All experimental procedures were performed in compliance with
guidelines for thecareand useofanimals set forth bythe
American Journal ofPhysiologyand thoseestablished by
the Institute of Laboratory Animal Sciences of the
Faculty of Medicine of Kagawa University.
SCI group animals weresacriﬁ
ced at 1, 4, 8, and 12
weeks (n＝ 5, for each stage), respectively, after surgery. The animals were anesthetized by administering
pentobarbital sodium intraperitoneally, and then perfused
transcardially with phosphatebuﬀered saline (PBS) and
perfusionﬁ
xed with 4 neutral buﬀered formalin solution. The spinal cord in the vicinity of the injury was
immediately removed and dissected. A segment approximately5mm rostral to the injurysite was cut as a block
and postﬁ
xed in the above formalin solution for 48h.
After successive treatment with 10‑30 sucrose solu-
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tions, the blocks were embedded in OCT compound.
Frozen 20μm crosssections at 5mm rostral were then
prepared and examined.
For the immunohistological examination, frozen sections were dried completelyand immersed in 0.3 Triton X100(Sigma, St.
Louis, MO, USA)in 0.01M PBS for 1h. To quench
endogenous peroxidaseactivity, thesections wereimmersed in 2 H O in 0.01M PBS for 30min. After
washing with 0.01M PBS, nonspeciﬁ
c reactions were
blocked with 1 albumin solution. The monoclonal
antibody ED1 from BMA Biomedicals AG (August,
Switzerland)was used as amarkerforrat macrophages as
the primary antibody［13］. Polyclonal antibody Iba1
(ionized calciumbinding adaptor molecule 1), which has
been found to be highly and speciﬁ
cally expressed in
microglia in both in vivo and in vitro studies, was
［14, 15］.
obtained fromWako chemicals(Tokyo, Japan)
Some amount of Iba1 antibody was donated by Dr. S.
KohsakaoftheDepartment ofNeurochemistry, National
InstituteofNeuroscience, Kodaira, Tokyo, Japan. Both
ED1 and Iba1 antibodies havebeen reported to recognize
macrophages and/or microglia［13, 15］. Weused them
for the detection of activated macrophages and microglia.
The primary antibody was ﬁ
rst diluted 1:800 for ED1
and 1:1000 for Iba1 in 1 albumin solution in 0.01M
PBS, and then applied to sections overnight at 4°
C. The
sections were then incubated with a biotinylated antibody
for another hour and an avidinbiotin peroxidase complex
for1h(ABC Kit; Vectorlaboratories, Burlingame, CA,
USA). Theﬁ
nalperoxidasereaction was visualized using
a solution of 3, 3diaminobenzidine in 0.03 H O in
0.01M PBS.
Doublelabeling immunohistochemistry of frozen sections was performed using theabovedescribed procedure
up to blocking ofthereactions with 1 albumin solution.
Sections were then incubated for 24h at 4°
C with
antiED1 monoclonal antibody and antiIba1 polyclonal
antibodydiluted to 1:800 and 1:1000, respectively, in 1
albumin solution in 0.01M PBS. After washing with
0.01M PBS, the ED1 and Iba1 reactions were carried
out by incubation for 2h at room temperature with
antimouseIgG conjugated with Texas RedX (Molecular
Probes, Eugene, OR, USA) and antirabbit IgG conjugated with ﬂ
uorescein isothiocyanate (FITC) (Vector),
both diluted to 1:100 in 1 albumin solution in 0.01M
PBS. Finally, the sections were rinsed in 0.01M PBS
and visualized using aconfocal laser scanning microscope
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(LSMGB200; OLYMPUS, Tokyo, Japan).
Triple immunohistochemistry staining was performed
using the abovedescribed procedure up to incubating the
sections with ﬂ
uorescenceconjugated secondary antibodies. After washing with 0.01M PBS, the sections
were incubated for 20min in DAPI solution (Molecular
Probes)at room temperature, which was diluted to 400
nM in 1 albumin solution in 0.01M PBS. Finally, the
sections were rinsed in 0.01M PBS and visualized using
a confocal laser scanning microscope (BioRad Radiance2100, Tokyo, Japan).
Image analysis was performed
with ImagePro Plus software (version 4.0, Media
Cybernetics, The Imaging Expert, Silver Spring, MD,
USA)to assess thealtered immunostained areadensityof
ED1 antigen and Iba1expression(areaμm )5mmrostral
to the injurysite. Cross sections were examined under a
light microscope at 400× magniﬁ
cation. Photographs of
theareaofdorsal funiculus and ventralwhitematter were
taken and used for analysis. For evaluation ofexpression
in white matter, the average of values from the 2 sides
was used in statisticalanalysis. A totalof50 photographs
of the white matter and 25 of the dorsal funiculus were
prepared. Semiquantitative evaluation by ImagePro
Plus analysis ofphotographs was performed blindlyby2
researchers not directlyinvolved in thepresent study. To
evaluate diﬀerences in the area of immunoreactive ED1
and Iba1 expression in the dorsal funiculus and ventral
white matter, oneway analysis of variance (ANOVA)
and Scheﬀeʼ
s Ftest were performed. Diﬀerences in
expression between time points and regions wereevaluated. In all statistical analyses, diﬀerences with a P value
of ＜ 0.01 were considered statistically signiﬁ
cant.

In contrast, Iba1 ir was detected throughout the white
matter and graymatter in shamoperated rats (Fig. 1D).
Iba1positive cells showed ramiﬁ
ed and short rod shapes
with themorphologyofresting microglia(Fig. 2D). The
ir ofIba1 also increased gradually, similar to that ofED1
(Fig. 3B). At the dorsal funiculus, Iba1positive cells
increased in number and ir at 4 weeks after contusion
(Fig. 1E). This tendencybecameclearer at 8 weeks after
injury(Fig. 1F and 2F). At 12 weeks, downregulation
was also observed(Fig. 3B). Thesecells had heterogeneous shapes (data not shown), but the ir increased clearly
in comparison with normalcells.Ibalpositivecells showed
2 diﬀerent morphologies: cells with round orameboid cell
bodies with no apparent granules in the cytoplasm, or
ramiﬁ
ed cells with small cell bodies (Fig. 2E). At 8
weeks, many round cells were stained, with some cells
existing around small cisterns (Fig. 2F). The same
tendency was observed in the ventral white matter (data
not shown).
Fig. 4 shows doublestaining with ED1 and Iba1. At
4 weeks after SCI, many big, round ED1positive cells
with phagocytic morphology were detected at the site of
the dorsal funiculus (Fig. 4B). At the same time, some
Iba1positive cells were also detected with phagocytic
morphology; whilesomeIba1positivecells showed small
cell bodies with processes (Fig. 4A). We detected the
coexpression ofED1 and Iba1 in somecells, whilesome
cells were ED1positive but Iba1negative, or Iba1positive but ED1negative(Fig. 4C). These results can
be clearly seen in Fig. 5, which shows ED1positive
macrophages and Iba1positive microglia existing separately (Fig. 5D). Meanwhile, at 4 weeks after SCI,
Iba1positive cells were found distributed widely in the
gray matter, while no ED1positive cells could be found
(Fig. 4, DF).Diﬀerent fromthephagocyticmorphology
Results
in the dorsal funiculus at the same time point, Iba1A weak ED1 immunoreactivity(ir)was detected in the positive cells in the graymatter showed small cell bodies
white matter, including the dorsal funiculus of sham- with ramiﬁ
ed processes, which reﬂ
ected the morphology
operated rat (control group) (Fig. 1A). Ramiﬁ
ed and of the microglia(Fig. 4D, F). Overall, although ED1ﬁ
brous shapes of microglia were observed (Fig. 2A). and Iba1positive cells stained diﬀerently, they occurred
The ir increased gradually after contusion (SCI group) in the vicinity of each other (Fig. 4C).
(Fig. 3A). Strong activation of ED1 ir at 4 weeks after
contusion in both the ventral white matter and the dorsal
Discussion
funiculus was observed (Fig. 1B). Many ED1positive
cells became round in shape with granules in the cytoIn the present study we were able to stain ED1-and
plasm (Fig. 2B). This tendency became clearer at 8 Iba1positive cells diﬀerentiallyin the experimental model
weeks after SCI (Fig. 1C and 2C). At 12 weeks, a of SCI. Many of the ED1positive cells were large and
downregulation of expression was observed (Fig. 3A). multivaluolated, consistent with the morphology of
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Fig.1 Immunohistochemicalstaining for ED1 and Iba1 afterspinal
cord injury at low magniﬁ
cation. The upper column shows ED1
staining; the lower column shows Iba1 staining. A, D (normal); B,
E (4 weeks after injury); C, F (8 weeks after injury). Arrows show
the activation sites. Scale bars: 500μm. DF＝ dorsal funiculus;
VWM＝ ventral white matter.
Fig. 2 Immunohistochemical staining for ED1 and Iba1 at the
dorsal funiculus after spinal cord injuryat higher magniﬁ
cation. The
upper column shows ED1 staining; the lower column shows Iba1
staining. A, D (normal); B, E (4weeks afterinjury); C, F (8weeks
after injury). Scale bars: 100μm.
Fig. 3 Measured area of ED1 and Iba1 expression (μm ) in the
dorsal funiculus of a cross section of spinal cord before and after
spinal cord injury. A, ED1; B, Iba1. Mean values oftotal antibody
expression between the spinal cord injury and control group were
compared at each time point for both antibodies. , P＜ 0.01
compared with control by oneway ANOVA. Bars indicate group
means (± SEM).

Fig. 3
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F

Fig. 4 Double immunohistochemical staining for ED1 and Iba1 in a cross section 5mm rostral to the epicenter of injuryat 4 weeks after
injury, using confocal microscopy. A, D: Iba1 visualized with FITC; B, E: ED1 visualized with Texas Red; C, F: visualization ofboth ED1
and Iba1. Arrows showspeciﬁ
c staining for ED1, arrowheads showcolocalization. The upper column shows ventral white matter; the lower
column shows graymatter. Scale bar: 50μm.
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Fig.5 Triple immunohistochemical staining for ED1, Iba1, and DAPI in a cross section 5mm rostral to the epicenter ofinjuryat 4 weeks
after injury, using confocal microscopy. A, Iba1 visualized with FITC; B, ED1 visualized with Texas Red; C, nucleus visualized with DAPI;
D, merging image of ED1, Iba1 and DAPI. An arrowindicates speciﬁ
c staining for ED1; an open arrowshows speciﬁ
c staining for Iba1;
arrowheads showcolocalization. Scale bar: 20μm.

activated macrophages［16］. On the other hand, the
Iba1positivecells mayhavebeen microglia, judging from
their shape and antigen speciﬁ
city［6, 15］
, as has
previouslybeen reported［17］
. However, in theprevious
study, a diﬀerent braininjury model called the middle
arteryocclusion model was used, and expression ofED1
antigen was found to be restricted to severe ischemic
damage and activated microglia were observed in the
periischemic area［17］
. Although some studies have
reported that ED1 and Iba1 stain both microglia and
macrophages［18‑20］, in thepresent studyweseparately detected activation of the microglia and macrophages.
Our detection was based on the ﬁ
ndings of Damoiseaux
［13］, who proved that monoclonal antibody(mAb)ED1
binds speciﬁ
callyto a singlechain glycoprotein expressed
predominantly on the lysosomal membranes of activated
macrophages, and on theﬁ
ndings ofIto and Imai, whose

http://escholarship.lib.okayama-u.ac.jp/amo/vol59/iss4/2

works indicate that Iba1 is expressed in microglia alone
both in cultured brain cells and in thebrain［14, 15］. On
the other hand,although most studies have been carried
out at the acute phase ofSCI［16］, our experiment was
performed at the delayed phase. All these factors may
havesomeinﬂ
uenceon theactivation ofmacrophages and
microglia following SCI.
In the present study, the activation of microglia and
macrophages was detected 4 weeks after injury. These
［1, 12］, possiblyresulting in
regions areimpaired easily
manyvacuoles, as observed after 12 weeks in thepresent
study. In response to central nervous system (CNS)
injuries, activated microglial cells may transform from
processbearing (ramiﬁ
ed) morphology to an amoeboid
shape［21］and at times may present some phagocytic
properties of macrophages. This result may explain the
results of the doublestaining, indicating that some Iba1-
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positive cells were also ED1positive, while others were
ED1 negative. Macrophages may play a role in the
phagocytosis of denatured cell debris［22］. Since in the
present study microglia were found to be scattered near
macrophages, some cooperative microglial role may be
suggested. However, further studies are required to
explore such a possibility.
In conclusion, in the present study we were able to
separatelystain macrophages andmicrogliafollowing SCI.
Thesecells wereactivated at 4 weeks and downregulated
around 12 weeks after injury. The shapes of the stained
macrophages and microgliawerediﬀerent, but theregions
in which these cells existed were the same.
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