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CD200 Ligand–Receptor Interaction Modulates Microglial
Activation In Vivo and In Vitro: A Role for IL-4
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Deficits in cognitive function are associated with neuroinflammatory changes, typified by activation of glial cells and an alteration of the
pro- and anti-inflammatory cytokine balance in the brain. Although there is evidence to suggest that activation of microglia is regulated
by interaction with other cell types in the brain, the mechanism(s) involved is poorly understood. Here, we provide evidence that
interaction between CD200 and its receptor plays a role in modulating microglial activation under conditions of chronic and acute
inflammation of the brain. We report that interleukin-4 (IL-4) plays a central role in modulating expression of CD200 and identify a
mechanism by which IL-4 directly controls microglial cell activation. Our findings provide the first demonstration of a role for IL-4 in
modulating CD200 expression and suggest a mechanism for regulation of microglial activation in the intact CNS under inflammatory
conditions.
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Introduction
It has become increasingly clear that inflammation, which is ac-
companied by impairment in neuronal function, is a feature of
several neurodegenerative disorders, such as Alzheimer’s disease
(AD) and multiple sclerosis (Griffin et al., 1995). Neuroinflam-
matory changes are also a feature of animal models of AD; thus,
transgenic mice, which overexpress human amyloid precursor
protein (Tg2576), exhibit inflammatory changes (and deposition
of amyloid plaques) in middle to older age, and treatment with
ibuprofen reduces both inflammation and plaque deposition
(Lim et al., 2000). Similarly, age-related neuroinflammatory
changes have been reported, characterized by an increased ex-
pression of pro-inflammatory cytokines interleukin-1� (IL-1�),
IL-18, and IL-6 (Ye and Johnson, 2001; Griffin et al., 2006) and a
corresponding decline in the anti-inflammatory cytokine IL-4
(Maher et al., 2005; Nolan et al., 2005). Indeed, the decline in IL-4
directly contributes to the increase in IL-1�, the deficit in long-
term potentiation (LTP), and increases in age and amyloid-�
(A�)-induced glial cell activation (Nolan et al., 2005; Lynch et al.,
2007; Lyons et al., 2007).

Although research efforts have previously focused on identi-
fying triggers that lead to glial activation, it is becoming increas-
ingly clear that interaction with other cells plays a significant role
in modulating activation. For example, interaction of T-cells,
neurons, and endothelial cells with microglia has been reported
with consequent modulation of microglial activation, but the

mechanism by which these interactions result in downregulation
of microglial activation remains to be clarified (Neumann, 2001;
Deckert et al., 2006; Ponomarev et al., 2007).

One factor recently recognized as playing a role in modulating
inflammatory responses is CD200, a type 1 membrane glycopro-
tein (Jenmalm et al., 2006). CD200 is expressed on several cell
types, including neurons, and exerts its effect by binding to a
structurally similar CD200 receptor (CD200R), triggering intra-
cellular signaling cascades (Wright et al., 2003). CD200R is highly
expressed on macrophages, neutrophils, monocytes, mast cells,
and lymphocytes, and expression has also been localized on mi-
croglia (Barclay et al., 2002). The possibility that microglia are
maintained in a quiescent state in the intact CNS by interactions
between CD200R and its ligand is supported by the finding that
an activated macrophage/microglial phenotype was observed in
CD200�/� mice with exaggerated microglial activation after fa-
cial nerve transection (Hoek et al., 2000).

We set out to assess whether the interaction between CD200
and its receptor might play a role in modulating glial activation in
rodent models of neurodegeneration. We report that microglial
activation in the hippocampus of aged and A�-treated rats was
accompanied by decreased expression of neuronal CD200 and
provide evidence that neurons can downregulate activation in
vitro through an interaction between CD200 and CD200R. The
data show that expression of CD200 is increased by IL-4 and
therefore suggest a mechanism by which IL-4 downregulates mi-
croglial activation in the intact brain under inflammatory
conditions.

Materials and Methods
Animals. Male Wistar rats (3– 4 or 22–24 months old) and C57BL/6 mice
(3– 4 months old) were purchased from Harlan UK (Bicester, UK).
C57BL/6 IL-4-defective (IL-4 �/�) mice were purchased from B&K Uni-
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versal (Hull, UK). All experiments were performed under license from
the Department of Health and Children (Ireland) and with ethical ap-
proval from the Trinity College Ethical Committee.

In one series of experiments, urethane-anesthetized rats were given
intracerebroventricular injections (2.5 mm posterior and 0.5 mm lateral
to bregma) of A�1– 42 (1 nmol/�l; 5 �l; BioSource International, Cama-
rillo, CA) or IL-4 (20 �g/ml; 5 �l; R & D Systems, Oxfordshire, UK) as
described previously (Lyons et al., 2007). We have previously reported
the presence of fibrillar A� in the injected preparation by assessing the
binding of thioflavin T, and the predominant oligomeric species was 13.5
kDa, as assessed by gel electrophoresis (Lyons et al., 2007).

Preparation of primary neurons and glia. Primary cortical neurons and
glia were isolated and prepared from 1-d-old Wistar rats or 1-d-old
C57BL/6 control or IL-4 �/� mice and maintained in Neurobasal me-
dium or DMEM, respectively (Invitrogen, Dun Laoghaire, Ireland), in a
humidified atmosphere containing 5% CO2/95% air at 37°C as described
previously (Nolan et al., 2005). The medium was changed every 3 d, and
cells were grown in culture for up to 7 d before treatment.

In one series of experiments, glial and neuronal cells were incubated
separately in DMEM or in DMEM to which A� (2 �M) or IL-4 (200
ng/ml) was added. In a second series of experiments, glial cells were
cotreated with neurons and A� (2 �M). Primary neuronal cells were
added in suspension in DMEM in a ratio of 1:8 neurons:glia. In another
series of experiments we assessed whether blocking CD200 ligand–recep-
tor interaction using an anti-CD200 blocking antibody (5 �g/ml; Sero-
tec, UK). Neurons were pretreated with anti-CD200 for 4 h and added to
glia in a cotreatment regimen in the presence or absence of A� (2 �M). In
all cases, supernatant was collected 24 h later and assessed for cytokine
release, and cells were harvested for analysis of major histocompatibility
complex II (MHCII) mRNA expression.

Western blotting. Hippocampal tissue was homogenized, and neurons
were lysed in lysis buffer as described previously (Lyons et al., 2007).
Briefly, lysates were centrifuged (20,000 � g for 12 min), and the super-
natant was prepared for electrophoresis. Samples (10 �g) were added to
NuPAGE LDL sample buffer, heated at 70°C for 10 min, and separated on
4 –12% gradient gels (Invitrogen, Paisley, UK). Proteins were transferred
to nitrocellulose membrane (Sigma, Poole, UK) and blocked for 1 h in
Tris-buffered saline– 0.05% Tween 20 (TBS-T) and 5% bovine serum
albumin (BSA). Membranes were incubated overnight at 4°C with anti-
CD200 antibody (1:200; Santa Cruz Biotechnology, Santa Cruz, CA) in
TBS-T/1% BSA, washed, and incubated with a secondary antibody (1:
1000; Sigma) in 5% BSA/TBS-T for 1 h. Immunoreactive bands were
detected using enhanced chemiluminescence (Amersham Biosciences,
Little Chalfont, UK), and blots were stripped (Re-blot Plus; Chemicon,
Temecula, CA) and reprobed using anti-�-actin (1:4000 in 5% BSA/
TBS-T; Sigma) and a peroxidase-conjugated secondary antibody (1:1000
in 5% BSA/TBS-T; Sigma). Bands were quantified by densitometry (La-
bworks version 4.5; Media Cybernetics, Bethesda, MD). Values were
normalized for protein loading using the actin protein expression values.

Expression of MHCII mRNA. MHCII mRNA expression was assessed
in flash-frozen samples from hippocampus and from in vitro cultures.
cDNA synthesis was performed on 1 �g of total RNA using oligo(dT)
primer (Superscript reverse transcriptase; Invitrogen) at 1 U/�g RNA for
10 min at 65°C. Equal amounts of cDNA were used for PCR amplifica-
tion for a total of 30 cycles. The sequences of primers and cycling condi-
tions have been reported previously (Lyons et al., 2007). Equal volumes
of PCR product from each sample were loaded onto 1% agarose gels. Gels
were photographed and quantified using densitometry. Estimation of
mRNA expression was performed using �-actin as a reference gene.

Immunostaining for MHCII expression. Frozen cryostat sections were
prepared as described previously (Nolan et al., 2005) and immuno-
stained with mouse monoclonal MHCII antibody (1:100; Serotec, Ox-
ford, UK). Sections were washed and incubated with a biotinylated anti-
mouse IgG antibody (1:200; Vector Laboratories, Peterborough, UK) for
2 h, exposed to avidin– biotin– horseradish peroxidase solution for 1 h
(Vectastain Elite ABC kit; Vector Laboratories), and reacted with 3,3�-
diaminobenzidine (Dako, Glostrup, Denmark) and H2O2 for color de-
velopment. The reaction was terminated using distilled H2O, and posi-
tive cells were viewed by light microscopy. Negative control studies were

performed by replacing the primary antibody with a mouse IgG antibody
(Santa Cruz Biotechnology, Santa Cruz, CA).

Fluorescent immunostaining for CD200, CD200R, MHCII, and �III-
tubulin. For analysis of CD200, CD200R, MHCII, and �III-tubulin, sec-
tions and cultured cells were fixed in ice-cold ethanol, blocked with 10%
goat serum for CD200 and MHCII, and blocked with 10% horse serum
for CD200R and �III-tubulin. Cells and sections were treated overnight
at 4°C as follows: mouse monoclonal CD200 antibody (1:200; Abcam,
Cambridge, UK), mouse monoclonal MHCII antibody (1:100; Serotec),
goat polyclonal CD200R antibody (1:100; Santa Cruz Biotechnology),
and mouse monoclonal �III-tubulin antibody (1:200; Chemicon). Sam-
ples were washed and incubated with Alexa488 secondary antibody (1:
4000; CD200, MHCII; Invitrogen), Alexa594 secondary antibody (1:500;
MHCII; Invitrogen), phyocoerythrin-labeled horse anti-goat antibody
(1:500; CD200R; Sigma), or phyocoerythrin-labeled horse anti-mouse
antibody (1:500; �III-tubulin; Sigma), washed, and mounted (Vectash-
ield; Vector Laboratories). Samples were viewed by confocal microscopy
(Zeiss, Hertfordshire, UK). Negative control experiments were per-
formed by replacing the primary antibody with isotype controls (Santa
Cruz Biotechnology) and using equal gain settings during acquisition
and analysis.

Analysis of IL-1�, IL-6, and tumor necrosis factor �. IL-1� concentra-
tion was analyzed by ELISA in samples of homogenate prepared from
hippocampus of rats and in hippocampal samples prepared from
C57BL/6 and IL-4 �/� mice. IL-1�, IL-6, and tumor necrosis factor �
(TNF�) were analyzed in supernatant samples obtained from in vitro
experiments [IL-1� (R & D Systems), IL-6 and TNF� (BD Biosciences,
San Jose, CA)] as described previously (Lyons et al., 2007). Cytokine
concentrations were estimated from the appropriate standard curve and
expressed as picograms per milligram of protein.

Statistical analysis. A one-way ANOVA was performed to determine
whether there were significant differences between conditions, and the
post hoc Student–Newmann–Keuls test was used to determine which
conditions were significantly different from each other. In some circum-
stances, it was appropriate to use the Student’s t test for independent
means.

Results
CD200 and CD200R localization
We first demonstrated CD200 and CD200R expression on neu-
rons and glial cells, respectively (Fig. 1A,B). The data also show
that, in cultured neurons, CD200 colocalized with the neuronal
marker �III-tubulin (Fig. 1A), and similar colocalization was
observed with the neuronal marker NeuN (data not shown). We
show that CD200R expression colocalized with a marker of mi-
croglial activation, MHCII (Fig. 1B). [It was necessary to use A�
as a stimulus to upregulate MHCII because of the lack of expres-
sion under basal conditions. However CD200R also colocalizes
with CD11b, which is also present on resting microglia (supple-
mental Fig. 1C, available at www.jneurosci.org as supplemental
material).] These data are consistent with previous evidence that
CD200R expression is observed on cells of the myeloid lineage,
which include microglia, and that CD200 is expressed on neurons
(Webb and Barclay, 1984; Barclay et al., 2002).

CD200 expression negatively correlates with microglial
activation under chronic and acute neuroinflammatory
conditions
We assessed expression of CD200 and MHCII, in tissue prepared
from young and aged rats, and demonstrate that expression of
CD200 was significantly decreased in hippocampal tissue pre-
pared from aged compared with young animals (Fig. 1C, *p �
0.05), and this was paralleled by an age-related decrease in CD200
staining (Fig. 1D). In contrast with the decrease in expression of
CD200, MHCII mRNA expression was significantly increased in
hippocampal tissue prepared from aged compared with young
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rats (Fig. 1E, ***p � 0.001). This was confirmed by an increase in
the number of MHCII-expressing cells in the hippocampus of
aged compared with young animals (Fig. 1F).

To further examine this relationship, we analyzed expression
of MHCII and CD200 in hippocampus of A�-treated rats. CD200
was significantly decreased in the hippocampus of A�-treated
rats (Fig. 2A, *p � 0.05) and consistent with previous evidence
(Lyons et al., 2007), MHCII mRNA expression was significantly
increased in hippocampal tissue prepared from A�-treated rats
(Fig. 2C, ***p � 0.001). The data show that staining for MHCII in
hippocampal sections prepared from A�-treated rats (Fig. 2Dii)
was markedly greater than in sections prepared from control-
treated rats (Fig. 2Di), whereas CD200 expression was markedly
decreased (Fig. 2Bii). A similar finding was made in vitro; thus,
incubation of cultured neurons in the presence of A� decreased
CD200 expression (Fig. 2E,F), whereas incubation of cultured
glia with A� markedly increased MHCII staining (Fig. 2G,H).

CD200 –CD200R engagement inhibits glial cell activation
These data indicate an indirect correlation between microglial
activation and expression of CD200 on neurons and are consis-
tent with the hypothesis that the interaction between CD200 and
CD200R may contribute to the maintenance of microglia in a
quiescent state. To address this directly, glia were treated with A�

in the presence or absence of neurons, to provide an exogenous
source of CD200, and in the presence and absence of an anti-
CD200 antibody. The data show that A� significantly increased
MHCII mRNA (Fig. 3A, ***p � 0.001) and release of IL-1� (Fig.
3B, ***p � 0.001), IL-6 (Fig. 3C, ***p � 0.001), and TNF� (Fig,
3D, **p � 0.01) and that these effects were significantly attenu-
ated by the addition of neurons (��p � 0.01, ���p � 0.001, and
���p � 0.001, for MHCII, IL-1�, and IL-6, respectively). Impor-
tantly, we demonstrate that the addition of anti-CD200 antibody
in the presence of neurons significantly abrogated the effect of
neurons ( §§p � 0.01, MHCII, IL-1�, and IL-6; §p � 0.05, TNF�).
These data identify a central role for CD200 in maintaining mi-
croglia in a quiescent state.

IL-4 directly modulates CD200 expression
Previous evidence has indicated that IL-4 attenuates A�- and
age-induced microglial activation (Lynch et al., 2007; Lyons et al.,
2007); we considered that this might be mediated by a modula-
tory effect of IL-4 on CD200 expression. We demonstrate that
IL-4 markedly increased CD200 expression on cultured neurons
as supported by Western blot analysis (Fig. 4A, ***p � 0.001) and
immunofluorescence (Fig. 4B). Consistently, intracerebroven-
tricular injection of IL-4 markedly increased CD200 staining in
the hippocampus (Fig. 4D) compared with that of vehicle-
treated animals, and Western blot analysis revealed that IL-4 sig-
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nificantly increased CD200 in hippocampal neurons (Fig. 4C,
*p � 0.05).

We considered that if IL-4 played a significant role in modu-
lating expression of CD200, then both microglial activation and
CD200 expression might be altered in tissue prepared from IL-
4�/� mice. We demonstrate that CD200 expression was signifi-
cantly decreased in hippocampal tissue prepared from IL-4�/�

compared with wild-type mice (Fig. 4E, *p � 0.05) and that
CD200 staining was markedly decreased in neurons prepared
from IL-4�/� compared with wild-type mice (Fig. 4F). This de-
crease was associated with a significant increase in MHCII mRNA
expression (Fig. 4G) and IL-1� concentration (Fig. 4H) in vitro
(*p � 0.05 and **p � 0.01, respectively).

Discussion
We set out to establish whether interaction between CD200 and
its cognate receptor, CD200R, modulates activation of microglia,
focusing on models of age-related or A�-induced neurodegen-
eration. The data presented demonstrate that interaction be-
tween CD200 on neurons and CD200R on microglia significantly
decreased expression of MHCII and the associated production of
pro-inflammatory cytokines by A�-treated glia. We present data
that show that IL-4 plays a central role in modulating expression
of CD200 and propose that the age-related decrease in CD200
expression, which is coupled with an age-related decrease in IL-4
concentration, plays a role in the activation state of microglia in
the aged brain.

Our data show that CD200R colocalizes with MHCII in A�-
treated glial cultures, and similar colocalization of CD200R and
both MHCII and CD11b was observed in hippocampal sections
prepared from aged rats (supplemental Fig. 1B,C, respectively,
available at www.jneurosci.org as supplemental material),
whereas there was no evidence of colocalization of CD200R with
the neuronal marker NeuN (data not shown). This is consistent
with previous findings, which indicated that CD200R expression
is restricted to cells of the myeloid lineage, including microglia
(Barclay et al., 2002). CD200 colocalizes with the neuronal
marker �III-tubulin (and also NeuN; data not shown), confirm-
ing its neuronal expression, and we have observed similar colo-
calization in hippocampal sections (supplemental Fig. 1A, avail-
able at www.jneurosci.org as supplemental material). Initially,
CD200 expression was found on T- and B-cells (Barclay, 1981);
however, additional work revealed the presence of CD200 in cer-
ebellum, and colocalization of CD200 with tetanus toxin was
evident in cerebellar interneuron cultures, confirming its neuro-
nal expression (Webb and Barclay, 1984).

We examined the expression of markers of microglial activa-
tion in tissue prepared from aged and young rats; the data show
that there is a significant age-related increase in MHCII mRNA
and protein expression, confirming previous findings that indi-
cated that microglial activation is characteristic of the aged brain
(Griffin et al., 2006). This is accompanied by an age-related de-
crease in CD200, although CD200R was unchanged (data not
shown). In parallel with these age-related changes, we demon-
strate that intracerebroventricular injection of A� increased MH-
CII mRNA expression and decreased CD200. Similarly, incuba-
tion of cultured neurons in the presence of A� decreased CD200
expression, whereas exposure of cultured glia to A� markedly
increased MHCII mRNA expression. The inverse relationship
between CD200 expression and microglial activation described
here provides indirect evidence of a role for CD200 –CD200R
interaction in maintaining microglia in a quiescent state. This is
consistent with a number of reports that indicated an inflamma-
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expression in cultured neurons in the absence (i) and presence (ii) of IL-4. C, Intracerebroven-
tricular injection of IL-4 increases CD200 protein expression in hippocampus (*p � 0.05; n �
3). D, Fluorescent images of increased CD200 expression in hippocampus of IL-4-treated rats (ii)
versus control (i). E, CD200 expression is significantly decreased in hippocampal tissue prepared
from IL-4 �/� mice (*p � 0.05; n � 4). F, CD200 expression is significantly decreased in
cultured neurons prepared from IL-4 �/� mice (ii) compared with neurons prepared from
wild-type mice (i). G, MHCII mRNA expression is increased in cultured glial cells prepared from
IL-4 �/� mice (*p � 0.05; n � 5). H, IL-1� concentration is increased in cultured glial cells
prepared from IL-4 �/� mice (**p � 0.01; n � 10). Scale bars, 20 �M. Error bars indicate
�SEM. WT, Wild type.
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tory phenotype in CD200�/� mice under resting and stress-
induced conditions (Hoek et al., 2000). It was reported that mi-
croglia exhibited morphological signs of activation in spinal cord
of CD200�/� mice, whereas facial nerve transection induced an
accelerated microglial activation. CD200�/� mice also have
more profound clinical signs in experimental autoimmune en-
cephalitis (Hoek et al., 2000) and accelerated disease progression
in experimental autoimmune uveoretinitis (Broderick et al.,
2002).

In an effort to further investigate the relationship between
CD200 expression and microglial activation, we show that the
addition of neurons to A�-treated glia decreased MHCII mRNA
expression and also decreased production of IL-1�, IL-6, and
TNF�, suggesting that neurons are capable of suppressing micro-
glial activation. The effect of neurons on microglial activation
was abrogated by incubating cells in the presence of anti-CD200
antibody, indicating a specific role for neuronal– glial interaction
in maintaining glial cells in a quiescent state and demonstrating that
this is mediated by CD200 engagement with CD200R. Incubating
cells in the presence of an anti-CD200R antibody exerted similar
effects (supplemental Fig. 3A,B, available at www.jneurosci.org
as supplemental material). Previous studies have shown that
CD200 engagement with its receptor downregulates inflamma-
tion; thus, administration of a CD200 fusion protein ameliorated
changes observed in collagen-induced arthritis (Gorczynski et al.,
2002), and CD200 –CD200R interaction has also been reported
to prevent degranulation and cytokine release from mast cells
(Cherwinski et al., 2005).

A number of recent findings in this laboratory have high-
lighted the importance of IL-4, which is released from glia (Nolan
et al., 2005), in modulating the neuroinflammatory changes that
occur in the brain of aged rats and rats treated with A� and
lipopolysaccharide. The data have indicated that the age-related
decrease in hippocampal IL-4 concentration contributed to the
increase in IL-1� and the associated deficit in LTP, whereas in-
tracerebroventricular injection of IL-4 attenuated these changes
(Barry et al., 2005; Nolan et al., 2005). Recent evidence has re-
vealed that IL-4 inhibits the A� induced in MHCII mRNA ex-
pression and the increase in pro-inflammatory cytokine produc-
tion, whereas it blocks the A�-induced inhibition of LTP (Lyons
et al., 2007). Together with the present data, these findings sug-
gest that the effects of IL-4 may be mediated by modulating ex-
pression of CD200. We found that IL-4 markedly increases
CD200 staining on neurons in vitro, whereas a similar upregula-
tion was observed in hippocampus of rats after intracerebroven-
tricular injection of IL-4. In contrast, CD200 expression was de-
creased in tissue prepared from IL-4�/� mice and, significantly,
this was associated with increased microglial activation. These
observations demonstrate that IL-4 exerts a powerful control
over CD200 expression and identifies a mechanism by which IL-4
modulates microglial activation.
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