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bstract

To ensure an adequate response against pathogens and prevent unwanted self-reactivity, immune cells need to functionally express both activating
nd inhibitory receptors. CD200R is an inhibitory receptor mainly expressed on myeloid cells that down-modulates cellular activation both in vivo
nd in vitro. Although previously mainly studied as a regulator of myeloid function, we now show that CD200R is differentially expressed on human
nd mouse T-cell subsets. In both species, CD4+ T cells express higher amounts of CD200R than CD8+ T cells, and memory cells express higher
mounts of CD200R than naı̈ve or effector cells. CD200R expression is up-regulated on both CD4+ and CD8+ T cells after stimulation in vitro.
urthermore, we show CD200R expression on human and mouse B cells. In human tonsils, CD200R is differentially expressed on B cells, with high

xpression on memory cells and plasmablasts. Mice lacking the ligand for CD200R, CD200−/− mice, do not show abnormal composition of the
ymphocyte compartment and have normal B cell responses to antigenic challenge. Although the functional implications remain to be elucidated,
he expression of CD200R on lymphocytes suggests a much broader role for CD200R-mediated immune regulation than previously anticipated.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

The equilibrium between inhibition and activation of the
mmune system is delicate. Too much inhibition may result in
mmune deficiency, whereas too much activation could cause
amage to the host. Therefore, every immune cell expresses
nhibitory receptors to balance signals from activating receptors
Ravetch and Lanier, 2000).

Most immune cells express multiple inhibitory receptors.
he function of these inhibitory receptors is not redundant, as
as been shown by studies using mice deficient for several B-
ell inhibitory receptors (Pritchard and Smith, 2003). Despite
he fact that expression levels may be low, inhibitory immune

eceptors play an important role in maintaining immune home-
stasis since absence of inhibitory immune receptors results in
ncreased activation of immune cells, in some cases leading to
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pontaneous auto-immunity (Bolland and Ravetch, 2000; Takai
t al., 1996).

CD200R is an inhibitory immune receptor that binds to
D200. Both molecules are members of the Ig superfamily
nd contain two Ig-like domains. CD200 is widely expressed
nd has a short intracellular tail which does not contain sig-
alling motifs, whereas CD200R has a longer intracellular tail
hat contains three tyrosines, one of which is located in an NPXY

otif (Wright et al., 2000). However, CD200R does not contain
he common immunoreceptor tyrosine-based inhibition motifs
ITIMs) and has been described to regulate cellular activation
ia recruitment of the adaptor molecules Dok-1 and Dok-2 to
he tyrosines in its intracellular tail (Zhang et al., 2004; Zhang
nd Phillips, 2005).

CD200R has been reported to be mainly expressed on
yeloid cells such as monocytes, macrophages, granulocytes
nd dendritic cells and is an important signalling molecule in
he inhibition of myeloid responses to challenge (Wright et al.,
000, 2003). In vitro studies have shown that ligation of CD200R
esults in decreased degranulation and cytokine secretion by

mailto:l.meyaard@umcutrecht.nl
dx.doi.org/10.1016/j.molimm.2007.07.013
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ast cells, monocytes and macrophages (Jenmalm et al., 2006;
herwinski et al., 2005). In addition, deletion of the CD200
ene in mice results in enhanced susceptibility to auto-immune
isease and increased myeloid response to inflammation (Hoek
t al., 2000). Lack of CD200R signalling in CD200−/− mice
as found to result in enhanced Th2 switching upon induc-

ion of tolerance, implicating a role for CD200R signalling in
egulating Th2 cell function (Taylor et al., 2005). Moreover,
xpression of CD200R on lymphocyte subsets was shown, sug-
esting a broader role for CD200R in the regulation of immune
ells (Wright et al., 2003; Rosenblum et al., 2005). Indeed,
D3-induced proliferation and cytokine secretion by dendritic
pidermal T cells can be inhibited by crosslinking of CD200R
n the surface of these cells (Rosenblum et al., 2005).

Here, we study the expression of the inhibitory CD200R on
ifferent lymphocyte subsets in human and mouse peripheral
lood and lymphoid organs to elucidate the potential role of
D200R expression on these cells. Most surprisingly, we report
lear CD200R expression on B cells in both species. Although
he functional role of CD200R expression on lymphocyte subsets
emains to be elucidated, its regulated expression pattern on
ymphocytes suggests a broad role of CD200R in the regulation
f immune function.

. Materials and methods

.1. Mice

Wild type C57BL/6J and CD200−/− mice were bred at the
msterdam Medical Centre animal facility. For some experi-
ents, wild type C57BL/6J mice were obtained from Charles
iver (France). All animals were used as approved by the Utrecht
nd Amsterdam University animal ethics committees.

For antigen challenge, mice received a single dose of either
0 �g TNP–Ficoll (T-cell-independent (TI) antigen) or 25 �g
NP–KLH (T-cell-dependent (TD) antigen) in 100 �l PBS
y intravenous (i.v.) injection in the lateral tail vein. Serum
as collected weekly, until 4 weeks after immunization, from
lood obtained via the tail vein. Anti-TNP antibody titres were
ssessed by an isotype-specific ELISA.

.2. Cells

Mouse spleens and inguinal, axillary and brachial lymph
odes were strained through nylon sieves to obtain single
ell suspensions, after which erythrocytes were lysed. Human
eripheral blood leukocytes (PBL) were isolated from peripheral
lood from healthy volunteers by density gradient centrifugation
n Ficoll–Paque combined with Histopaque. Human peripheral
lood mononuclear cells (PBMC) were isolated by centrifuga-
ion on Ficoll-Paque. Human tonsils were rest material from
denotomies and/or tonsillectomies. Tonsils were minced and
eukocytes were washed out to obtain single cell suspensions.

ll cells were resuspended in RPMI 1640 medium (Gibco BRL,
ife Technologies, Paisley, UK) supplemented with 10% heat-

nactivated foetal calf serum (Integro, Dieren, The Netherlands),
enicillin and streptomycin (Gibco).

2

n
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.3. T cell stimulation in vitro

A 24-well plate was coated with 1 �g/ml anti-CD3 (OKT3,
anssen Cilag, Tilburg, The Netherlands) and/or 5 �g/ml anti-
D28 (15E8, kindly provided by Dr. R. van Lier) in a final
olume of 200 �l PBS for 2 h at 37 ◦C. 1.5 × 106 PBMC/ml were
ultured for 4 days in the coated wells.

.4. Flow cytometry

Antibodies against human CD3, CD4, CD8, CD25, CD27,
D45RO, CD19, CD38, IgD, CD11b, CD56 and mouse CD3,
D4, CD8, CD44, CD62L, CD25, CD69, DX5, NK1.1, B220,
r-1, CD11b were obtained from Beckton Dickinson Bio-

ciences (San Diego, United States). Antibodies against human
gG and IgM were obtained from DAKO (Glostrup, Denmark)
nd anti-human IgA antibodies were obtained from Jackson Bio-
cience (West Grove, United States). Antibodies against human
nd mouse CD200 and CD200R were obtained from Serotec
Kidlington, Oxford, UK), as was anti-mouse F4/80. Cells were
ncubated with antibodies on ice for 30 min. A FACSCalibur
ith BD CellQuest software (BD Pharmingen) was used for

cquisition and analysis. For quantification of CD200R expres-
ion, MFI of isotype control stainings, although low in all cases,
as subtracted from MFI values of CD200R stainings.

.5. Mouse antibody ELISA

Flat-bottom 96-well MAXIsorp plates (Nunc, Roskilde, Den-
ark) were coated with 50 �l of 1 �g/ml isotype-specific

nti-immunoglobulin antibodies in PBS and incubated overnight
t 4 ◦C. Plates were washed with PBS and blocked with 3%
SA in PBS for 1 h at room temperature. Sera were added

n three-fold dilutions starting at 1:150 in a total volume of
0 �l. After incubation for 2 h at room temperature, plates
ere washed and 50 �l biotinylated isotype-specific antibod-

es (0.1 �g/ml in PBS) were added. Plates were incubated for
h at room temperature and antibodies were detected by the
ddition of poly-streptavidin-HRP. Plates were developed with
BTS according to the manufacturer’s protocol.
Anti-TNP antibody titres were assessed by an isotype-

pecific ELISA. MAXIsorp plates were coated with 50 �l of
�g/ml TNP–BSA in 0.1 M carbonate buffer (pH 9.7) overnight
t 4 ◦C. Plates were blocked by incubating with 2% non-fat dry
ilk (NFDM) in PBS for 1 h, and washed with PBS-T. Sera were

pplied in a three-fold dilution series starting at 1:100 and ending
t 1:24,300 and plates were incubated overnight at 4 ◦C. After
ashing plates were incubated with 1 �g/ml biotinylated Ig

sotype-specific antibody in 2% NFDM, washed again and incu-
ated with streptavidin-AP conjugate. Following a final wash,
he plates were developed in 100 �l pNPP buffer (Sigma, St.
ouis, United States) according to the manufacturer’s protocol.
.6. Statistical analyses

Nonparametric statistical tests were used since the data were
ot normally distributed. Differences between the groups were
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nalysed using Mann–Whitney tests. A p-value smaller than 0.05
as considered statistically significant. All statistical analyses
ere performed using SPSS 12.0 (SPSS Inc., Chicago, United
tates).

. Results

.1. CD200R is expressed on human and mouse
ymphocytes

To study the distribution of CD200R, we stained human PBL
ith an �CD200R antibody (Fig. 1A). As expected, CD200R
as highly expressed on CD11b+ myeloid cells. In agreement
ith previous results, CD200R was also expressed on CD3+

cells (Wright et al., 2003), and reproducibly at low levels

n CD3−CD56+ NK cells. Unexpectedly, we also found clear
xpression of CD200R on peripheral CD3−CD19+ B cells. To
ur knowledge, this is the first time that a clear expression of
D200R on B cells is reported.

p
s
n
c

ig. 1. CD200R is expressed on human and mouse lymphocytes. (A) Human periphe
CD19. Top panels show gating used to determine CD200R expression per cell type
n forward/sideward scatter and CD11b+staining, monocytes were identified based
s T cells, NK cells were CD3−CD56+ and B cells were CD3−CD19+. Open histo
taining. Data shown are representative for six different donors analysed in three ind
y forcing them through nylon cell strainers and were stained using anti-Gr-1, -CD11
D200R expression per cell type, as shown in the lower histogram panels. Granulocyte
onocytes were CD11b+Gr-1−, T cells were CD3+, NK cells were CD3−NK1.1+DX

taining, filled histograms represent CD200R staining. Data shown are representative
unology 45 (2008) 1126–1135

To analyse the CD200R expression on mouse leukocytes,
57BL/6J spleen cells were harvested and flow cytometric anal-
sis showed that highest CD200R expression was found on
D11b+ myeloid cells (Fig. 1B). Mouse CD3+ T cells expressed

ow but detectable levels of CD200R. Interestingly, CD200R was
xpressed in significant levels on mouse CD3−DX5+NK1.1+

K cells. Mouse splenic B220+ B cells, like human peripheral
lood B cells, expressed high levels of CD200R. Furthermore, on
ouse blood and lymph node cells we found similar expression

atterns (data not shown).

.2. CD200R is differentially expressed on T-cell subsets

To predict the potential capacity of CD200R to regulate dif-
erent T-cell subsets, we studied CD200R expression on these

opulations. In human samples, subsets were determined by
taining with CD27 and CD45RO as follows: CD27+CD45RO,
aı̈ve (N) T cells; CD27+CD45RO+, central memory (CM) T
ells; CD27−CD45RO+, effector memory (EM) T cells and

ral blood leukocytes were stained using anti-CD11b, -CD14, -CD3, -CD56 and
, as shown in the lower histogram panels. Granulocytes were identified based
on forward/sideward scatter and CD14+ staining, CD3+ cells were identified
grams represent isotype control staining, filled histograms represent CD200R
ependent experiments. (B) Spleen cells from wt C57BL/6J mice were isolated
b, -CD3, -DX5, -NK1.1, and -B220. Top panels show gating used to determine
s were identified based on forward/sideward scatter and CD11b+Gr-1+ staining,
5+ and B cells were CD3−B220+. Open histograms represent isotype control
of three independent experiments.
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Fig. 2. CD200R is differentially expressed on T-cell subsets. (A) PBMC from healthy volunteers were isolated using Ficoll. Subsets were determined by staining
with CD27 and CD45RO as follows: CD27+CD45RO−, naı̈ve (N) T cells; CD27+ CD45RO+, central memory (CM) T cells; CD27−CD45RO+, effector memory
( − − for C
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EM) T cells and CD27 CD45RO , effector (E) T cells, as is also indicated
onors analysed in 5 independent experiments, with open histograms representi
verages of the geometric mean fluorescence intensity of CD200R staining of

S.E.M.). Left panel, CD200R on CD4+ T-cell subsets; right panel, CD200R ex

D27−CD45RO−, effector (E) T cells in both CD4+ and CD8+

cells (Hamann et al., 1997; Sallusto et al., 1999). In agree-
ent with previous data (Wright et al., 2003), we found higher
D200R expression on CD4+ T cells as compared to CD8+
cells (Fig. 2A), and CD200R was differentially expressed
n T-cell subsets (Fig. 2B). Although differences were small,
D200R expression was reproducibly higher on CD4+ effec-

or memory cells as compared to naı̈ve and central memory

w
p
r
s

ig. 3. CD200R expression is up-regulated on T cells stimulated in vitro. PBMC we
ith �CD3, �CD4 and �CD8 antibodies. Averages of the geometric mean fluorescen

hown with standard error of the mean (S.E.M.).
D3+ CD8+ cells in the top panel. Histograms shown are representative of 11
type control staining and filled histograms representing CD200R staining. (B)

onors analyzed in 5 independent experiments with standard error of the mean
on on CD8+ T-cell subsets. *Significant, p < 0.05.

D4+ T cells, and CD200R expression on CD8+ memory sub-
ets was higher than on CD8+ naı̈ve and effector cells. The
ffector CD4+ T-cell population in healthy subjects is too small
o be reliably phenotyped. In mice, as in humans, CD200R

as expressed higher on CD4+ splenic T lymphocytes com-
ared to CD8+ cells and CD44+CD62L+ memory CD4+ T cells
eproducibly expressed the highest levels of CD200R (data not
hown).

re stimulated with plate-bound �CD3 and/or �CD28 for 4 days and analysed
ce intensity of CD200R staining analyzed in three independent experiments are
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Fig. 4. CD200R is differentially expressed on human tonsillar B-cell subsets. Human tonsils were rest material from adenotomies and/or tonsillectomies. Cells were
isolated by forcing them through nylon cell strainers and then stained using the appropriate antibodies. B-cell subsets were determined as follows: CD19+IgD+

naı̈ve (N) tonsillar B cells, CD19+IgD–CD38+ germinal centre (GC) tonsillar B cells, CD19+IgD−CD38− memory (M) tonsillar B cells, and CD19+ IgD−CD38++

plasma blast (PB) cells. (A) Histograms shown are representative of eight donors, with open histograms representing isotype control staining and closed histograms
representing CD200R staining. (B) Shown are averages of the geometric mean fluorescence intensity of CD200R staining on tonsillar B-cell subsets of eight
donors with S.E.M. *Significant, p < 0.05. (C) Tonsillar B cells were identified by staining with antibodies against CD19, IgA, IgG, IgM and IgD. Averages of the
geometric mean fluorescence intensity of CD200R staining on tonsillar B-cell subsets of four donors analysed in two independent experiments with S.E.M. are
s sed fo
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hown. *Significant, p < 0.05. (D) Peripheral blood CD19+ B cells were analy
round 20% co-expresses CD200 and CD200R. Left panel indicates isotype co
ach quadrant is indicated. Data shown are representative for six donors analys

The regulated expression of CD200R on T-cell subsets is sup-
orted by the observation that both on CD4+ and CD8+ T cells
timulated in vitro by culture of human PBMC on plate-bound

CD3 or �CD3 together with �CD28, CD200R was up-

egulated after 4 days (Fig. 3). In addition, stimulation of mouse
plenocytes by �CD3- and �CD28-induced up-regulation of
D200R on both CD4+ and CD8+ T cells (data not shown).

B
e
c

ig. 5. CD200−/− mice have a normal lymphocyte compartment. (A) Mouse splenoc
gainst CD3, B220, NK1.1, DX5 and CD200R. Open histograms represent isotype
or CD200R staining is indicated. (B) Mouse splenocytes (from wt and CD200−/− m
220, NK1.1, DX5, CD4 and CD8. T cells were CD3+, NK cells were CD3−NK1
ars represent CD200−/− mice. Averages of the geometric mean fluorescence intensi
ouse spleen cells (from wt and CD200−/− mice 10 weeks old) were stained for CD
emory T cells were CD44+CD62L+ and effector T cells were CD44+CD62L−. Bl

he geometric mean fluorescence intensity with S.E.M. of four mice from two indepe
ice 10 weeks old) were stained using CD4, CD8, CD25 and CD69. Black bars repr
ean fluorescence intensity with S.E.M. of four mice from two independent experim
r expression of CD200 and CD200R. Almost all B cells express CD200 and
staining, right panel indicates CD200R staining and the percentage of cells in
hree independent experiments.

.3. CD200R is differentially expressed on peripheral and
onsillar B-cell subsets
Once we had found expression of CD200R on peripheral
cells, we sought to determine whether CD200R is differ-

ntially expressed on B-cell subsets in peripheral blood. We
o-stained CD19+ cells with CD27 and CD38, to discriminate

ytes (from wt and CD200−/− mice 10 weeks old) were stained using antibodies
control staining and closed histograms indicate CD200R staining. Geo mean
ice 10 weeks and 14 months old) were stained using antibodies against CD3,

.1+DX5+ and B cells were CD3−B220+. Black bars represent wt mice, open
ty with S.E.M. of four mice from two independent experiments are shown. (C)
4, CD8, CD44 and CD62L. Naı̈ve T cells were identified as CD44lowCD62L+,
ack bars represent wt mice, open bars represent CD200−/− mice. Averages of
ndent experiments are shown. (D) Mouse spleen cells (from wt and CD200−/−
esent wt mice, open bars represent CD200−/− mice. Averages of the geometric
ents are shown.
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etween transitional CD19+ CD27−CD38++ B cells (imma-
ure B cells migrating from bone marrow to spleen), naı̈ve
CD19+CD27−CD38−) and memory (CD19+CD27+CD38−)

cells and plasma cells (CD19+CD27+CD38++) (Bhan et al.,
981; Klein et al., 1998). All subpopulations showed detectable
D200R expression, with memory B cells expressing the highest

evels of CD200R (data not shown).
To further investigate differential CD200R expression on B-

ell subsets in a secondary lymphoid organ, human tonsils were
sed. We found low but detectable expression of CD200R on
otal tonsillar B cells. Interestingly, the expression of CD200R on
onsillar B-cell subsets appeared to be regulated during differen-
iation (Fig. 4A). Naı̈ve (CD19+IgD+, R1) B cells that have just
ntered the tonsils expressed low amounts of CD200R. B cells in
he germinal centre reaction (CD19+IgD−CD38+, R2) showed
lightly increased levels of CD200R expression, whereas B
ells that have completed the germinal centre reaction and have
ifferentiated into memory B cells (R3, CD19+IgD−CD38−)
r plasma blasts (R4, CD19+IgD−CD38++) showed higher
D200R expression (Fig. 4B). Analysis of CD200R expres-

ion on B cells expressing different B-cell receptors (BCRs)
evealed that CD200R expression was higher on IgA+ and
specially IgG+ B cells compared to IgM+ and IgD+ B
ells.

In agreement with previous reports, we find that almost all
cells express CD200. As shown in Fig. 4D, around 20% of B

ells co-express CD200 and CD200R.

.4. Absence of CD200–CD200R interaction does not lead
o changes in the lymphoid cell compartment in vivo

We compared the lymphoid compartment of CD200−/− mice
ith that of wild type control mice to assess whether lack of
D200R triggering on B- and T-cell subsets had direct effects
n the composition of these compartments in vivo. CD200R
xpression in CD200−/− animals was similar to that of wild
ype controls (Fig. 5A). In both young (10 weeks old) and
ged (14 months old) mice, no differences were observed in
he composition of the splenic lymphoid compartment, both
n relative (Fig. 5B) and absolute T-cell, B-cell and NK-cell
umbers (data not shown). Further analysis of T-cell subsets in
pleen showed that CD200−/− mice tended to have less naı̈ve T
ells, although the difference was not significant (Fig. 5C). This
ifference was not found studying spleens of mice 14 months
ld and lymph nodes of both young and old mice (data not
hown).

To determine whether CD200−/− mice had a higher fraction
f T cells with an activated phenotype in vivo, we also measured
he percentage of activated T cells in spleen and inguinal, axil-
ary and brachial lymph nodes by CD25+ and CD69+ expression.
oth young (Fig. 5D) and aged (data not shown) CD200−/−

ice tended to have higher numbers of activated splenic T

ells, although these differences were not statistically signifi-
ant. Numbers of activated T cells in lymph nodes were not
ifferent between wild type and CD200−/− mice (data not
hown).

W
C
t
t
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unology 45 (2008) 1126–1135

.5. Lack of CD200–CD200R interaction has no effect on
g production in vivo

Next, the role of CD200R signalling on B cell function in
ivo was investigated, by measurement of serum immunoglobu-
in levels of wild type and CD200−/− mice. In unchallenged

ice, no differences in steady-state serum immunoglobulin
evels were observed (data not shown). To measure the antigen-
pecific immunoglobulin (Ig) production in CD200−/− mice, we
hallenged mice with T-cell-dependent (TNP–KLH) and T-cell-
ndependent (TNP–Ficoll) antigens. Serum was obtained weekly
p to 4 weeks after immunization. The production of specific
ntibodies by CD200−/− mice was comparable to that of wild
ype animals in response to both T-cell-dependent (Fig. 6) and
-cell-independent antigens (data not shown). Thus, the role of
D200R expression on B lymphocytes remains elusive.

. Discussion

Here, we show that expression of the inhibitory immune
eceptor CD200R is not restricted to cells of the myeloid lin-
age, but that CD200R is also expressed on human and mouse B
nd T lymphocytes and NK cells. In addition, CD200R expres-
ion is differentially regulated and it is clearly expressed on some
- and B-lymphocyte subsets. For example, CD200R expression
s higher on CD4+ T cells than on CD8+ T cells both in mice and
umans, indicating differential regulation. This could fit with the
bservation that CD4+ T cells have a higher endogenous thresh-
ld of activation than CD8+ T cells: higher concentrations of
ntigen, longer exposure times or more co-stimulatory signals
re needed for activation of CD4+ T cells (Kaech et al., 2002).
his may be influenced by higher expression of CD200R on
D4+ T cells compared to CD8+ T cells, resulting in a stronger

nhibitory signal in these cells and hence a higher threshold for
ctivation.

Interestingly, different inhibitory receptors may have dis-
inct effects on the immune system. The expression pattern of
D200R on peripheral T-cell subsets differs from the expres-

ion pattern of other inhibitory receptors like LAIR-1 (Maasho
t al., 2005; Jansen et al., 2007) and KLRG1 (Robbins et al.,
003). This finding highlights the non-redundant role different
nhibitory immune receptors play in the regulation of immune
ells and suggests that, depending on the context, cellular acti-
ation signals are modulated by specific inhibitory immune
eceptors. The exact mechanism of lymphoid cell regulation by
ifferent inhibitory receptors remains to be investigated.

We report clear CD200R expression on both human and
ouse B cells. In addition, we show that CD200R expression

s differentially regulated on human peripheral blood and ton-
illar B-cell subsets, suggesting a functional role for CD200R
n B-cell regulation. This finding is surprising since almost all

cells express high levels of the ligand for CD200R, CD200.
e now identify a subpopulation of B cells that expresses both

D200 and CD200R. This could have important implications for

he regulation of the activity of these cells, especially in loca-
ions where B cells are in close proximity, for example tonsils.
D200R expression was highest on terminally differentiated B
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ig. 6. CD200−/− mice have normal antibody responses. Wild type and CD20
eekly and anti-TNP antibody titre determined using isotype-specific ELISA. D
anels) at each time point of five mice per group.

ells: memory B cells and plasma cells in peripheral blood, mem-
ry cells and plasmablasts in tonsils. This could indicate that
D200R is not involved in setting a threshold of activation for
aı̈ve B cells, but rather in preventing reactivation of memory
r effector B cells. The fact that clear CD200R expression has
ot been reported on B cells earlier (Wright et al., 2003) might
e due to variation of CD200R expression levels between differ-
nt donors and mouse strains, and/or variation in the antibodies
sed.

The clear and differentially regulated expression of CD200R
n some lymphocyte subsets, and the fact that this expression

ncreases upon lymphocyte activation, together have the interest-
ng implication that CD200R not only has a role as regulator of

yeloid cells but is also involved in the regulation of the function
f lymphocyte subsets. Earlier studies showed that the auto-

T
i
c

mice were injected with TNP–KLH. After immunisation, serum was collected
ed are the mean OD415 values of each isotype tested (indicated at the top of the

mmune diseases experimental auto-immune encephalomyelitis
EAE) and collagen-induces arthritis (CIA) can be induced more
asily in CD200−/− mice than in wild type mice (Hoek et al.,
000). Although this phenomenon has previously been attributed
o myeloid cells, lymphocytes also are involved in the devel-
pment of these auto-immune diseases (Corthay et al., 1999;
ospedra and Martin, 2005). The current finding that CD200R

s clearly expressed on some lymphocyte subsets, and up-
egulated after stimulation, might indicate that lack of CD200R
ignalling in lymphocytes is also involved in development of
uto-immunity in CD200−/− mice.
Previously, CD200R expression was reported on CD4+

cells and triggering of CD200R on PBMC resulted
n monocyte-mediated inhibition of tetanus toxoid-induced
ytokine responses (Jenmalm et al., 2006). On dendritic epi-
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ermal T cells, CD200R crosslinking inhibited �CD3-induced
roliferation and cytokine secretion (Rosenblum et al., 2005).
ecent findings indicate that CD200 expression is up-regulated
n leukaemias (Moreaux et al., 2006; Tonks et al., 2007;
cWhirter et al., 2006). In addition, blockade of the interac-

ion between CD200 on leukaemic B cells and CD200R on
BMC was found to inhibit tumour growth in an in vivo model
f tumour rejection (Kretz-Rommel et al., 2007). Although
he cell type responsible for tumour rejection has not been
dentified, these data suggest an important role for CD200R
ignalling in regulation of mononuclear cell effector functions.
ur experiments so far have not yet elucidated a prominent

ole for CD200R in the regulation of the lymphocyte subsets.
D200−/− mice do not produce different amounts of specific
ntibodies in response to immunization with T-cell-dependent
nd T-cell-independent antigens. However, we show that spleens
f CD200−/− mice tend to contain less naı̈ve and more activated
D25+ and CD69+ T cells, suggesting increased T-cell activa-

ion. The fact that observed differences in vivo are small may
e explained by the previous observation that CD200−/− do not
how a clear phenotype until severely challenged (Hoek et al.,
000). In addition, we cannot exclude that, in CD200−/− mice,
D200R might bind another ligand. To further investigate the

unctional role of CD200R expression on lymphocyte subsets
tudies with CD200R−/− mice are required, comparing the out-
ome of a range of stimuli that specifically activate lymphocytes
n CD200−/− or CD200R−/− mice.

In summary, we have shown that CD200R is not only
xpressed on cells of the myeloid lineage, but is also expressed
n human and mouse T-lymphocyte subsets. We report regulated
xpression of CD200R on B-lymphocyte subsets, revealing a
-cell subpopulation that expresses both CD200 and CD200R.
lthough CD200R signalling is not prominently involved in the
evelopment of the lymphoid compartment and B-cell responses
o immunization, its regulated expression pattern could indicate
much broader role for CD200R signalling in the regulation of

he immune balance than previously anticipated.
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