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Macrophages have long been known as key contributors
of inflammation following infection, and they play a cen-
tral role as effector cells during the engulfment of patho-
gens and cellular debris.1 Moreover, inappropriate mac-
rophage or microglia activation may be responsible for
harmful inflammatory processes that occur in a number of
diverse autoimmune diseases, including rheumatoid ar-
thritis,2 multiple sclerosis,3 and type I diabetes.4

In this issue of the American Journal of Pathology, Copland
et al5 used their model of experimental autoimmune uveo-
retinitis (EAU) to demonstrate that the administration of a
CD200 receptor (CD200R) agonist antibody can suppress
macrophage activation and greatly diminish disease. EAU
is considered to be a murine model for human endogenous
uveitis, a common sight-threatening intraocular disease that
involves the cell-mediated destruction of retinal tissues.6,7

Autoreactive lymphocytes are routinely induced in this
autoimmune model by immunization with retinal proteins
emulsified in complete Freund’s adjuvant plus injection of
pertussis toxin.8 The agonist antibody used in the current
study, a monoclonal rat anti-mouse CD200R antibody
called DX109, exerts its effects on EAU by delivering a
negative signal to macrophages normally provided by
CD200, which in turn may lead to the suppression of
interferon-�-mediated interleukin-6 and nitric oxide pro-
duction during the inflammatory response (Figure 1).

CD200/CD200R Interactions and Macrophage
Inhibition

CD200, a membrane glycoprotein formerly known as
OX2, has a broad distribution and expression in activated
T cells, B cells, dendritic cells, and endothelium. The
interaction between CD200 and CD200R has been pre-
viously shown to deliver an inhibitory signal to cells of the
myeloid lineage through CD200/CD200R interaction.9,10

Consequently, mice deficient for CD200 (CD200�/�

mice) display dysregulated macrophage function and
increased susceptibility to autoimmune diseases. More-
over, recent studies suggest that a spontaneously occur-
ring strain of mice (called Wlds), having a unique pheno-
type of protection against axonal injury, may be protected
due to the elevated levels of CD200 expression by neu-
rons.11 The CD200/CD200R interactions may also play a
role in the “danger model” of immune recognition by the
expression of CD200 on keratinocytes and Langerhans
cells.12 Hence, providing the necessary ligand for acti-
vation of the CD200R in macrophages and microglia may
be essential in managing the inflammatory response in a
wide spectrum of diseases.13

Copland et al5 first demonstrate that CD200�/� mice
displayed increased numbers of infiltrating macrophages
and earlier EAU onset compared with control strain mice,
thereby showing a role for CD200 in the exacerbation of
disease. EAU was induced in these mice following immu-
nization with peptides derived from the retinoid-binding
protein (hRBP-3), which has previously been shown to
induce CD4� T-cell-mediated destruction of the neuro-
retina and photoreceptors of the eye.14 Remarkably, the
disease outcome was strikingly reduced in highly sus-
ceptible B10.RIII mice following the systemic administra-
tion of DX109, and the majority of treated animals
seemed normal and healthy. Furthermore, local adminis-
tration of DX109 was able to lessen severity of disease
with far less amounts of antibody. These results demon-
strate the profound effect of the agonist antibody on
sequestering macrophages and the inflammatory pro-
cess. Additional experiments by Copland et al5 sug-
gested that DX109 may act on interferon-�-dependent
signaling to inhibit the production of nitric oxide and the
proinflammatory cytokine interleukin-6, both major con-
tributors to inflammation and disease.15,16 These were
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carefully performed studies, and the therapeutic uses of
DX109 may be far reaching; namely, the use of DX109
may be expanded to other diseases whereby macro-
phage activation is linked to immunopathology and auto-
immune disease.17

DX109 effectively curbed the disease progression de-
spite the presence of retinal antigen-specific T cells dur-
ing EAU. These intriguing results suggest that the sup-
pression of macrophage activation by DX109 may go a
long way in inhibiting autoaggressive T-cell responses in
other T-cell-mediated autoimmune diseases such as ex-
perimental autoimmune encephalomyelitis. Given that T-
cell proliferation and cytokine production appeared nor-
mal following the administration of DX109, the inhibition of
macrophage activation may be sufficient to modulate
T-cell effector function, similar to T-cell modulation by
mast cells.18 However, this point may not be entirely
elucidated and may require additional studies for clarifi-
cation. Of note, mast cells also express CD200R, and
their activation might also be down-regulated following
administration of DX109 during EAU.19 Regardless, the
therapeutic potential of DX109, and perhaps a human-
ized form of the antibody, is a remedial path well worth
visiting.

Limitations and Potential Difficulties

The utilization of DX109 or similar agonist antibodies
directed against human CD200R is not without problems.
In fact, antibody-based drugs continue to pose technical
difficulties in terms of administration, systemic distribu-
tion, and stability. This issue becomes even more prob-
lematic if the therapeutic uses of DX109 or other large
molecules are expanded to down-regulate chronically
activated microglia associated with neurodegenerative

diseases, such as multiple sclerosis. In essence, the
difficulty of breaching the blood-brain barrier remains
complicated, although not entirely unfeasible.20

In addition, it is not clear what unintended immunolog-
ical consequences may occur following systemic admin-
istration of DX109. As with any immunomodulatory re-
agent, potential side effects may include the inadvertent
suppression of the immune response and emergence of
opportunistic infections, which may limit the use of DX109
or similar drugs used in a clinical setting. For example,
natalizumab (Tysabri; Biogen Idec, Cambridge, MA), an
antibody engineered against integrin �4 to block immune
cells that cause nerve damage from entering nervous
tissue, inadvertently led to the reactivation of latent JC
virus in the central nervous system. The reactivation of JC
virus was responsible for development of progressive
multifocal leukoencephalopathy in some patients receiv-
ing natalizumab.21 By quantifying the proliferative and
cytokine response of splenocytes to an immunizing pep-
tide, Copland et al5 show that the administration of DX109
did not lead to any adverse affects on the peripheral
immune system. However, it may be more informative in
future studies to test the ability of the immune system to
respond to a viral or bacterial pathogen in the presence
of systemic DX109 antibody administration.

Future Directions

In summary, it will be exciting to determine whether the
DX109 agonist antibody can lessen pathology for other
diseases in which macrophages are thought to play a
primary role. For example, can DX109 shut down macro-
phage activation and inflammation in animal models of
rheumatoid arthritis? Can the progressive plaque lesions
of atherosclerosis be prevented or diminished by reduc-
ing macrophage recruitment? In addition, follow-up stud-
ies may help determine whether macrophage suppres-
sion by DX109 may limit autoimmune diseases whereby
CD4 and CD8 T-cell responses play a primary role. What
about the ability of DX109 to suppress autoimmune dis-
eases induced following viral or bacterial infections? The
possibilities for the treatment of disease seem to be
endless.
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