REVIEW ARTICLE

CD200/CD200R PAIRED POTENT INHIBITORY MOLECULES
REGULATING IMMUNE AND INFLAMMATORY RESPONSES;
PART II: CD200/CD200R POTENTIAL CLINICAL APPLICATIONS

Drahomira Holmannovd?, Martina Kolic¢kovd?, Katei'ina Kondélkovd?, Pavel Kunes!, Jan Krejsek?, Ctirad Andrys?

Charles University in Prague, Faculty of Medicine and University Hospital in Hradec Kralové, Czech Republic: Depart-
ment of Clinical Immunology and Allergology!, Department of Cardiac Surgery?

Summary: CD200 and its receptor were recognized as having the multiple immunoregulatory functions. Their immu-
noregulatory, suppressive, and tolerogenic potentials could be very effectively exploited in the treatment of many diseases,
e.g. Alzheimer disease, rheumatoid arthritis, and allergy to name only some. Many research projects are aimed to develop
clinically valuable methods being based on the structure and function of these paired molecules. In this review, we would

like to introduce CD200/CD200R functions in a clinical context.
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CD200/CD200R in osteology
and osteoimmunology

Bone metabolism is regulated in concert by oste-
oblasts and osteoclasts that direct bone production and
resorption, respectively. Osteoblasts express CD200,
whereas CD200R is preferentially expressed on osteo-
clasts. Osteoclasts are multinucleated cells formed by the
fusion of macrophages on the bone surface. (30) Their
over-activation results in osteoporosis associated with
bone fractures. CD200/CD200R interaction increases the
macrophage fusion and therefore potentiates bone resorp-
tion. It was determined that CD200~/~ mice accumulate
bone tissue more easily than CD200*/* mice, just by
reducing the osteoclastoneogenesis. (47) Bone metabo-
lism is also regulated by hormones, e.g. PTH, calcitriol,
glucocorticoids, by prostaglandins, and cytokines. Proin-
flammatory cytokines such as IL-1f, IL-6, and TNFa
have been recognized as a potent negative regulator of
osteoneogenesis. These cytokines promote osteoclast
formation and increase their activity. CD200/CD200R
engagement, on the contrary, diminishes the synthesis
of proinflammatory cytokines and potentiates produc-
tion of TGF-B, which supports the bone formation by
enhancement of the recruitment and proliferation of
osteoblast progenitors. The role of CD200/CD200R in
osteogenesis so remains enigmatic as they stimulate both
bone resorption (osteoclasts formation) and bone mass
formation through the decrease of the expression of
proinflammatory cytokines that participate in maintain-
ing the delicate equilibrium between bone resorption and
formation. (21)
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Triggering CD200/CD200R; A promissing
approach to treat cancer

The cell mediated reactivity such as NK, CD4* Thl,
CD8" CTL, macrophage subset M1, and TAMS (Tumor
Infiltrating Macrophage), dendritic cells as well as
cytokines — INFy, chemotactic molecules, and CCR2 recep-
tors binding MCP-1, MCP-2, MCP-3 chemokines, plays
the main role in antitumor immunity. Opposite role sup-
porting growth, invasivity, and cancer metastasis, is played
by Th2, Treg, mast cells, macrophage subset M2, and
MDSC (Myeloid Derivated Suppressor Cell); cytokines
IL-10, TGF-B, VEGF, and inhibiting molecule CTLA-4
(Cytotoxic T-Lymphocyte Antigen-4). CD200/CD200R
interaction is an orchestrator of iTreg, Teff, and macro-
phage subset Grl polarization, whereas limits the number,
cytolytic activity, and unresponsiveness to INFy stimulation
of NK and of TIL cells (Tumor Infiltrating Lymphocyte).
(5) CD200/CD200 ligation creates the immune-suppressive
tumor microenvironment. Higher expression of CD200 on
tumor cells is described in both solid and hematopoetic
malignancies. (29) CD200 expression is demonstrated in
78% cases of CLL and can be used to confirm the diagnosis
of primary cutaneous B-cell lymphomas. It may also help
to distinguish for instance between CLL vs. B cell lym-
phoma. (6, 31) The presence of CD200 is accented on less
differentiated immature cells, mainly on cancer stem cells,
termed as initiators of tumorigenesis, trigger of relapses
and metastasis after antitumor therapy. (16) It was uncov-
ered by in vitro and in vivo studies of melanoma, squamous
carcinoma, and breast cancers that cancer aggressivity, pro-
liferation and metastasis potential is positively correlated
with CD200R expression and with the level of soluble form
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of CD200, which enhances the inhibition of leukocytes in
the tumor microenvironment. (13, 41) It was discovered
that TILs lose their reactivity because of CD200 over-
expression on the tumor cells. Application of anti-CD200
monoclonal antibodies restores cytotoxic potential of TILs.
(8) It is acknowledged that breaking the suppression estab-
lished by CD200/CD200R interaction intensifies success
and avoid failure of antitumor therapy. Treatment by PMA
(Phorbol 12-Myristate 13-Acetate) down-regulates CD200
expression and thus improves defense mediated by lym-
phokine-activated killer cells during antitumor therapy.
(48) Interest of researchers is focused on the synthesis of
anti-CD200s and their application for treatment of cancer.
(19) It was established that application of anti-CD200 mon-
oclonal antibodies restores a cytotoxic potential of TILs
that results in tumor cell destruction. (8) The most effec-
tive in breaking down the inhibition established by CD200/
CD200R activation is the anti-G2G4 molecule (Cy1 con-
stant domain of 1gG2 joined with constant domains Cj;2,
Cy;3 of IgG4) that binds CD200R and eliminates the leuko-
cyte suppression. (18)

vOX2 viral homologue of CD200
and viral escape

Antiviral immunity comprises both humoral (INFa, B,
v, ®, complement, specific antibodies) and cell mediated
immunity (CTL, NK). Viruses that can persist in a host
such as HSV, CMV, myxoma virus, measles virus, encode
viral CD200 homologue, which is expressed on the surface
of infected cells. It could be assumed, that vOX2 partici-
pate in the immune system inhibition. Opposite situation
occurs at the onset of infection. It was determined in vitro
that vOX2 of Kaposi’s sarcoma-associated herpesvirus
activates the myeloid cells and increases the synthesis
of inflammatory cytokines. This strategy of viral escape
supports cytokine-mediated neoangiogenesis, which is
characteristic for Kaposi’s sarcoma. Moreover, the recruit-
ment of leukocytes to the initial site of infection enhances
virus dissemination throughout the infected host. (4) How-
ever, during infection vOX2 mediates immune inhibition
that is accompanied with down-regulated phagocytosis
and antigen presentation. (36) vOX2 expression is typical
for myxoma virus (M141R). Its vOX2 shows 40% (HSV-8
20%) homology to human CD200. M141R strain does
not alter macrophage activation and migration. Inhibition
is targeted to the iNOS synthesis and T cells activation
accompanied with INFy decrease. (1) Rhesus rhadinovi-
rus R15 vOX2 molecule inhibits translation of the TNF-a
mRNA in monocytes activated by INFy. (20) Homologue
of CD200 protects viruses against the immune system.
On the other site, CD200 regulates the immune response
intensity during viral infection and protects tissues against
unwanted damage. /n vivo experiments with CD200~/" mice
revealed that inoculation with influenza virus resulted in
massive inflammatory response and serious damage of the
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lung parenchyma because of infiltration by leukocytes and
their production of iNOS, IL-6, TNFa, MIP-1a. It has been
proven that administration of CD200 agonists diminished
peribronchial leukocyte infiltration. (15, 35) Administration
of CD200Fc¢ during uveitis caused by HSV also weakens
the infiltration of the tissue by leukocytes, reduces the level
of proinflammatory cytokines, and potentiates differentia-
tion of T cells to Treg FoxP3™ cells in sentinel lymph nodes.
Thus in this regard, the risk of corneal neovascularization
is diminished. (37)

The role of the regulatory CD200/CD200R
in nervous system and autoimmune pathology

The CNS comprises many cell types such as neu-
rons, glial cells (microglias constituting 20% of the total
glial population), and astrocytes. Microglia are termed
as the resident macrophages of the CNS. These cells, in
contrast to astrocytes, oligodendrocytes, which originate
from ectoderm, are derived from mesoderm. Myeloid pro-
genitors, which arise from the yolk sack, invade the CNS
during embryogenesis and give rise to microglia popula-
tion. Microglia are known to share many features with
other myeloid cells, especially with macrophages. Upon
activation, macrophages and microglia exert very similar
functions, cytokine release and de novo cytokine synthesis
of TNFa, IL-1B, IL-6, IL-1, MCP-1, MIP-1a, fractalkin,
iNOS, but microglia differ from macrophages in several
ways, e.g. produce lower levels of superoxide dismutase.
(25, 32) Findings regarding microglia functions show
that microglias play a crucial role in the pathogenesis of
neurodegenerative, chronic inflammatory diseases of the
CNS, but microglia also express GLT-1 (Glutamate Trans-
porter) which protects the CNS from glutamate toxicity,
participates in microbial immunity (e.g. Toxoplasma gon-
dii), supports synaptic functions, removes neuronal debris,
and amyloid B, which accumulation is linked to Alzheimer
disease. (2) Microglia express CD68 (marker of macro-
phage lysosomal activity), TLR, and are able to present
antigen. (25) There is the evidence that CD200/CD200R
engagement promotes microglia quiescence. Expression of
CD200R on microglia, and CD200 on neurons is increased
after the CNS alteration caused either by trauma, surgery
or ischemia. (27) Neurodegenerative diseases are, on the
contrary, characterized by the decreased expression of
CD200. (45) It is confirmed that down regulated expression
of CD200 (not CD200R) is negatively correlated with long-
term microglia activation, e.g. in Parkinson and Alzheimer
diseases. CD200/CD200R engagement has the capacity
to decelerate the progression of the previously mentioned
neurodegenerative disorders. (46) It was discovered
that CD200/CD200R expression on MDMs (Monocyte-
Derived Macrophages) in patients suffering from Parkinson
disease is not increased after cultivation with injured or
dead neurons. Under physiological circumstances, these
stimuli strengthen the expression of CD200 and CD200R.



(24) Patients suffering from Alzheimer disease also show
significantly lower expression of CD200, mainly in hippoc-
ampus, superior frontal gyrus, and inferior temporal gyrus.
(22, 44) It was determined that CD200m RNA expression
is enhanced by IL-4 and IL- 13, but production of IL-4
decreases with age so does the IL-4 dependent expres-
sion of CD200m RNA. (23) Retina as an integral part of
the neural system utilizes the same principles to control
inflammation by CD200/CD200R interaction. It was found
that isoform CD200RLa potentiates IL-10 production.
(42) Recent research described the involvement of CD200R
in microglia activation in experimental ocular hypertension.
Obtained data showed that CD200/CD200R activation
may reduce retinal cell loss in glaucoma. (43) Multiple
sclerosis also belong among serious neurological diseases,
which is in majority of patients clinically characterized
by a relapsing-remitting course followed by a progressive
phase in which neural degenerative changes, demyeliniza-
tion with axonal and neuronal injury are typically found.
Multiple sclerosis is recognized as an autoimmune disease.
CD200/CD200R interaction is an important mechanism
limiting autoimmune inflammation, as has been proved
by the number of studies, using animal models of multiple
sclerosis, rheumatoid arthritis, and autoimmune uveitis,
respectively. In these experiments CD200/CD200R inter-
action promotes immune tolerance or nonresponsiveness
to autoantigens. Experimental Autoimmune Encephalo-
myelitis (EAE) is an animal model of multiple sclerosis
induced in genetically prone mice by the administration
originally crude extracts from the brain tissues, nowaday
by molecularly fully characterized components of these
extracts such as MOG (Myelin Oligodendrocyte Glyco-
protein). The development of immunopathology is only
possible, if autoantigens are administered in the complete
Freund adjuvans. During EAE, the inflammatory response
is suppressed by the interaction of CD200/CD200R,
which inhibits the microglia activation. CD200R agonist
CD200Fc (solubilized forms of the CD200 molecules)
administered to mice during the chronic phase of EAE are
able to reduce the severity of EAE and slow the disease pro-
gression. CD200/CD200R interaction inhibits microglia/
macrophage accumulation in the CNS by reducing surface
adhesion molecules expression such as VLA-4 (Very Late
Antigen-4) and LFA-1 (Lymphocyte Function-Associated
antigen-1) integrins. Moreover, CD200R activation is fol-
lowed by decreased expression of MHC II, CD80, and
reduced proinflammatory cytokines synthesis. (22) Stud-
ies of autoimmune diseases in context of CD200/CD200R
interaction also involve rheumatoid arthritis. Etiology and
dynamics of rheumatoid arthritis is studied in vivo using
the model of collagen induced arthritis in mice (DBA/1).
(12) Immunization by collagen II evokes arthritis, which
severity is dependent on the CD200 mediated repression.
It has been proven that CD200~/~ mice showed rapid pro-
gression of RA. (40) Progression of RA can be slowed or
even stopped after CD200Fc administration. CD200Fc¢

also affects cytokine synthesis, and is successful in lower-
ing the level of proinflammatory cytokines (TNF a, IL-1,
MMP-13, and INFYy). If the administration of CD200Fc
preceded collagen immunization, or followed it imme-
diately after application, the mice were protected against
arthritis development. (39)

CD200 and allograft protection

The immune system has an ability to recognize geneti-
cally different MHC molecules.

MHC proteins are highly polymorphic. Disparity of
donor and patient MHCs contributes to the graft rejection.
The immune response includes activation of APC, T cells —
Th1, Th2 regulatory subset, CTL, NK, up-regulation of
MHC /11 expression, synthesis, and releasing of proinflam-
matory cytokines, and chemokines. Many studies deal with
CD200/CD200R interaction and show its influence on the
graft acceptance. Transgenic mice that overexpress CD200
are used for experiments to appreciate its role in rejection
mechanisms. (49) CD200R stimulated DCs positively
modulate alloimmune tolerance; promote polarization to
the Th2 cytokine production, promote differentiation of T
cell to iTreg, reduce CTL and NK activity, potentiate IL-10,
TGF-B, which supports differentiation of naive T cell to
CD4*CD25" Fox3*Treg, production and increase a chance
of graft acceptance. It is confirmed that the application of
anti-CD200 monoclonal antibodies results in graft rejection.
(9) Recently, the hybrid molecule CD200Fc(Gly)6TGFp
was prepared by Gorezynski et al. (10) It can suppress
activity of leukocytes at 20-100-fold lower concentrations
than CD200 or TGF-f alone, or in their combination. It
is concluded that this strong inhibitory effect is mediated
by at least two types of interactions. CD200Fc(Gly)6TGF
has the capacity to bind T cell through TGF-f and simulta-
neously APC through CD200R1. (11)

CD200 prevents spontaneous fetal loss

CD200/CD200R interaction has been proved to pos-
sess a protective properties against spontaneous fetal loss,
which is primarily driven by Th1 T cells producing INFy,
and TNFoa. Stimulated Th1 T cells increase fibrinogen-like
protein 2 and thrombin expression, thus generate prothrom-
bogenic and proinflammatory microenvironment. CD200
molecules are highly expressed on trophoblasts and inhibit
the cell-mediated immune response targeted against the
fetus and induce immune tolerance in this way. (4, 50)

CD200/CD200R and the skin

The skin is in a permanent contact with the environ-
ment and thus is exposed to a large number of external
pathogens. The regulation of immune reactions in the
skin is tuned to maintain the balance between defense
and tolerance. CD200/CD200R interaction attenuates
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inflammatory responses and promotes tolerance. It was for
instance reported that in CD200~/~ mice UVB-irradiation
induced tolerance to haptens could not be established.
CD200 expression in the skin is described on Langerhans
cells, mast cells, macrophages, y6* T cells, and on CD3~
MHC II- epidermal cells (EC) that are mainly localized
with K14* keratinocytes in the outer root sheath of the hair
follicle. (26) It was observed that in absence of CD200
intra- and perifollicular inflammation is more pronounced
even after a mild insult. Cells expressing keratin 15, CD200,
CD34, CD271 show high self-renewal and proliferative
capacity and have a potential to prevent alopecia. CD200*
keratinocytes and Langerhans cells are able to protect the
hair follicle and mitigate damage caused by inflammation.
CD200 is supposed to be the provider of immune privilege
for bulge stem cells. (7, 33)

CD200/CD200R and cardiovascular system

Immunohistochemical methods and flow cytometry
were used to localize CD200 expression on endothelial
cells. The highest expression was found in small blood-
vessels and capillaries, in the area where endothelial cells
and leukocytes are in the intimate contact and leukocytes
transmigrate to injured tissue. On the contrary, the weak
expression was shown in arteries and aorta. (17) Cardiac
surgery is associated with ischemia that contributes to the
systemic inflammatory response. Ischemia and inflamma-
tory markers in cardiac surgery are CRP, PTX3 (pentraxin),
troponin, myoglobin, CK-MB, myeloperoxidase, FABP
(heart-type Fatty Acid-Binding Protein), PAPP-A (Pregnan-
cy-Associated Plasma Protein A), and IL-8 to name only
some. Leukocyte depletion during surgery reduces inflam-
mation as well as CD200/CD200R interaction. Expression
of CD200R on macrophages was increased after the sur-
gery, meanwhile postoperative expression of CD200R
on blood monocytes was decreased. (18, 34) CD200 in
cardiovascular system attenuates inflammatory reactions,
protects tissue against damage and potentiates the produc-
tion of TGF-B, that support heart tissue reparation and start
regeneration.

Quiscence of mast cells and basophils
by CD200/CD200R interaction

The crucial role in allergic inflammation is given to the
mast cells. They are distributed in body tissues and serve
as sentinel cells producing the plethora of proinflamma-
tory mediators after being activated by invading harm
stimuli. They are strategically accumulated in perivascu-
lar areas, beneath epithelial layers of the skin and mucosa
of airways and gut and drive T cell polarisation to Th2,
followed by B cells activation and immunoglobulin pro-
duction. Mast cells express high affinity FceRI receptors,
which are occupied by IgE immunoglobulines. (28) The
cross-linking of FceRI by IgE and antigen initiates
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activation cascades that result in mast cells degranulation
and release of preformed ,,substances® such as hista-
mine, heparin, various proteases, and de novo synthesis
of cytokines, leukotrienes, prostaglandins, and growth
factors. Both mast cell FceRI-induced degranulation and
synthesis and secretion of cytokines (TNFa, IL-13) is
repressed by CD200/CD200R interaction. (3) Zhang et
al. developed in vitro model of mast cell degranulation to
study inhibitory mechanisms of CD200/CD200R interac-
tion.They confirmed that CD200R reduces degranulation
and IL-13 and TNFa secretion. If the cells were treated
with CD200R agonists, a suppression was achieved.
CD200/CD200R activation thus regulates extent and
duration of allergic response. (51) Basophils are another
type of leukocytes involved in allergic reactions. Like
mast cells, they express high affinity FceRI receptors.
Aggregation of FceRI bound to IgE by polyvalent antigen
is followed by basophil activation, degranulation, media-
tor release, and increased migration into tissue. Recently,
it has been described that density of CD200R expression
on basophils depends on serum IgE and IL-4 serum level
and rapidly increases after basophils activation. CD200R
can serve as a marker of basophil activation. CD200/
CD200R engagement on basophils attenuates the allergic
inflammation similarly to mast cells.

Conclusion

CD200/CD200R interaction renders the immune
system unresponsive, establishes peripheral immuno-
logical tolerance. All studies to date have confirmed
that the CD200/CD200R interaction regulates myeloid
cell activity, attenuates inflammatory reactions both, cell
mediated and humoral, in a vulnerable damaged tissue.
CD200/CD200R engagement reveals a great clinical sig-
nificance. Inhibition induced by CD200/CD200R may
be beneficial in the treatment of autoimmune, inflamma-
tory, and hypersensitivity diseases where the excessive
response of the immune system may be harm for the
tissues. Previous studies in vitro or in vivo using mouse
models demonstrated that CD200/CD200R positively
influences progression of diseases. CD200/CD200R
interaction seems to be very promising in transplantation
medicine to establish immunotolerance and to protect the
graft from rejection. On the contrary, in tumors growth or
viral infections, a blockade of CD200R limits suppression
induced by tumor cells or vOX with subsequent activa-
tion of the immune responses that allows to overcome
disease. Only a few research projects deal with a role of
CD200/CD200R in an association with cardiovascular,
gastrointestinal, or urogenital systems, respectively. It is
therefore questionable whether there would not be pos-
sible to use their inhibitory ability in the treatment of e.g.
nonspecific intestinal inflammation. Immunobiological
activities of CD200/CD200R interactions are shown in
Fig. 1 and described in legend.
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Fig. 1: CD200/CD200R interaction in clinical context

Legend CD200R expression on leukocytes is influenced by
cardiovascular surgery.
Inhibition driven by CD200/CD200R engagement 5) Osteology — CD200/CD200R interaction acting both on

affects immune reactivity in many tissues. bone resorption and bone formation.

1) Brain and nerves — microglias inhibition diminishes the =~ 6) Allergy — CD200/CD200R attaching stabilized mast
inflammation, decelerates progression of neurodegener- cells and basophils and prevent from degranulation in
ative diseases, protects neurons against damage caused response to IgE cross-linking of FceRI receptors.
by trauma, operation or stroke. 7) Dermatology — CD200/CD200R engagement sup-

2) Oncology — high expression of CD200 on tumor cells presses resident tissue and to skin migrating leukocytes,
promotes an immune suppressive tumor microenviron- prevents the development of eczema, dermatitis. ..
ment and thus induces leukocytes unresponsiveness. 8) Viral infection — Viruses encode the CD200 homologue

3) Transplantology — CD200/CD200R interaction inhib- which is expressed on infected cells. It restrains leuko-
its the immune system response and potentiates graft cytes response to viral infection and enhances the viral
acceptance. persistence in the infected cells.

4) Cardiovascular system — expression of CD200/ 9) Autoimmunity — CD200/CD200R inhibits the immune
CD200R is documented on the endothelium, the system autoreactivity, supports the self tolerance, dif-
smaller diameter an artery has, the higher expres- ferentiation of T cells to Treg subset, and IL-10, TGF-
sion of CD200 the artery shows. Intensity of CD200/ synthesis.
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Abbreviations

APC — Antigen-presenting cell

CCR2 — Receptor for CC chemokines

CLL — Chronic lymphocytic leukemia

CRP — C-reactive protein

CTL - Cytotoxic T lymphocytes

CTLA-4 — Cytotoxic T-lymphocyte antigen-4
EAE — Experimental autoimmune encephalomyelitis
HSV — Herpes simplex virus

iNOS — Inducible nitric oxide synthase

LFA-1 — Lymphocyte function-associated antigen-1
MCP-1 — Monocyte chemoattractant protein-1
MIP-1 — Macrophage inflammatory protein-1
MMPs — Matrix metalloproteinases

NK — Natural killer

PTH — Parathormon

PTX3 — Pentraxin-related protein

Teff — T effector cells

TIL — Tumor infiltrating lymphocytes

VEGF — Vascular endothelial growth factor
VLA-4 — Very late antigen-4

vOX2 — Viral CD200 homologue
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