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Figure S.

Fessph

ROy

#

Poiysiyrans

.S‘.‘.;Z L s
€. 1 B o Y oog
5o E o
i PR
3
)
53 & Gd
3
3
c 5
b2 - + - 4
S - - + +

#

Yoz
g &
coeaty g
*:*r@?m‘?s 3 %
w W s
@ % e
@ 2
® % &3
b4 %
% 4
]
A . 353
4 .




Patent Application Publication  Oct. 19,2017 Sheet 5 of 9 US 2017/0296711 A1

Figure 6.
a Rulystyrane Streptavidin D000

) Swep DD st Lomingt Lupiganin
" »
£ - - .
£ iz:eﬁ 3 2t
.
% ¥4 # , ‘;" ¥
g , % e »;ﬁ;;« W,x;i* ‘
El a1 R R sehe 4 hng

TR wmp com PS wnp  CDAG

inkscted beade Injed busds



Patent Application Publication  Oct. 19,2017 Sheet 6 of 9 US 2017/0296711 A1

Figure 7.
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Figure 8.
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IMMUNOMODULATORY MATERIALS FOR
IMPLANTABLE MEDICAL DEVICES

PRIORITY DATA

[0001] The present application is a continuation of U.S.
application Ser. No. 14/025,601, filed Sep. 12, 2013, and
now allowed, which in turn claims the benefit of U.S.
Provisional Patent Application No. 61/700,196, filed Sep.
12, 2012. Each of these applications are hereby incorporated
by reference in its entirety.

BACKGROUND

[0002] All publications herein are incorporated by refer-
ence to the same extent as if each individual publication or
patent application was specifically and individually indi-
cated to be incorporated by reference. The following
description includes information that may be useful in
understanding the present invention. It is not an admission
that any of the information provided herein is prior art or
relevant to the presently claimed invention, or that any
publication specifically or implicitly referenced is prior art.
[0003] The host response to biomaterials is an enormous
challenge for the design of medical devices. This response is
characterized by the infiltration of inflammatory cells and
their chronic activation, and often leads to the formation of
a fibrous capsule. The capsule functions to isolate the
foreign body from the host immune system, but is also
detrimental to many devices including surgical devices,
cardiovascular or orthopedic implants, engineered tissue
constructs, and implanted biosensors. The dense, collagen-
rich tissue may occlude blood vessels, or prevent diffusion
of small molecules and nutrients to and from the implanted
device. While current efforts to reduce the immune response
to biomaterials have focused on passivating the surface to
prevent adhesion of proteins and inflammatory cells, these
approaches have not been sufficient in eliminating the for-
eign body response. Alternatively, materials have been
impregnated with anti-inflammatory or anti-proliferative
pharmacological agents (for example, in drug-eluting
stents), but this strategy ultimately prevents healing around
the device. Thus, there is a need in the art for novel and
effective design of implantable devices.

SUMMARY OF THE INVENTION

[0004] Various embodiments include a method of dimin-
ishing immune reactivity of a biomaterial, comprising pro-
viding a biomaterial, and at least partially coating the
biomaterial surface with CD200 molecules, or a pharma-
ceutical equivalent, derivative, analog and/or salt thereof. In
another embodiment, the CD200 molecules are soluble
recombinant CD200 protein. In another embodiment, the at
least partially coated biomaterial surface suppresses immune
cells. In another embodiment, the at least partially coated
biomaterial surface suppresses macrophage activation and/
or inflammation. In another embodiment, the at least par-
tially coated biomaterial surface suppresses the release of
reactive oxygen species (ROS). In another embodiment, the
biomaterial is of polystyrene. In another embodiment, the
biomaterial is a polystyrene microbead. In another embodi-
ment, the biomaterial surface is coated at a CD200 density
of 1 pmol (0.05 ug)/well. In another embodiment, the
biomaterial surface is coated by CD200 using a non-site
specific reaction between exposed amine groups of CD200
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and a maleic-anhydride activated surface, In another
embodiment, the biomaterial is implanted into a mammal. In
another embodiment, the biomaterial is an implantable
medical device. In another embodiment, the biomaterial is a
surgical tool. In another embodiment, the biomaterial is a
transplanted organ. In another embodiment, the CD200
molecules are conjugated to poly ethylene glycol (PEG)
and/or poly lactic-co-glycolic acid (PLGA). In another
embodiment, the CD200 molecules are conjugated to fibrin
and/or collagen. In another embodiment, the CD200 mol-
ecules are conjugated to silicone, polyethylene, polyether
ether ketone (PEEK), polymethylmethacrylate, and/or poly-
tetrafluoroethylene (PTFE). In another embodiment, the
biomaterial includes silicone, polyethylene, polyether ether
ketone (PEEK), polymethylmethacrylate, and/or polytetra-
fluoroethylene (PTFE). In another embodiment, the bioma-
terial is made of metal and/or ceramic.

[0005] Other embodiments include a method of preparing
a biomedical device, comprising: providing a biomedical
device, and coating the biomedical device surface with a
material designed to modulate immune response through
molecular interactions with surface receptors expressed by
immune cells. In another embodiment, the material com-
prises a plurality of CD200 molecules, or a pharmaceutical
equivalent, derivative, analog and/or salt thereof. In another
embodiment, the surface receptors expressed by immune
cells are CD200R. In another embodiment, the biomedical
device surface is polystyrene. In another embodiment, the
biomedical device comprises silicone, polyethylene,
polyether ether ketone (PEEK), polymethylmethacrylate,
and/or polytetrafluoroethylene (PTFE).

[0006] Other embodiments include a composition com-
prising a biomaterial and one or more CD200 molecules, or
a pharmaceutical equivalent, derivative, analog and/or salt
thereof. In another embodiment, the composition is admin-
istered as part of an overall treatment regimen. In another
embodiment, the biomaterial is a medical and/or implantable
device. In another embodiment, the biomaterial is a thera-
peutic. In another embodiment, the biomaterial is a trans-
plant organ.

[0007] Other embodiments include a medical device, com-
prising a medical device surface at least partially coated by
one or more molecules that diminish immune reactivity. In
another embodiment, the one or more molecules that dimin-
ish immune reactivity comprise CD200 molecules, or a
pharmaceutical equivalent, derivative, analog and/or salt
thereof. In another embodiment, the one or more molecules
that diminish immune reactivity reduce inflammation and/or
fibrosis that results from implantation. In another embodi-
ment, the one or more molecules that diminish immune
reactivity are conjugated to poly ethylene glycol (PEG)
and/or poly lactic-co-glycolic acid (PLGA). In another
embodiment, the one or more molecules that diminish
immune reactivity are conjugated to fibrin and/or collagen.
In another embodiment, the medical device surface com-
prises silicone, polyethylene, polyether ether ketone
(PEEK), polymethylmethacrylate, and/or polytetrafluoro-
ethylene (PTFE).

[0008] Various embodiments include a method of treating
a subject, comprising providing a composition comprising a
biomaterial and one or more CD200 molecules, and admin-
istering a therapeutically effective dosage to the subject. In
another embodiment, administering the composition treats
an inflammatory immune attack and/or an autoimmune
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condition in the subject. In another embodiment, adminis-
tering the composition decreases scar tissue in the subject. In
another embodiment, the one or more CD200 molecules are
conjugated to poly ethylene glycol (PEG) and/or poly lactic-
co-glycolic acid (PLGA). In another embodiment, the one or
more CD200 molecules are conjugated to silicone, polyeth-
ylene, polyether ether ketone (PEEK), polymethylmethacry-
late, and/or polytetrafluoroethylene (PTFE). In another
embodiment, the one or more CD200 molecules are conju-
gated to fibrin and/or collagen.

[0009] Other features and advantages of the invention will
become apparent from the following detailed description,
taken in conjunction with the accompanying drawings,
which illustrate, by way of example, various embodiments
of the invention.

BRIEF DESCRIPTION OF THE FIGURES

[0010] FIG. 1 depicts, in accordance with an embodiment
herein, a schematic drawing demonstrating that where a
traditional biomaterial becomes nonspecifically coated with
interstitial or serum proteins upon implantation, ultimately
leading to chronic macrophage inflammatory activation,
immunomodulatory biomaterials are pre-coated with pro-
teins that interact with receptors on immune cells and inhibit
inflammatory activation. For example, the extracellular
domain of CD200 is attached to a biomaterial surface
through a chemical binding interaction.

[0011] FIG. 2 depicts, in accordance with an embodiment
herein, CD200-coated surfaces inhibit adhesion and spread-
ing of inflammatory macrophage cells. Phase contrast
images of macrophage cells seeded on polystyrene surfaces
and CD200-coated polystyrene surfaces, with and without
inflammatory (IFN-y) stimuli.

[0012] FIG. 3 depicts, in accordance with an embodiment
herein, CD200-coated surfaces inhibit inflammatory activa-
tion of macrophage cells. Quantification of pro-inflamma-
tory cytokine (TNF-a) secretion of macrophage cells seeded
on CD200-coated (red) or polystyrene (blue) surfaces and
stimulated with IFN-y or LPS and IFN-y (inflammatory
stimuli) as indicated.

[0013] FIG. 4 depicts, in accordance with an embodiment
herein, generation and characterization of CD200-modified
surfaces. (a) Schematic of construct used for soluble expres-
sion of extracellular CD200 protein (top). Coomassie-blue
stained SDS-PAGE (left) and native PAGE (middle) gels,
and Western blot analysis (right) of purified recombinant
CD200 product (bottom). (b) Binding profile of the CD200
immobilized on the streptavidin-coated polystyrene plate,
measured with PE-labeled anti-mCD200.

[0014] FIG. 5 depicts, in accordance with an embodiment
herein, in vitro characterization of the inflammatory
response to CD200-modified surfaces. (a) Representative
phase contrast images of bone marrow derived macrophages
seeded on mCD200-modified surfaces, or plain polystyrene
surfaces, followed by stimulation with IFN-y (0.5 ng/ml.)
and/or LPS (0.05 ng/mL). Scale bar 20 um. (b) Quantitative
analysis of secreted pro-inflammatory cytokines (TNF-a
and IL-6) by ELISA. CD200 immobilization on the poly-
styrene surface significantly inhibited macrophage activa-
tion with reduced level of pro-inflammatory cytokines.
Secreted amounts were normalized to BMDM seeded on
polystyrene and stimulated with IFN-y and LPS. (¢) Quan-
titative analysis of secreted pro-inflammatory cytokines
(INF-o. and IL-6) of BMDMs incubated with CD200-
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coated, streptavidin-conjugated, and plain polystyrene
20-pum microbeads, and stimulated with IFN-y and/or LPS.
Secreted amounts were normalized to BMDM incubated
with plain polystyrene microbeads and stimulated with
IFN-y and LPS. Error bars indicate standard error of the
mean across three independent experiments. *p<0.05 com-
pared to cells on polystyrene surfaces or treated with plain
polystyrene beads, as determined by Student’s t-test.
[0015] FIG. 6 depicts, in accordance with an embodiment
herein, in vivo characterization of the inflammatory
response to CD200-modified surfaces. (a) Representative
sections of skin tissue containing subcutaneously injected
CD200-coated, streptavidin-conjugated and plain polysty-
rene microbeads, stained with H&E. Scale bar 50 um. (b)
Representative images of luminol and lucigenin biolumi-
nescence generated at each injection site 1 day after micro-
sphere implantation. (¢) Quantification of total photon flux
in at least 5 animals for each bead type. *p<0.05 compared
to bioluminescence generated at plain polystyrene beads
injection sites, as determined by Student’s t-test.

[0016] FIG. 7 depicts, in accordance with an embodiment
herein, the stability of the CD200-modified surfaces gener-
ated with either 1 (@) or 0.05 pg (M) CD200/well and
incubated in PBS at 37° C. for 14 days. Error bars indicate
standard deviation of replicate wells.

[0017] FIG. 8 depicts, in accordance with an embodiment
herein, cell viability on the CD200-coated surface measured
by MTS assay. Viability of BMDM incubated on CD200-
coated, streptavidin, and plain polystyrene surfaces stimu-
lated with IFN-y (0.5 ng/mL) and/or LPS (0.05 ng/ml.) for
18 h. Viability was normalized to cells on polystyrene
without cytokine stimulation. Error bars indicate standard
deviation of replicate wells.

[0018] FIG. 9 depicts, in accordance with an embodiment
herein, effect of CD200 coating density on macrophage
morphology and activation. (a) Representative phase con-
trast images of BMDM cells seeded on CD200-coated
surfaces with 0-5 ug of CD200-biotin/well concentrations,
or plain polystyrene surface, followed by stimulation with
IFN-y (0.5 ng/mL). Scale bar 20 um. (b) Quantitative
analysis of secreted TNF-ao by ELISA. Secreted TNF-a
amount was normalized to BMDM seeded on polystyrene
and stimulated with IFN-y. Error bars indicate standard error
of three independent experiments.

[0019] FIG. 10 depicts, in accordance with an embodiment
herein, effect of binding orientation on immobilized CD200
activity. Secreted levels of TNF-a from BMDM seeded onto
maleic anhydride functionalized polystyrene surfaces, or
maleic anhydride functionalized surfaces conjugated with
streptavidin, CD200, or streptavidin and biotinylated
CD200, followed by stimulation with 0.5 ng/ml, IFN-y
and/or 0.05 ng/ml. LPS for 18 h. Error bars represent
standard deviation of two independent experiments.

DESCRIPTION OF THE INVENTION

[0020] Al references cited herein are incorporated by
reference in their entirety as though fully set forth. Unless
defined otherwise, technical and scientific terms used herein
have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs.
Singleton et al., Dictionary of Microbiology and Molecular
Biology 3 ed., J. Wiley & Sons (New York, N.Y. 2001);
March, Advanced Organic Chemistry Reactions, Mecha-
nisms and Structure 5 ed., J. Wiley & Sons (New York,
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N.Y. 2001); and Sambrook and Russel, Molecular Cloning:
A Laboratory Manual 3 ed., Cold Spring Harbor Labora-
tory Press (Cold Spring Harbor, N.Y. 2001), provide one
skilled in the art with a general guide to many of the terms
used in the present application.

[0021] One skilled in the art will recognize many methods
and materials similar or equivalent to those described herein,
which could be used in the practice of the present invention.
Indeed, the present invention is in no way limited to the
methods and materials described.

[0022] As used herein, the term “immunomodulatory mol-
ecule” refers to a molecule that may interact with and/or
regulate immune cell function. For example, an immuno-
modulatory molecule may prevent inflammatory processes,
or limit formation of scar tissue.

[0023] As used herein, “CD200” refers to the Cluster of
Differentiation 200 protein.

[0024] As disclosed herein, the inventors leveraged natu-
ral interactions between immune cells and host organisms or
foreign bodies, namely the ability to distinguish dangerous
from non-dangerous, creating extremely biocompatible
materials that can escape inflammatory immune attack.
Recombinant protein methods along with bioconjugation
strategies were used to tether immunomodulatory proteins to
biomaterials. After coating materials with the immunomodu-
latory molecule CD200, the inventors successfully reduced
adhesion and inflammatory activation of adhered immune
cells.

[0025] In one embodiment, the present invention provides
a biomaterial that reduces immune reactivity. In another
embodiment, the biomaterial is part of a medical devices. In
another embodiment, the medical device is implantable. In
another embodiment, the biomaterial is used as a surgical
tool. In another embodiment, the biomaterial is used in
conjunction with organ transplants. In another embodiment,
the biomaterial is at least partially coated by CD200 mol-
ecules. In another embodiment, the biomaterial reduces
immune reactivity by suppressing macrophage activation
and/or inflammation. In another embodiment, the biomate-
rial is made up of metal or ceramic. In another embodiment,
the biomaterial is made up of one or more of the following:
poly ethylene glycol (PEG), poly lactic-co-glycolic acid
(PLGA), silicone, polyethylene, polyether ether ketone
(PEEK), polymethylmethacrylate, and polytetrafluoroethyl-
ene (PTFE). In another embodiment, the CD200 molecules
are conjugated to one or more of the following: poly
ethylene glycol (PEG), poly lactic-co-glycolic acid (PLGA),
silicone, polyethylene, polyether ether ketone (PEEK),
polymethylmethacrylate, and  polytetrafluoroethylene
(PTFE).

[0026] In another embodiment, the present invention pro-
vides a method of diminishing immune reactivity of a
biomaterial by at least partially coating the biomaterial with
immunomodulatory molecules. In another embodiment, the
present invention provides a method of diminishing immune
reactivity of a biomaterial by at least partially coating the
biomaterial with CD200 molecules. In another embodiment,
the biomaterial reduces immune reactivity by suppressing
macrophage activation and/or inflammation. In another
embodiment, the biomaterial is made up of metal or ceramic.
In another embodiment, the biomaterial is made up of one or
more of the following: poly ethylene glycol (PEG), poly
lactic-co-glycolic acid (PLGA), silicone, polyethylene,
polyether ether ketone (PEEK), polymethylmethacrylate,
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and polytetrafluoroethylene (PTFE). In another embodi-
ment, the CD200 molecules are conjugated to one or more
of the following: poly ethylene glycol (PEG), poly lactic-
co-glycolic acid (PLGA), silicone, polyethylene, polyether
ether ketone (PEEK), polymethylmethacrylate, and polytet-
rafluoroethylene (PTFE).

[0027] In another embodiment, the present invention pro-
vides a composition comprising a biomaterial and one or
more immunomodulatory molecules. In another embodi-
ment, the immunomodulatory material includes CD200, or
pharmaceutical equivalent, derivative, analog, or salt
thereof. In another embodiment, the present invention pro-
vides a method of treating inflammatory immune attack
and/or autoimmunity. In another embodiment, the biomate-
rial is made up of metal or ceramic. In another embodiment,
the biomaterial is made up of one or more of the following:
poly ethylene glycol (PEG), poly lactic-co-glycolic acid
(PLGA), silicone, polyethylene, polyether ether ketone
(PEEK), polymethylmethacrylate, and polytetrafluoroethyl-
ene (PTFE). In another embodiment, the CD200 molecules
are conjugated to one or more of the following: poly
ethylene glycol (PEG), poly lactic-co-glycolic acid (PLGA),
silicone, polyethylene, polyether ether ketone (PEEK),
polymethylmethacrylate, and  polytetrafluoroethylene
(PTFE).

[0028] As further disclosed herein, the inventors coated
materials with molecules that can interact with and regulate
immune cell function. These molecules are naturally
expressed by host cells and can prevent spurious activation
of immune cells against host tissue, and/or autoimmunity.
By leveraging natural interactions between host tissue and
immune cells, these materials can control immune cell
activation and harness the patient’s own regenerative poten-
tial to healthy tissue with minimal scarring around the
implant material. In one embodiment, the present invention
provides immunomodulatory materials that can control
inflammatory processes and/or fibrosis associated with
implantation of a foreign material. In another embodiment,
the present invention improves the overall function of the
device by limiting scar tissue. In another embodiment,
biomaterials may be modified with immunomodulatory pep-
tides and/or one or more small molecule agonists that confer
inhibition of macrophages. In another embodiment, CD200
may be used in combination with one or more other immu-
nomodulatory molecules or materials recognized by
immune cells molecules to optimize the tissue response. As
further disclosed herein, CD200 is highly expressed in the
placenta which fosters immune tolerance at the fetal-mater-
nal interface. In another embodiment, the present invention
includes incorporating immunoregulatory features of the
placenta to achieve immune tolerance.

[0029] The present invention is also directed to a kit for
preparing immunomodulatory materials and biomaterials
that reduce immune reactivity. For example, the kit is useful
for practicing the inventive method of implantable bioma-
terials and devices. The kit is an assemblage of materials or
components, including at least one of the inventive compo-
sitions. Thus, in some embodiments the kit contains a
composition including biomaterials coated by CD200, or
pharmaceutical equivalents, derivatives, analogs, and/or
salts thereof, as described above.

[0030] The exact nature of the components configured in
the inventive kit depends on its intended purpose. For
example, some embodiments are configured for the purpose
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of treating and/or decreasing scar tissue. In one embodiment,
the kit is configured particularly for the purpose of treating
mammalian subjects. In another embodiment, the kit is
configured particularly for the purpose of treating human
subjects. In further embodiments, the kit is configured for
veterinary applications, treating subjects such as, but not
limited to, farm animals, domestic animals, and laboratory
animals.

[0031] Instructions for use may be included in the kit.
“Instructions for use” typically include a tangible expression
describing the technique to be employed in using the com-
ponents of the kit to effect a desired outcome, such as to
implant a medical device in a subject. Optionally, the kit also
contains other useful components, such as, diluents, buffers,
pharmaceutically acceptable carriers, syringes, catheters,
applicators, pipetting or measuring tools, bandaging mate-
rials or other useful paraphernalia as will be readily recog-
nized by those of skill in the art.

[0032] The materials or components assembled in the kit
can be provided to the practitioner stored in any convenient
and suitable ways that preserve their operability and utility.
For example the components can be in dissolved, dehy-
drated, or lyophilized form; they can be provided at room,
refrigerated or frozen temperatures. The components are
typically contained in suitable packaging material(s). As
employed herein, the phrase “packaging material” refers to
one or more physical structures used to house the contents
of the kit, such as inventive compositions and the like. The
packaging material is constructed by well-known methods,
preferably to provide a sterile, contaminant-free environ-
ment. As used herein, the term “package” refers to a suitable
solid matrix or material such as glass, plastic, paper, foil, and
the like, capable of holding the individual kit components.
Thus, for example, a package can be a glass vial used to
contain suitable quantities of an inventive composition con-
taining one or more CD200molecules with biomaterials. The
packaging material generally has an external label which
indicates the contents and/or purpose of the kit and/or its
components.

EXAMPLES

[0033] The following examples are provided to better
illustrate the claimed invention and are not to be interpreted
as limiting the scope of the invention. To the extent that
specific materials are mentioned, it is merely for purposes of
illustration and is not intended to limit the invention. One
skilled in the art may develop equivalent means or reactants
without the exercise of inventive capacity and without
departing from the scope of the invention.

Example 1

Background of CD200

[0034] In one embodiment, the present invention lever-
ages natural interactions between immune cells and host
organisms or foreign bodies, namely the ability to distin-
guish “dangerous” from “non-dangerous”. Biocompatible
materials are created that can escape inflammatory immune
attack. An important feature of the immune system is the
ability to distinguish dangerous from non-dangerous sub-
stances, in order to specifically target infectious organisms
while preventing damage to the host itself. Pathogens dis-
play molecular patterns that are recognized by specific
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receptors expressed by immune cells, the binding of which
leads to cell activation. In contrast, host cells express surface
receptors including CD200, CD47, or CDS5S5 that specifically
inhibit inappropriate inflammatory immune, thus resulting in
prevention of deleterious spurious activation on self tissue.
Immunoregulatory molecules play an important role in
maintaining homeostasis and preventing immune hyperac-
tivity, and defects in these molecules have been shown to
lead to chronic inflammation and autoimmunity. CD200 is a
surface glycoprotein that delivers inhibitory signals to
immune cells including neutrophils and macrophages, and is
expressed in many tissues including endothelium, neurons,
and thymocytes. Notably, high levels of gene expression are
found in the placenta which provides immune tolerance
during pregnancy. Mice deficient in CD200 have increased
numbers of infiltrating macrophages and are susceptible to
autoimmune diseases and infections. Moreover, elevated
expression of CD200 protects from inflammation-mediated
neurodegeneration, and some cancers upregulate CD200 to
escape immune attack.

Example 2

Immunomodulatory Biomaterial

[0035] In one embodiment, the present invention provides
an immunomodulatory biomaterial, whereby materials are
designed to interact with specific receptors expressed on
host immune cells, and modulate their activation. The inven-
tors have demonstrated that coating materials with the
immunomodulatory molecule CD200 reduces the adhesion
and inflammatory activation of adhered immune cells (For
example, FIG. 1-3). Biomaterials decorated with immuno-
modulatory molecules will reduce inflammatory cell activa-
tion and thus prevent the ensuing inflammation and fibrosis
that results from material implantation. In addition, the
effective domain of the immunomodulatory protein CD200
is located within a peptide region. Biomaterials may be
modified with peptides, engineered peptide derivatives that
have enhanced binding properties, or a small molecule
agonist, that confers inhibition of macrophages. Moreover,
CD200 is one of several immunomodulatory molecules
recognized by immune cells, and materials combining other
immunomodulators or combinations of molecules, may be
used to optimize the tissue response. CD200 is highly
expressed in the placenta, which fosters immune tolerance at
the fetal-maternal interface. Thus, incorporating other
immunoregulatory features of the placenta may be used to
create an “artificial placenta” material to achieve immune
tolerance.

Example 3

Method of Fabrication

[0036] Recombinant protein methods along with biocon-
jugation strategies are used to tether immunomodulatory
proteins to biomaterials. To test our strategy, we cloned the
extracellular domain of CD200 (Origene, Inc.) into pEE14
expression vector (University of Queensland) along with a
His tag for purification and Avitag for site-specific bioti-
nylation at the C-terminus. The resultant vector was then
transfected into CHO.K1 cells (ATCC), which were then
selected, expanded, and cultured in a chemically-defined
media (Lonza) in order to minimize contaminating serum
proteins in the cell culture supernatant. Secreted recombi-
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nant protein was collected and purified from cell culture
supernatant using a nickel column, and then biotinylated
using biotin ligase (Avidity, Inc.). Biotinylated CD200 pro-
tein was bound to streptavidin-modified polystyrene sur-
faces. This general approach can be used to tether CD200 or
other immunomodulatory molecule to any biomaterial.
[0037] Peptide alternatives may also be used instead of
full protein, in which case the peptide may be synthesized
directly. In addition, while the inventors utilized biotin-
streptavidin (noncovalent, but strong K, =107'°M) interac-
tion to bind the extracellular domain of CD200 to material
surfaces, covalent conjugation methods may also be used to
increase stability of protein-modified surfaces. To accom-
plish this, bio-orthogonal click chemistries may be per-
formed, for example using native chemical ligation to create
alkyl-functionalized CD200, which can be reacted to an
azide-modified biomaterial.

Example 4

Advantages

[0038] Traditional methods to reduce the foreign body
response to biomaterials have focused on developing non-
adhesive materials that prevent protein and cell binding,
based on the notion that if interactions with immune cells are
prevented, then the inflammatory cascade that follows will
be attenuated. While this approach has had some success for
materials administered into a fluid environment such as the
bloodstream (for example, PEGylated drug delivery carri-
ers), it has not been effective for materials implanted in a
more static environment such as the tissue space. Alternative
approaches to immune inhibition may utilize pharmacologi-
cal agents, as has been introduced in the form of drug-
eluting stents. However, this approach can inhibit healing
and also induce cytotoxic effects in local tissue.

[0039] In contrast, in accordance with an embodiment
herein, the inventors did not seek to inhibit protein adsorp-
tion, nor elute pharmacological agents, but instead utilized
an endogenous protein expressed on host cells. Since CD200
is naturally expressed on cells to inhibit spurious and
nonspecific inflammatory activation, there are less difficul-
ties associated with cytotoxicity. Furthermore, expression of
the receptor to CD200, CD200R is upregulated in macro-
phages polarized towards a pro-healing phenotype, so that
CD200 ligation can in fact stimulate wound healing. Thus,
this immunomodulatory material can leverage the healing
potential of the host cells to regenerate healthy tissue in the
region surrounding the implant.

Example 5

Applications

[0040] Inaccordance with various embodiments described
herein, some applications of these materials include: (1)
coating sutures or other surgical devices, particularly those
used in skin tissue where visible scar formation is not
desirable (2) materials for vascular devices including stents
and vascular grafts where inflammation and fibrosis around
the device can lead to vessel occlusion, (3) materials used
for biosensors, device leads (pacemakers, neurostimulators,
etc) or cell encapsulation devices, where transport of signals
from the tissue to the device may be impeded by fibrotic
scar, and (4) tissue engineering or regenerative medicine
applications in which the immune response to implanted
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scaffolds may induce scar formation that limits integration
of engineered tissue with the host, for example materials for
spinal cord regeneration.

Example 6

Results

[0041] The inventors show that immobilization of CD200,
a potent ligand for active immunomodulation, onto a model
biomaterial surface effectively inhibits material-induced
host response. The inventors first generated soluble recom-
binant CD200 protein from mammalian CHO-K.1 cells
transfected with plasmid DNA containing the extracellular
region of CD200, AviTag sequence at the COOH terminus
for site-specific biotinylation, and 6x His sequence for
purification (FIG. 4a). Supernatant containing the secreted
protein product was concentrated and purified, and then
subjected to SDS- and native PAGE for characterization. A
single band was observed in the Coomassie-stained gel at
approximately 50 kDa (FIG. 4a), which was expected for the
heavily glycosylated 25 kDa protein. The presence of pro-
tein was further confirmed by Western blot. The purified
CD200 protein product was enzymatically biotinylated and
then immobilized onto streptavidin-coated polystyrene sur-
faces.

[0042] To characterize the binding capacity of the surface,
varying amounts of CD200-biotin were incubated in a
streptavidin-coated polystyrene 96-well microplate for 2 h
and rinsed. Immobilized CD200 was evaluated using a
fluorescently labeled antibody directed against the extracel-
Iular domain of CD200. Measured fluorescence intensity
linearly increased from 0.001 to 0.5ug (0.02 to 10 pmol) of
CD200 added to each well, and the surface was saturated
with ~0.5-1 ng (10-20 pmol) of CD200 added to each well
(FIG. 4b4). The stability of the CD200-immobilized surfaces
was assessed by characterizing changes in CD200 density on
polystyrene surfaces incubated in PBS at 37° C. for two
weeks after coating with 0.05 or 1 pg of CD200. The
fluorescence intensity was measured after 0, 1, 3, 7, and 14
days, and showed no significant decrease in intensity, indi-
cating that the immobilized CD200 remained stable for at
least 2 weeks.

[0043] The immune-inhibitory properties of CD200-
modified surfaces were evaluated in vitro by examining the
response of bone-marrow derived macrophages (BMDM)
seeded on the CD200-coated or plain polystyrene surface,
followed by 18 hour stimulation with IFN-y and/or LPS,
potent stimulators of inflammation. The inventors found that
modification of surfaces with CD200 caused the BMDM to
have a more rounded morphology compared to cells on
polystyrene, and that cells clustered together when IFN-y
was present (FIG. 5a). However, cells on the polystyrene
surface were spread in all conditions, and dramatic differ-
ences were not observed between stimulated and unstimu-
lated cells due to the confluency of the culture. The rounded
morphology observed in cells cultured on CD200-modified
surface suggests reduced macrophage inflammatory activa-
tion.

[0044] To assess macrophage activation, the release of
pro-inflammatory cytokines, TNF-c. and 1[.-6, was exam-
ined by ELISA. BMDM were seeded on CD200-coated
surfaces, and streptavidin-coated and uncoated surfaces as
controls, and stimulated with LPS and/or IFN-y. It was
found that cells seeded on CD200-coated wells exhibited
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lower secretion levels of both TNF-a and IL-6 (FIG. 5b),
when compared to the control surfaces. In addition, IFN-y
and/or LPS induced secretion of TNF-a and IL-6 was also
inhibited by the CD200-coated surface. These differences
were not caused by changes in cell viability, since cells on
CD200-coated and uncoated surfaces were all viable. The
minimum concentration of CD200 coating density necessary
to efficiently inhibit macrophage activation was 1 pmol
(0.05ng)/well. Moreover, the orientation of protein was
important for the maximal inhibition of inflammation. Cells
cultured on CD200 surfaces that were generated by a
non-site specific reaction between exposed amine groups on
the protein and a maleic-anhydride activated polystyrene
surface exhibited greater levels of inflammatory cytokine
secretion when compared to cells cultured on CD200-coated
surface created using the biotin-streptavidin site-specific
interaction.

[0045] The immunomodulatory effect of CD200 coating
was confirmed using 20 pm diameter polystyrene micro-
beads as a base material, because this system could easily be
tested in in vivo experiments. The inventors first assessed
the materials in vitro by seeding BMDM on tissue culture
polystyrene, and then adding CD200-coated, streptavidin-
conjugated, or plain polystyrene microbeads to the cell
culture medium, along with IFN-y and/or LPS. Macrophages
were the most highly activated in response to plain poly-
styrene beads, and activation was moderately reduced by
coating the microbead surface with streptavidin. Only
CD200-coated microbeads significantly inhibited macro-
phage activation, and reduced the level of secreted pro-
inflammatory cytokines by greater than 70% in all condi-
tions tested (FIG. 5¢). This result demonstrated that the
ligation of immobilized CD200 to CD200R on macrophages
significantly suppressed their activation, while streptavidin
only partially reduced macrophage activation.

[0046] To evaluate whether CD200 provides a sufficient
inhibitory signal to alleviate the foreign body response in
vivo, the inventors next examined the effect of CD200 on the
inflammatory response to materials subcutaneously injected
into mice. CD200-coated, streptavidin-conjugated, and plain
polystyrene microbeads were injected into the subcutaneous
region on the dorsal side of C57BL/6 mice. Twenty-four
hours after implantation, skin tissue containing the injected
microbeads were retrieved, and stained with hematoxylin
and eosin (H&E). Many infiltrated cells were observed in the
tissue surrounding the plain polystyrene microbeads,
whereas a moderate amount of infiltrated cells were found
near streptavidin-conjugated microbeads, and even fewer
inflammatory cells were present near CD200-coated micro-
beads (FIG. 6a). These data were well-correlated with levels
of inflammatory cytokines released by macrophages after
incubation with CD200-coated microbeads in vitro (FIG.
5¢).

[0047] To assess the inflammatory response in a more
quantitative manner, the inventors examined the release of
reactive oxygen species (ROS) at the site of material implan-
tation by bioluminescence imaging. Luminol (5-amino-2,3-
dihydro-1,4-phthlazinedione) and lucigenin (bis-N-methyl-
acridinium nitrate) were used as complementary probes to
detect reactive oxygen species released by neutrophils and
macrophages, respectively. Twenty-four hours after micro-
bead injection, bioluminescent agents were administered
and animals were imaged approximately 10-20 minutes
afterwards, which was determined to be the timepoint for
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peak luminescence. Quantification of luminescence, or flux
of photons, revealed that plain polystyrene microbeads
induced the highest level of ROS, and CD200-coated micro-
beads elicited a significantly lower signal (FIG. 65 and c).
Modification with streptavidin, again, only moderately
reduced ROS levels. These data further confirm the in vitro
cytokine production and in vivo histological observations,
and suggest that CD200 indeed lowers the level of inflam-
mation when compared to uncoated or streptavidin-coated
control microbeads.

[0048] This study provides critical evidence demonstrat-
ing that the immunomodulatory molecule, CD200, coated
onto biomaterial surfaces functions to mitigate the inflam-
matory response. Importantly, the inventors observed an
inhibitory effect using multiple in vitro and in vivo models.
Thus, a new paradigm for materials used in biomedical
implants, where materials are designed to actively modulate
local immune response through specific molecular interac-
tions with surface receptors expressed by immune cells. This
strategy may also be explored for the delivery of nanothera-
peutics. Translation of this technology will likely be
enhanced by the discovery of small immunomodulatory
molecules, for example a peptide fragment of CD200,which
may have a similar inhibitory function to the full protein. In
addition, there may also be covalent conjugation of CD200
to clinically relevant synthetic biomaterials such as PEG and
PLGA, or natural biopolymers such as fibrin or collagen.
Ultimately, the general strategy of coating biomaterials with
immunomodulatory molecules to evade immune response to
implanted materials may improve the efficacy of numerous
medical devices.

Example 7

Generation of Recombinant mCD200 Protein

[0049] CD200-AviTag recombinant protein was con-
structed in the following order (N- to C-termini): the extra-
cellular domain of mouse CD200 (GenBank Accession
Number AAB93980; amino acids 1-232), a 15-amino acid
stiff linker sequence (SLSTPPTPSPSTPPT), an AviTag
amino acid sequence (GLNDIFEAQKIEWHE) for bioti-
nylation, and a 6x His sequence for purification. The stiff
linker-AviTag fragment was generated by high-temperature
annealing, followed by primer extension. Plasmids encoding
the extracellular domain of mCD200 (¢DNA sequence 187-
882) were PCR amplified using primers and PCR condition
described in Supplementary Information. The constructed
gene encoding (HindIII)-mCD200-(BamHI)-AviTag-6x
His-stop-(Xbal) was transferred to a pEE14 expression
vector (The University of Queensland, Brisbane, Australia).
The final sequence of the gene was confirmed by DNA
sequencing.

[0050] CHO-K.1 cells (ATCC, Manassas, Va.) were cul-
tured according to published protocols and described in
Supplemental Information. The cells were stably transfected
with plasmid DNA of pEE14 vector containing mCD200-
AviTag-6x His gene and the glutamine synthase minigene as
a selectable marker, using lipofectamine LTX (Invitrogen)
according to the manufacturer’s instructions. Cells contain-
ing the transfected plasmid were selected in a glutamine-free
culture media with 25-50 pM 1-methionine sulfoximine
(Sigma). Among ~10-15 colonies, a transfected CHO-K.1
cell line secreting the largest amount of mCD200-AviTag-6x
His was determined by Western blot. Cells from the selected
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cell line were grown for 8 days in serum-free condition using
chemically defined Pro CHO-AT media (Lonza, Verviers,
Belgium) containing 1% HT supplement (Gibco). Superna-
tant containing CD200 protein was collected, filtered
through a polyethylenesulfone 0.22-um filter, and concen-
trated using a Pellicon XL Device and Labscale Tangential
Flow Filtration system (Millipore). Concentrated superna-
tant was purified by applying to a HisTrap Ni column (GE
healthcare, Uppsala, Sweden) at 4° C. Purified mCD200-
AviTag protein was detected by Western blot after running
the protein on native-PAGE, and further biotinylated by
incubating with BirA enzyme at 30° C. for 2 h following the
manufacturer’s instructions (Avidity, Aurora, Colo.). Protein
concentration was determined using tBCA Protein Assay
Kit (Thermo Scientific, Rockford, IL). One liter of medium
yielded approximately 1 mg of biotinylated mCD200. Puri-
fied protein contained less than 30 EU/mg protein, as
determined by the Limulus Amebocyte Lysate gel clot
endotoxin assay kit (GenScript, Piscataway, N.J.).

Example 8

Preparation of CD200-coated Surfaces

[0051] Biotinylated CD200 was immobilized to streptavi-
din-coated 96-well plate (Thermo Scientific) at room tem-
perature for 2 h under shaking, washed three times with Tris
buffer containing 0.1% BSA and 0.05% Tween-20. The
density of CD200 coated on the well was measured by
incubating with a saturating concentration of PE-conjugated
anti-mCD200 (rat IgG2a) (BioLegend) for 30 min at room
temperature under agitation. Plates were washed thoroughly
and incubated in PBS. The fluorescence intensity at 590 nm
emission with 544 nm excitation was measured by a Spec-
traMax plate reader (Molecular Devices, Sunnyvale, Calif.).
[0052] To generate CD200-coated microspheres, 20
um-diameter carboxyl-functionalized polystyrene micro-
spheres were purchased from Bangs Laboratories (Fishers,
Ind.), and streptavidin (Sigma) was conjugated onto micro-
spheres using NHS and EDC coupling chemistry. 100 mg of
carboxylated microspheres were sterilized in 70% ethanol,
washed by centrifugation, and resuspended in activation
buffer (100 mM MES, pH 5.5). 30 mg of 1-ethyl-amino-
propyl-carbodiimide (EDC, Thermo Scientific) and 45 mg
of N-hydroxysuccinimide (NHS, Thermo Scientific) were
introduced simultaneously, and incubated for 15 min at room
temperature with continuous mixing. Unreacted EDC and
NHS were removed by several PBS washes, and the NETS-
ester-modified microspheres were combined with 0.5 mg of
streptavidin dissolved in PBS and mixed for 2 h at room
temperature. Remaining active NETS esters were deacti-
vated using 30 mM ethanolamine with 0.05% BSA, and
streptavidin-coated microspheres were blocked with Super-
block solution (Thermo Scientific) after several washes.
Finally, biotinylated CD200 solution was added to strepta-
vidin-conjugated microspheres.

Example 9

Macrophage Response In Vitro

[0053] Mouse C57BL/6 macrophage cells derived from
bone marrow were cultured in DMEM (Gibco, Carlsbad,
Calif.) supplemented with 10% heat-inactivated FCS, 2 mM
r-glutamine, 10%
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[0054] M-CSF, 100 U/mL penicillin, and 100 ng/mL strep-
tomycin. On day 7 of growth, cells were dislodged using
cell-dissociation buffer (Gibco) after washing twice with
Hank’s Balanced Salt Solution (HBSS, Gibco). 1 ug of
CD200-biotin per well was incubated in a streptavidin
coated polystyrene microplate for 2 h at room temperature
under shaking. After washing thoroughly with sterile PBS
(Lonza), 1x10° of bone marrow macrophages were seeded
on CD200-modified, streptavidin-coated, and plain polysty-
rene surfaces.

[0055] For incubation with CD200-coated microbeads,
1x10° macrophages were seeded into each well of a 96-well
polystyrene tissue culture plate, and 8x10* plain polysty-
rene, streptavidin-conjugated, or CD200-coated micro-
spheres were added 2 h later. After an additional 2 h, cells
were stimulated with 0.5 ng/ml. recombinant murine IFN-y
(R&D systems, Minneapolis, Minn.), and/or 0.05 ng/mL .
coli LPS (Sigma) for 18 h. Phase contrast images were
acquired with an inverted microscope (Nikon Eclipse
TE300) with a 20x objective to observe the cell morphology.
Cell culture supernatants were collected and analyzed for
secretion of pro-inflammatory cytokines, IL.-6 and TNF-c,
by enzyme-linked immunoabsorbent assay (ELISA) follow-
ing the manufacturer’s instructions (BioLegend, San Diego,
Calif.). Student’s t-test was performed to compare each
condition with cells on plain polystyrene surfaces or treated
with plain polystyrene beads, and p<0.05 was considered
statistically significant.

Example 10

Biomaterial Implantation, In Vivo Imaging and
Histology

[0056] All procedures involving animals were performed
in accordance with UC Irvine Institute for Animal Care and
Use Committee (IACUC) approved protocols. 6-8 week-old
female C57BL/6 mice (Jackson Laboratories, Sacramento,
Calif.) were anesthetized by 2-3% isoflurane inhalation.
CD200-coated microbeads, streptavidin-conjugated, and
plain polystyrene microbeads were injected subcutaneously
on the dorsal side of mice after removal of hair and disin-
fecting the skin surface. Each injection contained 100 pL of
20% (w/v) particle suspension in PBS. For tissue harvest and
histology processing, mice were euthanized and skin
samples containing the injected microparticles were excised
and fixed in 10% formalin solution, embedded in paraffin
blocks, sectioned and stained with hematoxylin and eosin
(H&E) by AML Laboratories (Baltimore, Md.). The histol-
ogy slides were imaged using a microscope (Nikon Eclipse
E800) equipped with a 40x objective and an Olympus
camera.

[0057] For luminol and lucigenin bioluminescence imag-
ing, 50 mg/mL of luminol (Alfa Aesar, Ward Hill, Mass.)
and 5 mg/ml. of lucigenin (Sigma) stock solutions were
prepared in sterile PBS prior to injection. Solutions (100 pL)
were 1.p. injected into mice, and animals were imaged using
the IVIS imaging system (Caliper Life Sciences, Hopkinton,
Mass.) approximately 10-20 minutes after luminol/lucigenin
injection and using a 1 min exposure time. The images were
analyzed with Living Image software (Caliper Life Sci-
ences) and the total photon flux was quantified for each bead
type. Student’s t-test was performed to compare with bio-
luminescence generated at plain polystyrene beads injection
sites and p<0.05 was considered statistically significant.
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[0058] The various methods and techniques described
above provide a number of ways to carry out the invention.
Of course, it is to be understood that not necessarily all
objectives or advantages described may be achieved in
accordance with any particular embodiment described
herein. Thus, for example, those skilled in the art will
recognize that the methods can be performed in a manner
that achieves or optimizes one advantage or group of advan-
tages as taught herein without necessarily achieving other
objectives or advantages as may be taught or suggested
herein. A variety of advantageous and disadvantageous
alternatives are mentioned herein. It is to be understood that
some preferred embodiments specifically include one,
another, or several advantageous features, while others spe-
cifically exclude one, another, or several disadvantageous
features, while still others specifically mitigate a present
disadvantageous feature by inclusion of one, another, or
several advantageous features.

[0059] Furthermore, the skilled artisan will recognize the
applicability of various features from different embodi-
ments. Similarly, the various elements, features and steps
discussed above, as well as other known equivalents for each
such element, feature or step, can be mixed and matched by
one of ordinary skill in this art to perform methods in
accordance with principles described herein. Among the
various elements, features, and steps some will be specifi-
cally included and others specifically excluded in diverse
embodiments.

[0060] Although the invention has been disclosed in the
context of certain embodiments and examples, it will be
understood by those skilled in the art that the embodiments
of the invention extend beyond the specifically disclosed
embodiments to other alternative embodiments and/or uses
and modifications and equivalents thereof.

[0061] Many variations and alternative elements have
been disclosed in embodiments of the present invention.
Still further variations and alternate elements will be appar-
ent to one of skill in the art. Among these variations, without
limitation, are the selection of constituent modules for the
inventive compositions, and the diseases and other clinical
conditions that may be diagnosed, prognosed or treated
therewith. Various embodiments of the invention can spe-
cifically include or exclude any of these variations or
elements.

[0062] In some embodiments, the numbers expressing
quantities of ingredients, properties such as concentration,
reaction conditions, and so forth, used to describe and claim
certain embodiments of the invention are to be understood as
being modified in some instances by the term “about.”
Accordingly, in some embodiments, the numerical param-
eters set forth in the written description and attached claims
are approximations that can vary depending upon the desired
properties sought to be obtained by a particular embodiment.
In some embodiments, the numerical parameters should be
construed in light of the number of reported significant digits
and by applying ordinary rounding techniques. Notwith-
standing that the numerical ranges and parameters setting
forth the broad scope of some embodiments of the invention
are approximations, the numerical values set forth in the
specific examples are reported as precisely as practicable.
The numerical values presented in some embodiments of the
invention may contain certain errors necessarily resulting
from the standard deviation found in their respective testing
measurements.
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[0063] In some embodiments, the terms “a” and “an” and
“the” and similar references used in the context of describ-
ing a particular embodiment of the invention (especially in
the context of certain of the following claims) can be
construed to cover both the singular and the plural. The
recitation of ranges of values herein is merely intended to
serve as a shorthand method of referring individually to each
separate value falling within the range. Unless otherwise
indicated herein, each individual value is incorporated into
the specification as if it were individually recited herein. All
methods described herein can be performed in any suitable
order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or
exemplary language (e.g. “such as™) provided with respect
to certain embodiments herein is intended merely to better
illuminate the invention and does not pose a limitation on the
scope of the invention otherwise claimed. No language in
the specification should be construed as indicating any
non-claimed element essential to the practice of the inven-
tion.
[0064] Groupings of alternative elements or embodiments
of the invention disclosed herein are not to be construed as
limitations. Each group member can be referred to and
claimed individually or in any combination with other
members of the group or other elements found herein. One
or more members of a group can be included in, or deleted
from, a group for reasons of convenience and/or patentabil-
ity.
[0065] Preferred embodiments of this invention are
described herein, including the best mode known to the
inventors for carrying out the invention. Variations on those
preferred embodiments will become apparent to those of
ordinary skill in the art upon reading the foregoing descrip-
tion. It is contemplated that skilled artisans can employ such
variations as appropriate, and the invention can be practiced
otherwise than specifically described herein. Moreover, any
combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless
otherwise indicated herein or otherwise clearly contradicted
by context.
[0066] Furthermore, numerous references have been made
to patents and printed publications throughout this specifi-
cation. Each of the above cited references and printed
publications are herein individually incorporated by refer-
ence in their entirety.
[0067] In closing, it is to be understood that the embodi-
ments of the invention disclosed herein are illustrative of the
principles of the present invention. Other modifications that
can be employed can be within the scope of the invention.
Thus, by way of example, but not of limitation, alternative
configurations of the present invention can be utilized in
accordance with the teachings herein. Accordingly, embodi-
ments of the present invention are not limited to that
precisely as shown and described.

1. A method of diminishing immune reactivity of a
biomaterial, comprising:

providing a biomaterial; and

at least partially coating the biomaterial surface with

CD200 molecules, or a pharmaceutical equivalent,
derivative, analog and/or salt thereof.

2. The method of claim 1, wherein the CD200 molecules
are soluble recombinant CD200 protein.

3. The method of claim 1, wherein the at least partially
coated biomaterial surface suppresses immune cells.
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4. The method of claim 1, wherein the at least partially
coated biomaterial surface suppresses macrophage activa-
tion and/or inflammation.

5. The method of claim 1, wherein the at least partially
coated biomaterial surface suppresses the release of reactive
oxygen species (ROS).

6. The method of claim 1, wherein the biomaterial is of
polystyrene. The method of claim 1, wherein the biomaterial
is a polystyrene microbead.

8. The method of claim 1, wherein the biomaterial surface
is coated at a CD200 density of 1 pmol (0.05 ug)/well.

9. The method of claim 1, wherein the biomaterial surface
is coated by CD200 using a non-site specific reaction
between exposed amine groups of CD200 and a maleic-
anhydride activated surface.

10. The method of claim 1, wherein the biomaterial is
implanted into a mammal.

11. The method of claim 1, wherein the biomaterial is an
implantable medical device.

12. The method of claim 1, wherein the biomaterial is a
surgical tool.

13. The method of claim 1, wherein the biomaterial is a
transplanted organ.

14. The method of claim 1, wherein the CD200 molecules
are conjugated to poly ethylene glycol (PEG) and/or poly
lactic-co-glycolic acid (PLGA).

15. The method of claim 1, wherein the CD200 molecules
are conjugated to fibrin and/or collagen.

16. The method of claim 1, wherein the CD200 molecules
are conjugated to silicone, polyethylene, polyether ether
ketone (PEEK), polymethylmethacrylate, and/or polytetra-
fluoroethylene (PTFE).

17. The method of claim 1, wherein the biomaterial
includes silicone, polyethylene, polyether ether ketone
(PEEK), polymethylmethacrylate, and/or polytetrafluoro-
ethylene (PTFE).

18. The method of claim 1, wherein the biomaterial is
made of metal and/or ceramic.

19. A method of preparing a biomedical device, compris-
ing:

providing a biomedical device;

coating the biomedical device surface with a material

designed to modulate immune response through
molecular interactions with surface receptors expressed
by immune cells.

20. The method of claim 19, wherein the material com-
prises a plurality of CD200 molecules, or a pharmaceutical
equivalent, derivative, analog and/or salt thereof.

21. The method of claim 19, wherein the surface receptors
expressed by immune cells are CD200R.

22. The method of claim 19, wherein the biomedical
device surface is polystyrene.

23. The method of claim 19, wherein the biomedical
device comprises silicone, polyethylene, polyether ether
ketone (PEEK), polymethylmethacrylate, and/or polytetra-
fluoroethylene (PTFE).
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24. A composition comprising a biomaterial and one or
more CD200 molecules, or a pharmaceutical equivalent,
derivative, analog and/or salt thereof.

25. The composition of claim 24, wherein the composi-
tion is administered as part of an overall treatment regimen.

26. The composition of claim 24, wherein the biomaterial
is a medical and/or implantable device.

27. The composition of claim 24, wherein the biomaterial
is a therapeutic.

28. The composition of claim 24, wherein the biomaterial
is a transplant organ.

29. A medical device, comprising a medical device sur-
face at least partially coated by one or more molecules that
diminish immune reactivity.

30. The medical device of claim 29, wherein the one or
more molecules that diminish immune reactivity comprise
CD200 molecules, or a pharmaceutical equivalent, deriva-
tive, analog and/or salt thereof.

31. The medical device of claim 29, wherein the one or
more molecules that diminish immune reactivity reduce
inflammation and/or fibrosis that results from implantation.

32. The method of claim 29, wherein the one or more
molecules that diminish immune reactivity are conjugated to
poly ethylene glycol (PEG) and/or poly lactic-co-glycolic
acid (PLGA).

33. The method of claim 29, wherein the one or more
molecules that diminish immune reactivity are conjugated to
fibrin and/or collagen.

34. The method of claim 29, wherein the medical device
surface comprises silicone, polyethylene, polyether ether
ketone (PEEK), polymethylmethacrylate, and/or polytetra-
fluoroethylene (PTFE).

35. A method of treating a subject, comprising:

providing a composition comprising a biomaterial and

one or more CD200 molecules;

and administering a therapeutically effective dosage to the

subject.

36. The method of claim 35, wherein administering the
composition treats an inflammatory immune attack and/or an
autoimmune condition in the subject.

37. The method of claim 35, wherein administering the
composition decreases scar tissue in the subject.

38. The method of claim 35, wherein the one or more
CD200 molecules are conjugated to poly ethylene glycol
(PEG) and/or poly lactic-co-glycolic acid (PLGA).

39. The method of claim 35, wherein the one or more
CD200 molecules are conjugated to silicone, polyethylene,
polyether ether ketone (PEEK), polymethylmethacrylate,
and/or polytetrafluoroethylene (PTFE).

40. The method of claim 35, wherein the one or more
CD200 molecules are conjugated to fibrin and/or collagen.
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