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ELUTABLE SURFACE COATING

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No.
60/513,057, filed October 21, 2003, which application is incorporated by reference. A
corresponding prior United States National application was filed October 20, 2004, titled
Elutable Surface Coating, in the name of Jennifer A. Neff, Karin D. Caldwell, Jonas
Andersson, Bo Nilsson, and Kristina Nilsson-Ekdahl, docket 3482.2.1.

BACKGROUND OF THE INVENTION

[0002] This invention relates to use of elutable coatings on medical devices for
the purpose of delivering compounds.

[0003] The systemic administration of drug agents, such as by intravenous
means, treats the body as a whole even though the disease to be treated may be localized.
Thus, it has become common to treat a variety of medical conditions by introducing an
implantable medical device partly or completely into a body cavity within a human or
veterinary patient. For example, many treatments of the vascular system entail the
introduction of a device such as a stent, catheter, balloon, guide wire, cannula or the like.
One of the potential drawbacks to conventional drug delivery techniques with the use of
these devices being introduced into and manipulated through the vascular system is that
blood vessel walls can be disturbed or injured. Clot formation or thrombosis often results
at the injured site, causing stenosis (closure) of the blood vessel.

[0004] Other conditions and diseases are also treatable with stents, catheters,
cannulae and other devices inserted into the esophagus, trachea, colon, biliary tract, urinary
tract and other locations in the body, or with orthopedic devices, implants, or
replacements, for example.

[0005] Other drawbacks of conventional means of drug delivery using such
devices is the difficulty in effectively delivering the bioactive agent over a short term (that
is, the initial hours and days after insertion of the device) as well as over a long term (the
weeks and months after insertion of the device). Another difficulty with the conventional
use of stents for drug delivery purposes is providing precise control over the delivery rate

of the desired bioactive agents, drug agents or other bioactive material.
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BRIEF SUMMARY OF THE INVENTION

[0006] It is desirable to develop devices and methods for reliably delivering
suitable amounts of therapeutic agents, drugs or bioactive materials directly into a body
portion during or following a medical procedure, so as to treat or prevent such conditions
and diseases, for example, to prevent abrupt closure and/or restenosis of a body portion
such as a passage, lumen or blood vessel.

[0007] 1In view of the potential drawbacks to conventional drug delivery
techniques, there exists a need for a device, method and method of manufacture which
enable a controlled localized delivery of active agents, drug agents or bioactive material to
target locations within a body.

[0008] One embodiment is a class of compounds for coating a medical device

for with the formula:

BIOACTIVE AGENT —TABILELINKER __1c0pOLYMER

wherein the copolymer comprises one or more hydrophilic domains and at least one
hydrophobic domain, labile linker is a linkage that can be cleaved by a controlled factor,
and the bioactive agent is any agent such as a pharmaceutical agent or drug or other
material that has a therapeutic effect.

[0009] Another embodiment is a medical device comprising a class of
compounds for coating the medical device with the formula:

BIOACTIVE AGENT

wherein the copolymer comprises one or more hydrophilic domains and at least one
hydrophobic domain, labile linker is a linkage that can be cleaved by a controlled factor,
and the bioactive agent is any agent such as a pharmaceutical agent or drug or other
material that has a therapeutic effect.

[0010] Another embodiment is a method of coating a medical device with a
surface coating comprising a bioactive agent with the formula:

LABILE LINKER COPOLYMER

BIOACTIVE AGENT

wherein the copolymer comprises one or more hydrophilic domains and at least one
hydrophobic domain, labile linker is a linkage that can be cleaved by a controlled factor,
and the bioactive agent is any agent such as a pharmaceutical agent or drug or other
material that has a therapeutic effect.
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[0011] Another embodiment is a method of delivering a bioactive compound to
a patient with a medical device with a surface coating comprising a bioactive agent with

the formula:

BIOACTIVE AGENT |—ABILELINKER _~6po YMER

wherein the copolymer comprises one or more hydrophilic domains and at least one
hydrophobic domain, labile linker is a linkage that can be cleaved by a controlled factor,
and the bioactive agent is any agent such as a pharmaceutical agent or drug or other
material that has a therapeutic effect.

[0012] Other systems, methods, features, and advantages of preferred
embodiments will be or become apparent to one with skill in the art upon examination of
the following drawings and description. It is intended that all such additional systems,
methods, features, and advantages be included within this description, be within the scope

of preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 is a graph showing activity of unmodified Factor H and Factor
H derivatized with different concentrations of N-succinimidyl 3-(2-pyridyldithio)-
propionate (SPDP).

[0014] Figure 2 is a graph showing relative absorbance as a result of Factor H
being coupled to polystyrene (PS) in a dose dependent manner using end-group activated
polymer (EGAP).

[0015] Figure 3A is a graph showing relative absorbance as a result of Factor H
being immobilized on polyether sulfone (PES).

[0016] Figure 3B is a graph showing relative absorbance as a result of Factor H
being immobilized on polyurethane (PU).

[0017] Figure 3C is a graph showing relative absorbance as a result of Factor H
being immobilized on polytetrafluoroethylene (PTFE).

[0018] Figure 3D is a graph showing relative absorbance as a result of Factor H
being immobilized on cellulose acetate (CA).

[0019] Figure 3E is a graph showing relative absorbance as a result of Factor H
being immobilized on polystyrene (PS).
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[0020]  Figure 4 is a graph showing C3a levels in serum samples that were
incubated with untreated PS, polystyrene coated with EGAP, PS coated with EGAP and
incubated with native Factor H, or PS coated with EGAP and incubated with SPDP
modified Factor H.

[0021]  Figure 5 is a graph showing results of EIA for Factor H bound to
various substrates: (A) untreated stainless steel; (B) pretreated stainless steel; (C) stainless
steel coated with Factor H; (D) pretreated stainless steel coated with Factor H; (E)
pretreated stainless steel coated with F108 followed by Factor H; (F) pretreated stainless
steel coated with EGAP followed by Factor H.

DETAILED DESCRIPTION OF THE INVENTION

[0022]  The preferred embodiments provides a coating comprising a bioactive
compound for implantable medical devices and methods for the controlled, localized
delivery of a bioactive agent to target locations within a body. The term “controlled
localized delivery” as used herein is defined as a characteristic release rate of the bioactive
agent at a fixed location.

[0023] In an embodiment, a coating is applied to the device comprising a
copolymer, a labile linker, and a bioactive agent. Hence, a coating of preferred
embodiments provides a copolymer component for adhering to a medical device, a labile
linker, and a bioactive agent, as shown below:

BIOACTIVE AGENT

wherein the copolymer comprises one or more hydrophilic domains and at least one
hydrophobic domain, labile linker is a linkage that can be cleaved by a controlled factor,
and the bioactive agent is any agent such as a pharmaceutical agent or drug or other
material that has a therapeutic effect. Preferred embodiments include a medical device
comprising a class of compounds with the formula:

LABILELINKER  [S555 VMER

BIOACTIVE AGENT

wherein the copolymer comprises one or more hydrophilic domains and at least one
hydrophobic domain, labile linker is a linkage that can be cleaved by a controlled factor,
and the bioactive agent is any agent such as a pharmaceutical agent or drug or other

material that has a therapeutic effect.
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[0024] In certain embodiments, the surface to be coated is hydrophobic.
Examples of preferred surfaces include, but are not limited to polystyrene (PS),
polymethylmethacrylate (PMMA), polyolefins (e.g. polyethylene (PE), polypropylene
(PP)), polyvinylchloride (PVC), silicones, polyacrylonitrile (PAN), copolymers of
polyacrylonitrile/polyvinal chloride, polysulfone, poly (ether sulfone) (PES), certain
polyurethanes, pyrolized materials, and copolymers containing these constituents. Lesser
hydrophobic materials and biodegradable materials are also contemplated by the preferred
embodiments. These materials include, but are not limited to, polyvinyl acetate (PVAC),
cellulose acetate, biodegradable polymers such as (PGA)), polylactide (PLA), poly(e-
caprolactone, poly(dioxanone) (PDO), trimethylene carbomate, (TMC) polyaminoacids,
polyesteramides, polyanhydrides, polyorthoesters and copolymers of these materials.

[0025] The coating composition can also be used to coat metals including
stainless steel, nitinol, tantalum and cobalt chromium alloys. It is recognized that such
materials may require a pretreatment to achieve stable bonding of the coating composition
to the substrate. Such pretreatments are well known to those skilled in the art and may
involve such processes as silanization or plasma modification. A coating is applied to the
material in the form of a multiblock copolymer that contains one or more hydrophilic
domains and at least one hydrophobic domain. The hydrophobic domain can be adsorbed
to a hydrophobic surface by hydrophobic bonding while the hydrophilic domains can
remain mobile in the presence of a fluid phase.

[0026]  Preferred copolymer units for forming the copolymer coating of
preferred embodiments include, but are not limited to, polyethylene oxide (PEO) and
polypropylene oxide (PPO), PEO and polybutadiene, PEO and poly(N-
acetylethyleneimine), PEO and phenyl boronic acid, PEO and polyurethane, PEO and
polymethylmethacrylate (PMMA), and PEO and polydimethyl sulfoxide. In the preceding
pairs of copolymer units, preferably, the hydrophilic domainn comprises PEO. Copolymers
using copolymer units of this type and their application to coating materials to prevent
protein adsorption have been described previously [25-30, 3 1, Han, 1993 #46] .

[0027]  In a certain embodiment, the copolymer comprises pendant or dangling
hydrophilic domains, such as poly(ethylene oxide) (PEO) chains. The other domain(s) of
the copolymer comprises a hydrophobic domain, such as a poly(propylene oxide) (PPO)
chain. Additionally, a linking group (R) is attached to the copolymer on one end adjacent

-5-
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to the hydrophilic domain to form an end-group activated polymer. For example, the end-
group activated polymer may be in the form of any arrangement of the PEO and PPO
blocks with the general formula:
(R-PEO), (PPO)p )]

where a and b are integers, are the same or different and are at least 1, preferably a is
between 1 and 6, and b is between 1 and 3, more preferably ais 1 to 2, and b is 1. The
polymeric block copolymer has a PEO (-C;H4-O-) content between 10 wt % and 80 wt%,
preferably 50 wt % and 80 wt %, more preferably between 70 wt % and 80 wt %.

[0028] The PEO chains or blocks are of the general formula:

-(-CoHy-0-)y @
where u is the same or different for different PEO blocks in the molecule. Typically, u is
greater than 50, preferably between 50 and 150, more preferably between 80 and 130. The
PPO blocks are of the general formula;

~(-C3Hg-0O-)y 3)
where v may be the same or different for different PPO blocks in the molecule. Typically,
v is greater than 25, preferably between 25 and 75, more preferably between 30 and 60.

[0029] The copolymers may be branched structures and include other structures
(e.g. bridging structures, or branching structures) and substituents that do not materially
affect the ability of the copolymer to adsorb upon and cover a hydrophobic surface.
Examples include the following copolymers described in the following paragraphs.

[0030] In another embodiment, the end-group activated polymer of preferred
embodiments is a derivative of a polymeric tri-block copolymer with pendant R groups, as
in Formula (4), below. For example, these tri-block copolymers have a hydrophobic center
block of polypropylene oxide and hydrophilic end blocks of polyethylene oxide with
terminal R groups, and can be represented by the formula:

R- (-CoH4-0-),-(-C3H-O-)y~(-C2Hs-O-),-H 4)
where y is between 25 and 75, preferably between 30 and 60, and x and z are preferably
the same, but may be different, and are between 50 and 150, preferably 80 and 130.
Certain types of these polymeric surfactants are commercially referred to as
"PLURONIC™" or "POLOXAMERS™" and are available, for example, from BASF.
[0031] Another suitable class of polymeric block copolymers is the di-block

copolymers where a=1 and b=1, and can be represented by the formula;
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R- PEO-PPO-H (5)
where PEO and PPO are defined above.

[0032]  Another suitable class of polymeric block copolymers is represented by
the commercially available TETRONIC™ surfactants (from BASF), which are represented
by the formula:

(R~(0-C,Hy)y=(0-C3Hg)y )2N-CH,-CHo-N((-C3Hg-O-)y~(-CoH4-O-) -H)2 ©6)

[0033] As used herein, the terms "PLURONIC" or "PLURONICS" refer to the
block copolymers defined in Equation (1), which include the PLURONICS™ tri-block
copolymer surfactants, the di-block surfactants, the TETRONIC™ surfactants, as well as
other block copolymer surfactants as defined.

[0034] In the coatings of preferred embodiments, a labile linker connects the
copolymer and the bioactive agent. The labile linker is a linkage which can be selectively
cleaved upon exposure to a particular mechanism. Examples of mechanisms include, but
are not limited to, hydrolysis, radiation, ultrasound, enzymatic, ionic, diffusion, barrier-
mediated diffusion, competitive displacement, and liposomal disruption. The structure of
the labile linker depends on the mechanism of cleavage. As disclosed previously, a
specific functional group is attached to the free end of a hydrophilic domain to form an
end-group activated polymer. The specific functional group (R) eventually becomes a
labile linker between the copolymer and bioactive agent in the preferred embodiments.

[0035] Protease susceptible linkers are particularly useful because many
pathological conditions result in the production or upregulation of certain proteases. By
linking a drug or therapeutic molecule to a medical device via a linker that is susceptible to
cleavage by such a protease, it is possible to produce a device that releases a drug in
response to the on set or changes in an adverse condition. In this way the device acts in a
feedback mode and releases drug only when it is needed. It also provides a mechanism for
releasing more or less drug in response to a change in the condition.  Furthermore, it is
possible to vary the amino acid residues that flank the cleavage sites of proteases in order
to obtain sequences that will be degraded at lower or higher rates. This enables one to fine
tune or control the feedback response of the drug eluting material for a particular condition
by controlling the susceptibility of the linker to the environment in which the device will

be placed.
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[0036]  As an example, the present invention would be useful for producing
coated stents where the coating provides a mechanism for release of an antiinflammitory in
response to an increase in the inflammatory state of an artery. Inflammation is known to
play a critical role in restenosis after stent implantation. Matrix metalloproteinases (MMP)
are an important part of this processes and play a key role in the arterial response to injury.
MMP-9 is differentially upregulated as a result of arterial injury and has been found to
substantially increase after stent implantation. The present invention would provide a
means to link an antiinflammitory drug to the surface of the stent via a linker that is a
substrate for MMP-9.  After implantation, the antiinflammitory drug would be released
iffwhen the tissue environment signals an unacceptable increase in the level of

inflammation.

Table 1. Examples of linkers that can be cleaved by different mechanisms.

Linker Mechanism of Cleavage

Peptides containing either Gly-Ile or Gly-Leu | Protease attack

sequence Target of some MMPs (upregulated in
GPQG-IAGQ atherosclerosis and inflammation)

VPMS-MRGG (MMP-1 Consensus
IPVS-LRSG (MMP-2 Consensus)
RPFS-MIMG (MMP-3 Consensus)
VPLS-LTMG (MMP-7 Consensus)
VPLS-LYSG (MMP-9 Consensus)
IPES-LRAG (MT1-MMP Consensus)

PAPR-G Thrombin

GR-G

LDPR-S

LVPR-GS

AQCR-KYCP Coagulation Factor Xa
Coagulation Factor VIla

TKPK-MLPP Chymase

KPV-SDF Cathepsin G
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Leu-Gly-Arg (C3/CS convertase peptide
substrate)

Attack by complement convertase

Ester bond

Hydrolysis

Protein—protein or protein—peptide

interactions that require a divalent ion

NTA —Ni"" - HHHHHH

Metal chelator—metal ion—his tag

Change in ion concentration

Antibody-Antigen

Antibody like molecule — (protein, peptide,
ssDNA or RNA)

Competitive displacement

Hybridization between two oligonucleotides,
where one OLIGO acts as a antibody like
molecule for a protein that is up regulated
during inflammation or other physiological

change

Competitive displacement

Lectin-carbohydrate

Carbohydrate binding protein-carbohydrate

Competitive displacement

Radiation

Temperature (For example, increase in
inflammation or other metabolic change

leads to change in temperature)

vanderwalls

hydrophobic

[0037] In a preferred embodiment, the specific functional group (R) may
contain a member of the reactive group, such as, hydrazine group, maleimide group,
thiopyridyl group, tyrosyl residue, vinylsulfone group, iodoacetimide group, disulfide
group or any other reactive group that is stable in an aqueous environment and that does

not significantly impair the adsorption of the copolymer on the surface.
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[0038] R can also comprise functional groups capable of foxrming ionic
interactions with proteins, for example a nitrilotriacetic acid (NTA) group, which, when
bound to a metal ion forms a strong bond with histidine tagged proteins. NTA modified
Pluronics are described in US Patent Number 6,987,452 to Steward et al., hereby
incorporated by reference.

[0039] R may also comprise oligonucleotides that can bind to oligonucleotide
tagged proteins. Oligonucleotide modified PLURONICS are described in PCT application
No PCT/US02/03341 to Neff et al., hereby incorporated by reference.

[0040] In a preferred embodiment, the R group comprises a R>-S-S group
where R’ is to be displaced for the immobilization of a bioactive agent. Therefore, the
labile linker of the preferred embodiments comprises a disulfide bond. The substituent R’
is selected from the group consisting of (1) 2-benzothiazolyl, (2) 5-nitro-2-pyridyl, (3) 2-
pyridyl, (4) 4-pyridyl, (5) S-carboxy-2-pyridyl, and (6) the N-oxides of any of (2) to (5). A
preferred end group is 2-pyridyl disulfide (PDS). The reactivity of these groups with
proteins and polypeptides is discussed in U.S. Patent No. 4,149,003 to Carlsson et al. and
U.S. Patent No. 4,711,951 to Axen et al, all of which are hereby incorporated by reference.
As mentioned above, end group activated polymers (EGAP)s are generally a class of
composition comprising a block copolymer backbone and an activation or reactive group.

[0041]  Preferred embodiments can include the use of EGAP coatings for
affecting delivering bioactive agents. In that respect, the second component of the coating
of preferred embodiments can be a bioactive agent that is attached to the material through
the activated end groups of the EGAP. The term “bioactive agent” is used hexein to mean
any agent such as a pharmaceutical agent or drug or other material that has a therapeutic
effect. In general terms, a bioactive agent can be a pharmaceutical agent, protein, peptide,
proteoglycan, oligonucleotide, protein fragment, protein analog, antibody, carbohydrate or
other natural or synthetic molecule. Proteins can be acquired from either natural sources
or produced recombinantly. Furthermore, the active domains of these proteiras have been
identified and recombinantly produced fragments that include these domains may be used.
In a certain embodiment, more than one bioactive agent can be immobilized onto one
surface with the use of EGAP material. The use of EGAP for protein immobilization has
been described previously by Caldwell and others. However, Caldwell and others used

EGAP to prepare biologically active surfaces for the purpose of evaluating or promoting

-10 -



WO 2005/042025 PCT/US2004/034866

specific protein-protein interactions and cell adhesion to surfaces [Neff, 1998 #12;Neff,
1999 #11;Webb, 2000 #8;Li, 1996 #15;Basinska, 1999 #21].

[0042] Alternatively, the bioactive agent component of the coating of preferred
embodiments can be a therapeutic entity that is capable of removing specific components
from a fluid. For example, to remove specific components from blood, the second
component can be an antibody.

[0043]  Bioactive agents that may be delivered using this invention include, but
are not limited to, regulators of complement activation, including, Factor H, factor H like
protein 1 (FHL-1), factor H related proteins (FHR-3, FHR-4), C4 binding protein (C4bp),
complement receptor 1 (CR1), decay-accelerating factor (DAF), membrane cofactor
protein (MCP), compstatin, monoclonal antibody inhibitors of complement proteins,
oligonucleotide inhibitors of complement proteins, VCP and SPICE; regulators of
coagulation or thrombosis, including, antithrombogenic agents, fibinolytic agents,
thrombolytic agents, thrombin inhibitors, and antiplatelet agents; vasospasm inhibitors,
vasodilators, antihypertensive agents, calcium channel blockers, antimitotics, microtubule
inhibitors, actin inhibitors, antiproliferative agents, migration inhibitors, anticancer
chemotherapeutic agents, antiinflammitory and immunosuppressive agents, growth factor
and cytokine antagonists, growth factors, cytokines, chemotactic agents, gene therapy
constructs, antisense oligonucleotides, antioxidants anti microbial agents, bactericidal
agents, and anti viral agents.

[0044] The modified polymeric surfactant adsorbs with the hydrophobic
domain of the copolymer upon the hydrophobic surface and the pendant hydrophilic
domain of the copolymer and attached bioactive agent dangling away from the surface into
the aqueous surroundings. Using a triblock copolymer as an example, the adsorbed

surface can be illustrated by the formula below:

PEO THERAPEUTIC ENTITY
PPO
N S VN a2 e
SUBSTRATE

-11-
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[0045] Preferred embodiments can be formed by dipcoating a substrate in a
aqueous solution containing EGAP. The EGAP material is applied to the material in a
solution of water, buffer, or a combination of water and an organic solvent, such as
alcohol. Due to their ampiphilic nature, these copolymers will self assemble on
hydrophobic materials from aqueous solutions. The hydrophobic block forms a
hydrophobic bond with the material while the hydrophilic blocks remain mobile in the
fluid phase. In this way, the hydrophilic chains form a brush like layer at the surface that
prevents adsorption of proteins and cells.

[0046] When the EGAP material is bonded to the substrate, the material
displays an aryl disulfide. A bioactive agent comprising at least one sulfur Ffunctional
group is incubated with the substrate containing the EGAP material. Through a
nucleophilic reaction, the bioactive agent is bonded to the EGAP material by a disulfide
bond.

[0047] Alternatively, preferred embodiments can be formed by dipcoating a
substrate with an EGAP material and subsequently linking a bioactive agent with a
heterobifunctional crosslinker. As like the above procedure, the EGAP material is applied
to the material in a solution of water, buffer, or a combination of water and an organic
solvent, such as alcohol. When the EGAP material is bonded to the substrate, the material
displays an activated end group. A bioactive agent is incubated with a heterobifunctional
crosslinker; hence, the bioactive agent would display a crosslinkable functional group.
The bioactive agent linked to the crosslinker is then incubated with the EGAP material to
react with the activated end group. Therefore, the preferable active functional groups on
the heterobifunctional crosslinker are sulfhydryl group, to react with a terminal disulfide
on the EGAP material, and any functional group that is reactive toward an available
functional group on the bioactive agent. Ideally, the crosslinker would not alter the
activity of the bioactive agent and could react with the bioactive agent unnder mild
conditions. Such crosslinkers are commercially available from a number of manu facturers.
Examples of preferred crosslinkers include N-succinimidyl 3-(2-pyridyldithio)propionate
(SPDP), m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS), and N-succinimidyl S-
acetylthioacetate (SATA).

[0048] Advantages of preferred embodiments include the use of a non-

hazardous coating method, no harsh environmental conditions, no toxic chemicals and no
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toxic waste products. Preferred embodiments incorporate a simple coating method that is
readily incorporated in production process and does not require highly skilled personnel.

[0049]  The composition of preferred embodiments can be used for any medical
device that is in contact with blood. The term “medical device” appearing herein is a
device having surfaces that contact human or animal bodily tissue and/or fluids in the
course of their operation. The definition includes endoprostheses implanted in blood
contact in a human or animal body such as balloon catheters, A/V shunts, vascular grafts,
stents, pacemaker leads, pacemakers, heart valves, and the like that are implanted in blood
vessels or in the heart. The definition also includes within its scope devices for temporary
intravascular use such as catheters, guide wires, and the like which are placed into the
blood vessels or the heart for purposes of monitoring or repair. The medical device can be
intended for permanent or temporary implantation. Such devices may be delivered by or
incorporated into intravascular and other medical catheters.

[0050] The compositions of preferred embodiments can be used for any device
used for ECC. As stated above, ECC is used in many medical procedures including, but
not limited to, cardiopulmonary bypass, plasmapheresis, plateletpheresis, 1eukopheresis,
LDL removal, hemodialysis, ultrafiltration, and hemoperfusion. Extracorporeal devices
for use in surgery include blood oxygenators, blood pumps, blood sensors, tubing used to
carry blood and the like which contact blood which is then returned to the patient.

[0051] The disclosure below is of specific examples setting forth preferred
methods. The examples are not intended to limit scope, but rather to exemplify preferred

embodiments.

EXAMPLE 1(A)
PREPARATION OF SUBSTRATE WITH RELEASABLE RCA —METHOD 1

[0052] Pluronic F108 is derivatized to incorporate a terminal PDS group as
described by Li et al. This pyridyl disulfide activated Pluronic (EGAP-PDS) is dissolved
in phosphate buffer, pH 7.4, 1 mM EDTA (PB) and then mixed with a polypeptide having
the sequence CGPQG-IAGQ. The reaction is allowed to proceed for 2 hours at room
temperature and is monitored by measuring the release of pyridyl 2-thione
spectrophotometrically at 343 nm. The product is purified by dialysis and recovered by

lyophilization. Multiple reactions are performed using this approach where the ratio of
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peptide to EGAP-PDS is varied and the ratio that produces that highest degree of EGAP
derivitization is determined.

[0053] EGAP modified with the protease susceptible linker (EGAP-PSL) as
described above is dissolved in PB. The substrate or device to be coated is incubated with
this solution for 30 minutes to overnight. The coated substrate is washed and then
incubated with a mixture of EDC and N-hydroxysuccinimide in 4-
morpholinoethanesulfonic acid (MES) for 15 minutes at room temperature to convert the
carboxy terminus of the peptide to an amine reactive group. The substrate is washed and
then incubated with the RCA protein or peptide of interest dissolved in MES for two hours
at room temperature. The RCA may be any one of the following: factor H, factor H like
protein 1 (FHL-1), factor H related proteins (FHR-3, FHR-4), C4 binding protein (C4bp),
complement receptor 1 (CR1), decay-accelerating factor (DAF), membrane cofactor
protein (MCP), compstatin, monoclonal antibody inhibitors of complement proteins, VCP
or SPICE. After completion of the reaction, hydroxylamine (10 mM) is added to
hydrolyze and deactivate any NHS remaining on the surface.

[0054] The amount of RCA on the surface is determined by enzyme
immunoassay (EIA).

EXAMPLE 1(B)
PREPARATION OF SUBSTRATE WITH RELEASABLE RCA — METHOD 2

[0055] A 1% solution of EGAP-PDS in PB is prepared. The substrate to be

coated is immersed in this solution for 30 minutes to overnight. The coated substrate is
washed with PB and then incubated with a polypeptide having the sequence CGPQG-
TAGQ. The reaction is allowed to proceed for 2 hours at room temperature. The substrate
is washed with PB.

[0056] The modified substrate is washed and then incubated with a mixture of
EDC and N-hydroxysuccinimide in 4-morpholinoethanesulfonic acid (MES) for 15
minutes at room temperature to convert the carboxy terminus of the peptide to an amine
reactive group. The substrate is washed and then incubated with the RCA protein or
peptide of interest dissolved in MES for two hours at room temperature. The RCA may
be any one of the following: factor H, factor H like protein 1 (FHL-1), factor H related
proteins (FHR-3, FHR-4), C4 binding protein (C4bp), complement receptor 1 (CR1),

decay-accelerating factor (DAF), membrane cofactor protein (MCP), compstatin,

-14 -



WO 2005/042025 PCT/US2004/034866

monoclonal antibody inhibitors of complement proteins, VCP or SPICE. After completion
of the reaction, hydroxylamine (10 mM) is added to hydrolyze and deactivate any NFS
remaining on the surface.

[0057] The amount of RCA on the surface is determined by enzyme

immunoassay (EIA).

EXAMPLE 2(A)
PREPARATION OF SUBSTRATE WITH RELEASABLE RCA — METHOD 1

[0058]  Pluronic F108 is derivatized to incorporate a terminal NTA group as
described by Ho et al . This pyridyl disulfide activated Pluronic (EGAP-NTA) is dissolved
in 25 mM NiSO, and incubated for 30 minutes. The Nit™" charged EGAP-NTA (EGAP-
NTA-Ni) is recovered and excess NiSO, is removed using a size exclusion colummn.
EGAP-NTA-Ni is then mixed with a polypeptide having the sequence HHHHHHGPQG-
IAGQ. The reaction is allowed to proceed for 2 hours at room temperature. The product
is purified by dialysis and incubated with the substrate or device to be coated for 30
minutes to overnight. The coated substrate is washed and then incubated with a mixture of
EDC and N-hydroxysuccinimide in 4-morpholinoethanesulfonic acid (MES) for 15
minutes at room temperature to convert the carboxy terminus of the peptide to an amine
reactive group. The substrate is washed and then incubated with the RCA protein or
peptide of interest dissolved in MES for two hours at room temperature. The RCA may be
any one of the following: factor H, factor H like protein 1 (FHL-1), factor H related
proteins (FHR-3, FHR-4), C4 binding protein (C4bp), complement receptor 1 (CR1),
decay-accelerating factor (DAF), membrane cofactor protein (MCP), compstatin,
monoclonal antibody inhibitors of complement proteins, VCP or SPICE.

[0059] The amount of RCA on the surface is determined by enzyme

immunoassay (EIA).

EXAMPLE 2(B)
PREPARATION OF SUBSTRATE WITH RELEASABLE RCA — METHOD 2
[0060] A 1% solution of EGAP-NTA is prepared in purified water. The

substrate to be coated is immersed in this solution for 30 minutes to overnight. After

washing the substrate is incubated with 25 mM NiSO4 for 30 minutes at room temperature.
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The substrate is washed and then incubated with a polypeptide having the sequence
HHHHHHGPQG-IAGQ for 2 hours at room temperature. The modified substrate is
washed and then incubated with a mixture of EDC and N-hydroxysuccinimide in 4-
morpholinoethanesulfonic acid (MES) for 15 minutes at room temperature to convert the
carboxy terminus of the peptide to an amine reactive group. The substrate is washed and
then incubated with the RCA protein or peptide of interest dissolved in MES for two hours
at room temperature. The RCA may be any one of the following: factor H, factor H like
protein 1 (FHL-1), factor H related proteins (FHR-3, FHR-4), C4 binding protein (C4bp),
complement receptor 1 (CR1), decay-accelerating factor (DAF), membrane cofactor
protein (MCP), compstatin, monoclonal antibody inhibitors of complement proteins, VCP
or SPICE.

[0061] The amount of RCA on the surface is determined by enzyme

immunoassay (EIA).
EXAMPLE 3
CHARACTERIZATION OF PROTEASE INDUCED CLEAVAGE OF
THE SUCEPTIBLE LINKER

[0062] Polystyrene microsphere samples are coated with the EGAP-PSL
construct as described in either Example 1A or Example 1B. The coated microsphere
samples are incubated with solutions containing a Matrix Metalloproteinase (MMP-1)

immersed.

EXAMPLE 4
CHARACTERIZATION OF PROTEASE INDUCED CLEAVAGE OF THE
SUCEPTIBLE LINKER AND RELEASE OF RCA
[0063] A device or substrate is coated with the EGAP-PSL-RCA construct and

described in either Example 1A or Example 1B. The coated substrate is incubated with a

solution containing a Matrix Metalloproteinase (MMP-1) immersed.
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EXAMPLE 5
IMMOBILIZATION OF RECOMBINANT RCA-PSL CONSTRUCT ON SUBSTRATE
'COATED WITH EGAP-PDS

[0064] A protein or peptide RCA is recombinantly expressed or synthesized,
respectively, to contain a protease susceptible linker (PSL) at its N-terminus. The RCA
may be any one of the following: factor H, factor H like protein 1 (FHL-1), factor H
related proteins (FHR-3, FHR-4), C4 binding protein (C4bp), complement receptor 1
(CR1), decay-accelerating factor (DAF), membrane cofactor protein (MCP), compstatin,
monoclonal antibody inhibitors of complement proteins, VCP or SPICE. The protease
susceptible linker will contain a sequence that is a protease target for cleavage and at least
one cysteine residue near its N-terminus. An example of such a peptide sequence is
CGPQG-IAGQ, which is a target of matrix metalloproteinases. A substrate is coated with
EGAP-PDS and then incubated with the RCA-PSL construct in PB for 2 hours at room

temperature. The substrate is washed and the amount of RCA bound to the surface is

measured by EIA.
EXAMPLE 6
IMMOBILIZATION OF RECOMBINANT RCA-PSL. CONSTRUCT ON SUBSTRATE
COATED WITH EGAP-NTA

[0065] A protein or peptide RCA is recombinantly expressed or synthesized,
respectively, to contain a protease susceptible linker (PSL) at its N-terminus. The RCA
may be any one of the following: factor H, factor H like protein 1 (FHL-1), factor H
related proteins (FHR-3, FHR-4), C4 binding protein (C4bp), complement receptor 1
(CR1), decay-accelerating factor (DAF), membrane cofactor protein (MCP), compstatin,
monoclonal antibody inhibitors of complement proteins, VCP or SPICE. The protease
susceptible linker will contain a sequence that is a protease target for cleavage and a
polyhistidine tag at its N-terminus. An example of such a peptide sequence is
HHHHHHGPQG-TIAGQ, which is a MMP target with a six His tag. A substrate is coated
with EGAP-NTA and then incubated with 50 mM NiSO4 for 30 minutes at room
temperature. The substrate is washed and then incubated with the RCA-PSL construct in
PB for 2 hours at room temperature. The substrate is washed and the amount of RCA

bound to the surface is measured by EIA.
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EXAMPLE 7
IMMOBILIZATION OF FACTOR H ON SUBSTRATE WITH EGAP
[0066] Factor H is coupled to a substrate or device that is coated with EGAP-

PDS. Factor H contains numerous cysteine residues, some of which may serve as sites for
coupling via the PDS groups [33]. The combination of Factor H and EGAP on the surface
of the substrate or device acts to down regulate complement activation.

[0067] A device or substrate is coated with Factor H by covering the device
surface with a solution containing 0.1 to 4% of EGAP in water or water containing buffer
salts. This may be accomplished using a dip coating method, for example. After a coating
period of 30 minutes to 24 hours, the substrate is washed using water or buffer. Factor H
is diluted into phosphate buffer, pH 7.5, and then added to the coated substrate. After and
incubation period of 2-24 hours, the substrate is washed with buffer. The following
controls are prepared for comparison: (1) The substrate is coated with unmodified F108
and subsequently incubated with Factor H and washed as indicated above, (2) The
substrate is not treated with any initial coating but is incubated with Factor H and washed
as indicated above, (3) The substrate is coated with unmodified F108 only, and (4) The
substrate is left untreated. The amount of Factor H that is bound to each surface is
determined by enzyme immunoassay using a commercially available biotinylated anti-
factor H in conjunction with HRP modified streptavidin for detection.

[0068] Each substrate is evaluated to determine the ability of the surface bound
factor H to inhibit complement activation when it comes into contact with whole blood,
plasma or serum. To accomplish this, two types of assays are performed; one being an
analysis of the surface to determine what has stuck to it and the other being an analysis of
the blood to determine if specific proteins involved in the complement cascade have been
activated. The amount of C-3 fragments that are bound to the substrate are determined by
enzyme immunoassay (EIA). The amounts of fluid phase C3a, C1s-C1NA, and sC5b-9
complexes that are generated as a result of surface contact between the blood and the
substrate are monitored using EIA.

[0069] In a previous study, it was found that Factor H could be applied to
materials to down regulate complement activation. However, the method used to
conjugate factor H to the material was, in of its self, complement activating. Coating a

material with EGAP material produces the necessary sites for conjugating Factor H,
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however, it does not promote compliment activation. To the contrary, it produces a
surface that is less biologically active than Polystyrene (PS) and most other materials to
which it would be applied for blood contacting devices.

[0070] It is anticipated that it will be possible to bind higher amounts of
biologically active Factor H to material surfaces than has previously been achieved using
alternative methods. A previous study compared the amounts of Factor H bound to
surfaces that displayed either pyridyl disulfide groups or sulfhydryl groups. Both surfaces
were prepared by reacting a polyamine modified PS with N-succinimidyl 3-(2-
pyridyldithio) propionate (SPDP) and the latter was obtained by subsequently treating the
surface with dithiothreitol (DTT). It was found that greater amounts of Factor H bound to
the material that was modified with SPDP only. In spite of this, the overall biological
activity was lower. These results suggest that the conformation of Factor H on the two
surfaces differed and that the SPDP modified surface caused a decrease in the biological
activity of bound Factor H. PDS groups are more reactive toward free cysteines in factor
H and could result in greater coupling efficiency. However, the SPDP modified surface, is
also likely to be more hydrophobic and for this reason, it could result in greater amounts of
nonspecifically bound proteins as well as a decrease in Factor H activity due to strong
interfacial forces between the protein and the material. Using the EGAP approach
described herein, it is possible to incorporate PDS groups at the material surface and
thereby, achieve high coupling efficiencies without producing a hydrophobic or potentially
denaturing surface.

[0071] Tethering Factor H to materials using EGAP decreases steric hindrance
by incorporating a flexible spacer between the protein and the material. This makes it
more accessible for binding to target proteins in blood or plasma.

[0072] The EGAP coating produces a highly hydrated brushlike layer at the
material surface that effectively buffers the Factor H from the material. This prevents
denaturation and preserves the native protein conformation and activity.

[0073] The EGAP coating prevents nonspecific protein adsorption. In blood
and plasma there are many proteins that when adsorbed onto an artificial material can
promote complement activation. For example, when fibrinogen adsorbs onto a material
surface, it changes conformation such that it signals for the activation of EGAP prevents

this type of interaction and thereby minimizes the risk of immune system activation.
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When combined with Factor H, the system prevents initial activation and then incorporates
a backup, being Factor H that can down regulate any activation that might occur during an

ECC procedure.

EXAMPLE 8
DERIVATIZATION OF FACTOR H TO INCORPORATE
SULFHYDRYL REACTIVE GROUP

[0074] Factor H was incubated with various concentrations of N-succinimidyl
3-(2-pyridyldithio) propionate (SPDP) ranging from 7 to 67% at room temperature for 1
hour. Unbound SPDP was removed by dialysis. The activities SPDP modified factor H
samples were measured and compared to that of unmodified factor H by measuring the
ability of factor H to act as a cofactor to factor I Factor I is another regulator of
complement activation that inactivates C3b by cleaving it into inactive C3b (iC3b) and
then into C3c and C3dg. This function of factor I is dependent on the presence of active
factor H. The activities of the various solutions of modified factor H were thus determined
by combining them with C3b and factor I and subsequently measuring the levels of
degradation of C3b as follows: Aliquots of 10 ug C3b and 0.6 pg factor I were incubated
together with factor H samples in the concentrations of 0.5, 1 and 2, pg for 60 min at
37°C. The reactions were terminated by boiling the samples in reducing electrophoresis
sample buffer. The samples were then run on SDS-PAGE. An aliquot containing 10 pg of
undigested C3b was added as a control to each gel. The gels were Coomassie stained,
scanned and the amount of undigested alfa-prime chain of C3b in each sample was
evaluated using NIH-image quant.

[0075] The results are shown in Figure 1. The ratio of SPDP to factor H and
the number of samples tested for each data point are given in the legend. The results
indicate that Factor H is unaffected after treatment with 7% SPDP, but loses its activity
gradually at higher concentrations. At 28% SPDP or higher, a totally inactive factor H is

obtained, while concentrations between 25% and 7% yield partial inactivation.
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EXAMPLE 9A
IMMOBILIZATION OF FACTOR H ON SUBSTRATE WITH EGAP AND
HETEROBIFUNCTIONAL CROSSLINKER

[0076] Factor H is activated using a heterobifunctional crosslinker and then
coupled to a substrate or device that is coated with EGAP. The combination of Factor H
and EGAP on the surface of the substrate or device acts to down regulate complement
activation.

[0077] A device or substrate is coated with Factor H by covering the device
surface with a solution containing 0.1 to 4% of EGAP in water or buffer. This may be
accomplished using a dip coating method, for example. After a coating period of 30
minutes to 24 hours, the substrate is washed using water or water containing buffer salts.
Factor H is activated using a heterobifunctional crosslinker that is reactive towards amine
groups, for example, and that incorporates a functional group that can be used to couple
directly to the pyridyl disulfide group (PDS) present on EGAP. One such commercially
available crosslinker is N-succinimidyl 3-(2-pyridyldithio) propionate (SPDP). The
crosslinker incorporates pyridyl disulfide groups on the protein that can be reduced to yield
sulfhydryl groups that will react directly with EGAP. Factor H is reacted with SDPD in
phosphate buffer, pH 7.5 for 30-60 minutes and then purified using a PD-10 column. The
activated protein is treated with 25 mM DTT in acetate buffer, pH 4.5. It is purified using
a PD-10 column where it is also exchanged into phosphate buffer, pH 7.5. The product is
incubated with the EGAP coated substrate for a period of 2-24 hours followed by washing
with buffer. Controls are prepared as described in Example 1. The amount of Factor H
that is bound to the surface is determined by enzyme immunoassay using a commercially
available biotinylated anti-factor H in conjunction with HRP modified streptavidin for
detection.

[0078] The modified substrate is evaluated to determine the ability of the
surface bound factor H to inhibit complement activation when it comes into contact with

whole blood, plasma or serums described in Example 1.
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EXAMPLE 9B
IMMOBILIZATION OF FACTOR H ON SUBSTRATE WITH EGAP AND
HETEROBIFUNCTIONAL CROSSLINKFER
[0079] Factor H was activated using a heterobifunctional crosslinker, SPDP,

and then coupled to an EGAP coated substrate. Using EGAP, it was possible to
immobilize factor H in a dose dependant manner.

[0080]  Substrates were coated with Factor H by covering them with a solution
containing 1% of EGAP in water. After a coating period of 24 hours, substrates were
washed with water. Control samples were prepared by substituting Pluronic F108 for
EGAP using the same procedure. Factor H was activated using a heterobifunctional
crosslinker that is reactive towards amine groups and that incorporates a functional group
that can be used to couple directly to the pyridyl disulfide group (PDS) present on EGAP.
In this example, N-succinimidyl 3-(2-pyridyldithio) propionate (SPDP) was used. Factor
H was reacted with SDPD in PBS, pH 7.5 for 30-60 minutes and then purified using a PD-
10 column. The crosslinker effectively incorporated pyridyl disulfide groups on the
protein. The EGAP coated surface was reduced by incubation with 25 mM DTT for 30
minutes and then washed taking care not to expose the surface to air. Immediately after
washing, the substrate was reacted with different concentrations of the SPDP modified
factor H for a period of 2-24 hours and finally, washed with buffer. The amount of Factor
H that was bound to the surface was determined by enzyme immunoassay using a
biotinylated anti-factor H in conjunction with HRP modified streptavidin for detection.

[0081] The results are shown in Figure 2 and indicate that factor H is
effectively bound to the surface in a dose dependant manner. Based on the low levels of
factor H bound to F108 coated control samples (see Figure 3 (E)), it is clear that the
coupling to EGAP-coated surfaces is specifically mediated by functional groups on EGAP.

[0082] In a previous study, it was found that Factor H could be applied to
materials to down regulate complement activation. However, the method used to
conjugate factor H to the material was, in of its self, complement activating. Coating a
material with EGAP produces the necessary sites for conjugating Factor H, however, it
does not promote compliment activation. To the contrary, it produces a surface that is less
biologically active than Polystyrene (PS) and most other materials to which it would be

applied for blood contacting devices.
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[0083] It is anticipated that it will be possible to bind higher amounts of
biologically active Factor H to material surfaces using EGAP than has previously been
achieved using alternative methods. A previous study compared the amounts of Factor H
bound to surfaces that displayed either pyridyl disulfide groups or sulfhydryl groups. Both
surfaces were prepared by reacting polyamine modified PS with N-succinimidyl 3-(2-
pyridyldithio) propionate (SPDP) and the latter was obtained by subsequently treating the
surface with dithiothreitol (DTT). It was found that greater amounts of Factor H bound to
the material that was modified with SPDP only. In spite of this, the overall biological
activity was lower. These results suggest that the conformation of Factor H on the two
surfaces differed and that the SPDP modified surface caused a decrease in the biological
activity of bound Factor H. PDS groups are more reactive toward free thiols in factor H
and could result in greater coupling efficiency. However, the SPDP modified surface, is
also likely to be more hydrophobic and for this reason, it could result in greater amounts of
nonspecifically bound proteins as well as a decrease in Factor H activity due to strong
interfacial forces between the protein and the material. Using the EGAP approach
described herein, it is possible to incorporate functional groups at the material surface with
very good reactivity and thereby, achieve high coupling efficiencies without producing a
hydrophobic or potentially denaturing surface.

[0084] Tethering Factor H to materials using EGAP decreases steric hindrance
by incorporating a flexible spacer between the protein and the material. This makes it
more accessible for binding to target proteins in blood or plasma. Furthermore, the EGAP
coating produces a highly hydrated brush like layer at the material surface that effectively |
buffers the Factor H from the material. This prevents denaturation and preserves the

native protein conformation and activity.

EXAMPLE 10
IMMOBILIZATION OF FACTOR H USING EGAP AND SATA CROSSLINKER
[0085] Factor H was activated using a heterobifunctional crosslinker, SATA,
and then coupled to a substrate or device that was coated with EGAP. The EGAP-factor H

coating was effectively applied to various types of materials including polystyrene,
polyether sulfone (PES), cellulose acetate (CA), polytetrafluoroethylene (PTFE), silicone,
and polyurethane (PU).
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[0086] Substrates or devices were coated with Factor H by covering the surface
with a solution containing 1% EGAP in water. Control samples were prepared by
substituting Pluronic F108 for EGAP using the same procedure. Uncoated (UN) samples
were also included for comparison. After a coating period of 24 hours, the substrates were
washed with buffer. Factor H was activated using a heterobifunctional crosslinker, N-
succinimidyl S-Acetylthioacetate (SATA) (Pierce Scientific). The N-hydroxysuccinimide
(NHS) ester portion of this crosslinker reacts with amine groups on factor H and
incorporates a protected sulfhydryl group that can be used to couple directly to the pyridyl
disulfide group present on EGAP. SATA was dissolved in DMSO and then reacted with
Factor H in PBS, pH 7.5 for 30-60 minutes. The activated factor H was purified using a
PD-10 column. The modified groups on factor H were then deacetylated to remove the
protecting group by treatment with hydroxylamine. A final purification on a PD-10
column was performed. EGAP coated substrates were incubated with the modified factor
H overnight and then washed with buffer. The amount of Factor H that was bound to the
surface was determined by enzyme immunoassay using a biotinylated anti-factor H in
conjunction with HRP modified streptavidin for detection. The results are shown in
Figure 3 below and indicate that the. EGAP-factor H coating was effectively applied to
various types of materials including, polyether ether sulfone (PES), polyurethane (PU),
polytetraflouroethylene (PTFE), cellulose acetate (CA), and polystyrene (PS).

EXAMPLE 11
REDUCED COMPLEMENT ACTIVATION ON SUBSTRATE
COATED WITH EGAP AND FACTOR H.
COMPLEMENT ACTIVATION IS MEASURED BY PRODUCTION OF C3A

[0087] Factor H was activated using a heterobifunctional crosslinker and then
coupled to an EGAP coated substrate. Coated substrates and controls were incubated with
human serum and the level of complement activation was accessed by measuring the
amount of C3a generated. EGAP-Factor H coated substrates produced less complement
activation compared to controls. Furthermore, both EGAP and F108 coated substrates
produced less complement activation than untreated substrates.

[0088] A 96 well polystyrene plate was coated with Factor H by adding 300 pL
of 1% EGAP in PBS to each well and placing the plate on a shaker at room temperature
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overnight. After coating, the substrate was washed with PBS. Factor H was reacted with
3.5% w/w SPDP in PBS, pH 7.5 for 1 hour and then purified by dialysis. The EGAP
coated substrate was treated with 25 mM DTT for 1 hour. The DTT was removed and the
plate was washed with PBS/EDTA pH 6.0 taking care not to expose the substrate to air.
After washing, the substrate was immediately reacted with the SPDP activated factor H
(100 pg/mL) overnight at 4° C. The factor H solution was removed and the substrate was
washed with PBS. The following substrates were used as controls: untreated PS,
polystyrene coated with F108 (results not shown), PS coated with EGAP, and PS coated
with EGAP followed by incubation with native factor H. All substrates were incubated
with human serum for different time periods up to one hour. At the end of each incubation
period, EDTA was added to the serum to stop any further complement activation. The
amount of C3a in each serum sample was measured by enzyme immunoassay.

[0089] The results are shown in Figure 4 below and indicate that the EGAP-
Factor H coating effectively inhibits the generation of C3a compared to controls.
Furthermore, the EGAP coating alone reduced the generation of C3a compared to the
naked substrate.

EXAMPLE 12
IMMOBILIZATION OF FACTOR H ON STAINLESS STEEL AND NITINOL
[0090] Factor H was activated using a heterobifunctional crosslinker, SATA,

and then coupled to a stainless steel device that was pretreated followed by coating with
EGAP. Factor H was effectively bound to stainless steel via EGAP.

[0091] Stainless steel and nitinol stent devices were cleaned and/or pretreated
followed by coating with EGAP and factor H as described in Example 4. Control samples
were prepared by substituting Pluronic F108 for EGAP using the same procedure. Factor
H was activated using SATA as described in Example 4. EGAP coated substrates were
incubated with the modified factor H overnight and then washed with buffer. The amount
of Factor H that was bound to the surface was determined by enzyme immunoassay as
described in Example 4. The results for stainless steel are shown in Figure 5 and indicate
that the EGAP-factor H coating was effectively applied to the metal substrate.

Furthermore, based on the low amount of H measured on the F108 coated stainless, it is
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clear that the binding to EGAP coated substrates is specifically mediated by the PDS
functional group on EGAP.

EXAMPLE 13
IMMOBILIZATION OF FACTOR H ON SUBSTRATE WITH EGAP
AND UNMODIFIED F108

[0092] Factor H is coupled to a substrate or device that is coated with a
combination of EGAP and unmodified F108. The ratio of EGAP to unmodified F108 is
varied in order to vary the number of reactive sites for Factor H coupling and, in turn, vary
the surface density of Factor H on the substrate or device. The optimal density of Factor H
is determined by measuring the substrate’s ability to down regulate complement activation.
Although it is likely that the highest density of Factor H possible is optimal for this system,
many potentially interesting peptides and synthetic regulators of complement may have
some beneficial effects but also possibly some adverse or unknown effects on related
blood components including platelets and leukocytes. This EGAP approach potentially
provides an optimal system for determining such interactions and how concentrations
effect such interactions. Furthermore, the protein, whether produced recombinantly or by
purification from natural sources, is the most expensive component of the coating. For
this reason, it is beneficial to determine the least amount of protein that can be used to
achieve the desired level of performance. This system provides a means to effectively
determine this level and subsequently reproduce this level with a high level of confidence.

[0093] A series of solutions containing the following ratios of F108 to EGAP
are prepared in PBS where the total concentration of surfactant is 1%: (0:100, 5:95, 10:90,
25:75, 50:50, 75:25, 100:0). Substrates are coated with these solutions for a period of 24
hours, followed by washing with PBS. Factor H is diluted into phosphate buffer, pH 7.5,
and then added to the coated substrate. After and incubation period of 2-24 hours, the
substrate is washed with buffer. The amount of Factor H that is bound to each substrate is
determined by enzyme immunoassay using a commercially available biotinylated anti-
factor H in conjunction with HRP modified streptavidin for detection.

[0094] Each substrate is evaluated to determine the ability of the surface bound
factor H to inhibit complement activation when it comes into contact with whole blood,

plasma, or serum as described in Example 5.
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EXAMPLE 14
IMMOBILIZATION OF TWO OR MORE THERAPEUTIC ENTITIES
ON SUBSTRATE WITH EGAP

[0095] In this example, two or more therapeutic entities are immobilized on a
substrate or device using EGAP where each entity affects a different component of the
immune or haemostatic system. For example, a regulator of complement might be
combined with a regulator of coagulation. EGAP provides a simple method for
coimmobilizing two such factors and potentially enables one to control the ratio and
densities of the factors, which may very well be critical in the delivery of two or more
therapeutic agents from the solid phase.

[0096] Two or more types of EGAP are prepared where the end group
activation process yields different types of terminal functional groups. These are referred
to as EGAP-A and EGAP-B. Two or more therapeutic entities, referred to as TA and TB,
are modified to react preferentially with EGAP-A and EGAP-B, respectively. EGAP-A
and EGAP-B are combined in a predetermined ratio in PBS where the total concentration
of EGAP is 1%. Substrates are coated with these solutions for a period of 24 hours,
followed by washing with PBS. If the buffer conditions required for coupling TA to
EGAP-A are the same as those required for coupling TB to EGAP-B, then TA and TB are
diluted into buffer and added to the coated substrate simultaneously. If different buffer
conditions are required, TA and TB are added to the substrate sequentially. Controls are
prepared as described in Example 2. The amounts of TA and TB that are bound to each
surface are determined by enzyme immunoassay.

[0097] Each substrate is evaluated to determine the ability of the combined
surface bound TA and TB to inhibit complement activation when the substrate comes into

contact with whole blood as described in Example 2.

EXAMPLE 15
IMMOBILIZATION OF COMPLEMENT ACTIVATION REGULATOR AND
IMMUNOCAPTURE AGENT ON SUBSTRATE WITH EGAP

[0098] In this example a substrate or device is coated with a regulator of

complement activation and an immuno capture agent using EGAP. The purpose of the
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immunocapture agent is to remove unwanted components from the blood such as
autoimmune antibodies, immunoglobulins, immune complexes, tumor antigens, or low-
density lipoproteins.

[0099] In one variation, the immunocapture agent is immobilized with the
regulator of complement activation as described in Example 5. In the other variation one
part of the device is coated with EGAP/immunocapture agent and another part of the
device is coated with EGAP/regulator of complement activation. In the later variation, the
device is coated with EGAP as described in Example 2. The first selected region of the
device is then incubated with a solution containing the immunocapture agent by either dip
coating or controlled addition of the protein solution to a contained region of the device.
The second selected region is then treated similarly with a solution containing the regulator

of complement activation.

EXAMPLE 16
COATING OF THERAPEUTIC ENTITIES AND UNMODIFIED F108 ON
SUBSTRATE

[0100] In this example the device is coated in one region with one or more
therapeutic entities as described in any one of the previous examples. The remainder of
the device is coated with unmodified F108.

[0101] 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 may be performed in a manner that achieves or optimizes one advantage
or group of advantages as taught herein without necessarily achieving other objectives or
advantages as may be taught or suggested herein.

[0102] Furthermore, the skilled artisan will recognize the interchangeability of
various features from different embodiments. Similarly, the various features and steps
discussed above, as well as other known equivalents for each such 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.
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[0103]  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
invention extends beyond the specifically disclosed embodiments to other alternative
embodiments and/or uses and obvious modifications and equivalents thereof.
Accordingly, the invention is not intended to be limited by the specific disclosures of
preferred embodiments herein, but instead by reference to claims attached hereto.

[0104] The references listed below, as well as any other patents or publications

referenced elsewhere herein, are all hereby incorporated by reference in their entireties.
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CLAIMS:
1. A compound for coating a medical device for with the formula:

LABILE TLINKER COPOLYMER

BIOACTIVE AGENT

wherein the copolymer comprises one or more hydrophilic domains and at

least one hydrophobic domain, labile linker is a linkage that can be cleaved by a

controlled factor, and the bioactive agent is an agent that has a therapeutic effect.

2. The compound according to Claim 1, wherein the bioactive agent is a
pharmaceutical agent, protein, protein fragment, peptide, oligonucleotide, carbohydrate,
proteoglycan, or antibody.

3. The compound according to Claim 1, wherein the copolymer comprises
polymer units selected from the group consisting of polyethylene oxide (PEO) and
polypropylene oxide (PPO), PEO and polybutadiene, PEO and poly(N-
acetylethyleneimine), PEO and phenyl boronic acid, PEO and polyurethane, PEO and
polymethylmethacrylate (PMMA), and PEO and polydimethyl sulfoxide.

4, The compound according to Claim 1, wherein the hydrophilic domain
comprises polyethylene oxide.

5. The compound according to Claim 1, wherein the hydrophobic domain
comprises a polymer unit selected from the group consisting of polypropylene oxide
(PPO), polybutadiene, poly(N-acetylethyleneimine), phenyl boronic acid, polyurethane,
polymethylmethacrylate (PMMA), and polydimethyl sulfoxide.

6. A medical device comprising a compound with the formula:

LABILE LINKER COPOLYMER

BIOACTIVE AGENT

wherein the copolymer comprises one or more hydrophilic domains and at
least one hydrophobic domain, labile linker is a linkage that can be cleaved by a
controlled factor, and the bioactive agent is an agent that has a therapeutic effect.
7. A method for coating a medical device with a surface coating comprising a
therapeutic entity comprising
coating the medical device with a compound with the formula:
R—8—S—COPOLYMER

wherein R is an active group; and
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wherein the copolymer one or more hydrophilic domains and at

least one hydrophobic domain;

rinsing the medical device coated with the compound; and

incubating the rinsed medical device with a bioactive agent having a
therapeutic effect; thereby

coating the medical device with a surface coating comprising a therapeutic
entity.
8. A method of delivering a bioactive compound to a mammal comprising

administering to the mammal a medical device comprising a compound

with the formula:

BIOACTIVE AGENT |—TABILELINKER  I~5po) yMER

wherein the copolymer comprises one or more hydrophilic domains
and at least one hydrophobic domain, labile linker is a linkage that can be
cleaved by a controlled factor, and the bioactive agent is an agent that has a
therapeutic effect; and
cleaving the labile linker; thereby
delivering the bioactive compound.
9. The method of Claim 8, wherein cleaving the labile linker is performed
with a method selected from the group consisting of hydrolysis, radiation, ultrasound,
enzymatic, ionic, diffusion, barrier-mediated diffusion, competitive displacement, and

liposomal disruption.
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