Office de la Propriete Canadian CA 2956721 A1 2016/02/11

Intellectuelle Intellectual Property
du Canada Office (21) 2 956 721
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépét PCT/PCT Filing Date: 2015/08/06 (51) Cl.Int./Int.Cl. A67L 27/34(2006.01),
(87) Date publication PCT/PCT Publication Date: 2016/02/11 AGTK 31/7024(2000.01), AGTL 26/06(2000.01),

A61L 29/08 (2006.01)

(85) Entree phase nationale/National Entry: 201/7/01/30 . _
(71) Demandeur/Applicant:

(86) N° demande PCT/PCT Application No.: US 2015/044002 SURMODICS, INC.. US

(87) N° publication PCT/PCT Publication No.: 2016/022796 (72) Inventeurs/Inventors:

(30) Priorité/Priority: 2014/08/08 (US62/035,173) BABCOCK, DAVID E., US;

LUNDQUIST, SEAN, US;
OPPERMAN, GARY, US;
TORGUSON, ADRIYN, US;
JENTZ, TIM, US

(74) Agent: DEETH WILLIAMS WALL LLP

(54) Titre : REVETEMENTS POUR ARTICLES CONTENANT UNE COUCHE DE POLYPHENOL OLIGOMERISE ET
PROCEDES D'UTILISATION BIOLOGIQUES

(54) Title: ARTICLE COATINGS INCLUDING OLIGOMERIZED POLYPHENOL LAYER AND BIOLOGICAL METHODS OF
USE

(57) Abrégée/Abstract:

Embodiments of the disclosure include coatings comprising an oligomerized polyphenol layer. The oligomerized polyphenol layer
can be used as an intermediate coated layer on a medical device that hydrogen bonds to a synthetic or natural polymer, which In
turn can be used as a top coat or further associated with another coated layer. The multilayered coatings can provide properties
such as hemocompatibility or lubricity. In other embodiments, the oligomerized polyphenol layer iIs used on a medical device as a
hemostatic layer configured to contact blood and promote coagulation. The oligomerized polyphenol layer can also be used on the
Inner surface (e.g., iInner diameter) of a medical device to prevent bacterial adherence. The oligomerized polyphenol l[ayer can also
be used on the surface of a in vitro diagnostic article, or a cell culture device to, promote adsorption of a biological molecule.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




WO 2016/022796 A1 |[HJ 1! AR 000 RO AR AR R

(43) International Publication Date

CA 029b67721 2017-01-30

(19) World Intellectual Property
Organization
International Burecau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2016/022796 Al

11 February 2016 (11.02.2016) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61L 27/34 (2006.01) A61K 31/7024 (2006.01) kind of national protection available). AE, AG, AL, AM,
A61L 29/06 (2006.01) CO8L 29/04 (2006.01) AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
A61L 29/08 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
, o DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN. HR, HU, ID, IL. IN. IR, IS, JP. KE, KG. KN, KP, KR,
PCLAISZ015054002 KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(22) International Filing Date: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
6 August 2015 (06.08.2015) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
. SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available). ARIPO (BW, GH,
62/035,173 8 August 2014 (08.08.2014) Us GM, KE, LR, L5, MW, MZ, NA, RW, SD, 5L, ST, 52,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: SURMODICS, INC. [US/US]; 9924 West TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
74th Street, Eden Prairie, Minnesota 55344 (US). DK. EE. ES. FI, FR, GB, GR, HR, HU, IE. IS, IT, LT, LU,
(72) Imventors: BABCOCK, David E.; 1640 Maryland Aven- LV, MC, MK, M1, NL, NO, PL, P1, RO, RS, SE, Sl, 5K,
. . SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
ue South, St. Louis Park, Minnesota 55426 (US). LUN- GW.KM. ML, MR, NE, SN, TD, TG)
DQUIST, Sean; 1258 Crystal Place East, Chaska, Min- ’ ’ ’ S '
nesota 55318 (US). OPPERMAN, Gary; 2740 Florida Published:
?Z)eﬁlgUg(();ﬁ? :(;rl;l(l):ugsgg? ﬂ;}atl;gﬂniz(f;a 1\?311121,6 I\SIIi 51)6; —  with international search report (Art. 21(3))
Grove, Minnesota 55369 (US). JENTZ, Tim; 2712 Edge- —  before the expiration of the time limit for amending the
wood Avenue South, St. Louis Park, Minnesota 55426 claims and to be republished in the event Of receipt Of
(US). amendments (Rule 48.2(h))
(74) Agents: BUSSE, Paul W. ¢t al.; Kagan Binder, PLLC,

Suite 200, Maple Island Building, 221 Main Street North,
Stillwater, Minnesota 55082 (US).

(54) Title: ARTICLE COATINGS INCLUDING OLIGOMERIZED POLYPHENOL LAYER AND BIOLOGICAL METHODS OF

USE

(57) Abstract: Embodiments of the disclosure include coatings comprising an oligomerized polyphenol layer. The oligomerized

mer, which 1 tu

polyphenol layer can be used as an intermediate coated layer on a medical device that hydrogen bonds to a synthetic or natural poly -
m can be used as a top coat or further associated with another coated layer. The multilayered coatings can provide
properties such as hemocompatibility or lubricity. In other embodiments, the oligomerized polyphenol layer 1s used on a medical

device as a hemostatic layer contfigured to contact blood and promote coagulation. The oligomerized polyphenol layer can also be

used on the mner surface (e.g., inner diameter) of a medical device to prevent bacterial adherence. The oligomerized polyphenol lay -

er can also be used on the surface of a m vitro diagnostic article, or a cell culture device to, promote adsorption of a biological mo -
lecule.



CA 029b67721 2017-01-30

WO 2016/022796 PCT/US2015/044002

10

15

20

25

30

ARTICLE COATINGS INCLUDING OLIGOMERIZED POLYPHENOL
LAYER AND BIOLOGICAL METHODS OF USE

Priority

The present non-provisional Application claims the benefit of commonly

owned provisional Application having serial number 62/035,173, filed on August 8,

- 2014, entitled ARTICLE COATINGS INCLUDING OLIGOMERIZED

POLYPHENOL LAYER AND BIOLOGICAL METHODS OF USE, which
Application is incorporated herein by reference in its entirety.
Field

The present disclosure relates to coatings for medical, diagnostic, and cell

culture articles.

Semmary of the Invention
Embodiments of the disclosure include coatings for various articles, such as

medical, diagnostic, and cell culture articles. Embodiments of the disclosure also
include methods using the coated articles.
Generally, the articles have a coating that includes a coated layer (e.g., a

first coated layer) of oligomerized polyphenol. In some embodiments the articles

have at least one different coated layer(s) (e.g., second) including a natural or
synthetic polymer that hydrogen bonds with the oligomerized polyphenol. The
coatings display desirable properties, and the coating materials and techniques can

be used to provide well-formed coatings on various surfaces. The coated articles

- can be used in various methods, such as methods associated with the implantation of

medical devices, the treatment of conditions using an implanted medical device,
hemostatic methods including blood clotting and wound healing, in vitro diagnostic
methods such as ELISAs, and cell culture methods.

The oligomerized polyphenol can comprise a polyphenol derived from
esterification of a composition comprising gallic acid. The oligomerized polyphenol
can include, for example, oligomerized tannic acid.

In one embodiment, the disclosure provides a medical device comprising a
coating, the coating comprising a first coated layer comprising oligomerized

polyphenol, and a second coated layer comprising a synthetic or natural polymer. In

the coating the
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synthetic or natural polymer is hydrogen bonded to the oligomerized polyphenol and
the first coated layer is positioned between an article surface and the second coated
layer.

The coating can be formed in a method comprising step of applying a first
coating composition comprising a polyphenol to a medical device. A first layer
comprising oligomerized polyphenol is formed upon application. Next, a second
coating composition comprising a synthetic or natural polymer is applied onto the
first layer. The synthetic or natural polymer becomes hydrogen bonded to the
oligomerized polyphenol.

Medical devices having a first coated layer comprising oligomerized
polyphenol include catheters and intravascular prosthesis. In particular, the
polyphenol materials are useful for coating inner surfaces of medical devices, such
as the inner diameters of catheters.

Given its ability to provide coatings in a straightforward manner, the
disclosure also provides a medical device comprising an inner surface comprising a
coating, the coating comprising oligomerized polyphenol. Additional coated layers
(e.g., second coated layer) on the oligomerized polyphenol are optional. In one
embodiment, the oligomerized polyphenol coating is formed on the inner diameter
of a catheter. The inner surface coating can be useful in a method for reducing or
preventing the adherence of bacteria on a medical device surface, comprising
implanting the device of claim in a patient.

In another aspect of the disclosure, experimental studies revealed that an
oligomerized polyphenol coating was surprisingly beneficial for promoting the
adsorption of fibrinogen, and for promoting blood clotting. Accordingly, the
disclosure also provides a medical device comprising a hemostatic coating
comprising oligomerized polyphenol, the device configured so the oligomerized
polyphenol comes in contact with a body fluid.

In a related aspect, the disclosure provides a method for promoting clotting
at a target location in or on the body comprising placing the medical device with the
hemostatic coating comprising oligomerized polyphenol in or on a target location in

the body, wherein the coating contacts body fluid and promotes clotting at the target

location.
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In another aspect, the disclosure provide an article configured for use in an ir

vitro diagnostic assay or cell culture, the article comprising a coating comprising
oligomerized polyphenol. The coating on such articles can be useful for adsorbing
molecules for detection assays, or for improving cell culture conditions.

In an associated aspect, the disclosure provides a method for promoting
adsorption of a biological macromolecule to a surface of an article in an in vitro
diagnostic assay or cell culture. The method includes steps of contacting an article
comprising a coating comprising oligomerized polyphenol with a composition
comprising a biological macromolecule, wherein the coating promotes adsorption of
the biological macromolecule to the oligomerized polyphenol via hydrogen bonding.

Brief Description of the Figures

The disclosure may be more completely understood in connection with the
following drawings, in which:

FIG. 1A 1s a schematic view of cross section of a medical device having a
single layer oligomerized polyphenol coating.

FIG. 1B 1s a schematic view of cross section of a medical device having a
multi-layer coating with oligomerized polyphenol layer.

F1G. 2A 1s a schematic view of cross section of a medical device having a
multi-layer coating with oligomerized polyphenol layer.

FIG. 2B 1s a schematic view of cross section of a medical device having a
multi-layer coating with oligomerized polyphenol layer.

FIG. 3A is a schematic view of cross section of a medical device with a
lumen having a single layer oligomerized polyphenol coating on the inner diameter
of the device. '

F1G. 3B is a schematic view of cross section of a medical device with a
lumen having a multi-layer coating on the inner diameter of the device with an
oligomerized polyphenol layer.

FIG. 4 is a graph showing results of an assay of fibrinogen adsorption on

coated and uncoated substrates.

FI1G. 5 1s a graph showing results of an assay of plasma clotting time on

coated and uncoated substrates.
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F1Gs. 6A-D are graphs showing results of immunoassays on surfaces with
and without tannic acid coatings.

While the disclosure is susceptible to various modifications and alternative
forms, specitics thereot have been shown by way of example and drawings, and will
be described in detail. It should be understood, however, that the disclosure is not
[tmited to the particular emnbodiments described. On the contrary, the intention is to

cover modifications, equivalents, and alternatives falling within the spirit and scope

of the disclosure.

Detailed Description of the Illustrative Embodiments

A "polyphenol" according to the disclosure, refers to an organic molecule
having two to up to about 20 phenolic units. Exemplary polyphenols can optionally
be characterized by one or more of the following properties: a non-polymeric
molecule; a molecular weight in the range of about 200 - 5000 Da; 1 - 3 hydroxy!
groups per phenolic unit, and having 5-8 aromatic rings per 1000 Da. Exemplary
polyphenols include two or more phenolic units linked together, Exemplary
phenolic units are selected from resorcinol, pyrocatechol, pyrogallol, phloroglucinol,
and mixtures thereof. The phenolic units can linked via various chemical groups,
such as ester groups, ether groups, or by C-C groups.

In some cases the polyphenol can be formed by the esterification of one or
more phenolic acid(s), such as gallic acid (3,4,5-trihydroxybenzoic acid), around a
carbohydrate core, such as giucose. Tannic acid (compound A) is an example of one

type of polyphenol that can be formed by such a reaction, and has the following

structure:
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In some cases the polyphenol is an ester of a phenolic acid(s), such as gallic

acid, with another molecule containing phenolic and non-phenolic hydroxyl groups,

5 such as gallecatechol. Epigallocatechin-3-gallate (EGCG; compound B),

epicatechin-3-gallate

(ECG; compound C); theaflavin-3-gallate (compound D), and ellagitannin

(compound E); are examples of polyphenols formed from the esterification of gallic

acld with another molecule containing phenolic and non-phenolic hydroxyl groups.
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Another exemplary polyphenol is epigallocatechin:

OH

A coating solution can be formed by including a polyphenol in a solvent. A
single polyphenol, or a combination of polyphenols, can be dissolved or suspended
In a coating solution at a concentration suitable for forming a coating oh the surface
of an article. Exemplary concentrations of polyphenol are in the range of about 1
ng/mL to about 10 mg/mL, or about 0.5 mg/mL to about 5 mg/mL, such as about 2
mg/mL (e.g., tannic acid at about 2 mg/ml.).

Coating of a substrate can be carried out various ways. In some modes of
practice, the polyphenol is dissolved or suspended in a coating solution having a
basic pH, such as above 7, such as in the range of about 7.5 to about 9.5, or more
specifically in the range of about 8.0 to 8.5. Exemplary basic coating solutions can
be made using a solvent such as water and a biocompatible base, such as sodium

bicarbonate (e.g., at about 0.5 M). Other biocompatible weak bases in include
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ammonia, ammonium hydroxide, urea, piperidine, imidazole, potassium carbonate,
sodium carbonate, potassium bicarbonate, and pyridine, or combinations thereof. In
other modes of practice, the polyphenol can be dissolved or suspended in a coating
solution at a pH less than 7. To induce oligomerization of the polyphenol the pH of
the solution can subsequently be raised to an alkaline pH. Alternatively, a coating
solution including the polyphenol in a solvent can be dip coated onto a device,
allowed to dry, and then put in a higher pH buffer to affect crosslinking., The

coating solution can also include a neutral salt, such a sodium chloride, at a

concentration in the range of about 0.15 M to about 0.75 M, or more specifically at
about 0.5 M.

If desired, one or more optional components can be included in the
polyphenol coating solution as long as the component(s) does not interfere with the
ability of the polyphenol to oligomerize and form a coated layer on the article
surface. For example, the polyphenol coating solution may optionally include one
or more polymeric components, such as polyamines, or poly(acrylic acid).

The first coating solution can be applied to a substrate. Prior to application
of the first coating solution to the substrate, one or more of many different
pretreaiment steps can be taken. In some embodiments, the surface of the substrate
can be cleaned. For example, the surface can be wiped or dipped into an alcohol
such as isopropyl alcohol. In some embodiments, the substrate can be put into a
detergent solution such as a VALTRON® solution and sonicated. In some
embodiments the surface of the substrate can be sterilized.

Many different techniques can be used to apply the solution to the substrate.
By way of example, exemplary techniques can include drop coating, blade coating,
dip coating, spray coating, and the like. In one mode of coating, the solution is
applied by drop coating. In other modes of coating, the substrate can be immersed
into the polyphenol coating solution for a period of time sufficient for the coated
layer of oligomerized polyphenol to form on the article surface. In exemplary
modes of practice the article is immersed in a polyphenol coating solution. The
article is maintained in the solution for a period of time greater than 5 seconds,
greater than 1 minute, greater than10 minutes, greater than 30 minutes, such as- in

the range of about 1 minute to about 2 hours. The article can then be rinsed using a

PCT/US2015/044002
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liquid such as water to remove any excess coating material(s).

The oligomerized polyphenol layer can be formed without requiring an
oligomerization/polymerization initiator, such as a light activated polymerization
initiator. Therefore the coating solutions and processes are particularly useful to
forming a coated layer on an article surface that where it is difficult to provide light.
For example, the coating solutions and processes can be used to form an
oligomerized polyphenol layer on a substrate having a complex geometry, or one
having an inner surface, such as surfaces of medical devices. These inner surfaces
may not be accessible to other forms of energy, such as light, which alternatively
may be used to activate and bind coating reagents to surfaces. Examples of
substrates that have inner surfaces include, for example, stents, catheters such as
PTCA catheters and hemodialysis catheters, hemodialysis membrénes, and other
devices having inner surfaces. These substrates can be formed, for example, from a
complex architecture of materials, or contain many pores.

An “oligomerized” polyphenol layer refers to a water-insoluble coated layer
including crosslinked polyphenol molecules. Without intending to be bound by
theory, the basic coating solution is believed to promote oligomerization of the
polyphenols and formation of an oligomerized polyphenol layer by oxidation of the
polyphenol, deprotonation of phenolic hydroxyl groups, rearrangement, and phenol-
phenol crosslinking via the phenolic groups. The molecular mechanism of forming
the oligomerized polyphenol layer is believed to resemble the formation of a
polydopamine coating as described by Lee ef al. (Science 318:426-430, 2007).

In another mode of practice, an oligomerized polyphenol layer is formed by

including in the coating composition an inorganic molecule that can coordinate with

chemical groups of the polyphenol molecules and thereby form crosslinks. For
example, a metal ion such as iron (Fe) can coordinate with deprotonated phenolic
hydroxyl groups from up to threc phénolic groups as taught by Ejima et al. (Scienée
318:426-430, 2007).

PCT/US2015/044002
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Embodiments of the disclosure include coatings that have an oligomerized

polyphenol layer that comes in contact with a body fluid, a tissue, a composition

>  used for a detection analysis, or cell culture media. The oligomerized polyphenol

“can serve to attach or bond one or more components from body fluid (e.g.,
fibrinogen), or components from a composition used for an in vitro assay (e.g.,
antibodies or analytes), or components from a cell culture composition.

As such, the oligomerized polyphenol layer can be sole coated layer in the

10 coating, or can be the "outermost” or "top" layer if the coating includes more than

15

ong layer. Optional additional layer(s) may be between the oligomerized polyphenol
layer and the device surface. FIG. 1A is a coating embodiment wherein an
oligomerized polyphenol layer 101 is in direct contact with a device surface 102.
FIG. 1B is a coating embodiment wherein an oligomerized polyphenol layer 111 is
the outermost layer with a tie (or intermediate) layer 113 in contact with a device
surface 112. FIG. 3A is a coating embodiment showing a cross section of a medical
device with a lumen (such as a catheter), wherein an oligomerized polyphenol layer
311 1s present on the inner diameter of a device surface 312. Exemplary substrate

materials and materials for optional tie or intermediate layers are known in the art.

20 The oligomerized polyphenol layer (e.g., 101, 111, or 311) can be very thin,

25

such as less than 100nm, less than 50 nm, less than 25 nm, less than 10 nm, less than

> nm (upper limits), or greater than 0.1 nm, greater than 0.25 nm, greater than 0.5
nm, greater than 1 nm, greater than 2 nm (lower limits), or in a range of any

combination of these lower and upper limits.

Experimental studies associated with the disclosure have shown the

oligomerized polyphenol layer was able to promote significant fibrinogen adsorption

10
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(see Figure 4). Fibrinogen is a protein factors involved in the clotting cascade, and
its adherence to a coated surface of a medical device that contacts blood can
promote attachment of other coagulation factors. Fibrinogen adhesion can be
followed by fibrin and von Willebrand factor (vWF) on the device surface, which
may be characterized by a loosely structured matrix. This phase can also be
characterized by platelet adhesion.

In addition, the polyphenol layer was able to promote shortened plasma
clotting times (sec Figure 5). Therefore, the oligomerized polyphenol per se,
provides a useful surface modification for medical articles desirably having a
hemostatic property. A “hemostatic” property refers to the ability to promote
“hemostasis” which is the clotting of blood. Various medical articles or devices that
are implanted or inserted in the body, or that are placed in contact with a body tissue
can be provided with an oligomerized polyphenol hemostatic coating.

In some embodiments, the oligomerized polyphenol hemostatic coating is
used m conjunction with an occlusion device for occluding any sort of target area
within the body. Occlusion devices include implantable medical devices that are
delivered to a target area of the body and that are intended to function to prevent
movement of body fluids through or into the area in which the device has been
delivered. Thrombosis and the formation of a clot in association with the occlusion
device generally aid in establishing the hemostatic function. Occlusion can be
established by delivering the device to a target area and allowing the oligomerized
polyphenol hemostatic coating to promote formation of fibrin clot, thereby
physically occiuding the target area. Occlusion articles with an oligomerized
polyphenol hemostatic coating can be useful for the selective occlusive of
vasculature, including arteries, veins, fistulas, aneurysms, fallopian tubes, bile ducts,
and the like. The oligomerized polyphenol hemostatic coating can be used in
connection with vascular occlusion coils, wires, or strings that can be inserted into

aneurysms.

An oligomerized polyphenol hemostatic coating can also be formed on a

porous surface of a medical article. An article having a “porous surface” refers to

any article having a surface with pores on which an oligomerized polyphenol

11
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hemostatic coating can be formed. In some cases, the pores can be of a physical

dimension that permits in-growth of tissue.

In many cases the porous surface of the article is a fabric or has fabric-like

qualities. The porous surface can be formed from textiles, which include woven
materials, knitted materials, and braided materials. Particularly useful textile
materials are woven materials which can be formed using any suitable weave pattern
known in the art.

The porous surface can be that of a graft, sheath, cover, patch, sleeve, wrap,
casing, and the like. These types of articles can function as the medical article itself
or be used in conjunction with another part of a medical article. For example, the
oligomerized polyphenol hemostatic coating can be used in conjunction with fabrics,
such as cardiac patches, sheaths, and grafts. In these embodiments, a procoagulant
coating can be used to generate a hemostatic fibrin clot in association with the
coated fabric. These coated articles can be used to prevent the flow of blood within
the body in the location the coated article is intended to function.

Fabrics can be prepared from synthetic addition or condensaﬁon polymers
such as polyesters, polypropylenes, polyethylenes, polyurethanes, and
polytetrafluoroethylenes. Polyethylene terephthalate (PET) is a commonly used
polymer in fabrics. Blends of these polymers can also be utilized in the preparation

of fibers, such as monofilament or multi-filament fibers, for the construction of

fabrics. Commonly used fabrics include those such as nylon, velour, and
DACRON™

Surgical patches can be used in various medical procedures to prevent blood
flow. A surgical patch having the oligomerized polyphenol hemostatic coating can
rapidly generating a fibrin clot associated with the patch, thereby improving
hemostatic function.

Other particular contemplated porous surfaces include those of cardiac patches.
These can be used to decrease suture line bleeding associated with cardiovascular
reconstructions.

The oligomerized polyphenol layer can also be used as a coating on the
surface of an in vifro diagnostic article. The coating can be useful for promoting the

attachment of a biological molecule, such as a peptide, protein, nucleic acid, or

12
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polysaccharide, to the surface. The protein can be an antibody or antibody fragment,

or an analyte that is a peptide or protein.

The oligomerized polyphenol layer can be applied to the in vitro diagnostic

article over its entire surface, or over a selected portion or portions of the surface.

For example, the oligomerized polyphenol layer may be applied in a certain pattern
on the device surface to promote adsorption of the biological molecule according to
the pattern.

The oligomerized polyphenol layer can be formed on any suitable assay
article, such as an assay vessel, or portion thereof. An assay article can"be any
article on, or in which, analyte detection, such as by ELISA, can be performed. The
assay article can be made from material such as glass (e.g., surface modified glass),
quartz, silicon, metals, metal oxides or plastic, such as polystyrene, polyolefins,
polypropylene, and polycarbonate. Exemplary assay articles are single and multi-
well plates, such as medium and smaller-welled plastic plates such as 6, 24, 96, 384,
and 1536 well plates. These are commonly known in the art as microtiter plates,
microplates, or microwell plates. Exemplary plates for use in in vitro diagnostic
assays in cach well hold from microliter to milliliter volumes of liquid. Other types
of assay vessels that can be used for analysis include capillary tubes. The assay
article having an oligomerized polyphenol layer can optionally be included in a kit,
or can be supplied by the user to carry out an in vitro diagnostic assay.

The oligomerized polyphenol layer can promote adsorption of a biological
macromolecule to the coated surface. For example, in some modes of practice, an
article having an oligomerized polyphenol coating is contacted with an antibody-
containing composition to promote adsorption of the antibody to the oligomerized
polyphenol via hydrogen bonding. Areas of the oligomerized polyphenol coating
can then be blocked with a polymer, which can also associate via hydrogen bonding,
to block subsequent non-specific analyte or antibody interaction. The oligomerized
polyphenol layer can also be used as a coating on the surface of cell culture vessel.

The coating can be useful for passivating the surface of the vessel to prevent

unwanted adsorption of components of the cell culture vessel wall. A passivating or

cell binding component, such as a synthetic or natural polymer, can be hydrogen

bonded to the oligomerized polyphenol layer. Alternately, the coating could
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provide for attachment of components that promote cell attachment. Examples of

components that provide promote cell attachment include collagen, fibronectin,
laminin, and cell adhesion-promoting peptides such as RGD.

A "cell culture vessel” is an example of a cell culture article and, as used
herein, means a receptacle that can be coated with an oligomerized polyphenol
coating and can contain media for culturing a cell or tissue. The cell culture vessel
may be made from a glass, plastic, or even from metals, such as those metals used to
make medical devices. Preferably the plastic 1s non-cytotoxic. Exemplary cell
culture vessels include, but are not limited to, single and multi-well plates, including
6 well and 12 well culture plates, and smaller welled culture plates such as 96, 384,
and 1536 well plates, culture jars, culture dishes, petri dishes, culture flasks, culture
plates, culture roller bottles, culture slides, including chambered and multi-
chambered culture slides, culture tubes, coverslips, cups, spinner bottles, perfusion

chambers, bioreactors, and fermenters.

In providing a coated cell culture vessel, a coating process, such as one
described herein, can be used to provide an oligomerized polyphenol coating to a
wall of a cell culture vessel. The coating method is advantageous for those vessels
having surfaces wherein it is difficult to deliver light otherwise used for initiating a
polymerization initiator. After a surface of the cell culture vessel is provided with
an oligomerized polyphenol coating it can be contacted with a composition that
includes a material that can adsorb to the oligomerized polyphenol coating to
passivate the surface and prevent non-specific binding of cell culture components to
the vessel. Alternatively, the adsorbed material can promote the binding of cells to
the coated surface. Embodiments of the disclosure also include coatings that have
an oligomerized polyphenol layer that is an intermediate layer. The oligomerized
polyphenol layer can be in direct contact with a device surface, in direct contact with
a second coated layer that is distal to the device surface, or both. One or more
components of the second coated layer, such as a natural or synthetic polymer(s),
can be hydrogen bonded to the oligomerized polyphenol layer

FIG. 2A is a coating embodiment wherein an oligomerized polyphenol layer
201 is in direct contact with a device surface 202, and a second coated layer that

includes a natural or synthetic polymer 204 is the outermost layer. Hydrogen
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bonding between the oligomerized polyphenol and the natural or synthetic polymer
can be present at the interface between layers 201 and 204. Optionally, a tie layer

(not shown) can be present between the oligomerized polyphenol layer 201 and the

device surface 202.

FIG. 2B is a coating embodiment wherein an oligomerized polyphenol layer

211 1s in direct contact with a device surface 212, an intermediate second coated

layer 214 that includes a natural or synthetic polymer, and a third coated layer 215 is
the outermost layer. Bonding between the natural or synthetic polymer of the
second coated layer 214 and a component of the third coated layer 215 may or may
not exist. In some arrangements, there is hydrogen bonding between the natural or
synthetic polymer of the second coated layer 214 and a component of the third
coated layer 2135.

FIG. 3B 1s a coating embodiment showing a cross section of a medical
device with a Jumen (such as a catheter), wherein an oligomerized polyphenol layer
321 1s present on the inner diameter of a device surface 322, the coating further
comprising a layer 324 with a natural or synthetic polymer that is hydrogen bonded
to the oligomerized polyphenol.

Optionally, the coating can include additional coated layers (e.g., fourth,
fifth) that can be present as intermediate or outer coated layers on the device.

The thickness of a coating that includes the oligomerized polyphenol layer
(c.g., 201 or 211) and second coated layer (e.g., 204, 214, 324) can vafy depending
on the coating materials and process used for forming the coating. The coating can
have a thickness of less than 2 um, less than 1 um, less than 500 nm, less than 250
nm, less than 100 nm (upper limits), or greater than 1 nm, greater than 2.5 nm,
greater than 5 nm, greater than 10 nm, greater than 25 nm (lower limits), or in a
range of any combination of these lower and upper limits. The coating can
optionally be described in terms of the ratio of the thickness of the ol igomerized
polyphenol layer (e.g., 201, 211, 321) and second coated layer (e.g., 204, 214, 324).

In some embodiments, the second layer includes a polymer capable of

bonding to the oligomerized polyphenol of the first coated layer. A test for the

‘ability of a polymer to hydrogen bond to the oligomerized polyphenol may be

carried out by staining the coating with toluidine blue and testing its durability.
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Exemplary polymers include natural and synthetic polymers. Natural
polymers include polysaccharides, polypeptides, and nucleic acids. Exemplary
polysaccharides are methylcellulose and hydroxyethylceilulose. Exemplary
synthetic polymers include poly(n-isopropylacrylamide), poly(n-vinylcaprolactam),
poly(ethylene oxide), and poly(vinyl alcohol).

The natural or synthetic polymers can be dissolved or suspended in a second
coating composition, which can then be applied to the oligomerized polyphenol
layer. In exemplary methods, the natural or synthetic polymer is added to a polar
solvent, such as water, in an amount in the range of about 0.5 mg/mL to about 50
mg/mL, about 2 mg/mL to about 40 mg/mL, or about 5 mg/mL to about 25 mg/mL.
Examplary solvents include water, alcohols (e.g., methanol, ethanol, n-propanol and
isopropanol), amides (e.g., dimethylformamide, N-methylpyrrolidone), ethers (e.g.,
tetrahydrofuran (THF), dipropyl ether and dioxolane), and nitriles (e.g., acetonitrile).

The second coating composition can be applied to the first coated layer of
oligomerized pcjlyphenol in any suitable manner under conditions to promote
hydrogen bonding of the polymer to the oligomerized polyphenol. Excess unbound
polymer can be removed during a washing step.

In some embodiments, the second layer includes a vinyl pyrrolidone
polymer. As used herein a “vinyl pyrrolidone polymer” refers to polymers including
vinyl pyrrolidone monomeric units. The vinyl pyrrolidone polymer can be a vinyl
pyrrolidone homopolymer or a vinyl pyrrolidone copolymer including vinyl
pyrrolidone and one or more (e.g., two, three, four, five, etc.) other monomeric units
that are difterent than vinyl pyrrolidone. In embodiments, in a poly(vinyl
pyrrolidone) copolymer, the vinyl pyrrolidone can be the primary monomer (molar
quantity), such as present in an amount of greater than 50% (mol), 55% (mol) or
greater, 60% (mol) or greater, 65% (mol) or greater, 70% (mol) or greater, 75%
(mol) or greater, 80% (mol) or greater, 85% (mol) or greater, 90% (mol) or greater,
92.5% (mol) or greater, 95% (mol) or greater, 97.5% (mol) or 99 % (mol) or greater.
In exemplary embodiments, vinyl pyrrolidone is present in the copolymer in the
range of about 75% (mol) to about 97.5% (mol), about 85% (meol) to about 97.5%
(mol), or about 90% (mol) to about 97.5% (mol).

Other monomers that can be copolymerized with vinyl pyrrolidone to
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provide the vinyl pyrrolidone polymer include, but are not limited to acrylamide,
methacrylamide, acrylic acid, acrylamido-2-methylpropanesulfonate (AMPS),
methacrylic acid, methyl acrylate, methyl methacrylate, hydroxyethyl methacrylate,
hydroxyethyl acrylate, glyceryl acrylate, glyceryl methacrylate, ethylene glycol, and
derivatives of these monomers.

For example, in some embodiments, the second coated layer includes a vinyl
pyrrolidone polymer comprising a photoreactive group (e.g., photo-PVP). Reagents
and methods for the preparation of photo-PVP can be found in references such as
U.S, Patent Nos. 4,979,959; 5,002,582; 5,263,992; 5,414,075; 5,512,329: and
5,637,460, the teaching of which are Incorporated herein by reference. In some
modes of practice, photo-PVP can be formed by the copolymerization of 1-vinyl-2-
pyrrolidone and N-(3-aminopropyl (meth)acrylamide), which then can be
derivatized with an acyl chloride (such as, for example, 4-benzoylbenzoyl chloride)
under Schotten-Baumann conditions. That is, the acyl chloride reacts with the
amino group of the N-(3-aminopropyl) moiety of the copolymer. An amide is
formed resulting in the attachment of the aryl ketone to the polymer.

A vinyl pyrrolidone polymer comprising a photoreactive group can also be
prepared by copolymerizing vinyl pyrrolidone with a monomer derivatized with a
photoreactive group. Exemplary monomer derivatives include aryl ketone
derivatives of hydrophilic free radically polymerizable monomers such as |
acrylamide, methacrylamide and AMPS. One exemplary methacrylamide-based
monomer with a pendent photoreactive groups is N-[3-(4-benzoylbenzamido)
propyl]methacrylamide (BBA-APMA), the synthesis which is described in
Examples 1-3 of U.S. Patent No. 5,858,653 (Duran ef al.) Another exemplary
methacrylamide-based monomer with a pendent photoreactive group is N-[3-(7-
methyl-9-oxothioxanthene-3-carboxiamido)propyl] methacrylamide (MTA-APMA),
the synthesis which is described in Examples 1-2 of U.S. Patent No. 6,156,345
(Chudzik ef al.)

In some embodiments, a third coated layer that includes an acid group-

containing polymer is formed in contact with the second coated layer. An “acid

group-containing polymer” refers to polymer that has acid groups presented on the

polymer chain. Acidic groups include, for example, sulfonic acids, carboxylic acids,
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phosphonic acids, and the like. Exemplary salts of such groups include, for
example, sulfonate, carboxylate, and phosphate salts. Exemplary counter ions
include alkali, alkaline earths metals, ammonium, protonated amines, and the like.
[t one or more counter ions are used, the abid groups of the acid group-containing
polymer are partially neutralized. For example a molar percentage of the acid
groups can be neutralized with counter ions, such as in the range of x to y, wherein x
to y are selected from about 1%, 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%,
70%, 80%, or 90%, wherein x is less than y.

Exemplary carboxylic acid-group containing monomers that can be used to
prepare the acid group-containing polymer, include, but are not limited to acrylic
acid, methacrylic acid, itaconic acid, monomethyl itaconic acid, maleic anhydride,
fumaric acid, and crotonic acid, and salts thereof. Exemplary sulfonic acid-group
containing monomers that can be used to prepare the acid group-containing polymer,
Include, but are not limited to acrylamido-2-methylpropanesulfonic acid (AMPS), 2-
(meth)acrylamido-2-methylpropane sulfonic acid, vinyl sulfonic acid, 2-sulfoethyl
methacrylate, and salts thereof. Copolymers made from a combination of two or
more different acid-group containing monomers can be used, or copolymers made
from one or more acid-group containing monomers and one or more non-acid group
containing monomers can be used. These copolymers can be random copolymers,
block copolymers, graft copolymers or blends thereof.

Other exemplary carboxylic acid-containing monomers that can be used to
prepare the acid group-containing copolymers include styrene and maleic anhydride
copolymerized to produce styrene-maleic anhydride copolymer (PSMA). Yet other
exemplary carboxylic acid-containing monomers are described in “Hydrogen-
Bonded Interpolymer Complexes; Formation, Structure and Applications” Chapters
1 and 7, Eds. Vitaliy V. Khutoryanskiy and Georgios Stalkos (2009).

The acid group-containing polymer may optionally be described with
reference to its pH. For example, the acid group-containing polymer may have a pH
in the range of about 1 to about 5, about 1.2 to about 5, about 1.5 to about 5, about
2.5 to about 3, about 2.75 to about 4.5, or about 3 to about 4.25.

The third coated layer that is a top coating can comprise an acrylic acid

polymer. As used herein an “acrylic acid polymer” refers to polyiners including
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acrylic acid monomeric units. The acrylic acid polymer can be an acrylic acid
homopolymer or a acrylic acid copolymer including acrylic acid and one or more
(e.g., two, three, four, five, etc.) other monomeric units that are different than acrvlic
acid. In embodiments, in a poly(acrylic acid) copolymer, the acrylic acid can be the
primary monomer (molar quantity), such as present in an amount of greater than
50% (mol), 55% (mol) or greater, 60% (mol) or greater, 65% (mol) or greater, 70%
(mol) or greater, 75% (mol) or greater, 80% (mol) or greater, 85% (mol) or greater,
90% (mol) or greater, 92.5% (mol) or greater, 95% (mol) or greater, 97.5% (mol) or
99 % (mol) or greater. In exemplary embodiments, acrylic acid is present in the

copolymer in the range of about 75% (mol) to about 100% (mol), about 85% (mol)

- to about 100% (mol), about 95% (mol) to about 100% (mol), or about 98% (mol) to

about 100% (mol).

In some embodiments, the acrylic acid polymer in the top coating may have

an average molecular weight of 150 kDa or greater. In yet other embodiments the

acrylic acid polymer in the top coating may have an average molecular weight of
250 kDa or greater, 350 kDa, 450 kDa, 550 kDa, 650 kDa or greater or even in some

cases an average molecular weight of 750 kDa or greater.

The acrylic acid polymer of the third coated layer can undergo hydrogen
bonding with the natural or synthetic polymer, such as a vinyl pyrrolidone polymer,
of the second coated layer. More specifically, hydrogen bonding between the
polymers can involve the carbonyl oxygens of both the pyrrolidone ring and the
carboxylic acid.

In other embodiments, the third coated layer that is a top coating also
includes a cross-linking agent comprising at least two photoreactive groups, or an
acrylamide polymer comprising at least one photoreactive group. In some
embodiments, the acrylamide polymer can comprise acrylamide, acrylamido-2-
methylpropanesulfonate groups (AMPS), and poly(ethyleneglycol) groups. For
example, in a specific embodiment, the acrylamide polymer can be N-acetylated
poly[acrylamide-co-sodium-2-acrylamido-2-methylpropanesulfonate-co-N-(3-(4-
benzoylbenzamido)propyl) methacrylamide]-co-methoxy poly(ethylene glycol)
monomethacrylate, Reagents and method for the preparation of polymers

comprising polyacrylamide in accordance with embodiments herein can be found in
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can be found in references such as U.S. Patent Nos. 4,979,959; 5,002,582:
3,263,992; 5,414,075; 5,512,329; and 5,637,460, the teaching of which are
incorporated herein by reference.

In embodiments, the second or third coated layer, or both, can include a
crosslinking reagent comprising photoreactive groups. The photoreactive group can
be an aryl ketone, such as acetophenone, benzophenone, anthrone, and anthrone-like
heterocycles (i. e., heterocyclic analogs of anthrone such as those having N, O, or S
in the IO-posit.ion), or their substituted (e.g., ring substituted) derivatives.

Exemplary cross-linking agents are described in U.S. Publ. Pat. App. No.
2011/0245367, the content of which is herein incorporated by reference in its
entirety. In some embodiments, at least one of the first and/or second cross-linking
agents may comprise a linking agent having formula Photo'-LG-Photo?, wherein
Photo’ and Photo?, independently represent at least one photoreactive group and LG
represents a linking group comprising at least one silicon or at least one phosphorus

atom, there is a covalent linkage between at least one photoreactive group and the

linking group, wherein the covalent linkage between at least one photoreactive

group and the linking group is interrupted by at least one heteroatom.

In other embodiments, an ionic photoactivatable cross-linking agent can be

used. The ionic photoactivatable cross-linking agent can be a compound of formula
I: X'--Y--X* where Y is a radical containing at least one acidic group, basic group,
or a salt of an acidic group or basic group. X' and X* are each independently a .
radical containing a latent photoreactive group.

I‘'or example, a compound of formula I can have a radical Y that contains a
sulfonic acid or sulfonate group; X' and X* can contain photoreactive groups such as
aryl ketones. Such compounds include 4,5-bis(4-benzoylphenylmethyleneoxy)
benzene-1,3-disulfonic acid or salt; 2,5-bis(4-benzoylphenylmethyleneoxy)
benzene-1,4¥disulfonic acid or salt; 2,5-bis(4-benzoylmethyleneoxy)benzene-1-
sulfonic acid or salt; N,N-bis[2-(4-benzoylbenzyloxy)ethyl]-2-aminoethane-sulfonic
acid or salt, and the like. See U.S. Pat. No. 6,278,018 |

In other embodiments of formula I, Y can be a radical that contains a basic
group or a salt thereof. Such Y radicals can include, for example, an ammonium, a

phosphonium, or a sulfonium group; suitable counter ions include, for example,
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carboxylates, halides, sulfate, and phosphate, Exemplary photoactivatable cross-
linking agents include ethylenebis(4-benzoylbenzyl-dimethylammonium) salt;
hexamethylenebis (4-benzoylbenzyldimethyl-ammonium) salt; 1,4-bis(4-
benzoylbenzyl)-1,4-dimethylpiperazinediium) salt, bis(4-
benzoylbenzyl)hexamethylenetetraminediium salt, bis[2-(4-benzoylbenzyl-
dimethylammonio)ethyl]-4-benzoylbenzylmethylammonium salt; 4,4-bis(4-
benzoylbenzyl)morpholinium salt; ethylenebis[(2-(4-benzoylbenzyldimethyl-
ammonio)ethyl)-4-benzoylbenzylmethylammonium] salt; and 1, 1.,4,4;tetrakis(4-
benzoylbenzyl)piperzinediium salt, See U.S. Pat. No. 5,714,360.

Substrates on which the coating can be formed can be partially or entirely
fabricated from a metal, ceramic, glass, or the like, or a combinatidn thereof.
Substrates can include polymers such as polyurethanes and polyurethane
copolymers, polyethylene, polyolefins, styrene-butadiene copolymers, polyisoprene,
1sobutylene-isoprene copolymers (butyl rubber), including halogeﬁated butyl rubber,
butadiene-styrene-acrylonitrile copolymers, silicone polymers, fluorosilicone
polymers, polycarbonates, polyamides, polyesters, polyvinyl chloride, polyether-
polyester copolymers, polyether-polyamide copolymers, and the like. The substrate
can be made of a single material, or a combination of materials.

Substrate polymers can also include those formed of synthetic polymers,
including oligomers, homopolymers, and copolymers resulting from either addition
or condensation polymerizations. Examples of suitable addition polymers include,
but are not limited to, acrylics such as those polymerized from methyl acrylate,
methyl methacrylate, hydroxyethyl methacrylate, hydroxyethyl acrylate, acrylic
acid, methacrylic acid, glyceryl acrylate, glyceryl methacrylate, methacrylamide,
and acrylamide; vinyls such as ethylene, propylene, vinyl chloride, vinyl acetate,
vinyl pyrrolidone, vinylidene diﬂuoride, and styrene. Examples of condensation
polymers include, but are not limited to, nylons such as polycaprolactam, polylauryl
lactam, polyhexamethylene adipamide, and polyhexamethylene dodecanediamide,
and also polyurethanes, polycarbonates, polyamides, polysulfones, poly(ethylene
terephthalate), polydimethylsiloxanes, and polyetherketone.

In some embodiments, the substrate includes a polymer selected from the

group consisting of polyamide, polyimide, polyether block amide (PEBAX),
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polyether ether ketone (PEEK), high density polyethylene (HDPE), polyethylene,
polyurethane, and polyethylene vinyl acetate.

Metals that can be used as substrates in medical articles include platinum,

gold, or tungsten, as well as other metals such as rhenium, palladium, rhodium,
ruthenium, titanium, nickel, and alloys of these metals, such as stainless steel,
titanium/nickel, nitinol alloys, cobalt chrome alloys, non-ferrous alloys, and
platinum/iridium alloys. One exemplary alloy is MP35.

- Exemplary medical articles include vascular implants and grafts, grafts,
surgical devices; synthetic prostheses; vascular prosthesis including endoprosthesis,
stent-graft, and endovascular-stent combinations; small diameter grafts, abdominal
aortic aneurysm grafts; wound dressings and wound management device; hemostatic
barriers; mesh and hernia plugs; patches, including uterine bleeding patches, atrial
septic defect (ASD) patches, patent foramen ovale (PFO) patches, ventricular septal
defect (VSD) patches, and other generic cardiac patches; ASD, PFQ, and VSD
closures; percutaneous closure devices, mitral valve repair devices; left atrial
appendage filters; valve annuloplasty devices, catheters; central venous access
catheters, vascular access catheters, abscess drainage catheters, drug infusion
catheters, parenteral feeding catheters, intravenous catheters (e.g., treated with
antithrombotic agents), stroke therapy catheters, blood pressure and stent graft
catheters; anastomosis devices and anastomotic closures; aneurysm exclusion

devices; biosensors including glucose sensors; cardiac sensors; birth control devices:

breast implants; infection control devices; membranes; tissue scaffolds: tissue-
related materials; shunts including cerebral spinal fluid (CSF) shunts, glaucoma
drain shunts; dental devices and dental implants; ear devices such as ear drainage
tubes, tympanostomy vent tubes; ophthalmic devices; cuffs and cuff portions of
devices including drainage tube cuffs, implanted drug infusion tube cuffs, catheter
cutt; sewing cuff; spinal and neurological devices; nerve regeneration conduits;
neurological catheters; neuropatches; orthopedic devices such as orthopedic joint
implants, bone repair/augmentation devices, cartilage repair devices; urological
devices and urethral devices such as urological implants, bladder devices, renal

devices and hemodialysis devices, colostomy bag attachment devices; biliary
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drainage products, vena cava filters, and embolic protection filters and devices and
clectrophysiclogy mapping and ablation catheters.

The coating having the first oligomerized polyphenol, the second layer
including the synthetic or natural polymer hydrogen bonded to the oligomerized
polyphenol, and optionally the third layer acid polymer can have a hemocompatible
(blood compatible) property. For example, a medical article with a hemocompatible
coating can reduce effects that may associated with placing a foreign object in
contact with blood components, such as the formation of thrombus or emboli (blood
clots that release and travel downstream). The hemocompatible property of the
coating can be observed as compared to a medical device that does not have the
coating. Optionally, the coating can be further modified with hemocompatible
proteins or peptides to enhance the hemocompatible (blood compatible) property.

An assay for measurihg hemocompatibility of a coated surface can be
performed using any one of a variety of tests. Techniques, such as including clot-
based tests, such an artificial circulation (Chandler loop) using whole blood
augmented with platelets (e.g., see Robbie, L.A., et al. (1997) Thromb Haemost.
77:510-5), or the in vitro bovine blood loop, chromogenic or color assays, direct

chemical measurements, and ELISAs, are used for coagulation testing (e.g., see,

Bates, 5.M., and Weitz, J.I. (2005) Circulation, 112:53-60: and Walenga, J.M., et

al. (2004) Semin Thromb Hemost. 30:683— 695). Whereas clotting assays provide a

global assessment of coagulation function, chromogenic tests are designed to
measure the level or function of specific factors.

In some embodiments, the coating includes with first (polyphenol) and
second layers, with the second layer comprising a polymer that is hydrogen bonded
to the first layer, and that also provides a lubricious or low friction surface. The
lubricious or low friction surface can facilitate movement of the coated device in
relation to a tissue, or can facilitate movement of the coated device in contact with
another component of the medical device, or movement of two medical devices in
contact with each other. For example, one approach to reducing the friction between
a medical device and the environment surrounding the medical device is to apply a

lubricious or low friction coating onto the medical device.
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The present disclosure may be better understood with reference to the
following examples. These examples are intended to be representative of specific
embodiments of the disclosure, and are not intended as limiting the scope of the
disclosure.

It should be noted that, as used in this specification and the appended claims,
the singular forms "a," "an," and "the" include plural referents unless the content
clearly dictates otherwise. Thus, for example, reference to a composition containing
"a compound" includes a mixture of two or more compounds. It should also be
noted that the term “or” is generally employed in its sense including “and/or” unless
the content clearly dictates otherwise.

It should also be noted that, as used in this specification and the appended
claims, the phrase “configured” describes a system, apparatus, or other structure that
18 constructed or configured to perform a particular task or adopt a particular
configuration to. The phrase "configured" can be used interchangeably with other
similar phrases such as arranged and configured, constructed and arranged,
constructed, manufactured and arranged, and the like.

' All publications and patent applications in this specification are indicative of
the level of ordinary skill in the art to which the disclosure pertains. All publications
and patent applications are herein incorporated by reference to the same extent as if
cach individual publication or patent application was specifically and individually
indicated by reference. Nothing herein is to be construed as an acﬁnission that the

inventors are not entitled to antedate any publication and/or patent, including any

publication and/or patent cited herein.,

The disclosure has been described with reference to various specific and
preferred embodiments and techniques. However, it should be understood that
many variations and modifications may be made while remaining within the spirit
and scope of the disclosure.

Example 1: Preparing a low-protein binding polyphenol coating

First, a tannic acid tie layer was applied to 7 cm segments of polyurethane
(PU) 7F catheters (Solomon Scientific). To prepare a 2 mg/ml tannic acid (TA)
solution, 80 mg of TA was dissolved in 40 ml of an aqueous buffer solution

containing 0.5 M NaHCO3 and 0.5 M NaCl (final pH of 8.3). Catheter segments
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were added to the tannic acid solution and gently inverted to remove any trapped air

bubbles from the catheter lumens. The catheters were then incubated at 50°C for one

hour without agitation. After the incubation, catheter segments were removed from
tannic acid, rinsed thoroughly with water, both internal and outer diameters, and air
dried.

Next, for the second layer of the coating, polyvinlypyrrolidone (PVP) was
hydrogen bonded to the TA tie layer. TA modified catheters were placed into a PVP
solution (K30, BASF, 10 mg/ml in 10 mM phosphoric acid, pH 2.0) for five minutes

at room temperature, rinsed with water, and air dried.

Lastly, for the third layer, poly(acrylic acid) (PAA) was hydrogen bonded to
the PVP layer. Catheter segments were incubated in a PAA solution (in-house
synthesized PAA, 20 mg/ml in water) for five minutes at room temperature.
Catheters were then rinsed with water and allowed to air dry at room temperature.

To confirm the presence of the coating, samples of catheter were stained
with a positively charged dye, toluidine blue, by submerging the sample in 0.1 %
w/v toluidine biue water solution for five minutes and then thoroughly rinsing the
sample with water to remove excess stain. The sample stained a dark purple
indicating the presence of the negatively charged PAA top coat. An uncoated control
stained a very faint blue whereas a TA-only control stained a darker blue. A coating
without the PAA top coat stained similar to the TA-only control.

Example 2: Fibrinogen adsorption to polyphenol coatings from human plasma

T'o characterize the protein adsorption properties of the coatings, fibrinogen
adsorption to coated and uncoated catheters was quantified using an ELISA
technique. Polyurethane catheters were cut into 1 cm long samples and placed in
12x75 mm glass test tubes (4 samples / test tube). Human platelet-poor plasma (PPP
from George King Bio-Medical) was diluted 1:4 with phosphate-buffered saline
(PBS). Two milliliters of diluted PPP was added to each test tube. Samples were
incubated for two hours with agitation on an orbital shaker at room temperafure. The
plasma was aspirated off of the samples and the samples were washed three times
with a PBS wash solution containing 0.05% (v/v) Tween 20, pH 7.4. Next, two
milliliters of polyclonal anti-human-fibrinogen-HRP (Rockland, Inc., product # 200-
103-240) was added to each test tube at a dilution of 1:10,000 in PBS. Samples were
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incubated for 30 minutes with agitation on an orbital shaker at room temperature.
The antibody solution was aspirated off and the samiples were washed three times
with PBS plus Tween-20 wash solution.

Samples were transferred to clean 12x75 mm glass test tubes (1 sample / test
tube) and 1 ml of tetramethylbenzidine (TMB) substrate solution was added to each
test tube. The samples were incubated for 15 minutes with agitation on an orbital
shaker at room temperature. The supernatant was then transferred to a 96-well
microtiter plate and the absorbances at 650 nm were read on a spectrophotometer
(Molecular Devices, Thermomax microplate reader) with a negative control
solution, containing only the chromogen, used as the blank. The absorbances are
directly proportional to the surface concentration of HRP and, therefore, also
proportional to the concentration of fibrinogen bound to the surface of the materials.

T'o measure the durability of the coatings, a few coated catheters were
included that were subjected to a nitrile gloved finger test. The test consisted of

rubbing the sample five times in one direction using light to moderate pressure while

the samples were under a stream of water. The sample was rotated about a quarter

- turn after each rub so that the entire circumference was rubbed at least once.

As shown in the graph of Figure 4, the PAA coating reduced fibrinogen
adsorption, compared to uncoated PU catheter, whereas the TA coating substantially

increased fibrinogen adsorption. In both cases, rubbing the coating did not have any

significant effect.

Example 3: Human plasma clotting times of polyphenol coatings

A usetul test in determining the hemocompatibility of a surface modification

is the partial thromboplastin time (PTT) test. The PTT is a test of the intrinsic

(factors VIIL, IX, X1, and XII) and common (fibrinogen, prothrombin, factors V and
X) pathways of coagulation.

Polyurethane catheters were cut into 0.7 cm long samples and each sample
was placed into a 12x75 mm polystyrene test tube. Next, a mixture of plasma and

cephalin (a phospholipid platelet substitute) was dispensed to each test tube.

Samples were then incubated at 37°C for 20 minutes. Transferred 200 ul of plasma

from each test tube to a 96-well microtiter plate and added 100 ul of warm CaCl2 to
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each well. Immediately began reading OD at 340 nm every 20 seconds. The time at
half maximum absorbance was reported as the clotting time.

As shown in the graph of Figure 5, a glass control was used as a
procoagtilant surface and it clotted in less than five minutes. The TA coating clotted
twice as fast as the uncoated PU control. Adding the hydrogen bonded PVP K30 and
PAA layers significantly slowed the clotting times.

Example 4: Coatings for inmunoassay on 96-well microtiter plates

Nunc maxisorb (polystyrene treated for optimum protein adsorption) and
Greiner UV-Star (cyclic polyolefin) 96-well microtiter plates were coated with
tannic acid and then evaluated in a model immunoassay.

Tannic acid was added to pre-warmed (55° C) 0.5 M sodium carbonate (pH
8.3) containing 0.5 M NaCl at a tannic acid concentration of 2 g/L.. One hundred
microliters of this solution was added to each well of the plate, the plate was
Incubated at 55 C for 5 minutes. The wells were emptied and then washed 4 times
with DI water. The plate was allowed to dry. Plates were coated by putting 100
ul/well of rabbit anti horseradish peroxidase (HHRP) antibody (Accurate Chemical
and Scientific) at 0.86 pg/ml in cither of three buffers. The three buffers were 0.05
M sodium carbonate (pH 9.5), phosphate buffered saline (pH 7.2), and 50 mM
sodium acetate (pH 5.4). Plates were incubated overnight at room temperature,
washed 3 X with PBS-Tween20, and 100 pl of StabilCoat (SurModics, Inc.) was
added to each well. After a 2 hour incubation plates were aspirated and dried at low
humidity. The plates were then used in a model assay that uses horseradish
peroxidase (HRP) as the analyte. Plates were washed three times with PBS-
Tween20. HRP (100 pl) was added at 25, 50, 100, 1000, or 10,000 pg/ml in PBS-
Tween20 to wells. The plate was incubated for 2 hours and then washed 6X with
PBS-Tween20. TMB microwell substrate (SurModics, Inc.) was added to the wells
(100 pl) and the plate incubated for 20 minutes. Nova-Stop reagent (SurModics,
Inc.) (100 pl) was added to the wells and the plate was read at 450 nm. Figures 6B
and D show that the tannic acid coating vastly improved the assay results on the

UV-star plate and slightly improved the assay results on a plate (MaxiSorb) already
optimized for ELISA assays.
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What is claimed is:

1. A medical device comprising a coating, the coating comprising:

a first coated layer comprising oligomerized polyphendl; and

a second coated layer comprising a synthetic or natural polymer,

wherein the synthetic or natural polymer is hydrogen bonded to the
oligomerized polyphenol and wherein the first coated layer is positioned between an
article surface and the second coated layer.
2. The medical device of claim 1 wherein the oligomerized polyphenol comprises a
polyphenol having a molecular weight in the range of 500 - 4000 Da.
3. The medical device of claims 1 or 2 wherein the oligomerized polyphenol
comprises a polyphenol having 12 or more phenolic hydroxyl groups.
4. The medical device of any of the previous claims wherein the oligomerized
polyphenol comprises a polyphenol derived from esterification of a composition
comprising gallic acid.
J. The medical device of any of the previous claims wherein the oligomerized
polyphenol comprises tannic acid.
6. The médical device of any of the previous claims wherein the first and second
coated layers have a combined thickness of less than 250 nm, or less than 100 nm.
7. The medical device of any of the previous claims wherein the synthetic or natural
polymer comprises a plurality of hydroxyl groups.

8. The medical device of any of the previous claims wherein the synthetic polymer

18 a vinyl pyrrolidone-containing polymer.

9. The article of claim 8 wherein the vinyl pyrrolidone-containing polymer is a
vinyl pyrrolidone homopolymer or a vinyl pyrrolidone-containing copolymer.
10. 'The medical device of any of the previous claims further comprising a third

coated layer comprising an acid group-containing polymer wherein the third coated

layer 1s in direct contact with the second coated layer.

11. The medical device of claim 10 wherein the acid group-containing polymer is
an acrylic acid- containing polymer.

12, The medical device of claim 11, wherein the acrylic acid-containing polymer

has an average molecular weight of 150 kDa or greater.
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- 13. The medical device of any of claims 10 to 12 wherein the second coated layer,

third coated layer, or both, further comprise at least one photoreactive group.
14. The medical device of claim 13 wherein photoreactive group is pendent from
the synthetic or natural polymer of the second coated layer, the acid group-
containing polymer of the third coated layer, or both. '
15. The medical device of claim 13 or 14 comprising two or more photoreactive
groups preéent on a crosslinking compound.
16. The medical device of any of the previous claims wherein the oligomerized
polyphenol comprises an inorganic metal ion that crosslinks polyphenols.
17. 'The medical device of any of the previous claims wherein the coating is formed
on an mner surface of the device.
18. The medical device of any one of the previous claims comprising a catheter.
19. A method of coating a medical device comprising:

applying a first coating composition comprising a polyphenol on a medical

device surface to form a first layer, the first layer comprising oligomerized

polyphenol; and

applying a second coating composition onto the first layer, the second
coating composition comprising a synthetic or natural polymer, wherein the
synthetic or natural polymer becomes hydrogen bonded to the oligomerized
polyphenol.
20. The method of claim 20 which forms the coated medical device of any one of
claims 1-18.
2]1. A medical device comprising a hemostatic coating comprising oligomerized
polyphenol, the device configured so the oligomerized polypheno! comes in contact
with a body fluid.
22. The medical device of claim 21 selected from the group consisting of vascular
implants and grafts, wound dressings and wound management device, hemostatic
barriers, occlusion articles, mesh and hernia plugs, patches, and uterine bleeding

patches.

23. A method for promoting clotting at a target location in or on the body

comprising placing the medical device of claim 21 or 22 in or on a target location in
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the body, wherein the coating contacts body fluid and promotes clotting at the target
location.

24. The method of claim 23 wherein the coating promotes fibrinogen absorption.
25, An article configured for use in an in vitro diagnostic assay or cell culture, the
article comprising a coating comprising oligomerized polyphenol.

26. The article of claim 25 which is an ELISA plate, a microfluidics device, or a
diagnostic slide.

27. The article of claim 25 or 26 wherein the coating comprising oligomerized
polyphenol is passivated with a synthetic or natural polymer, wherein the synthetic
or natural polymer is hydrogen bonded to the oligomerized polyphenol.

28. A diagnostic kit comprising the article for use in an ir vitro diagnostic assay of
any one bf claims 25-27.

29. A method for promoting adsorption of a biological macromolecule to a surface
of an article in an in vitro diagnostic assay or cell culture, comprising steps of
contacting an article comprising a coating comprising oligomerized polyphenol with
a composition comprising a biological macromolecule, wherein the coating

promotes adsorption of the biological macromolecule to the oligomerized
polyphenol via hydrogen bonding.

30. The method of claim 29, wherein the biological macromolecule is a peptide,
protein, nucleic acid, or polysaccharide.

31. The method of claitn 30, wherein the protein is an antibody or antibody
fragment, or an analyte that is a peptide or protein _

32. The method of claim 31 wherein the method is an ELISA.

33. A medical device comprising an inner surface comprising a coating, the coating
comprising oligomerized polyphenol.

34. The medical device of claim 33 wherein the coating is formed on the inner
diameter of a catheter.

35. A method for reducing or preventing the adherence of bacteria on a medical

device surface, comprising implanting the device of claim 33 or 34 in a patient.

30

PCT/US2015/044002



CA 029b67721 2017-01-30

WO 2016/022796 PCT/US2015/044002
176

101

102

111

112



CA 029b67721 2017-01-30

WO 2016/022796 PCT/US2015/044002
2/8

204




CA 029b67721 2017-01-30

WO 2016/022796 PCT/US2015/044002
KL

. N
o 2 - <
i & b
. . .
RN,
-
N . “
. . .
v .
' - d .
ol . ..
L) .o .
' '
. i i i
. . R
. . ‘l
A . .
' '
A
..
o

322

~ " 324




CA 029b67721 2017-01-30

WO 2016/022796 PCT/US2015/044002
4/8

Fibrinogen Adsorption on clear PU Tubing {3-18-14} n=4.




PCT/US2015/044002
30

CA 029b67721 2017-01-30

WO 2016/022796

YVd/OSHIL

0EA/Y1 vl JORUOI NG IUM]  [OIUODSSBIS  [QUIUDD BLUSed

e A e B e o i AT, AR,

m..u . w

&

ot

5T

() xewr /7 38 ou



CA 029b67721 2017-01-30

PCT/US2015/044002

WO 2016/022796

GG

ol
DIUCTIDSGY

o P21e0) PV Juuel - (Josxen)

s asiarmm €

S o

mﬁﬁ@&g?!.

- . - . . ..
ot Mt : . X J o e Reds o B TR TTRETUTTI T TR TITT) H S . | M2 0 Rt e D

O

e} G
100D ppy Juuel - (BIS-AN)

A —

| EUCQIR] <=

P

53] s

HYETDOY e whes v

b MRl bl BT AN e A AL L L S ——— . Mm

ST} vomelfinm:

S1BJINY w i

| PR AR e ’
. y

(2ousi90s

simwy s e e

-m#wﬁw

. . . . a TP T TIRRRRRTTTTTT IR 38 83-11-12 - - —e R T
. A Pt 'l il vy T e " e " i .




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings

