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CELL GROWTH INHIBITING COPOLYMER FOR USE IN OPHTHALMIC IMPLANTS
CROSS-REFERENCE TO RELATED APPLICATIONS
HEERE This application claims the benefit of priority under 35 US.C § 119%e) to U5,
Provisional Patent Application Serial No. 62/624,284, tifled “CELL GROWTH INHIBITING
COPOLYMER FOR USE IN OPHTHALMIC IMPLANTS,” filed on January 31, 2018, and
to U.S. Provisional Patent Application Serial No. 62/520,599, utled “CELL GROWTH
INHIBITING COPOLYMER FOR USE IN OPHTHALMIC IMPLANTS,” filed on June 16,
2017, the disclosure of each of which 1s hereby incorporated by reference in their entireties for
all purposes.
FIELD OF THE INVENTION
HEtE: The present disclosure is directed to a cell growth mhibiting polymer obtained by
copolymernizing at least one cell growth mhibiting monomer and at least one other monomer
selected from acrylic, silicone, vinyl and/or collagen monomers. The copolymer of the present
disclosure is cell growth mhibiting, clear, opaque, or transhicent, biocompatible and reversibly
deformable. Further, the copolymer according to the present disclosure can be used in
ophthalmic tmplant devices.
BACKGROUND OF THE INVENTION
HEEERY: Celular growth around ocular implants can decrease the chnical efficacy of the
device. Examples of ocular implants include intraocular lenses (I10Ls), glaucoma valves,
comeal implants and artificial comeas, which are also known as keratoprostheses.
Uncontrolied cellular growth after ophthalmic implant surgerv often results in loss of vision.
HHEE: In the case of I0Ls, posterior chamber lenses are typically implanted within the
natural capsular bag of the crvstalline lens. Despite the best efforts of surgeons there are usually

remaming lens epithelial cells on the posterior capsular membrane after the completion of
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cataract extraction and IOL implantation. These residual fens opithelial cells are capable of cell
divigion and their growth across the visual axis can result in a condition known as posterior
capsular opacification which can cause a decrease in the vision for the patient. Approximately
ong third of all cataract surgery patients will need to undergo a procedure known as Y AG laser
capsulotomy. This YAG laser procedure is generally regarded as being safe and effective, but
can result in complications such as retinal tears, retinal detachment and loss of vision.

HEEINY: In the case of glaucoma valves, these devices are designed to create a permanent
communication between the anterior chamber and the subconjunctival space thereby providing
an alternative route for aqueous dramage. The mtended effect of these devices 1s to reduce the
mtraocular pressurc into a range that is healthy for the patient. However, it is well known in
the art that the part of the glaucoma drainage device which lies within the subconjunctival
space can ofien become enveloped by scar tissue, thereby obstructing the outflow of thud and
rendering the surgery inctfective.

HEELS: For artificial corneas, a common situation which occurs m greater than 50% of
artificial comeas that have a penetrating design, 1s the growth of a retroprosthetic membrane.
These fibro-vascular membranes grow posterior to the implant and can obstruct the visual
pathway. When this occurs, either laser or intracperative excision may be required to restore
vision, It is also possible i some cases for tissug to grow over the anterior part of the artificial
comea and obstruct vision in this way. Other mnventors have recognized that cellular growth
around an ophthalmic implant can decrease the cfficacy of ophthalmic mplant surgery. One
alternative strategy that has been proposed is to ¢ither coat or covalently bond cell growth
mhibiting chemicals to the surface of the implant. A hinutation of this method s that coatings

and covalently bonded chemicals may be eroded from the surface of the implant. Therefore, it
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is predictable that the cell growth inhibiting properties of these types of implants may decrease
over time and worsen the results of surgery for the patient.

HEER Another strategy, which has been proposed, s to mfuse the polymer of the
ophthalmic implant with a cell growth inhibiting metal ion. When a metal ion 15 infused into a
polvmer, the metal ton s free to move through the polymer and out of the polymer by diffusion.
The metal ion is not covalently bonded to the polymer structure itself The diffusion of the
metal ion out of the polymer can be toxic. In particular, silver and copper metal have been
proposed as agents to be mfused o polvmers for use in an ophthalmic implant. Although, the
use of free metal 1ons has been used widely i commercial plastic goods and in some short-
term disposable medical devices such as catheters, metal ions are known to be dangerous in
the eye.

HEERS: Argyrosis 1s the medical term for silver toxicity of the eve. Argyrosis has been
reported fo result in a slate gray discoloration of the conjunctiva and ris. Argyrosis has also
been found to result in cataracts and retinal maculopathy, both of which are vision threatening
conditions.

{009 Copper toxicity in the cve results in a characteristic green ring around the cornea,
which is termed a Kayser-Fleischer ring. Moreover, studies have demonstrated that copper
toxicity can induce ocular complications such as intraccular inflammation (wvettis),
hemorrhage, vitreous hguefaction, hvpotony, 1ris ischemia and retinal damage.

HEEE: There 1s only a finite amount of metal 1on that is contained in an infused polymer.
Asthe metal ion 1s depleted from the polymer by diffusion the cell growth inhibiting properties
of the polymer will decrease and therefore the efficacy of the implanted device will also

decrease.
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LR For the stated reasons, there 13 a need for an improved new method of decreasimg
cellular growth afier ophthalnuc mmplant surgery which does not have the limitations of the
prior art.
SUMMARY OF THE INVENTION
{0612} The disclosure provides a cell growth inhibiting polymer obtained by
copolymerizing at least one cell growth inhibiting monomer and at least one monomer selected
from an acrylic, silicone, vinyl and/or collagen monomer. The copolymer of the present
disclosure is cell growth inhibiting, biocompatible and reversibly deformable. These
charactenistics are desirable for the optimal function of ophthalmic implants that are designed
for implantation through small incisions. Moreover, because the entire co-polymer, not just the
surface of the co-polymer, has cell growth mhubiting properties, ophthalmic implants made
from this type of co-polvmer will not lose their cell growth mhibiting properties even if the
surface of the implant becomes eroded over time. This is particularly important for ophthalmic
unplants which are exposed to the surface of the eye. where blinking will cause erosion of the
polymer matenial. When the surface of the polvmer of the present disclosure 15 eroded, cell
growth inhibiting polymer beneath the surface will still inhibit cellular growth and thereby
continue to optimize the function of the implant.
BRIEF DESCRIPTION OF THE DRAWING
{00313} Fig. I illustrates an embodiment of the polvmerization of a cell growth mhibiting,
biocompatible, reversibly deformable polymer.
DETAILED DESCRIPTION OF THE EMBODIMENTS
HHEHE: The following description is presented {o enable a person of ordinary skill in the art
to make and use embodiments described herein. Descriptions of specific devices, technigues,

and applications are provided only as examples. Various modifications to the examples
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described herein will be readily apparent to those of ordinary skill in the art, and the general
principles defined herein may be applied to other examples and applications without depariing

"

from the spirit and scope of the disclosure. The word "exemplary” is used herein to maean
"serving as an example thustration." Any aspect or design described herein as "exemplary"” is
not necessarily to be construed as preferred or advantageous over other aspects or designs.
Thus, the present disclosure is not intended to be luntted to the examples described herein and
shown but s to be accorded the scope consistent with the claims.

HEEHRY: Ag wsed herein, reference to any ological drog mcludes any fragment,
modification or varant of the biclogie, mchuding any pegyviated form, glycosviaied form,
Epidatod form, cyclized fom or comgugated form of the biclogic or such fragmoent, modification
or vanant or prodrag of any of the foregoing. As used herein, reforence to any small moleenle
drug mcludes any salt, acid, base, hydrate, solvate, ester, isomer, or polvmorph thereof or
metabolite or prodrug of any of the foregomg. Abbreviations used hercin have their
conventional meaning within the chemical and biological artg.

HEEH: It should be understood that the specific order or lierarchy of steps in the process
disciosed herein is an example of exemplary approaches. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the processes may be rearranged
while remaining within the scope of the present disclosure. Anv accompanying method claims
present elements of the various steps in a sample order and are not meant to be himited to the
specific order or hierarchy presented.

{017 Accordingly, the present disclosure is directed to a cell growth inhibiting polvmer
obtained by copolvmerizing at least one cell growth inhibiting monomer and at least one other
monomer selected from an acrylic, silicone, vinyl and/or collagen monomers. The copolvmer

of the present disclosure is a cell growth inhibiting, biccompatible and reversibly deformable
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copolymer. Further, the copolymer according to the present disclosure can be used in
ophthalmic mmplant devices. In other aspects, the disclosed copolvmer matenal s a clear,
opague, or transhucent material suitable for use in at least some applications.

HEEEY: In one embodiment, the cell growth mhubiting monomer is selected from quaternary
ammoninm-based monomers. An example of a quaternary ammontum-based monomer 18
methacrvloyioxy dodecyi pyvrdium bromide (MDPB). MDPRB has been used to reduce the risk
of dental caries when copolymerized with dental adhesives and dental resing. MDPB hag also
been shown to ihibit mammahan cellular growth. Ancther example of a guaternary
ammomninm-based monomer is the monomer methacrvioxvethyl cetyl ammonium chlonde
(DMAE-CB).

{00319} In another embodiment, it is also possible to increase the amount of cell growth
ihibiting monomers that can be mcorporated into polvmernic matenals and thereby enhance
the cell growth inhibiting activity by modifying quatemary amamonim monomers to have two
polymenzable methacrvlic moieties.

{3261 In another embodiment, the cell growth inhibiting monomer may have primary,
sccondary or tertiary amino groups. Examples of these types of cell growth inhibiting
monomers include but are not limited to phenyiene ethynylene, dimethylamine methyi styrene,
octylstyrene, dimethylamino ethyl acrvlamide, ammoethyl acrylamide, n-butvlacrylamide and
diallylammonium salts that contain either secondary or tertiary amino groups.

{621} n yet another embodiment, the cell growth inhibiting monomer is covalently linked
to a cell growth nhibiting peptide. Examples of cell growth inhibiting peptides nclude: B-shee
peptides stabilized by two to four disulfide bridges {¢.g., human o~ and PB-defensins, plectasin

or protegrins), a-helical peptides {e.g., L1-37, cecropins or magainins), extended structures

6
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rich m glycine, proline, tryptophan, arginime or histidine {(e.g., mdoliciding}, and loop peptides
with one or disulfide bridge (e.g., bacteriocins).

{8022 In other embodiments, suttable acryiic monomers used to create a hiocompatible,
reversibly deformable polvmer include at least one of the following monomers: glveerol
monomethacrylate,  2-hvdroxyethyl  methacryvlate, N-{2-hvdroxypropylimethacrylamide,
hyvdroxypropvl methacrviate, poly{ethvieneglyeol), monomethylether monomethacrylate, N-
vinyl-2-pyrrolidone, ischutyl methacrylate, methyl methacrvlate, N-octyl methacrylate, allyl
phenyl ether, benzhydryl methacrylate, benzyl acrvilate, N-benzyl methacryvlamide, benzyl
methacrylate, 2-(9H-carbazol-9-yhethyl methacrvlate, 4-chlorophenyl acrvlate, 1H,1H,7H-
dodecaftuoroheptyl methacrviate, {H, 1H,2H, 2H-heptadecatiuorodecy! acrylate,
1H,IH 2H 2H-heptadecafluorodecyl  methacrvlate,  TH IH-heptafluorobutyl  acrylate,
1H, 1H, 3H-hexatluorobutyl acrvlate, IH, 1H,3H~hexafluorobutyl methacrylate,
hexafluoroisopropyl  methacrviate,  1H,1H, 5SH-octafluoropentyl  acrylate, 1H,1H. SH-
octafluoropentyl methacryviate, pentabromopheny! acrylate, pentabromopheny! methacrylate,
pentafluorophenyl acrylate, pentafluorophenyl methacrvlate, 1H 1H 3H-tetrafhucropropyl
methacrylate, 2,4 6-tribromophenyl acrylate, 2.2, 2-initluorocthyl acrylate, 2,2, 2-trifluorocthy]
methacrvlate,  N-(G-aminopropylmethacrviamide  mono  hydrochlonde,  Z-{N,N-
dimethylaminoymonoethyl  methacrylate, methacrviic acid, 2-amunoethyl methacrylate
hyvdrochlonide,  4-(Z-acrvloxvethoxy)2-hvdroxybenzophenone,  phenyl  acrviate, 4-
methacrvlioxy-2-hvdroxybenzophenone, 2-(2-methacryvloxy-3 -methylphenyhbenzotriazole,
Z-cinnamoyloxyethyl acrvlate, cimnamyi methacrviate, glycidvl cinnamate, Z-paphthyi
methacryvlate, ethviene glveol dimethacrylate, 1,4-phenviene diacrylate, and polv{ethylene

glycoly diacrylate.

~3
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{023 In an embodiment, the at least one other monomer 1s selected a hyvdrophobic acrvlic
monomer. Examples of hyvdrophobic acrylic monomers include but are not imited to:

{0244 Monomers of phenyiethvl acrylate, phenvicthyl methacrylate and butanediol
diacrviate, which form a copolymer of phenviethyl acrvlate and phenviethyl methaciviate,
cross linked with butanediol diacrviate {(AcrvSof™ IQ) available from Alcon, A Novartis
Davision, 6201 South Freeway, Fort Worth, TX 76134-2001;

HE B, Monomers of ethyl acryvlate, ethyl methacrylate, 2.2 2-tnflucroethyl methacrylate,
cross hinked with ethvlene glycol dimethacrvlate, which form a copolvmer of ethyvl acrylate,
ethyvl methacrylate, 2,2, 2-tnfluoroethyl methacrvlate, cross linked with cthvlene glyeol
dimethacrylate (Tecnis™ (AMO)) available from Johnson & fobnson Vision Surgical, 1700
St Andrew Pl Banta Ana, {A 92705;

{80261 Monomers of phenvicthy]l methacrylate, n-butvl acrylate, and fluoroalkyi
methacrvlate, which form a cross hinked copolymer of phenviethvl methacrviate, n-butvl
acrviate, and fluoroalkyl methacrylate (AF-1% (HOY A)) available from Hoya Corporation, 7-
5, Naka-Ochiai 2-chome, Shinjuku-ka Tokyoe, Japan;

{80271 Monomers of phenyviethyl acrvlate, pheonyvicthyl methacrylate, and butanediol
diacrylate, which form a copolymer of phenvlethyl acrvlate and phenylethyl methacrylate,
cross-linked with butanediol diacrylate (HIS6) available from Contamac™ Ltd., Carlton House,
Shire Hill, Saffron Walden, Fssex CB11 3AU;

{60281 Monomers of 2-phenvicthy! acrviate and 2-phenylethy! methacrylate, which form
a copolymer of 2-phenyiethyl acrvlate and Z-phenviethyl methacryviate (BENZ HF-1.2)
avatlable from Benz Research & Development Corporation, 6447 Parkland Drive, Sarasota,

FL 34243; and
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29 Monomers of 2-phenylethy] acrvlate and 2-phenyviethyl methacrvlate, which form
a copolymer of 2-phenyiethyl acrvlate and 2-phenylethyl methacryvlate (Benz HF-2) available
from Benz Research & Developraent Corporation, 6447 Parkland Drive, Sarasota, FL 34243,

HEER: In an embodiment, the at least one other monomer is selected 3 hydrophilic acryhic
monomer. Examples of hydrophilic acrylic monomers include but are not limited to:

{8031} Monomers ot hydroxvyethyvl methacryiate and methyl methacryvlate, which form a
copolymer of hydroxyethyl methacryiate and methyl methacrylate (CI26) available from
Contamac™ Ltd., Carlton House, Shire Hill, Saffron Walden, Essex CB11 3A1;

BRI Monomers of hydroxyethyl methacrviate and methyl methacrvlate, which form a
copolymer of hydroxyethyl methacrylate and methyl methacrylate (MICS22) available from
Contamac” Ltd., Carlton House, Shire Hill, Saffron Walden, Essex CB11 3AU;

{80331 Monomers of hvdroxvethyl methacrylate and methvl methacrvlate, which form a
copolymer of hydroxyethyl methacrylate and methyl methacrylate (C118) available from
Contamac™ Ltd., Carlton House, Shire Hill, Saffron Walden. Essex CB11 3AU;

HEERE: Monomers of 2-hydroxyethyl methacrvlate and Z-ethoxyethyl methacrylate, which
form a copolymer of 2-hydroxyethy! methacrviate and 2-cthoxvethy! methacrviate (Benz 10L
125 available from Benz Rescarch & Development Corporation, 6447 Parkland Drive,
Sarasota, FL 34243; and

{80331 Monomers of 2-hydroxvethyl methacrylate and methyl methacrylate, which form a
copolymer of 2-hvdroxvethyl methacrylate and methyl methacrylate (BenzFlex 26) available
from Benz Research & Development Corporation, 6447 Parkland Drive, Sarasota, FL 34243,

JIN3G] In other embodiments, the silicone monomers used to creaie a biocompatible,
reversibly deformable polvmer include at least one of the following monomers:

dimethylsiloxane and/or dimethyvidiphenyisiloxane monomers.
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37 In other embodiments, the vinyl monomers used to create a biocompatible,
reversibly deformable polymer include at least one of the following monomers: N-vinyl-2-
pyvrolidone and/or N-viny! carbazole monomers.

{0038} In other embodiments, the collagen monomers used to create a clear, opague, or
transhicent, biocompatible, reversibly deformable polvmer include at least one of the following
monomers: naturally denived type I-XXVHI collagen monomers, recombinant collagen
monomers and fragments thereof, and/or synthetic collagen monomers and fragments thereof
39 FIG. 1 illustrates an embodiment of the polvmerization of a cellular growth
mhibiting, reversibly deformable polymer. In this figure, the cellular growth mhibiting
polymers are obtained by copolymerizing at least one cellular growth inhubiting monomer with
at least one monomer selected from an acrylic, silicone, vinyl and/or collagen monomer. After
polymenzation, the resulting polymeric network includes the immobilized cellular growth
mhibiting polvmer spaced throughout the network.

HE While the nventive features have been particularly shown and described with
reference to preferred embodiments thereof, it will be understood by those in the art that the
foregoing and other changes may be made theremn without departing from the sprit and the
scope of the disclosure. Likewise, the various diagrams may depict an example architectural
or other configuration for the disclosare, which is done to aid in understanding the features and
functionality that can be included in the disclosure. The disclosure 18 not vestricted to the
tHustrated example architectures or configurations but can be implemented using a varniety of
alternative architectures and configurations. Additionally, although the disclosure is described
above n terms of varnous exemplary embodiments and implementations, it should be
understood that the various features and functionality described in one or more of the mdividual

embodiments are not hmited in their applicability to the particular embodiment with which
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they are described. They instead can be applied alone or 1n some combination, to one or morg
of the other embodiments of the disclosure, whether or not such embodiments are described,
and whether or not such features are presented as being a part of a described embodiment.
Thus, the breadth and scope of the present disclosure should not be limited by any of the above-

described exemplary embodiments.

it
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What is claimed is:

1. A cell growth inhubiting polymer for use tn an ophthalmic implant, comprising:

at least one cell growth inhibiting monomer; and

at least onc other monomer selected from an acrylic monomer, a hvdrophobic acrvlic
monomer, a hvdrophilic acrvlic monomer, a silicone monomer, a vinyl monomer and/or

a collagen monomer.

2. The cell growth inhibiting polymer according to claim 1, wherein the at lcast one cell

growth inhibitiog monomer is a quaternary ammonium-based salt monomer.

3. The cell growth inhibiting polymer according to claim 2, wherein the guaternary
ammontum-~based salt monomer i3 selected from methacrvioyioxydodecvipyndivm bromude
(MDPB), methacryloxyethyl cetyl ammonnun chloride (DMAE-CB), 2-methacrvioxyethyl
dodecvl methyl ammoniwm bromide {MAE-DB), Z-methacrvioxyethyl hexadecyl methyl
ammoniim  bromide (MAE-HB), and/or bis{Z-methacrvloxyethyl) dimethyl ammonium

bromude (IDMA-1).

4. The cell growth inhibiting polymer according to claim I, wherein the cell growth
mhibiting monomer 18 selected from a monomer having a primary, seeondary or tertiary amino

group.

5. The cell growth inhibiting polymer according to claim 4, wherein the cell growth

mhbibiting monomer is phenviene cthynviene, dimethylanunomethyl styrene, octyistyrene,

i2
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dimethyvlamino-cthylacrvlamide, aminogthylacrvlamide, o-butvlacrylamide and/or a

diallvlammonium salt.

6. The cell growth inhibiting polvmer according to claim 1, wherein the cell growth

mhibiting monomer is covalently hinked to a cell growth inhibiting peptide.

7. The celi growth inhibiting polymer according to claim 6, wherein the cell growth
ihibiting peptide is selected from B-sheet peptides stabilized by two to four disulfide bridges
{c.g., human o~ and B-defensins, plectasin or protegrins), a~helical peptides (e.g., LL-37,
cecroping or magaiming), extended structures rich in glycine, proline, tryptophan, arginine or
histiding {c.g., indolicidin}, and/or loop peptides with one or disulfide bridge (eg.,

bacteriocins).

8. The cell growth inhibiting polvmer according to claim 1, wherein the acrvlic monomer
is selected from  glyveerol monomethacrylate, 2-hydroxvethyl methacrylate, N-(2-
hydroxypropyl}-methacrylamide,  hydroxypropyl  methacrvlate,  polv(ethvieneglycol},
monomethylether monomethacrvlate, N-vinyl-2-pyvrrohidone, isobutvl methacrylate, methyl
methacrylate, N-octyl methacrylate, allyl phenyl cther, benzhydryl methacryiate, benzyl
acrvlate, N-benzyl methacrylamide, benzyl methacrylate,  2-(9H-carbazol-9-ylethyl
methacrylate,  4-chlorophenyl  acrviate, 1H, IH,7H-dodecafluorcheptyl  methacrylate,
IH,1H,2H.2H-heptadecafluorodecyi acrylate, IH.1H,2H.2H-heptadecafluorodecyl
methacrvlate, 1H 1H-heptafluorobutyl  acrylate,  1H,1H 3H-hexaflucrobutyl  acrylate,
TH, IH,3H-hexattuorobutyl methacrylate, hexafluoro-isopropyl methacrylate, 1H, 1H5H-

octafluoropentyl acrylate, 1H,1H 5H-octatluoropentyl methacrviate, pentabromophenyl

acrviate, pentabromophenyl methacrviate, pentafluorophenyl acrviate, pentafluorophenyl
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methacryvlate, 1H, 1H 3H-tetrafluoropropy] methacrylate, 2,4,6-tribromophenyl acrvlate, 2,2 2~
trifluorcethyl acrvlate, 2,2, 2-trifluoroethyl methacrylate, N-{G~aminopropyhmethacrylamide
mono hvdrochloride, 2-(N N-dimcthvlaminojymonoethvl methacrviate, methacrvlic acid, 2-
aminoethyl  methacrylate  hydrochlonde,  4-(Z-acryvloxyethoxy)Z-hydroxvbenzophenone,
phenyl  acrviate,  4-methacrvloxy-2-hydroxybenzo-phenone,  2-(27-methacrvloxy-57-
methylphenylbenzotriazole, 2~cinnamoyloxy-cthyl acrvlate, cinnamvl methacrviate, glycidyl
cinnamate, 2-naphthyl methacrylate, ethyviene glvcol dimethacrylate, and/orl 4-phenylene

diacrylate, and poly{ethylene glycol) diacrylate.

9. The cell growth inhibiting polymer according to claim 1, wherem the hydrophobic
acrylic monomer is selected from:

monomers of phenviethyl acrylate, phenylethyl methacrvlate and butanedio! diacrylate,
which form a copolymer of phenviethyl acrvlate and phenvlethyl methacrvlate, cross
linked with butanediol diacrylate,

monomers of ethyl acrviate, cthyl methaciviate, 2.2, 2-triflucrocthyl methacrvlate, cross
linked with ethvlene glycol dimethacrvlate, which form a copolymer of ethyl acrvlate,
ethyvl methacrylate, 2,2, 2-trifluoroethyl methacryiate, cross inked with ethylene glveol
dimethacrylate,

monomers of phenyiethyl methacryiate, n-butyl acrylate, and fluorcalkvl methacrylate,
which form a cross linked copolymer of phenviethyl methacryvlate, n-butyl acrvlate, and
fluoroalkyl methacrviate,

monomers of phenviethyl acrylate, phenyiethyl methacrylate, and butanediol diacrylate,
which form a copolvmer of phenylethyl acryvlate and phenvlethyl methacrylate, cross-

Imked with butanediol diacrviate,

14
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monomers of Z-phenviethyl acrylate and 2-phenylethyl methacryvlate, which form a
copolymer of Z-phenylethyl acryiate and 2-phenylethyl methacrylate, and/or
monomers of 2-phenyicthyl acrvlate and Z-phenviethvl methacrvlate, which form a

copolymer of 2-phenviethvl acrvlate and 2-phenvicthyl methacrylate.

10. The cell growth mhibiting polymer according to claim 1, wherein the hydrophilic
acrylic monomer is selected trom:

monomers of hvdroxyethyl methacrylate and methyl methacrviate, which form a
copolymer of hydroxvethyl methacryiate and methyl methacrylate,

monomers of hvdroxyethyl methacrylate and methyl methacrviate, which form a
copolymer of hvdroxvethyi methacrvlate and methyl methacrylate,

monomers of hvdroxyethyvl methacrvilate and methyl methacrvlate, which form a
copolvmer of hyvdroxyethy! methacrvlate and methyl methacrvlate,

monomers of 2-hydroxyethyl methacrvlate and Z-ethoxvethyl methacrylate, which form a
copolymer of 2-hydroxyethyl methacrylate and 2-cthoxyethyl methacrvlate, and/or

monomers of 2-hydroxyethyl methacrvlate and methyl methacrylate, which form a

copolvmer of 2-hydroxyethy! methacrviate and methyl methacrylate.

11. The ccll growth mhibiting polvmer according to claim |, whercin the sthicone monomer

is selected from monomers of dimethyisiloxane and/or dimethyldiphenyisiioxane.

12. The cell growth inhibiting polvmer according to claim 1, wherein the vinyl monomer

13 selected from monomers of N-vinyl-2-pvrrohidone and/or N-vinyl carbazole.
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13. The cell growth inhibiting polymer according to claim 1, wherein the collagen
monomer is selected from monomers of naturally derived type I-XXVII collagen monomers,
recombinant collagen monomers and fragments thereof, and/or synthetic collagen monomers

and fragments thereof.

14. The cell growth mhibiting polymer according to claim 1, wherein the at least one other
monomer 1s an acrvlic monomer sclecied from methyl acrviate and methyl methacryviate; a
stlicone monomer having formula: R2510, where R is as methyl, cthyl, or phenyl; or a vinyl

monomer selected from a vinyl carbonate and a viny! carbamate.

15. The cell growth mhibiting polymer according to claim 1, wherein the cell growth

hibiting polymer is clear, opaque, or translucent.

16. The cell growth inhibiting polvmer according to claim 1, wherein the cell growth

inhibiting polymer is reversibly deformable.

17. The cell growth inhibiting polymer according to claim 1, wherein the ophthalmic

implant is an artificial comea or a glancoma valve.

18. A mcthod of preparing a cell growth inhbibiting polymer for use in an ophthalmic

implant, comprising:
reacting at least one cell growth mhibiting monomer with at least one other monomer
selected from an acrvlic monomer, a hvdrophobic acrvlic monomer, a hydrophilic
acrvlic monomer, a silicone monomer, a vinyl monomer and/or a collagen monomer to

provide the cell growth inhibiting polymer; and

i6
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asing the cell growth mhibiting polymer in the ophthalmic implant.

19. The method of preparing a ccll growth inhibiting polyvmer according to claim 18,
wherein the at least one cell growth mhibiting monomer s a quaternary ammonium-based salt

monomer.

20. The method of preparing a cell growth inhibiting polvmer according to ¢laim 19,
wherein  the quaternary  ammonium-based salt monomer 15 selected  from
methacrylovioxydodecyipyridium bromide (MDPB), methacryloxyethyl cetyl ammoniom
chionde (BMAE-CB), 2-methacryloxyethyl dodecvl methyl ammonium bromide (MAE-DB),
2-methacryloxyethyl hexadecyl methy! ammonium bromide (MAE-HB), and/or bis(2-

methacrvloxyethyl) dimethyl ammonium bromide (IDMA-1).

21 The method of preparing a cell growth inhibiting polymer according to claim 18,
wherein the cell growth mhibiting monomer is selected from a monomer having a primary,

secondary or fertiary aming group.

22, The method of preparing a cell growth inhibiting polymer according to claim 21,
wherein the cell growth inbibiting movomer is phenviene cthyvnylene, dimethviaminomethyl
styreng,  octyistyrene,  dimethylaminocthvlacrvlamide,  aminoethvlacrylamide, n-

butylacrylamude and/or a diallviammmonium salt.

23, The method of preparing a cell growth inhibiting polymer according to claim 18,
wherein the cell growth inhibiting monomer is covalently linked to a cell growth mlubiting

peptide.
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24. The method of preparing a cell growth mhibiting polymer according to claim 23,
wherein the cell growth mmhibiting peptide 1s selected from f-sheet peptides stabilized by two
to four disulfide bridges (c.g., human o- and B-defensins, plectasin or protegrins), a-helical
peptides {e.g., LL-37, cecropims or magainins), extended structures rich in glycine, proling,
tryptophan, arginine or histidine {(e.g., indolicidin}, and/or loop peptides with one or disulfide

bridge {(¢.g., bacteriocins).

25. The method of preparing a cell growth nhibiting polvmer according to claimm 18,
wherein the acrvlic monomer is selected from glycersl monomethacrylate, 2-hydroxyethyl
methacrylate,  N-(2-hydroxypropvi}-methacrviamude,  hydroxypropvl  methacrviate,
polv{cthvleneglvcol), monomethvicther monomethacrylate, N-vinvl-2-pyrrohidone, isobutyl
methacrylate, methyl methacrvlate, N-ootyl methacryvlate, allyl phenyl ether, benzhydryl
methacrvlate, benzyl acrylate, N-benzyl methacrylamide, benzyvl methacrylate, 2-(9H-
carbazol-9-vljethvl methacrylate, 4-chlorophenyl acrylate, 1H,1H,7H-dodecafluoroheptyl
methacrylate, 1H,1H,2H 2H-heptadecafluorodeacyl acrylate, 1H 1H 2H 2H-
heptadecaftuorodecyl  methacryvilate,  TH 1H-heptafluorobutyl  acrvlate, 1H 1H3H-
hexafluorobutyl acrvlate, TH,1H 3H-hexatluorobutyl methacrylate, hexafluoro-isopropvi
methacrylate, YH, 1H, SH-octafluoropenty! acrylate, 1H, 1 H.5SH-octafluoropenty! methacrylate,
pentabromopheny] acrylate, pentabromophenyl methacrylate, pentafluorophenyl acrylate,
pentafluorophenyl  methacrvlate,  1H IH.3H-tetrafluoropropyl  methacrylate,  2.4,6-
tribromopheny! acrvlate, 2,2, 2-trifluorocthyi acryvlate, 2,2, 2-trifluorocthy]l methacrylate, N-(3-
aminopropylymethacrylamide  mono  bydrochlonde,  2-(N,N-dimethviamino)monoethy]
methacrylate, methacryvlic  acid,  Z-aminoethyl methacrylate  hydrochlonide,  4-(2-

acrvloxyethoxy)2-hydroxybenzophenone, phenyl acryiate, 4-methacrvioxy-2-hydroxybenzo-

18
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phenone, 2-(2"-methacryloxy-5 -methyiphenyiibenzotriazole, 2-cinnamoyloxy-cthyl acrylate,
cinnamy! methacrylate, glycidyl cinnamate, 2-naphthyl methacrylate, ethyvlene glyeol

dimethacrylate, and/orl 4-phenviene diacrylate, and polv{ethvlene glveol) diacrviate.

26. The method of preparing a cell growth mhibiting polymer according to claim 18,
wherein the hydrophobic acrvlic monomer is selected from:

monomers of phenvicthyl acrylate, phenyiethy! methacrylate and butanediol diacrylate,
which form a copolvmer of phenviethy] acrviate and phenviethyl methacrvlate, cross
linked with butanediol diacrvlate,

monomers of ethyl acrviate, ethyl methacrvlate, 2,2, 2-trifluorocthyl methacrvlate, cross
linked with ethvlene glvcol dimethacrviate, which form a copolymer of ethyl acrylate,
cthyl methacrylate, 2.2 Z-trifluoroethyl methacryiate, cross hinked with ethylene glycol
dimethacrvlate,

monomers of phenylethyl methacrvlate, n-butyl acrvlate, and fluorocalkyl methacrylate,
which form a cross hinked copolymer of phenvylethy] methacrylate, n-butyl acrylate, and
fluoroalkyl methacrylate,

monomers of phenylethyvl acrylate, phenviethyl methacrylate, and butanediol diacrylate,
which form a copolvmer of phenylethvl acrylate and phenviethyl methacrylate, cross-
linked with butanedio! diacryvlate,

monomers of 2-phenvicthyl acrylate and 2-phenviethyl methacrvlate, which form a
copolymer of 2-phenvlethyl acrylate and 2-phenyicthyl methacrylate, and/or

monomers of Z-phenyicthyl acrylate and Z-phenviethyl methacrylate, which form a

copolymer of 2-phenvlethyvl acrvlate and Z-phenviethyl methacryiate.
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27. The method of preparing a cell growth mhibiting polymer according to claim 18,
wherein the hydrophilic acrylic monomer is selected trom:

monomers of hvdroxyethyl methacrylate and methyl methacrviate, which form a
copolymer of hydroxyethyl methacryiate and methyl methacrylate,

monomers of hydroxyethyl methacrylate and methyl methacrylate, which form a
copolymer of hvdroxvethyi methacrvlate and methyl methacrylate,

monomers of hvdroxyethyvl methacrvilate and methyl methacrvlate, which form a
copolymer of hyvdroxyethyl methacrviate and methyl methacrylate,

monomers of 2-hydroxyethyl methacrvlate and 2-ethoxvethvl methacrylate, which form a
copolymer of 2-hydroxyethvl methacrylate and 2-cthoxyethvl methacrylate, and/or

monomers of 2-hydroxyethyl methacrvlate and methyl methacrylate, which form a

copolymer of 2-hydroxyethy] methacrylate and methy! methacrylate.

28. The method of preparing a cell growth mhibiting polvmer according to clamm 18§,
wherein the silicone monomer is sclected from monomers of dimethyisiloxane and/or

dimethyldiphenyisiloxane.

289, The method of preparing a cell growth mhibiting polvmer according to clamm 18§,
wherein the vinvl monomer is selected from monomers of N-vinyl-2-pyrrolidone and/or N-

vinyl carbazole.

30. The method of preparing a cell growth imhibiting polymer according to claim 18,
wherein the collagen monomer is selected from monomers of naturally denived type EXXVII
collagen monomers, recombinant collagen monomers and fragments thereof, and/or synthetic

collagen monomers and fragments thereof.
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31. The method of preparing a cell growth mhibiting polymer according to claim 18,
wherein the at least one other monomer is an acrylic monomer selected from methyl acrvlate
and methyi methacrylate; a silicone monomer having formula: Re510, where R is as methyi,

ethyl, or phenvl; or a vinyl monomer selected from a vinyi carbonate and a vinyl carbamate.

32. The method of preparing a cell growth mhibiting polyvmer according to claim 18,

wherein the cell growth inhubiting polymer s clear, opaque, or transhucent.

33 The method of preparing a cell growth inhibiting polymer according to claim 18,

wherein the cell growth inhibiting polymer is reversibly deformable.

34. The cell growth whibiting polymer according to claim 18, wherein the ophthalmic

implant is an artificial comea or a glancoma valve.

21



WO 2018/232025

PCT/US2018/037392
11

FIGURE 1

Nonomser for use in creating cleat |
“’i’“ hiocompatible and reversibly
deformable polymer

Cellular growth ihhibiting
MONOMer

Po

e S R

Banoepersnresiasior®

Immaobilized Antimicrobial Throughout
Polymer Network

,-"‘"‘

?aiyfrfér Network



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2018/037392

A. CLASSIFICATION OF SUBJECT MATTER

CPC -

IPC(8) - GO2B 1/04; A61K 47/58; A61L 27/16; A61L 27/18; CO8F 290/068 (2018.01)
GO02B 1/043; A61K 47/58; A61L 27/16; A61L 27/18; CO8F 290/068 (2018.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 526/319; 526/264; 526/303.1; 526/317.1; 556/413 (keyword delimited)

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2007/0142584 A1 (SCHORZMAN et al) 21 June 2007 (21.06.2007) entire document 1,2,4,8, 11,12, 1417
;- 3,5-7,9,10, 13
Y US 2015/0299345 A1 (XU et al) 22 October 2015 (22.10.2015) entire document 3
Y WO 2014/190398 A1 (THE UNIVERSITY OF MELBOURNE) 04 December 2014 (04.12.2014) (5-7

entire document

US 2015/0151022 A1 (NOVARTIS AG) 04 June 2015 (04.06.2015) entire document 9

US 6,387,127 B1 (MULLER-LIERHEIM) 14 May 2002 (14.05.2002) entire document 10
Y WO 2007/044668 A2 (POTENTIA PHARMACEUTICALS INC) 19 April 2007 (19.04.2007) entire | 13

D Further documents are listed in the continuation of Box C.

I:] See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” carlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date ordpriority
date and not in conflict with the apﬁllcauon but cited to understand

the principle or theory underlying the inventinn

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

wyn

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

wyn

“&” document member of the same patent family

Date of the actual completion of the international search

16 October 2018

Date of mailing of the international search report

2 TNQOV 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: 1ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 671-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2018/037392

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.IH  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See Extra Sheet

1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the rcquired additional scarch fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-17

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[:] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No,
PCT/US2018/037392

Continued from Box No. Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I: Claims 1-17 are drawn to cell growth inhibiting polymers for use in an ophthalmic implant.
Group II: Claims 18-34 are drawn to methods of preparing a cell growth inhibiting polymer for use in an ophthalmic implant.

The special technical features of Group |, cell growth inhibiting polymers for use in an ophthalmic implant, are not present in Group II;
and the special technical features of Group I, methods of preparing a cell growth inhibiting polymer for use in an ophthalmic implant, are
not present in Group |.

Groups | and |l share the technical features of a cell growth inhibiting polymer for use in an ophthalmic implant, comprising: at least one
cell growth inhibiting monomer; and at least one other monomer selected from an acrylic monomer, a hydrophobic acrylic monomer, a
hydrophilic acrylic monomer, a silicone monomer, a vinyl monomer and/or a collagen monomer. However, these shared technical
features do not represent a contribution over the prior art.

Specifically, US 2007/0142584 A1 to Schorzman et al. teach a cell growth inhibiting polymer for use in an ophthalmic implant (Abstract;
Para. {0043], The invention is applicable to a wide variety of polymeric materials, either rigid or soft. Especially preferred polymeric
materials are lenses including...corneal implants...; Para. [0041], A schematic representation of a synthetic method for making the novel
cationic sificon-containing monomers disclosed herein is provided below; see structure below Para. [0041]; the polymer possesses a
silicone monomer having formula R2SiO where R is methyl and an antimicrobial polymer based on quaternary ammonium; see
Applicant's Specification PCT/US2018/37392 Para. [0018], In one embodiment, the cell growth inhibiting monomer is selected from
quaternary ammonium-based monomers; as the polymer disclosed by Schorzman et al. is identical to the instantly claimed polymer, the
polymer must inherently have the same properties absent evidence to the contrary), comprising: at least one cell growth inhibiting
monomer (Para. [0041); see structure below Para. [0041]; the polymer possesses a silicone monomer having formula R2SiO where R is
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