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(54) Title: CROSS-LINKABLE TISSUE BULKING COMPOSITONS

(57) Abstract: In some aspects, the present disclosure pertains to tissue bulking compositions that comprise: (a) solid particles com-
prising a pH-sensitive polymer that has a pH-dependent solubility such that the solid particles dissolve upon an increase or decrease
in pH, (b) a crosslinking agent for the pH-sensitive polymer and (c) a pH modifying agent that generates acid or base in vivo,
wherein when the tissue bulking composition comprises solid particles that dissolve upon a decrease in pH, the pH moditying agent
generates acid in vivo and wherein when the tissue bulking composition comprises solid particles that dissolve upon an increase in
pH, the pH modifying agent generates base in vivo. Other aspects of the present disclosure pertain to kits that comprise such com -
positions, to methods of forming injectable dispersions that comprise such compositions and to methods of treatment comprising in-
jecting injectable dispersions that comprise such compositions into a subject.
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CROSS-LINKABLE TISSUE BULKING COMPOSITONS

CROSS-REFERENCE TO RELATED APPLICATIONS

100011 This application caims the benefit of U.S. Provisional Application No.
£2/059,371, filed January 2, 2015, entitied “CROSS-LINKABLE TISSUE BULKING

COMPOSITONS,” which is hereby incorperated by referance in Hs entirely.

BACKGROUND

0021 Tissue bulking compositions can be utilized in support and augmeniation of 3
variety of tissues in varous fields incuding cardiology, othopedics, urology,

gastroanteralogy, and cosmetic and reconstructive surgery, among others,

(00031 The present disclosure pertains to compositions, kits and methods that are

usafyl i tissue bulking.

SUMMARY

(00041 In some aspecls, the present disclosure pertains 1o tissue bulking
compositions that comprise: {3} solid particles comprising 3 polymer that has a pH-
dependent solubliity such that the solid particles dissolve upon an increase or
decrsass in pH {(aleo referred (o herein as a "pH-sensitive polymear™), (b} a
crossiinking agent for the pH-sensitive polymer and (<) a pH modifying agent that
generates acid or base in vivo, Where the tissue bulking composition comprises solid

particies that dissobve upon & decreass in pH, the pH modifving agent generates acid
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in vivo, where the tissue bulking compasition comprises solid particles that dissolve
upon an increass in pH, the pH modifyving agent generates base in vive, In cerlain
embodimeants, the solid particles may be less than 100 microns {pm) in size. In
certain embodiments, which may be used in combination with any of the above
aspects and embodiments, the tissue bulking compaositions may be in the form of 3
dry powder {&.g. in a containgr that comprises 2 needle-pensirable septum, ofc.), or
the tissup buiking compositions may be in the form of an injeciable dispersion that

further comprises an aquecus or non-aquecus Hguid,

{30051 In certain embodiments, which may be used in combination with any of the
above aspects and embodiments, tha tissue bulking compositions comprise solid
parkicies comprising a pH-sensitive polymer that has a pH-dependent solubility such
that the solid particles dissolve upon a decrease in pH, and the pH madifying agent
that is selected is one that adts o generate acid in vivo. In certain alternative
embodiments, which may be used in combination with any of the above aspects and
embodiments, the tissug bulking compositions comprise solid particies comprising a
pH-sensitive polymer that has a pH-dependent sclubility such that the solid particles
dissclve upon an increase in pH, and the pH modifying agent that is selected is one

that generates base in vivo.

{30081 In certain embodiments, which may be used in combination with any of the
above aspects and embodiments, the tissue bulking compositions further comprise

inorganic filler particles.

(G007 In some aspects, the present disclosure pertains to kits that comprise (a) a
tissue hulking composition as described in any of the above aspects and

embodiments and {h} an injection device configured Lo inject the injectable
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gdispersion into a mammalian subject.  The injection device may be, for sxample, a

needia injection catheter, among other possibilities.

(G008 In some aspects, the present disclosure pertains to methods of forming
injectable dispersions. The methods comprise admixing a liquid vehicle with a tissue
bulking composition as described in any of the above aspects and embodiments,
thershy forming an injectable dispersion. In certain beneficial embodiments, the
tissue hulking agent that is admixed with the Liguid vehicle is in the form of a dry

powder,

(00091 In some aspecls, the present disclosure pertains 1o methods that comprise
injecting an infectable dispersion into a subject, the iniectable disparsion comprising
a tissue bulking composition as described in any of the above aspects and
embodiments. Such methods are useful, for example, in the augmentation of &
variety of tissues in various flelds including cardiology, orthopedics, urology,

gastroenterclogy, and cosmetic and reconstructive surgery, among others,

f00101  In some embodiments the methods further comprise admixing a tissue
bullking composition as desgribed in any of the above aspects and embodiments with
a liguid vehicle, thereby forming the injectable dispersion, prior 1o injecting the

injectable disparsion into the subject.

IO01L]  In some embodiments, which may be used in combination with any of the
above aspects and embodiments, the injectabie dispersion may be deliverad via 3

catheter.

(00121 In some embodiments, which may be used in combination with any of the
above aspects and embodiments, the methods comprise injecting the injedtable

dispersion inte a ventricular wall of a heart {e.g., in the treatment of heart fallure).
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As discussed in more detaill below, the present disclosure is advantagecus, for
example, in that bulkng compositions may be provided, which have low viscosity
upon infection and which can then buiid visoosity after injection by undergoing &
potymer dissolution precess in-sity, thereby resulting in Tormation of a viscous
polymer gel solution. The crosslinking agent formulaiad into the composition can

crossiink the polymer upon dissolution, leading to 2 stable hydrogel malrix.

00131 The above and other aspects, embadiments and advantages of the present
disclosure will become apparent 10 those of ordinary skill ins the arl upon review of

the detailed description set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

(0014]  FIG. 1is a schematic Hlustration showing modulus and viscosity (arbitrary

unitsy for a hypothetical polymer solution;

00151 FIGS. 24 and 2B are schematic lustrations showing a method of treatment,

in accordance with an embodiment of the present disciosure;

(00161 FIG. 3 s a graph of viscosity versus percent solids for chitosan solutions (fwo
iots) and a chitosan dispersion, in accordance with embodiments of the present

disclosurs;

(00171 FIG. 4 is a bar graph showing comprassion modulus for crosstinked chitosan
hydrogels formed from bwo different iote of chitosan, in aocordance with

embodiments of the prasent disclosure;

TO0I8T  FIG. 5 is & har graph showing compression modulus for grosshinked calcium

alginate, a genipin-crosslinked chitosan solution, and several genipin~-crosshinied
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chitosan disparsions having varying amounts of ¢hitosan, in accordance with

embodiments of the present disclosure;

iG0191  PFIG. & is a bar graph showing compression modutus for crosslinked calcium
glginate and several silica-containing genipin-cmsslinked chitosan dispersions
containing chitosan and glucono-delia-lactons in varying amounts, in accordance

with embodiments of the present disclosure;

(00201 FIG. 7 is a bar graph showing compression madulus for crosslinked calcium
alginate and several genipin-orossiinked chitosan disparsions containing silica in
varying amounis for two cure times, in accordance with embodiments of the prasent

disclosure;

00211 FIG. 8 15 a bar graph showing compression modulus for crosslinked calcium
alginate and several genipin-crossiinkad chitosan solutions containing hydroxvapatite

in varying amounts, in accordance with embodiments of the present disclosure; and

(00221 FIG. 9 is a graph of viscosity versus shear rate for 2 2 wi%% chitosan solution
and for a solution containing 2 wi% chitosan and 20 wi%% hydroxyapatits, in

accordance with embodiments of the present disclosure.

DETAILED DESCRIFTION

iD0231 A more complete understanding of the present disclosure is available by
reference 1o the following detailed descoription of numarous aspacts and
embodiments of the disclosure. The detailed description which follows s intendad to

lustrate but not imit the disclosura,
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00241 As noted above, the present disclosure pertains to compositions, kits and

methods that are useful in tssue bulking.

00251 Current bulking compositions typically contain high molecular weight water
soluble polvmers and large amounts of water {e.g., 5588 wi%). As 3 consequence,
the hydrogel implants that are formed from the bulking compositions commonly have
poor mechanical properties, Increasing the polvmer content (9% solids), while
rasulting in improved mechanical properties also dramatically increases viscosity,
ultimately to the point where the bulking composition cannot be injectsd. The
changes in maodulus and viscosity (arbitrary units) with 9% solids for a hypothetical

high molecular weight water soluble polymer s shown schematically in Fig. 1.

(00261 Thus, an ideal bulking composition would have high solids for high strength
and low viscosity Tor ease of dalivery and optimal penelration into interstices of the
injected tissue, However, this is not possible with traditional polymer solutions for

the reasons noted above,

iD0271  The present disclosure describes bulking compositions that have low viscosity
upon injection and which then build viscosity after injection by undergaing a polymer
dissolution process in-silu, which resulis in the formation of & viscous polymer gal
solution., A crosslinking agent formulatad inlo the composition can ¢rossiink the
polymer upon dissolution, leading to 2 high strength hydrogel matrde In some
smbodiments, a crosslinking agent is selected which, in addition to orosslinking the
polymar, can grosshink collagen of the surrounding tissue to itself and to the injectad

polymar, thereby crealing a crosslinked polymer/collagen matrix.

(00281 More particularly, in the prasent disclosurs, a bulking composition in the form

of an injectable dispersion s injected inlo a iiving subject. The injectable dispersion
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comprises {a) solid particles comprising a pH-sensitive polymer having pH-dependent
solubility such that the solid particles dissolve upon an increase or decrease in pH,
{b} a pH mndifying agent that generatas acid or base in vivo upon injection and (¢ &
crossiinking agent for the pH-sensitive pobymer.  In embodiments where the
composition comprises solid particies that dissolve upon a decreass in pH, a pH
miedifying agent is selected that generates acid over time in-vivo., Conversaly, in
embodiments where pH-sensitive solid particles are selected which dissclve upon an
increase in pH, a pH modifying agent is selected that generates base over Uime in-

ViVG,

{30291 One test for determining whether or not solid particles dissolve upon an
increase or decrease in pH is t¢ vary the pH of a 2 wi% suspension of the particles in
water at 37°C using a suitable pH adjusting agent, such as NaQH to ingcrease pH or
HC! o decraase pH. Because suspensions are typically cloudy and solutions are
typically clear, dissolution can be visually observed as a decrease in cloudiness
{clarificatior) in most cases.  Whather or not particle dissolution has occurred may
aiso be determined using miCroscopy or a laser particle analyzer such as those sold
by Malvern Instruments Lid,  Particle dissolution will also typically be associated with
a significant changa in viscosity {L.a., a viscosity increase of at least 2 times,

frequently, at least 10 times, or more).

00301 BExamples of pH-sensitive polymers that have pM-sensitive solubility such that
the sohid particles formed using such polymers will dissolve upon an incraase in pH
are alginic acid polymers, carboxymethyl celluiose, cellulose acetate succinate,
ceilulose acetate phthalate, hydroxy propyl methyl cellulose phihalate, hydroxy
propyl methyl cellulose acetate succinate, pobywingd acstate phthalate, metind

methacryiate-methacrylic adid copolymers, shellac and cellulose acelate trimelitate.
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Examples of basic compounds capable of ingraasing pH in-situ are primary alkyl
amines, quatemary ammonium compounds such as benzyltrimathy] ammonium
hydreadde, sodium bicarbonate and sodium carbonate. These basic compounds can
be inoorporated into a mizresphere, for example a polymer microsphers capable of

swelling/dissolving afier injection thereby relpasing the basic compound.

[0031] Examples of pH-sensitive polymers that have pH-sensitive solubility such that
the solid particles formed using such polymers will dissolve upon a decrease in pH
include polymers that comprises amine groups (e.g., primary amine groups), such as
chitosan, poly(N,N dialkylaminoethyl methacrylates), allylamine copolymers,

polyethyleneimine and poly L-Lysine.

{30321 In certain beneficial embodiments, the pii-sensitive polymer is a
polysaccharide that comprises primary amine groups, for example, & polysaccharide
that comprises glucosaming units. A specific example of such a polymeris a
copolymer comprising glucosamineg and N-acebtvl-glucosamine, more particularky,
chitgsan. Chitosan is a modified polysaccharide containing randomiy distributed B-
{1-43-linked D-glucosamineg and N-acetyl-D-glucosaming monomer units. Chitosan is
produced commerialiy by the alkaline N-deacehyiation of chilin, which is a celiulnse-
lie polymer consisting primarily of unbranched chains of modified glucoss,
specifically N-acatyl-D-glucosaming,  Chitosan is insoluble in water at neutral or
basic pH. It is soluble ab acidic pH. For example, chitosan is soluble in dilute agetic

acid.

[00331  In certain embodiments, the pH-sensitive polymer selected will have a
viscosity average molecular weight (M) of at least 50,000, for example, ranging from

50,000 to 250,000, among other possibilities.
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(00341 In certain embodiments, solid particles formed from one or more pH-sensitive
polymers may comprise 50 wit%s or more of one or more pH-sensitive polymers, for
example, 50 wi% or more, 60 wi% or more, 70 wi% or more, BD witd% or more, 30
wt% or more, 85 wi% or more, 97.5 wi% or more, even as high as 99 wit% or more

of one or more pr-sensitive polymers.

(00381 In certain embodiments, the solid particles formed from the one or more pH-
sensitive polymers may be less than 1000 microns in size, less than 250 microns in
size, fess than 100 microns in size, or aven less than 25 microns in size. For
sxample, at least 95% by weight of the solid particles in the compositions described
herein may be less than 1000 microns in size, preferably at least 95% by weight of
the particles may be less than 250 microns in size, and more preferably at least 99%
by weight of the particles may be less than 100 microns in size.  In certain
embodiments, ab least 0% by weight of the solid particles in the compositions

gesoribed hersin may be between 10 nm and 100 micons in size.

00361 As used herein, the particle “size” refers o the longest dimeansion of a particle
{e.q., the diameter of a sphere, the length of a fllamentous particle, &ic).  Particle
size may be determined using methods nown in the art, for example, microscopy or

& laser particle analvzer such as those sold by Malverm Instruments Lid,

00371 Examples of pH modifying agents that generate acid over lime in-vivo include
esters, for instance, polyesters and oyclic astars, which hydrolyze in the presence of
water to form hydroxyacids or a combination of multifunctional acids and
multifunctional alcohols {e.q., diacids and dicls).  Particular examples of oyglic estars
include coyclic esters formed from one or more hydroxyacid units, A spedific example

is a ovclic ester of gluconic acld, for instance, glucons-delta-lactone (GDL),
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QH
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Qi
H . GDLis neutral, but hydrolyzes in water to form glucenic acid which is

He

Dy,

mild ackd and therefore capable of dissolving pH-sensitive polymers such as chitosan.

{00381 Examples of crosslinking agents include crosslinking agents that are reactive
with carboxyt, hydrosod, amine and/or thiol groups within the pH-sensitive polymer
that is selected (and within the tissue into which the composition is injected). In
certain embodiments, a crosslinking agent is selected which is reactive with amine
groups, for example, primary aming groups, that are present within suitable pH-
sensitive polymers and tissus,  Specific examples of such crosslinking agents inciude
glutaralidehyde, formaldehyde, genipin, imidossters and succinimides such as N-

Fydroxysuccinimide esters.

i0039]  In certain beneficial embodiments, the crosslinking agent may be genipin,

O -OH

e H :.;‘
N

f}

k\\—(\f i} ‘_‘.Ai\\“‘.f
) H

U0y Genipin is a natural botanical product, which provides crosslinking of

primary amine groups such as those found in collagen and fibvin at physiclogical pH

and temperature, Genipin provides a comparable strength (o aldehyde oross-linking

without the toxicity associated with aldehvedes. In fact, beneficial antioxidant and

anti-inflammatory properties have been reporled for genipin,

f00401  In certain embodiments, the compositions of the present disclosure may
further comprise filler particles, Tor example, for purposas of increasing the modulus
of the resulting crosslinked composition.  Filler particles may be organic or ingrganic,
Examples of suitable filler particles include oxide ceramics {e.q., siicon dioxide,

nanoclays and metal oxides such as ron oxide, ttanium dioxide, aluming and

10
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Zirconiay, non-oxide ceramics inciuding, caldum phosphate-based ceramics including
hydrecvapatite, metals, metal alloys, and bicactive glass, and carbon nanctubes,

among other possibilities.

00411 In certain embodiments, the filler particles are less than 100 microns in size,
lass than 25 microns in size, than 10 microns in size, less than 2.5 microns in size,
lzss than 1 micron in size, less than £.25 micron in size, or even less than 0.1 micron
i size. For example, 95% by waight of the filler particles in the compositions
described herein may be less than 10 microns in size, preferably 95% by weight of
the filler particles may be less than 2.5 microns in size, and more preferably 95% by
weight of the filler particles may be less than 1 micron in size. In ceriain
embadiments, at least 95% by weight of the solid particles in the compositions

Gescribed herain may be between L nm and 1 micron in size.

00421 Incertain embodiments, the tissue bulking composition comprises solid
particles comprising {a) a pH-dependent polymer, such as a polysaccharide, that
comprises aming groups and that has a pH-dependent solubility in water such that
the particies dissoive in water at 37°C upon a decrease in pH, (b} 8 crosslinking
agent, such as giutaraldehyde, formaidehvde, genipin, imidossters or succinimides,
and (¢} a pH modifying agent, such as g pobyester or 3 oyolic aster, that generates

acid in vive,

f00431  In certain embodiments, the tissue bulking composition comprises solid
pariicies comprising (3} a polysaccharide that comprises aming groups and that has a
pH-dependent solubility in waler such that the paridles dissolve in water at 37°C
upon a decrease in pH, (b)Y a cosslinking agent, such as glutaraldehvde,
formaldehyde, genipin, imidoesters or succinimides, and {C a pobrester or a oydlic

ester that generates acid in vivo.

11
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(00441 In certain embodiments, the tssue bulking composition comprises solid
particies comprising (3} a pH-dependent polymer, such as a polysaccharide, that
comprises amine groups and that has a pH-dependent solubility in water such that
the particles dissolve in waler 8t 37°C upon a decrease in pH, (b} a crosslinking
agent, such as giutaraldehyds, formaidehyde, genipin, imidoesters or succinimides,
{c} a pH modifying agent, such as a polyester or a oyclic esiar, that generates acid in

viv, and {d} inorganic or organic filler particles,

00451 In certain embodiments, the compositions of the present disclosure may
further comprise supplemantal agents, for eample, therapeutic agents and/or
imaging contrast agents such as water based iodingted contrast agents or ol based

contrast agents such as lipicdol, among other possibilities,

(00461 In some embodiments, the bulking compositions of the present disclosure are
provided in the form of a dry powder that comprises {8} solid particles comprising a
pH-sensitive polymer, {&} a pH madifving agent, (<) a crosslinking agent for the pH-
sensitive polymer and {d} aptionally, filer particles and/or other supplemental
agents. The powder can be admbed with a suiltable liquid vehicle o form an
irjectable dispersion immediately prior to injeckion. Examples of suitable Hquids
nclude aquecus louids {e.g., water, saling, phosphate buffered saline, e} and
non-agquenus liguids {a.4., giycerol, low molecuiar weight polvethyviens ghvcols and
oifs such as mineral o, vegetable oil, fatly acids, &), The powder can be provided
in a sterile container, Tor example, in & container, such as a vial, that comprises a

needle-penetrable septum.

00471 In some embodiments, the bulkking compositions of the present disclosure are
provided in the form of an injectable dispersion that comprises {a) solid particles

comprising a pH-sensitive polymer, {b} a pH modifying agent, {¢) a crosslinking

12
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agent for the pH-sensitive potymer, {4} optionally, fiiler particles and/or cther
supplemental agents, and (8) & suitable agueous or non-agueous liquid. Where the
pH modifving agent produces and acid or base upon exposure to water, the liquid is

beneficially a nen-aqueous liguid

(00481 In some embodiments, the bulking compositions of the present disclosure are
provided in the form of (a) a first composition that comprises solid particles
comprising a pH-sensitive polymer, optionally, filler pariicles and/or cther
supplemental agents, and optionally, & sultable lguid, and (b} & second composition
comprising a pH modifying agent, a crosshinking agent for the pH-sensitive pobymer,

and optionally, & suitable Hauid,

(00491 In the event that a pH modifying agent is selectad which reacts with water
{2.g., undergoes hydrobysisy in vive to generate acid or base, it s beneficial in some
smbodiments 1o form 3 non-aqueous injection formulation.  In other embodiments,
an agueous injection formulation may be formed In which the reaction kinstics of the
reaction with water {e.q., hydrolysis) are sufficiently slow to permit injection 1o ocour
prior to the time where the viscosity of the formulation is significantly increased. In
some embodiments, the pH sensitive solid particles are provided with g coating that
is adapted to dissobre over a relatively short time frame {2.¢., 5-30 minutas, o}
after which the pH sensitive polymer of the solid particies can undergn dissolution
and crosslinking.  In addition o delaving the dissolution and crosslinking of the pH
sensitive polymer, the coating material may also provide an initial increase in the

viscosity of the composition upon delivery, thereby reducing washout,

[0050] In some embodiments, the bulking compositions of the present disclosure are
provided in a kil which may comprise {3} solid particles comprising a pH-sensitive

polymer, a pH modifying agent, a crosshinking agent for the pH-sensitive potymer,

13
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and optionally, filler particles and/or other supplemental agents, in ong or more
containers and (D) one or more of the following: (I} one or more containers of a
suitable Hquid {e.g., where the solid partidies, pH modifying agent, crosshinking agent
and/or optional agents are provided in dry form), for instance, ong or more
containers of an agueous fiuid such as water, saline or phosphate buffered saling or
a non-aguenus fuid such as glycerol or an ¢, and {if} an injection device configured
to inject the injectable dispersion to a subject (e.g., an injection catheter,

hypodermic syringe and needle, etc.).

{00511 The methods, compositions and kits of the present disclosure are useful in a
variety of tissue bulking procedures in & varigty of fislds. For axample, the tissus
bulking compositions may be usad in the feld of cardiclogy as a cardiac bulldng
agent, in the field of orthopedics for repair of cartilage defects, in the field of
gastroenteroiogy, wherain bulkdng of tissue at the gastro-esephageal junction can be
used i treat gastre-esophageal reflux disease, 1o bulking of rectal tissus can be
used to treat incontinence, or whersin the thickness of the stomach wall can be
increased by tissue bulking, thereby decreasing the volume of the stomach to reat
morbid obesity, in the field of urology, where placing bulking agent arcund the
urethra at the nack of the urinary biadder can be used to ameliorate incontinence,
and in cosmetic and reconstructive surgery whersin the tissue bulking compositions
may be used for augmentation in the dermis or subdermis to traat skin contour
deficiencies causad by varicus conditions and diseases, for beauty enhancement, for
breast augmentation, or for treatmerdt of regions of the body that nead volume
eniargement during reconstructive plastic surgery, such as after trauma o tumor

resection.

14
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00521 Thus, while the tissue bulking compositions of the present disclosure are
described In detaill herein for use as cardiac bulking agents, it is 1o be understood
that the compositions are not Hmited to such use, but rather are useful in 3 varisly of
medical flelds.

(00531 with regard to cardiac bulking, the tissue bulking compositions may be placed
in the ventricuiar wall of the heart to thicken and strengthen the ventricle wall to
pravent ventricular dilation and reat heart fallure. While both transepicardial and
transendocardial deployments of tissue bulking composition are feasible, minimally
invasive transendocardial delivery via catheter deployment is praferred in some
embodiments. Turning now to Fig. 24, 3 human heart 200 is shown in which a
catheter (e.g., a myocardial injection catheter, such as Stilleftce™, Boston Scientific
Ing., Boston, MA, USAY has been advanced 1o the left veniricular chamber 200v, A
tip 220t of the injection catheler 220 is inserted into infarcied or near infarcted Hssus
2001 within the ventricular wall 200w where 3 volume of tissue bulking composition
210 is imectad,  After injection, the oH modifving agent reacts in vivo for modify the
pH of the environment surrgunding the pH-sensitive solid particles, causing the pH-
sensitive polymer (and thus the pH-sensitive soild particles) (o dissoive, thus forming
a highly viscous mass. Dissolution of the pH-sensitive polymer makes the pH-
sensitive polymer available for crosslinking by the crosslinking agent. In certain
embodiments, a portion of the crosslinking agent diffuses from the volume of tissue
butking composition 214 inte surrounding tissue, where the crosshinking agent acts
crosslink a portion 2140¢ of the infarcted or near-infracted Hssue 2001 as shown in Fig.
2B, If desirad, muitiple injections may be parformed 10 create multiple volumes of
the tissue bultking compaosition 210 in the ventricular wall 200w,

(00541 For these and other applications, the material acts as an injectable hydrogesl

precursor that has properties and kinatics sufficient 1o remain in a relatively low
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viscosity fluld form within the catheter during delivery, while allowing the formation
of a crosstinked hydrogel within the tissus follewing delivery. This allows the
composition 1o be of sufficiently low viscosity to aliow for successful injection, after
which the compoesttion ingreases in viscosity and crosstinks so as to more effectively
ratain the composition at the at the delivery site,

[0055] In certain embodiments, upon crossiinking, the compositions described herein
form hydrogels having a comprassion modulus ranging from 25 kPa (o 2500 kPa or
morg, for example, ranging from 25 KPa to 50 kPa to 100 kPa to 250 kPa 1o 500 kPe
to 1000 kPa to 2500 kPa {i.e., ranging between any two of the preceding numerical
values), for instance, beneficially ranging from 250 kPe 10 2500 kPa in some
embodiments.

[0056]  Upon injection into an infarct zone of the heart, the bulking composition will
increase the wall thickness and the crosslinking agent will crosslink the bulking agent
to itself. Moreover, in some embodiments, the crosslinking agent may crosslink the
bulking agent to the infarcted tissue as well as to crosslink the infarcted tissue to
itself. By crosslinking damaged tissue, the native scaffolding may be reinforced. In
this regard, the crosslinking effect is believed to improve the mechanical strength of
the infarcted tissue, which in turn is believed to reduce dilation associated with post-
myocardial-infarction remodeling, thereby offsetting dilated cardiomyopathy. Thus
the compositions described herein may cause increased infarct wall thickness due to
bulking agent per se as well as an increase in mechanical reinforcement of
myocardium due the presence of the high modulus hydrogel and an increase in
tensile strength of myocardium due to tissue crosslinking in some embodiments,

which will resist elongation (dilation).

(00571 In certain specific embodiments, injectable compositions of the presant

disclosura are provided which comprise chitosan as a pH sensitive polymer. As notad

16



WO 2016/109847 PCT/US2016/012032

ahove, chitosan is insoluble in water at neutral or basic pH, and | is soluble at acidic
pH. Chitosan particles may be combined with a suitable crosslinking agent such as
genipin {2.¢,, In 3 suitable containegr such as a vial). Genipin is capable of
crosshinking polymers that have primary aming functionality such as chitosan and
coliagen. A latent acid ganerator, for @ample glucono-delta- lactone (GDL) may also
be included. GDL is a oydlic aster and when dissolved in water hydrobyzes to gluconic
acid. Various detatled Examples based on these three components {chitosan, genipin
and GDL) are st forth below,  Just prior o injection, an agquecus fluid such as
water, saline or PBS may be added 10 a container containing the thres components.
The genipin and GDL dissobve, and the chitosan, being insoluble at neutral pH is
dispersed in particulate form {i.e., it exists in the form of a dispersion). The
dispersed chitosan parlicles add liftle to the sclution viscosity, The dispersion is then
injectad into the tissua, Without being bound by thewry, it is believed that within a
few minutes the GDL begins to hvdrolyze (o gluconic add, thereby reducing the pH
and causing the chitosan to swell and dissolve, which increases the viscosity, As the
chitosan dissolves, the ganipin baging 1o ossiink the chitosan resulting in a
crossinked hvdrogel, In addition, the genipin is alse capable of crosslinking
surrounding collagen 1o iself and to the chitesan, thereby forming a chitosan-

collagen composite.

Example 1. Preparation and evaluation of high strength chitosan hydrogel
[0058] 2.0 g chitosan powder (low viscosity grade, Aldrich Chemical), 0.80 g GDL
(Aldrich Chemical) and 0.029 g genipin (Wako Chemicals USA) were combined in a
vial. 7.2 g of deionized (DI) water was added and the vial was shaken to dissolve
the genipin and GDL and to disperse the chitosan powder. The low viscosity slurry

was added to a petri dish and sealed. The petri dish was placed in an incubator at
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37°C for 18-24 hrs. The dispersion visibly begins to gel within about 1 hr. The

formulation of other gels with varying chitosan loadings are shown in Table 1.

Table 1. Chitosan dispersion formulations

[0059] It has been found that there is considerable variability in viscosity from lot to
lot for a given grade of chitosan. For example the viscosity specifications for low
viscosity grade from Aldrich is 20-300c¢ps at 1% solids in 1% acetic acid. Two
different lots of the low viscosity grade of chitosan were evaluated, designated as lot
1 and lot 2. The two lots differ significantly in viscosity upon dissolution in acetic
acid with lot 2 being significantly higher. FIG. 3 shows the solution viscosity
(dissolved in acetic acid) of the two lots. The viscosity of the chitosan dispersions
(<106 pm particle diameter) is shown for comparison. This shows that the
dispersions possess very low viscosity compared to solutions of dissolved chitosan.
In this regard, at 5% solids, the solution viscosity is 3700X greater for the lot 2
solution relative to the dispersion. Solutions at 10% solids could not be prepared
due to exceedingly high viscosity.

[0060] Compression modulus was testing on the cured gels using an MTS Systems
Corporation tensile tester configured with a flat circular stainless steel punch tip with
a surface area of 0.044mm?. The probe tip was pressed into the gel at a speed of 6
mm/min to a depth of Imm. The compression modulus was calculated from the

slope of the resulting force/displacement plot. FIG. 4 shows the compression
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modulus of lot 1 and 2 chitosan crosslinked gels. The higher viscosity chitosan
(which is believed to be a result of higher molecular weight) leads to gels with
significantly greater compression modulus compared to the lower viscosity chitosan.
FIG. 5 shows the compression modulus of chitosan dispersions (lot 2) prepared with
varying chitosan content. Increasing the % chitosan solids in the dispersion results
in significant increase in compression modulus. The compression modulus was
measured on a calcium alginate (CaAlginate) gel as a comparative control. The
CaAlginate control was prepared by first adding a 2% solids aqueous solution of
sodium alginate (NaAlginate) to a petri dish. The surface of the alginate solution in
the petri dish was sprayed with a fine mist of 2% CaCl; in water to crosslink the
surface of the alginate solution. This allows one to then dispense a solution of 2%
CaCl; over the surface of the alginate without disrupting the surface of the alginate.
The alginate in the petri dish was incubated overnight at 37C and the excess CaCl,
solution was decanted off the crosslinked alginate gel. The 15% chitosan based
dispersion has a compression modulus that is 45X greater than the CaAlginate

comparative control.

Example 2. Preparation and evaluation of high strength chitosan silica
nanocomposites

[0061] 0.40 g GDL and 0.0261 g genipin were dissolved in 5.70g of aqueous Ludox
silica nanodispersion (30 wt% silica) (LUDOX® AM colloidal silica and LUDOX® AS
colloidal silica) (Sigma Aldrich) and 2.88g DI water. 1.0g chitosan powder was then
added to the silica dispersion and shaken. The resulting low viscosity dispersion was
poured into a petri dish, sealed and placed in an incubator at 37°C overnight or for

96 hr. Compression modulus was measured on the resulting crosslinked gels.
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[0062] The preceding sample comprises 10 wt% chitosan, 17 wt% silica and 4%
GDL (10-17-4). Other samples were also formed with the following wt% amounts of
chitosan, silica and GDL, respectively: 2-29-2, 5-27-4, 10-26-4 and 10-25-8. FIG. 6
shows the compression modulus results for CaAlginate and the last four of these
samples (where the silica was held between 25-29%, the chitosan dispersion loading
was 2, 5 or 10 wt%, the GDL was 4 or 8 wt%, and the cure time was 24 or 48
hours). There was a slight increase in modulus in extending the cure from 24 hr to
48 hr, showing that the gels primarily cure within 24 hours at 37°C. Gels prepared
with 4 w% GDL gave higher modulus than those prepared with 8 wt% GDL. This
was somewhat surprising in that the stoichiometric quantity of GDL required to
solubilize the chitosan was calculated to be about 8%. Increasing chitosan loading
resulted in an increase in modulus. It is noted that the 10% chitosan sample was
found to have a compression modulus 118x greater than the calcium alginate
comparative control.

[0063] Another sample set comprised formulations in which the chitosan loading was
held constant at 10wt% and the silica loading was varied from about 2-17 wt%.
(Specifically, samples were formed with the following wt% amounts of chitosan,
silica and GDL, respectively: 10-2-4, 10-4-4, 10-9-4, 10-17-4). The compression
modulus for this sample set is shown in FIG. 7. There is slight increase in modulus
in curing for 96 hours vs 24 hours. Moreover, modulus increased with increasing
silica loading. Silica loadings of 26% gave the highest modulus (see FIG. 6), however
there is tradeoff between modulus and dispersion viscosity in that a paste was
formed at the 26% level which was easily deformable, but did not flow. The 2-17%
dispersions initially possessed low viscosity and flowed easily. The 17% silica
sample has a compression modulus 67x greater than the calcium alginate

comparative control.
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Example 3. Preparation and evaluation of high strength chitosan
hydroxyapatite nanocomposites

[0064] This Example differs from Examples 1 and 2 in that one starts with a low
solids, low viscosity chitosan solution. The gel strength is generated primarily
through addition of hydroxyapatite nanoparticles.

[0065] In one exemplary procedure, 0.040 g genipin was dissolved along with 0.2 g
chitosan in 7.8g of 2wt% acetic acid. 2.0g HA was added to the chitosan solution
and the dispersion was sonicated for ~1 min to disperse the HA. The resulting low
viscosity dispersion was poured into a petri dish, sealed and incubated at 37°C for
overnight. This sample contained 2 wt% chitosan, 4 wt% genipin and 20 wt% HA.

[0066] Additional samples were formed in an analogous fashion containing
approximately 2wt% chitosan (1.8-2.5 wt%) in 2% acetic acid, approximately 4 wt%
genipin (3.4-4.0 wt%), and 1, 2, 5, 10, 15, 25 or 30 wt% HA. Compression
modulus was measured for the crosslinked gels. FIG.8 shows the compression
modulus results of the formulations prepared. Compression modulus, which
increases with increasing HA solids, can thus be tailored by varying the HA loading.

Modulus values up to 18x higher than the calcium alginate control are possible.

Example 4. Evaluation of chitosan and chitosan/hydroxyapatite
dispersions

[0067] A chitosan solution was formed which contained 0.2 g chitosan dissolved in
2wt% acetic acid (2 wt% chitosan). A chitosan/HA dispersion was formed in which
2.0g HA was added to 0.2 g chitosan dissolved in 2wt% acetic acid (2 wt% chitosan,

20 wt% HA), and the dispersion was sonicated for ~1 min to disperse the HA.
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[0068] Viscosity as a function of shear rate was measured for the solution and
dispersion using a Brookfield cone and plate viscometer, and the results are shown in
FIG. 9. The chitosan solution with no HA shows Newtonian viscosity, i.e., no change
in viscosity with shear rate. The chitosan dispersion containing 20% HA shows non-
Newtonian behavior in the form of shear thinning. At very low shear rates the
viscosity increases — this is beneficial to slow particle settling in solution. When the
solution is shaken or injected through a catheter the viscosity approaches that of the
chitosan solution with no HA. Shear thinning behavior is also beneficial in that it

improves dispersion retention after sample injection.
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CLAIMS:

1. Atissue bulking composition comprising: (a) solid particles comprising a pH-sensitive
polymer that has a pH-dependent solubility such that the solid particles dissolve upon an
increase or decrease in pH, (b) a crosslinking agent for the pH-sensitive polymer and (c)
a pH modifying agent that generates acid or base in vivo, wherein when the tissue
bulking composition comprises solid particles that dissolve upon a decrease in pH, the
pH modifying agent generates acid in vivo and wherein when the tissue bulking
composition comprises solid particles that dissolve upon an increase in pH, the pH
modifying agent generates base in vivo.

2. The tissue bulking composition of claim 1, wherein the solid particles are less than 100
microns (um) in size.

3. The tissue bulking composition of any one of claims 1-2, wherein the tissue bulking
composition is in the form of a dry powder or wherein the tissue bulking composition is
an injectable dispersion that further comprises an aqueous or non-aqueous liquid.

4. The tissue bulking composition of any one of claims 1-3, wherein the solid particles
comprise a pH-sensitive polymer that dissolves upon a decrease in pH.

5. The tissue bulking composition of claim 4, wherein the pH-sensitive polymer comprises
amine groups.

6. The tissue bulking composition of claim 4, wherein the pH-sensitive polymer is a
polysaccharide that comprises amine groups.

7. The tissue bulking composition of any one of claims 4-6, wherein the pH modifying
agent is a polyester or a cyclic ester.

8. The tissue bulking composition of any one of claims 4-7, wherein the crosslinking agent
is an agent that crosslinks amine groups.

9. The tissue bulking composition of claim 8, wherein the crosslinking agent is genipin.
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10. The tissue bulking composition of any one of claims 1-3, wherein the solid particles
comprise a pH-sensitive polymer that dissolves upon an increase in pH.

11. The tissue bulking composition of any one of claims 1-10, further comprising inorganic
filler particles.

12. A kit comprising: a tissue bulking composition in accordance with any one of claims 1-11
and an injection device.

13. The kit of claim 12, wherein the injection device is a needle injection catheter.

14. The kit of claim 12, wherein the tissue bulking composition is in the form of a dry
powder that is disposed in a container having a needle-penetrable septum.

15. A method of forming an injectable dispersion comprising admixing (a) a tissue bulking
composition in accordance with any one of claims 1-11 with (b) an aqueous or non-

aqueous liquid vehicle, thereby forming said injectable dispersion.

24



WO 2016/109847

MODULUS

PCT/US2016/012032
1/5
BEST MECH/PROPERTIES
BEST FLO<W INTO TISSUET
% SOLIDS
FIG. 1

SUBSTITUTE SHEET (RULE 26)

VISCOSITY



WO 2016/109847

PCT/US2016/012032

2/5

CHITOSAN SOLUTION VISCOSITY-LOT 1 AND 2
00 VS CHITOSAN DISPERSION VISCOSTTY
;' — LOT1(MED VISC CHITOSAN)
5000 :
7~~~ LOT2 (MED VISC CHITOSAN)
g0 T = CHITOSAN DISPERSIONS
3000 .
S :
= 2000 —
' / LOT 2 CHITOSAN DISPERSIONS (<106um)
1000 /
0- —_—" = I 1 ' |
0 2 2 b B 0
% SOLIDS
FIG.3

SUBSTITUTE SHEET (RULE 26)




WO 2016/109847 PCT/US2016/012032

3/5

600 T CHITOSAN

L0
O _LOT 2 CHITOSAN

A
[— JE —
[— B — ]

>
[—]

244

N D B
[—4
o

111 113

3
P

5 | 10 | 15 | 17 |
% CHITOSAN DISPERSION

FI6.4

COMPRESSION MODULUS (kPa)

—
[—
[—)

0.33

[—]

700

LOT 2 CHITOSAN

600

wn
[~
[—]

-
[~
[—]

(L)
(=]
[—]

N
S
[—]

COMPRESSION MODULUS (kPa)

0 1 rrrrs)

| | | | | 1
15% 10% 5% 2.5% 2.5% 2%
CHITOSAN ~ CHITOSAN ~ CHITOSAN ~ CHITOSAN  CHITOSAN  CaALGINATE
DISP DISP DISP DISP SOLN

FIG. 5

SUBSTITUTE SHEET (RULE 26)



WO 2016/109847

4/5

PCT/US2016/012032

2000
1800

)
—
o~
[ =]
(=]

COMPRESSION MODULS (kpa

1400
1200

1000 _ %

VARY CHITOSAN CONG; 25-29% SILICA+0.4% GENIPIN

] —

800

600

400

200

(~24HR) 4%LACTTONE SALACTTONE

OGNS CHIIOSAN AN SHCHITOGANAN 10N CHITOSANAN10% CHITOSAN A
(1488 (HR) SXACTONE SHACTON

scmosaan 10k cmosatan 881 v o 1O

{~24HR) (~24HR)
FIG. 6

10% CHITOSAN W VARIOUS SILICA CONC:+-0 4% GENTPIN

140

1200

=100

[ = B~
[ —
[— N — 1

(OMPRESSION MODULUS {

400+
100

—

20 TLCH AN 2% TLCAAM. 45 ILICA AR 45 STLICA . 9% TLICA AN 9% LICA AN 7% SLCH AN 17% STLICA AN
OGRS) (-HRS)  CGHRS) (RS (GHRS) (RS (HRS)  (-DANRS)

I
(oALGINATE

FIG.7

SUBSTITUTE SHEET (RULE 26)



WO 2016/109847 PCT/US2016/012032

5/5

~2% CHITOSAN SOLN + HA NANO PARTICLES + 0.4% GENPIN
300
= 1250 N\
= 200 \
S
E 150 §
2 100 N
=
[
=50 N \
0 § I} I} I} I} I} I} I}
OHE T TWEA T B SKHA | IONHA | ISHHA | DSWHA | 0NHA DGl
FIG. 8
CHITOSAN + HYDROXYAPATITE VISCOSITY
350
— —2% CHITOSAN
300 \ ——20% HA w~2% CHITOSAN
250 \
= 900
5150 \ STERRNEDF
2 \_ 2% st + 2 ML HROGH
100 -
e NEEDLE@A bl i
50
_____ e e————— \\<
0 I I I i I I
0 10 20 30 40 50 60
SHEAR RATE (1/sec)

FI6. 9

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/012032

INV.
ADD.

A. CLASSIFICATION OF SUBJECT MATTER

AblL27/14 Ab1L27/20 Abl1L27/50

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

B. FIELDS SEARCHED

AblL

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

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

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2011/101684 Al (UNIV MANCHESTER [GB]; 1-15
SAUNDERS BRIAN [GB]; MILANI AMIR HOSSEIN
[GB]; L) 25 August 2011 (2011-08-25)
page 27, paragraph 137 - page 34,
paragraph 174

claims

DATABASE WPI 4-6
Week 201501

Thomson Scientific, London, GB;

AN 2014-W75732

XP002757867,

& CN 104 069 485 A (HYBIO PHARM CO LTD)
1 October 2014 (2014-10-01)

abstract

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

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

"E" earlier 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 step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified)

* Special categories of cited documents :

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

"Q" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

19 May 2016 01/06/2016

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040
FZX:((+31-78)340-3016 Van den Bulcke, H

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/012032

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 2013/037965 A2 (NORWEGIAN UNIV SCI &
TECH NTNU [NO]; VAARUM KJELL MORTEN [NO];
DRAGET) 21 March 2013 (2013-03-21)

page 13, lines 1-21

page 15, line 30 - page 17, line 10
claims

EP 2 181 722 A2 (TYCO HEALTHCARE [US])

5 May 2010 (2010-05-05)

column 14, paragraph 74 - column 15,
paragraph 76

column 17, paragraph 86

claims

US 2007,/184087 Al (VOIGTS ROBERT [US] ET
AL) 9 August 2007 (2007-08-09)

page 5, paragraph 65 - page 7, paragraph
72

7

8,9

11

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/012032
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2011101684 Al 25-08-2011 CA 2827600 Al 25-08-2011
EP 2542620 Al 09-01-2013
US 2012308508 Al 06-12-2012
WO 2011101684 Al 25-08-2011

CN 104069485 A 01-10-2014  NONE

WO 2013037965 A2 21-03-2013 US 2015126619 Al 07-05-2015
WO 2013037965 A2 21-03-2013

EP 2181722 A2 05-05-2010 AU 2009233626 Al 20-05-2010
CA 2683525 Al 30-04-2010
EP 2181722 A2 05-05-2010
JP 2010104791 A 13-05-2010
US 2010111919 Al 06-05-2010

US 2007184087 Al 09-08-2007 CN 101610796 A 23-12-2009
CN 104117091 A 29-10-2014
EP 2114472 A2 11-11-2009
EP 2417990 Al 15-02-2012
JP 5555292 B2 23-07-2014
JP 2010515527 A 13-05-2010
JP 2013009979 A 17-01-2013
JP 2014236970 A 18-12-2014
KR 20090096751 A 14-09-2009
KR 20150006084 A 15-01-2015
TW 200829220 A 16-07-2008
US 2007184087 Al 09-08-2007
US 2010041788 Al 18-02-2010
US 2014010709 Al 09-01-2014
US 2014378549 Al 25-12-2014
WO 2008088381 A2 24-07-2008

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

