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SUBTISSUE IMPLANT MATERIAL

CROSS REFERENCE TO RELATED APPLICATION
This application claims the benefit of US Provisional Application No. 63/338,656

fied May 5, 2022, and US Provisional Application 63:430,755 filed March 8, 2023, which

are hereby incorporated herein by reference in their eatirety,

BACKGROUND

The present invention resides generally in the ficld of medical compositions and in
particular aspects to medical compositions that incorporate extraceilular niatrix materials.

As further background, subdermal injections of various matertals are used to fill
defects or voids inn soft tissue during reconstroctive surgery affer serious disease and
traumatic injuries. Some patients may have disease that cause soft tissue fo reversibly
degrade or waste away, creating pliysical and psychological effects. In addition, severe
fjaries may remove significant portions of soft tissue, and other mfectious diseases may
require the removal of significant amounts of soft tissue during surgery. In sityations where
sinall portions of sofl tissue are lost, the patient may be treated with injections of a natural or
syathetic polymer solution. These solations are usually water-based and bigh in viscosity to
wcrease biocompatibility and pHability in the soft tissue. Some may be very lightly gelled
solutions of collagen. Some treatments may use fat tissue autogealis fron elsewhere in the
patient’s body. In situations where large portions of soft tissue are lost, the treatraent usually
involves covering the soft tissue void with a skin graft and allowing the body to regrow as
much Ussue as it can. These patiends oflen never recover all the lost soft tissue (including
muscle, fat, efe.} and experience physical and psychological effects of this absence of tissue.
Some of these treatments also see overlap into the cosmetic surgery space, where subdermal
wjections are used to reduce the appearance of wrinkles, acoe and other scars, hollow areas,
and generally increase the fullness of the face.

Because these injected filler solutions are liquid and degradable, they inherently
degrade relatively quickly after nmplantation. For example, hvaluronie acid and astograft
ijections fast from three to twelve months, while longer lasting treatments like caleium

hydroxyapatite lasty from twelve to twenty-four months.
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A need remains for additional medical compaositions and products that can be used in
a wide vartety of medical applications, in particular to {ill a soft tissue void with a lasting and
durable material. The present disclosure provides such medical compositions and products,

as well as methods for preparing and using the same.
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SEMMARY

In certain aspects, the present disclosure pertains {o unique systems and methods for

treating diseased or damaged tissue in a patient. In accordance with some forms of the

A

disclosure, such methods including introducing a photocurable composition to the discased or

damaged tissue, Accordingly, in one embodiment, the present disclosure provides 2 method

of treating diseased or damaged tissue in a patient, the method comprising introducing a

photocurable composition to the diseased or damaged dssue, the photocarable composition

comprising a photoactivatable metad igand complex, a matrix forming polymer, and an

10 electron acceptor such that the photocurable cormaposition s positioned behind a tissue
portion, in some forms the disclosed methods comprise irradiating the photocurable
composition through the tissue portion o induce a pholocrosshinking reaction forming
crosshinks between individual polyvmers of the matrix forming polymer within the
photocurable composifion. In accordance with certain inventive variants, introducing

13 comprises injecting the photocurable composition into the patient. In certain embodiments
the tissae portion has a thickness of about 1 aum to abowt 30 mm. In some forms, the
trradiating step is performed with an external light source. In accordance with some forms the
external light source is configured to emuf visible Hght,

In apother embodiment, the disclosare provides a method of treating a depressed

20 tissge portion ia a patient, the method comprising injecting a photocuralvle composition beneath the
depressed tissue portion, the photocurable composiiion comprising a photoactivatable metal
hgand complex, a matrix forming polymer, and an electron acceptor. {n some forms the
disclosed methods comprise srradiating the photacerable composition through the patient’s
skin f0 induee a photocrosslinking reaction torming crosslinks between individual polymers

25 of the matnix forming polymer within the photocurable composition. In accordance with
certain inventive vartants, introducing comprises injecting the photocurable composition into
the patient. In certain embodinents the tissue portion has a thickness of about 1 nun o about
530 mm. 1o some forms, the ircadiating step is performed with an external tight source. In
gecordance with some forms the external Hight source is conligured to emut visible light.

30 In another embodiment, the disclosure provides a medical kit compsising a stenle

package, a photocurable compesition contained within the sterile package, the photocurable
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composition comprising a photoactivatable metal ligand complex, 8 mawix forming polvmer,
and an electron accepior, and a syringe configured fo inject the photocurable  composition
110 a subdermal or inframuscular location of a patient. In accordance with some forms, the
medical kit also comprises comprising a light source configured to mduce a
photocrosslinking reaction within the photocurable composition upon exposure to rradiation
from the ight source through patient tissue,

Additional embodiments, as well as features and advantages of erobodiments of the

fvention, will be apparent from the description herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

FHIS. FA-1D iliustrate one embodiment of a method of filing 2 soft tissue void.
FIG. 2 fliustrates a tissoe section incloding a depressed tissue portion.
) FIGS. 3A and 3B illustrate one embodiment of a method of treating a depressed tissue

poriien.

FI1G. 4 lustrates one embodisnent of a photocurable coraposition introduced into a
subcutaneous tissue location.

Fi1G. 3 illustrates ong embodiment of & photocurable composition introduced into a

10 intramuscular issue location.

FIG. 6 illustrates one embodiment of a photocurable composition introduced into a
intradernial tssue location.

FiG. 7 illustrates the results of the experiment detailed in Example 3, detailing the

extent of modification with varying Bolton Hunter seagent concontration.



A

ig

24

34

WO 2023/215885 PCT/US2023/066683

BESCRIPTION OF THE SELECTED EMBODIMENTS

For the purpeses of promoting an understanding of the principles of the disclosure,
reference will now be made to the embodiments ilustrated in the drawings and specilic
tanguage will be used to deseribe the same. 1t will nevertheless be understood that ne
fimitation of the scope of the claims is thereby intended, and alterations and modifications in
the illustrated grafl. and further applications of the principles of the disclosure as illustrated
therein are herein contemplated as would normally ocour to one skilted in the art to which the
disclosure relates.

As disclosed above, aspects of the present disclosure relate to novel methads and
materials for treating diseased and damaged tissues. Such methods and materials may be
usefal, for example to il & Gssue void withouwt invasive surgical intervention. In cerfain
aspects, the disclosure relates lo introducing a photocurable composition as described herein
1o a focation under the skin of a patient, or covered by a fissue graft, and radiating the
photocurable composition through the patient skin or tssue graft to cause a
photocrosslinking reaction within the photocusable composition. In some forros such a
method is perfornied to bulk sunken or otherwise damaged tissue such ay sear fissues. Thus,
the present disclosure provides methods for in situ polymerization to provide lasting cosmetic
and/or medical corrective procedures. In general, the photocarable compositions of the
present disclosyre are introduced under the skin, or tissue grafl, and polymerized by exposure
to visible light applicd to the skio surface, from outside of the patient’s body.

Thus, in accordance with some forms, the present disclosure provides a photocurable
composition comprising a photoactivatable metal ligand complex, a matrix forming polymer,
and an clectron acceptor. li cortain aspects, the present disclosure refates o a photocurable
compositions that include a polymer containing phenelic groups, such photocurable
compositions are effective to form a diphenolic crosstinked polymwer hydrogel when
photocured. While not wishing to he bound by theory, it is believed that the
photacrosslinking mechanisms involves iradiation of the metal-ligand complex o induce an
excited state, followed by ranster of an electron from the metal to the eleciron acceptor. The
oxidized metal then extracts an electron from a side chaia in the matrix forming polvmer. In

certain ermbodiments the side chain iy a tyrosine side chain and the reaction produces a
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tyrosyl radical that reacts immediately with a nearby fyrosine to form a dityrosing hond.
Thus, in accordance with some forms of practicing the disclosed methods, a divect eyoss-link
{without any bridging moiety) is created guickly in this photo-initiated chemical reaction,
without the need for mtroduction of a primer {ayver and without the generation of potentially
detrimental species sach as singlet oxygen, superoxide and hydroxy] radicals. B has been
discovered that a cross-linking reaction may ocgur in the absence of a photoactivatable metal-
figand complex. Such formulations require extended curing time, for example at least two
howrs, and potentially up to about 24 hours. In this way, composttions of the present
disclosare, with or without a metal ligand complex, may form crosslinks in the absence of
tight. Thus, the methods disclosed herein may be practiced without irvadiating the injected
composition with light. such methods require a curing time of at least two hours, and may not
he fully crosstinked for aboul 24 hours,

Ax used herein, the term “photoactivatable metal-ligand complex” means a metal-
figand complex in which the metal can enter an excited state when irradiated such that it can
donate an electron to an electron acceptor in order to move to a higher oxidation state and
thereafter extract an electron from a side chain of an amino acid residue of a matrix polymer
to produce a free radical without reliance upon the formation of singlet oxyvgen. Suitable
metals iclude but are not Hinuted o RudiD, PA(IT, CufIi, N3y, Mot and Fe{Ti1) i the
form of a complex which can absorb light in the visible region, for example, an Ra(il)
hipyridyl complex, a P&} porphyrin complex, a sulfonatophenyl Mnfli complex or a
Fe{1ll} protoporphyrin camnplex, more particolarly, an Ru(li) bispyridyl complex or a Pd(I)
porphyrin, i particular, an Ru() {(bpy i complex such as [Ra(Ih (bpyis] Clo Efficient cross-
Hnking occurs in the presence of an electron acceptor, and requires only moderate intensity
visible light.

As used herein the term "electron acceptor™ refers to a chemical entify that accepts an
electron transterred to it and so refers to an easily reduced molecute (or oxidizing agent) with
a redox potential sufficiently positive o facilitate the cross-linkiag reaction. A range of
clectron acceptors will be suitable. In an emnbodimend, the electron aceeptor is a peracid, a
cobalt complex, & cerium {1V} complex, or an organic acid. Typically, the eleciron acceptor is
a persulfaie, periodate, perbromate or perchlerate compound, vitamin B12, Co(lil)

(NHNSCIE, certum (IV) sulphate dehydrate, ammonium cerium {1V nitrate, oxalic acid or
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EDTA. Preferably, the persulfate anton is used as the electron acceptor. In accordance with
certain embodiments, the electron acceptor comprises sodium persulfate. The standard
oxidation-reduction potential for the reaction:

S:0" + 2H" + 2¢” => 2 HSOy-
is 2.1V, as compared to 1.8 V for hydrogen peroxide (H:O4). This potential is higher than
the redox potential for the permanganate anion (MnCs-)at 1.7 V, but slightly lower than that
of azone at 2.2 V.

As used herein the term “matrix forming polymer™ vefers to isolated and purified
extraceilular matrix proteins as well as synthetic polymers. Saitable matrix proteins for use in
the coating may be selected from, but not limited to the group consisting of fibrinogen,
fibrin, collagen, keratin, gelatin, fibronectin, serum albumin, elasun, beta-lactoglobutin,
glycinin, ghitens, gliadins, resilin and/or laminin, or admixtures thereof. Magix proteins may
he isolated from human or animal sources or can be synthetically produced for inslance using
recombinant technigques. In some forms, matrix proteins are isolated from ECM source
tigsues as desertbed hevein In some forms, the protein may be denatured o encourage the
formation of phenolic cross-links upoa photecuring andfor may be a phenol enriched protein
{e.g. modified to increase the sumber of tyrosine groups). Denaturation of a protein may be
accomplished by raising or lowering the pH of a solution containing the matrix protein,
decreasing or increasing the jonic strength of a solution containing the matrix protein,
hivdrolysts, or in other ways known o a person skilled in the art. Chemical modification to
form a phenol enriched pelymer material (e.g. including chemieally added tyrosine groups)
may be achieved by any suitable method. In some forms, such chemical modification may

inchide the modification of amino acid side chains to include aromatic moieties such as the

phenolic moiety present 1o tyrosine. By way of example primary amines such as the fysine

residues in a protein may be modified using the knowsn Bolton Hunter reagent (N-
succinimidyi-3-[4-hydroxyphenylipropionate) or the known water-soluble Bolton Hunter
reagent {sulfosuccinimidyl-3-[4-hydroxyphenvijpropionate). In certain forms, the
photocurable adbesive will include a nixture of an amount of a protein {especially coliagen,
gelatin or a collagen peptide composition) with an amount of the corresponding phenol
enriched protein. For example, the photocurable adhesive may inclede the parent

{unmodified) protein and the corresponding phena| enriched profein tn a dry weight ratio in
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the range of about 1:10 to about 10:1, or about 1:3 to about 5:1, and in some forms about 5:1
to ahout 2:1. In certain embodiments, such ratios are used when the parent Gmmodified}
protein is collagen, gelatin, or a collagen peptide compostiion.

Tt is also within the scope of the present disclosure o include one or more synthetic

A

polymers in the matgx forming polymer. Exemplary synthetic polymers include phenol-
containing polymers, such as polyacrylamide andfor polyacrvlic acid, Alternative
embodiments nay mclude a brodegradable polymer additive such as one or more of!
podvethylene glyveol, polvvinyt alcohol, polvlaetic acid, polyglycolic acid, polviactic-co-
glveolic acid, andfor polyvglycero! sebacate. In certain embodiments, the polymer is phenol-
10 enriched by using Bolton-Hunter reagent or other suitable reaction.

The term “phenol enriched” as applied to a polvmer material herein {e.g. collagen,
gelatin, a collagen peptide composition, or synthetic pelvmer) means that the polymer
material has been chenically modifiad to increase the number of phenolic groups in the
pedymier material. Thus, “pheaol enriched collagen™ refers to collagen that has been

15 chemically modified fo increase the number of phenolic groups (e.g. tyrosine groups) in the
collagen, “phenol enriched gelatin®™ refers to gelatin that has been chemically modified to
mncrease the number of phenolic groups in the gelatin, and “phenol enriched collagen peptide
composition” refers to & collagen peptide composition that has been chemically modified to

wcrease the number of phenolic groups in the collagen peptide composition. In some

fa

2 aspects, the phenclic groups are tyrosineg groups, which can be added for example using a
known Bolton Hunter reagent. In some aspects, the pbhenol enriched polymer material {e.g.
collagen, gelatin, or collagen peptide composition} will have a PG value of at least about 7,
and 1 certain forms in the range of about 7 (o about 35, or in the range of about 15 to about
30, or i the range of about 18 to about 25, where the P/O value i the nunber of mioles of

25 phenol groups per mole of polymer in the polymer material. The PAG value for a polymer
material can be deternuined using standard techniques, including for example using an
absorbance assay at a wavelength of 280mm. Moderate P/G ranges for the phenol enriched
pedymier, as recited above, are preferred in somie aspects, as modification o higher P/G
values has been found to deorease the solubility of the material in agueous media (see e.g

3¢ Example 3 below for phenol enriched gelatin),
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In certain embodiments a photocurable composition as deseribed herein may be
injected bensath the surface of the skin. In some forms the phetocurable composition is
injected within, proximal to, or beneath diseasad or damaged tissue and cured to bulk the
depressed tissue portion. Such diseased or damaged Ussues may be secarred or otherwise
suntken tssues. In certain emnbodiments the photocurable compositions of the present
disclosure may be injected within laryngeal tissue, for example {o modify or support the
vocal folds. In some forms the photocurable composition is used to treat, for example lesions,
polyps, nodules, andfor cysts on the voeal fold andfor vouds teft after removal of voeal fold
lesions, polyps, nodules, and cvsts, scarred vocal Tolds, andfor paralysis of vocal folds.
Compositions of the present disclosure may be used in a method for treating voeal fold
paralysis, for example unilateral vocal fold paralysis. Such methods may include injecting a
photocarable composition as described herein into the vocal fold and irradiating the
photocurable composition through the vocal fold tissue so as to move the vocal fold ia a more
moedial direction to factlitate contact with the opposing vocal fold. Conwpositions of the
present discloswre may be used in a method for treating lesions, polyps, nodules, and/or cysts
on the veeal fold, Such methods may include injecting a photocurable composition as
described herein into the affected vocal fold tissue (e g directly into or adjacent to the lesion,
polyp, nodule, and/or cyst) and thereatter iradiating the photocurable composition through
the tissue, Compositions of the present disclosure may be used in & method for treating voids
left after removal of vocal fuld lesions, polyps, aodides, andior cvstz. Such methods may
include injecting a photocurable contposition as described herein into patient tissue sear such
# void (e.g. anderdving or adjacent to the void) and thereafler irradiating the photocurable
composition through the tissue. In certain embodiments, the photacurable compuositions of
the present disclosure may be injected within or near sphincter tissue, for example to modify
or support the anal sphincter or the urethral sphincter. Tn some forms the photocurable
composition i3 used to teat, for example fecal incontinence, andfor wrinary incontinence. In
this way the photocurable composition is injected into or near the sphincter tissue beneath the
surface of the skin, or other superficial tissue layer, such that the photocurable composition is
positioned bebind {e.g. deep 10} a tissue portion. In accordance with certain embodiments the
fissue portion has a thickness of abeast 0.5 num to about 100 mm, preferably abouwt 1 mm to

about 30 . Put another way the photocurable compositions as disclosed berein niay be
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injected to a location having a depth beneath the surface of the skin of between about 0.5 mm
ter about 100 nam, preferably about § mm to about 50 mum.

In accordance with some forms, the photocurable composition is provided as a
separate photocarable composition precursor and an activator. Methods of the present
disclosure may comprise mixing a photocurable composition precarsor and activator to form
the photocurable composition. In certain embodiments, the photocurable composition
precursor compises a photoactivatable metal ligand coreplex and a matrix forming polymer
as desceribed herein. In certain enbodiments, the activator comprises an clectron acceptor. In
certain preferred forms, the photocurable composition precursor is comprised of an aqueons
medium that includes a polymier, or two or niore polymers contaiming phenolie groups and a
photoactivatable metal-ligand complex. In some forms, the separate components, the
photocurable composition precursor and aclivator, may be provided in separate syringes. In
certain embodiments a luer to luer connector is provided o enable combining of the
photocurable composifion precursor and activator prior to use to forme an agueous
photocurable composition. In other embodiments a double barrel mixing syringe, or two
separate svringes ar vials, may be supplied having the phoiocurable composition precursor in
a first chamber and the activator in a second chamber,

In some forms, the photocurable composition precursor is provided as a sterile Hquid
preparation in the first chamber inchuding collagen, phenol enriched collagen, gelatin, phenol
eariched gelatin, a collagen peptide composition, or a phenol enriched collagen peplide
composition. These polymer suaterials can be used either singly or in combination. For
exaruple, the photocurable photocurable composition may include a combination of collagen
and phenol ensiched collagen, a combination of gelatin and phenol enriched gelatin, or a
corabination of a collagen peptide composition and a phenol enriched colfagen peptide
composition. In each case, the dry weight ratio of the parent polymeric material and its
phenol enriched counterpart can be in the range of about 1210 to about 10:1, or about 113 to0
about 5:1. or i some forms about 113 to about 1:2. Mixtures of twe or more of collagen,
zelatin, and a collagen peptide composition {each in is native form without phenal
enrichment or as a phenol enviched polymeric materialy can also be used.

In addition or alternatively, the sterile liquid preparation that inchedes collagen,

phenol enriched collagen, gelatin, phenol coriched gelatin, a collagen peptide commposition, or
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a phenotl enriched collagen peptide composition, or any mixture of two or more thereof, can
exhibit the properiy of not gelling at 20°C, for example exlubiting no thermoreversible
gelation activity upon cooling, or having a thermoreversible gelation temperature below
20°C, or below 13°C. In some forms, the steriie lquid preparation comprises gelatin, phenol
enriched gelatin, or a mixture thereof, and the lquid preparation also includes an agent that
inhibits the thermoreversible gelling of the gelatin (when present) and of the phenol emwviched
gelatin (when present). Urea is a preferred agent that inhibits this thermoreversible gelling,
and can be used for example at a concentration in the range of about I medar to 3 molar in the
Hiquid preparation, more typically about 3 melar to about 4.5 melar, and in some torms about
3.8 molar to about 4.5 molar. Tn other forms, the sterile iquid preparation includes a
colagen peptide composition andfor a phenol enriched collagen peptide composition, that has
an average molecular weight {M) below about 20,0060 kilodaltons, more preferabiy below
about 15,000 kilodaltons, asd typically in the range of about 2,000 to about 12,000
kilodaltons. In these forms, the collagen peptide composition can exhibit no
thernmoreversible gelation activity upon cooling & 207C {or in some typical forms at any
temperature}, allowing the Hquid preparation to remain a liquid at a femperature of 20°C, or
at a temperature of 15°C. It will be understood that the lguid preparation may also remain a
tiguid at temperatyres below these specified temperatures, and in general may remain a Hquid
throughout a temperature range expected to encompass room temperature storage and normal
ase temperatures, for example in the range of about 207C (o aboui 37°C.

The sterile liquid preparation can include the polvmer(s) contatming phenolic groups
in any suitable concentration, In some forms, the total concentration of the polvmer(s)
present in the sterile Hquid preparation will be in the range of about 194 to about 40%
weight'volume, more typically about 1% to about 4% weight'volume. s certain preferred
forms, the sterife Higuid preparation will inchude collagen, phenot enriched coltagen, gelatin,
phenoi enriched gelatin, a collagen peptide composition, a phenol enriched collagen peptide
composition, or any combination thereof, at a concentration in the range of about 20%
about 35% weight/volume, or in the vange of about 25% to about 35% weight/volume. In
such forms, the sterile liguid preparation, and photocurable composition prepared using it,

can be a flowahie viscous Hquid, for example having a viscosity at 20°C of greater than about
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3068 centipoise, or greater than about 560 centipoise, and typically in the range of about 560
to about 200800 centipoise or 1n the range of about 10040 1o abouat 10000 centipoise.

The sterile liquid preparation can include the metal Hgand complex in a suitable
amount to catalyze the formation of covalent crosslinks in the formation of the covalently
crosslinked hydrogel by photocuring. Where a Ru(l) (bpyh complex sach as [Ru(Ti) (bpyis]
Cly is used as the metal ligand complex, preferred sterile liquid preparations will include it at
a concentration in the range of about 1.2 to about 2 oM, mwore desirably about 0.4 to about |
mM. Where the electron acceptor to be mixed with the sterile Hguid preparation is in dry
powder form, the prepared photocurable composition will have these same concentrations of
the metal ligand complex . Where the clectron acceptor is provided in a solution o be
combined with the sterile Higuid preparation, the concentration of the metal ligand complex in
the prepared photocurable composition will be reduced relative to that in the stertle hquid
preparation. In some such forms, the volume of the sterile liquid preparation, the volume of
the solution of electron acceptor, and the concentration of the metal ligand complex in the
sterile figuid preparation, can be selected to provide a concentration of the metal igand
complex in the prepared photocurable composition that 1s within the gbove-referenced
congentralion range values given for the sterile Hquid preparation.

The stexile liquid preparation can have been terminally sterilized within the fivst
chamber to render the hiquid preparation sterile (e.g. using sterilizing radiation apphed to a
package containing the first container), but in some preferred forms the lHquid preparation is
sterileby prepaved, for example including passage of the liguid preparation through a sterile
filier, and theyn filled nto the Grst chamber 1o a sterile Glling operation. Such sterilely-fitled
hquid preparations in the first chamber can therefore be free from exposure fo sterilizing
vadiation, and thus can be free from any degradation of the polymer(s} containing phenal
groups caused by the sterilizing radiation. In some forms, the liquid preparation can be ina
heated condition to reduce s viscosity during passage through the steride filter. Also, in some
forms, the fist container having the first chamber containing the steriiely-filled liguid
prepavation can be sealed within a sterile barrier package under sterile conditions. Further,
such sterile barvier package is preferably impermeable to visible hight, as can be provided for

example by a foil pouch package.
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The present disclosure also provides methods of treating a patient comprising
applying a tissue graft o diseased or damaged patient tissue, for example an open cutaneous
wound. In accordance with some forms, such methods may include applying a photocurable
composition a8 described herein to 8 wound bed or otherwise damaged tissues, applying a
tissue grafl (o the wound bed, and tradiating the photocurable composition through the tssue
graft to induce a photocrossiinking reaction to form a diphenolic crosslinked polvmer
hvdrogel. Tissue grafts roay be any suitable gratl material, for example extraceilular matrix
materials as deseribed herein. In accovdance with some forms, the tissue grafis have a
maximum thickness of between about 0.5 mm to aboat 1060 mum, preferably about 1 mum to
ahout 30 . In certain embodiments, upon treadiation crosslinks are formed between
polymers of the matrix forming polymer within the photocurable composition and the
surrounding patient fissue andior tissue graft material.

With reference to Figures TA-1D, shown is one embodiment of a method of filling a
soft tissue void. Tissue section 100 comprises external tissue layer 102 having exiernal
surface 120, and internal tissue fayver 104, While shown as two distinet layers it is within the
seope of the disclosure to provide a method of filling a soft tissue void present i the external
muost tissue laver, for example within the epidermis. In the illustrated embodiment, sofl tissue
void 114 is shown within internal tissue fayer, and defined by void walls 112 comprising
portions of internal tissue laver 104 Internal tissue laver may comprise one of more soft
tissue such as, viscera, muscle, subcutaneous tissue layers, dernus tissue lavers, andfor inper
layers of the epidermis fissue.

In aceordance with some forms of practicing the disclosed methods, a syringe 200 is
provided having a needle 202, In certain embodiments, needle 202 is inserted such that
pecdle tip 204 is placed within soft tissue void 118, In the itlustrated embodiment needie 202
comprises a cannulated needie having a port at or near needle (ip 204, a person having
ordinary skill in the art will understand that any suitable delivery means may be used ©
deliver the photecurable composition, for example a needle having two or more side ports.
Thus, in accordance with certain embodiments, photocurable composition 400 s mtroduced
into the soft tissue void 110 through needle 202, As discussed above, the photocurable
composition may be premixed and loaded inte a single barrel svringe. It is also within the

scope of the present disclosure 1o provide a mixing syringe baving two ot more chambers
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containing compongnts of the photocurable sobution and which is configured to mix the
components prior to, or concurrent with, injecting, Photocurable composition 400 is
ntroduced indo soft tssue void 110, for example as shown in Figure 1B,

In certain embodiments an external light source 300 s used to frradiate the
photocurable composition 400. {n some forms the external ight source is applied externally
such that the photocurable composition 1s frradiated through one or more patient tissue lavers
existing between the injected or otherwise deposited photocurable composition and the
external light source. As discussed elsewhere herein, such trradiation is sufficient to induce a
photocrosslinking reaction within the photocurable composition forming crosshinks between
individual podymers of the matrix fornming polyroer within the photocurable composition.

In accordance with some forms, the disclosure provides methods of treating depressed
fissues, such as atrophic scars, which cause the depressed povtion to sit below the surrounding
tissue, Methods of the present disclosure may be employed fo bulk or raise depressed tissues,
i sccordance with certain embodiments the methods disclosed herein may be useful for

treating depressed sears resulting from acne. Figure 2 Hlustraies a tissue section 500
inchiding depressed tissue portion 302, and skin swrface 504, The illustrated example
inchides various tissue layers including, epidermis tissue laver 510, comprising both
superficial epidermal tissue 512 and subsurface epidermal issue 514, dermis tissue laver 53106,
subcutaneous tissue laver 318, and muscle tissue laver 5200 As used herein the term
“superficial epidermal tissue” refers to the culermost tissue laver, e.g. the steatum corneum.
As used berein the term “subsurtace epidermal tissue™ refers to epidermal fayers beneath the
surface of the skin, for example the granular layer, spinous layer, and basal layer.

Figures 3A-4 iHlustrate one embodiment of a method of treating a depressed tissue

portion. Depressed tissue portion 362 s shown as a concave portion of skin surface 304, The

photocurable composition 400 is introduced beneath depressed tissue portion 502, Tn the
Hlustrated embodiment a syringe 400, baving nesdle 202 and distal needie tip 204 utilized to
deliver phetocurable composition 400 to & target region within subcutaneous tissue layer 518
located beneath depressed tissue portion 302, fi accordance with certain entbodiments, light
souree 300 is ytilized to wradiate the photocurable composition through the overlying tissue
lavers, For example, the photocurable composition mayv be irradiated through the superficial

epidermal tissue layer, the subsurface epiderreal tissue layer, the dermis, the subcutancous
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tissue laver, and/or the muscle tissue layer. As disclosed herein, such frradiation is sufficient
ter induce 3 photocrosslinking reaction forming crosslinks between individual polymers of the
matrix fornung polymer within the photocurable composition, thereby forming a crosslinked
composition 402

As disclosed herein, the photocurable composition may be introduced into any
suilable fayer beneath the depressed tissue portion. As shown in Figure 4, a subcutaneous
injection may be used to introduce the photocurable composition inte a subcutancous tissue
fayer. As shown in Figure 5, an imframascular ijection may be used o introdaoce the
photocurable composition fnto a intramuscular tssue focation, As shows in Figure 6, an
titradernial injection may be used fo introduce the photocurable composition into the
epidermal tissve layer. Tt is also within the scope of the discloswre 0 provide a photocurable
composition introduced into a location spanning two or more of the Ussue layers.

In the iltustrated embodiments, the soft tissue void is shown ay existing within a
single layer, however i is within the scope of the preserdt disclosure to provide methods of
fithing a soft tssue void which spans between mudtiple tissue layers, or i other words a soft
tissue void having void walls comprising two or more tissue lavers, It is also within the scape
of the present disclosure to tntroduce photocurable compositions as provided herein within
tocations spanning two or more adjacent tissue layers. For example, methods as disclosed
herein may mchade Injection a photocurable composition into the muscle and subalaneous
tissue lavers, into the subcutaneous and dermis tissue lavers, andior mto the epidermis and
dernuis tissue layers.

Particular advantage can be provided by including a remedelable collagenous
material. Such remodelable coltagenous materials can be provided, for example, by
coflagenous materials ixolated from a suitable tissue source from a warn-bloaded vertebrate,
and especially a mammal. Reconstituted or natwrally-derived collagenous materials can be
used in the present invention. Such materials that are af least bloresorbable will provide
advantage in the present invention, with materials that are biorentodelable and promots
cellular trvasion and ingrowth providiag particular advantage. Remodelable materials may
be used 1o this confext to promote cellalar growth within (he site in which a medical produoct
of the invention is implanted. Moreover, the thickness of the medical product can be

adjusted to conirol the extent of cellular ingrowth.
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Suitable bioremodelable materials can be provided by collagenous extraceliular
matrix materials {ECMs) possessing botropic properties, including in certain forms
angiogenit collagenous extracellular mairix materials. For example, ECMs include materials
such as submucosa, renal capsule membrane, devmal collagen, dura mater, pevicardium,
fascia lata, sevosa, peritoneam or basement membrane layers, including Hver basement
membrane. Suitable submucosa-containing materials for these purposes include, for
instance, materials that include intestinal subvwcosa, including sreall intestinal submucosa,
stomsch submucosa, urinary bladder submucosa, and sterine submucosa. These identified
submucosa or other Llayvers can occur in the ECM material alone, or in combination with other
materials such as those derived from one or more adjacent layess in the source tissue.

The submucosa~containing ECM can be derived from any suitable organ or other
hiological structure, including for example submucosa derived [rom the alimentary,
respiratory, infestinal, urinary or genital fracts of warm-blooded vertebrates. Submucosa-
containing materials uscful in the preseat wvention can be obtatned by harvesting such tissue
sources and delaminating the submucosa {alone or combined with other materials) from
smoath muscle layers, mucosal layers, andfor other tayers ccowring in the fissue source, For
additional information as to submucosal materizls useful in the present invention, and its
isolation and treatment, reference can be made, for example, to U8, Patent Nos. 4,902,508,
5,554,389, 5,993,844, 6,206,931, and 6,099,567,

Ax prepared, the submucosal material and any other ECM used may optionally retain
arowth factors or other bioactive componenis native to the source tissue. For example, the
fitroblast growth factor (FGF-2), transforming growth factor beta (TGF-beta), epidermal
growth factor {EGF)., andior platelet derived growth factor (FDGEL As well, submucosa or
other ECM used in the invention may tnclude other biological materials such as hepann,
heparin sulfate, hyatoronic acid, fibronectin and the ike. Thus, generally speaking, the
subnucosa or ather ECM material may include a native bicactive component that induces,
directiy or indirectly, a cellular response such as a change in celi morphology, proliferation,
growth, profein or gene expression.

Submucosal ar other ECM materials of the present invention can be derived from any

suitable organ or other fissue souree, usually sources containing connective tissues. The
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ECM materials processed tor use in the invention will typically include abundant collagen,
most commonly being constituted at least about 80% by weight collagen on a dry weight
basis. Such agturally-derived BECM materials will for the most part include collagen fibers
that are non-randomly orviented, for instance occurring as generally uniaxdal or multi-axial bat
regularly oriented fibers. When processed to retain pative bioactive componants, the ECM
material can retain these components interspersed as solids between, upon andior within the
collagen fibers. Particularly desirable naturally-derived ECM materials for use in the
mvention will include significant amounts of such iderspersed, non-collagenous solids that
are readily ascertainable under Hgbt microscopic examination. Such non-collagenous solids
can constitute a significant percentage of the dey weight of the ECM nraterial in certain
nventive embodiments, for example at least about 1%, at least about 3%, and at least about
5% hy weight in various embodiments of the invention.

Fuarther, in addition or as an altemalive to the inclugion of native bioactive
components, non-native binactive coruponents such as those synthetically produced by
recombinant technology or other methods, may be incorporated into the photocurable
composition, submcosal ar other ECM tissue. These non-native bicactive componenis may
be naturally-derived or recombinantly produced proteins that correspond fo those natively
occurring in the ECM tissue, but perhaps of a different species (e.g. human proteins applied
to coliagenous ECMs from other animals, such as pigs). The non-native bicactive
components may also be drag substances. lusirative drug substances that may be
incarporated into the photocurable compaositions and/or ECM materials used in the invention
inchude, for example, antibiotics, thrombus-promoting substances such as blood clotting
factors, e.g. thrombin, fibrinogen, and the like. These substances may be applied to the ECM
material as a premanuiactured step, imeediately prior to the procedure {e.g. by soaking the
material in a solution confiining a suitable antibiotic such as cefazoling, or during or after
eagrafiment of the material on the patient. These substances may be added to the
photocurable composition and/or a precursor of the photocurable composition. Alternatively,
or additionally, a nor-native bicactive component can be inchuded in the coating material of
the medical product. When included in the coating, the non-native bioactive component can

be added at any point during preparation of the medical product, including heing mixed with
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one ot all of the coating components prior to apphication of the coating to a surface of a layer
of a medical material or, alternatively, after the coating is formed, applied, or cross-linked.

A non-native boactive component can be applied to a subnwicosal or other ECM
tissue by any suitable means. Suitable means mclude, for example, spraying, impregnating,
dipping, etc. The nor-native bicactive component can be applied to the ECM tissue eithey
hefore or affer the coating is applied to the material, or both, Sinslarly, if other chemical or
biological components are included in the ECM tissue, the non-pative bioactive component
can be applied etther before, in conjunction with, or afier these other components.

Subnmscosal or other ECM tissue used in the invention is preferably bighly purified,
for example, as described in ULS. Patent No. 6,206,931 to Cook et al. Thus, preferred ECM
material will exhibit an endotoxin level of less than about 12 endotoxin units (EU) per gram,
more preferably less than about 5 EU per gram, and most preferably less than about § EU per
gram. As additional preferences, the submucosal or other ECM material niay have a
bioburden of less than about 1 colony forming units (CFU) per gram, more preferably less
than about 0.5 CFU per gram. Fungus levels are desirably similarly low, for example less
than about | CFU per gram, more preferably less than about 0.5 CFU per gram. Nuclete acid
levels are preferably less thar about 5 pg/mg, more preforably less than about 2 ug/myg, and
virus levels arve preferably less than about 30 plagque forming units {PFU per gram, more
preferably less than about S PFU per gram. These and additional properties of subsmitcosa or
other ECM tissue taught in U.S. Patent No. 6,206,831 may be characteristic of the
subroucosal tissue used in the present invention.

The present disclosure provides photocurable compositions providing advaniageous
physiochemical properties when they inderact with patient tissue. Upon introduction into 8
patient tissue region and trradiation, crosslinks are formed between polymers of the mairix
forming polvmer within the photocurable composition as well as between such polymers and
swrrounding patient tissae. The photocurable compositions upon curing thus adhere patient
tissue portions {o one another through crosstinks between the matrix forming polvmer and
patient tissue as well as through crosslinks between molecules of the matrix fornung
polvmer. In addition or alternatively, the photocurable compositions upon caring can
promote the infiltration of patient tissue inte cured volumes of the photocurable

corapasitions. These physiochonical effects enbance other tnteractions with patient tissue as
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discussed herein, including for example in bulking of patient tissue. Thus, biological and/or
chemical responses between patient fissue and the introduced photocurable and photocured
compositions can enhance medical treatments as discussed herein,

An external light source as described herein may be any light source suitable for
applying visible light to the skin or tissue graft and thereby photocrossiinking the
photocurable composition from outside of the body, For example, a broad-spectrum while
LED or mecandescent light source raay be wtthized as a lght source. In particular, any fight
source capable of light in the blue speetrum, 1e. having wavelengths of about 450 nm to
about 483 nm may be utilized as a light source. Other suitable Hght sources may be used so
tong as crosslinking occurs within the photocurable composition within the body. Light is
apphied at an intensity, and for a duration sufficient to cause crosslinking within the
photocarable composition. The light source can be situated above the skin surface or divectly
o the skin surface. In accordance with some forms, the photocurable composition is
irradiated {e.g. the external light source is applied} for five seconds to five moimutes,
preferably ten seconds to four minutes, even more preferably for tventy seconds fo three
minutes. In accordance with certain embodiments, the photocurable composition is irradiated
for ahoug thirty seconds. In accordance with certain embodiments, the photocurable
composition is irradiated for about sixty seconds. In accordance with certain embodiments,
the photocurable composition is irradiated for about two minutes. o accordance with certain
embodiments, the photocurable composition is trradiated for about three minutes. In
accordance with same forms, the extemnal light source is applied divectly on the external
tissue {e.g skin surface) overlying the injected photocurable composition. In certain
embodiments the external light source is spaced a distance from the external tissue surface,
For example, in some forms the external light source s applied at a distance of zero to ten
centimeters from the external tissue surface, preferably 0.5 0 5 centimeters. In certain
embodiments, the extemal Hght source is spaced about ong centimeter from the external
tissue surface.

Any or all of the components described herein can be provided in a sterile package for
providing nocessary pavts, or a vaniety of parts, 1o a surgeon. For example, one or more
preloaded syringes containing a photocurable composition precursor and/or an activator may

be provided in a single sterile package or kit. In some forms the photocurable composition

&
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precursor and/or activator may be provided in separate sterile packages. Sterilization may be
achieved, for example, by irradiation, ethylene oxide gas, or any other suitable sterilization
technique, and the malerials and other properties of the medical packaging will be selected
accordingly. In accordance with some forms, the medical packaging selected may be opague
o prevent additional exposure of the medical graft material to light. Allematively, stertle kils
containing predetermined sizes or ypes of components may be provided. Packages or kits of
the components described herein can include additional devices or tools which may be usefuld
in the particular medical procedure being performed.

To promote g further understanding of embodiments disclosed herein and their
features and advantages, the following specific Examples are provided. It will be understood

that these examples are illustrative and not Hmiting in natwe,

EXAMPLE }
Preparation of Photocurable Uomposition Precursor
A photocurable composition precursor was prepared comprising: 27.47% wiv
unmodified gelatin, 4.107 M urea, (101 M phosphate buffered saline, and 0,756 mM tns(2.2°-
bipyridyt) ruthenium {11} chloride hexahydrate.
EXAMPLE 2
Subdermal and Intramuscelar Injection and Curing of Photocarable Composition
0.9 mL of the photecurable coniposition precursor as described in Example 1 was
joaded mio a Lmk syringe. The photocurable composition was prepared by reixing the
precursor with 0.1 mi | M sodiom persalfate, prepaved fresh, using a loer-lo-luer connector.
A 25-gauge hypodermic needle marked at 1/87 intervals was affixed to the syringe containing
the photocurable composition. For this experiment, skin-on chicken breast was used as ap
injection substrate. The mixed photocurable composition was injected into the chicken breast
at fixed tyection depths wsing the nmrking ot the needle, For subdermal injections, 6.4 mL
of the photocurable composition was injected. For intramuscular injections, 0.2 ml of the
photocurable composifion was tjected. An LED operating lanip was used at various fight
intensities and varioes famp heights to cure the injected material through the overlying

tissues. Table | details the resulis, A Jamp height of O om iIndicates that the light source was

placed directly on the tissue surface. For longer cure times {sample 6 and 7), the light source
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. N . 9 . e . . N
wits stowly moved across the tissue surface ina 1 om” area around the injection sire during

curing. For ali other groups, the lamp was held still at or above the injection location during

curing.
Sample # | Injection Cuore time | Lanwp Lamp Cured Cure Depth
Depth {(s) Height Intensity (mm}
{inches) fcm) {%0}
i Subdermal {30 1 7} Y Subdermal
{~1/16) {(~1-167}
2 174 30 ] HEE N NAA
k! 178 30 1 100 Y 10
4 174 30 1 100 Partial Not
measured
5 14 60 1 100 Partial Subdenmal
(~1/167)
6 14 120 0 HEY Y 10
7 2 180 0 100 Y 23

These results show that the photocurable compositions described herein can be
wjected subdermally and intramuscalarly and cured using an operating lamp. Deeper
mjections require higher lamp indensity, longer cure time, andfor closer lamp height to the
tissue surface. Cure depths of up 1o 30mm were achieved in this study, deeper cure depths
may be achievable.

EXAMPLE 3
Phenol Boriched Gelatin Prepared with Bolton Hunter Reagent

Nippi MediGelatin (derived from porcine skin; Mw approximately 100 kilodaltons)
was dissolved in high purity water with 6,18 g/ boric acid, 9.54 g/L sodium borate, and 4.38
/L sodium chloride at 3°C and 60°C at 3 concentration of 10 /L ina 1L reaction volume
{n=1} 200ml aliquots of this solution were extracted into 500mi. Erlenmeyer flasks and
combined with 3.5l ol a Bolton Hunter reagent'DMSO solution {Bolien Hunter reagent =

N-succinimidyvi-3-[4-hydroxyphenyl jpropionate’. The Bolton Hunter/DMSG solution was
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prepaved at @ concentration such that the final concentration of Bolton Hunter reagent in the
gedatin solution ranged from 6.2 to 5 g/L. The muixture was reacied at 40°C i a shaken
tneubator for iwo hours, The solution was dialyzed, dried, and analyvzed for phenol content
using absorbance at 280 nm. Unless noted otherwise, groups had a replicate size of n=3.
Each group was evaluated for normality and compared across groups for equal variance,
Groups were then compared for statistical difference using a ong-way ANOVA {g=0.05) and
Tukey post-hoc tests.

The results are summarized in the Figure 7. PAG values (mole phenolimole gelatin
for the modified materials ranged from just under 10 to about 60} (the smvodified gelatin had
a P/ value of about 3). At all concentrations at and below { g/l Bolton Hunter, the
resulting phenol enriched gelatin was soluble in PBS. The relationship between Bolton
Hunter concentration and extent of phenol enrichment was linear, with g 10% change in
Belton Hunter concentration causing a ~0% change in the molar ratio of phenol to gelatin. At
Bolton Hunter concentrations at 2g/L and bigher, the relationship became less linear and the
measurements had higher standard deviation. In addition, the modified gelatin became less
solubde i PBS, with protein modified at 5 g/L becoming compleicly insoluble. These results
indicate that a severe excess of Bolion Huater reagens and a resulting very high PG value for

the phenol coriched protein can decrease the solubility of the modified protein in an aqueous

medium.
EXAMPLE 4
Pheno| Enriched Gelatin Prepared by Carbodiimide Reaction

Gelatin was modified to include additional phenol groups wsing EDC (F-ethvi3-(3-
dimethylaminopropyhearbodiimide hydrochloride), NHS (N-hvdroxysuccinimide), and
HPPA (3-(4-Hydroxyphenylpropionic acid). A precipitate was fiest prepared using a 5:2:1
ratio of NHS:HDC:HPPA at concentrations of 325 mM NHS, 130 mM EDC and 65 mM
HPPA. First, HPPA was solubilized in a G.1M MES, 6.9% Sodium Chioride, pH 4.7 buffer
o a stir plate at 200 rpm. Once the HPPA was dissolved, the EDC and NHS were added to
the sobution. After 13-20 minutes a precipitate began to formn. The solution was allowed to
react for 2 to 4 hows and then vacuum filtered. Following double filtration of the solation,

the precipitate captured on the filter paper was allowed o dry in a fume hood for at feast 24
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hours, Once the precipitate was dry, it was utibized as solubilized in DMSO in 4X mass in
place of the Bolton-Tumier Reagent to add phenolic groups to the gelatin,

Moditied gelatin prepared using the precipitate in place of Bolton-Hunter reagent was
fornmsdated mto photocurable adhesive compositions using a phosphate batfered saline
mediam, bipyridvl) ruthenium (11} chloride hexahydraie and sodiam persaifate.

Photocurable adhesive formdations of having 5:1, 1:1 and (:1 ratios of unmeoditied gelatin to
modified gelatin were prepared. The thus prepared photocurable adhesive demonstrated the
ability to cure under visible light.

The use of the terms “a™ and “an” and “the™ and similar referents in the context of
describing the invention especially in the context of the following claims) are 1o be construed
to cover both the singular and the plural, unless otherwise indicated herein or clearly
contradicted by context. Recitation of ranges of values herein are merely intended to serve as
a shorthand method of referring individually to cach separate value falling within the range,
uidess otherwise indicated herein, and each separate value s incorporated into the
specification as 11t were individually recited herein. Al methods deseribed herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted hy context. The use of any and all examples, or exemplary language {(e.g., “such
as™) provided herein, is intended merely to better illuminate the invention and does not pose a
timitation on the scope of the invention unfess otherwise claimed. No language int the
spacification should be construed as indicating any non-claimed element as essential to the
practice of the iovention.

EMBODIMENTS

The following provides an enumerated listing of some of the embodimenis disclosed
berein. It will be understood that this listing is von-finuting, and that individual features or
combinations of features (e.g. 2, 3 or 4 features) as described in the Detailed Deseription
above can be incorporated with the below-listed Embodunents to provide additional
disclosed entbodiments herein.

1. A method of reating discased or damaged tissue in a patient, the method comprising:

introducing a photocurable composition to the diseased or damaged ussue, the

photocurable composition comprising & photoactivatable metal lgand complex, a mairix
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forming polymer, and an electron acceptor, and wherein the photocurable composition is
positioned behind a tssue portion; and

irradiating the photocurable composition through the tissue portion to induce a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix
formuing polymer within the photocurable composition.
2. The methed of embodinient {, wherein the tissue portion comprises infact patient
tissue superficial to the discased or damaged tissue.
3 The method of any one of embodiments 1 or 2, wherein said introducing comprises
injecting the photocurable composition into a subdermal space.
4, The method of any one of embadiments 1 or 2, wherein said infroducing coniprises
injecting the photocurable composition into an intramuscular space,
A, The method of embodiment 1, wherein the tissue portion comprises a fissue grafl
applied over the photocurable composition.
G. The method of any one of entbodiments 1 to 3, wherein the tissue portion has a
thickness of about | nim to about 50 mm.
7 The method of any one of embodiments 1 to 6, wherein the photoactivatable metal
ligand complex comprises g RufID bipyridyl complex.
8. The method of any one of embodiments | to 7, wherein the matrix forming polymer

comprises a matrix protein.

9. The method of embodiment 8, wherein the matrix protein comprises gelatin,
) The method of any one of entbodiments 1 to 9, wherein the matrix forming polymer

comprises a synthetic polymer.

11, The method of any one of embodiments 1 to 10, wherein the eleciron acceptor
coraprises sodium persulfate.

12, The method of any one of embodiments | to 1, wherein smid irvadiating is pevformed
with an external light source.

13, The method of embodiment 12, wherein saild external light source is configured to
conit visible light.

14, The method of any one of embodiments 1 to 13, wherein said irvadiating is performed

for at least 30 seconds,
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15, The method of any one of embodiments T to 14, wherein said irradiating is performed
ter induce 3 photocrosslinking reaction forming crosslinks between individual polymers of the
matrix formiag polyvmer within the photocurable composition, and crosslinks between
poltymers of the matrix forming polymer and patient tissue.
16, A method of treating a depressed tissue portion in 4 patient, the method comprising:
injecting a photocurable composition beneath the depressed tissue portion, the
photocurable composifion conywising a photoactivatable netal Hgand complex, a matrix
forming polysier, and an electron acceptor; and
irradiating the photocurable composition through the patients skin to induce a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix
forming polymer within the photocurable composition.
17 The method of embodiment 16, wherein said injecting comprises injecting the
photocurable composition iato a subdermal space.
18, The method of any one of enibodiments 16 or 17, wherein said injecting comprises
mjecting the photocurable composition into an intramuscular space.
16, The method of any one of embodiments 16 o 18, wherein the photocurable
composition is injected in a target area | nun to about 30 mm beneath the surface of the
patient’s skin.
20 The method of any one of embodiments 16 to 19, wherein the photoactivatable metal
ligand complex comprises a Ru(Il) bipyridyl complex,
2L The method of any ooe of entbodiments 16 to 20, wherein the matrix forming
polymer comprises & mayix protein
22, The method of embodiment 21, wherein the matrix protein comprises gelatin.
23 The method of any one of embodiments 16 o 22, wherein the matrix formung
polymer comprises & synthetie polymer.
24 The method of any one of embodiments 16 to 23, wherein the electron acceptor
comprises sodium persolfate.
25 The method of any one of enibodiments 16 1o 24, wheretn said irvadiating 18
performed with an extornal light source.
26, The method of embodiment 25, wherein said external light source is configured to

et visible light.
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27 The method of any one of embodiments 16 to 26, whercin said frvadiating is
performed for at least 30 seconds.

28, The method of any one of embodiments 16 to 27, wherein said irradiating is
performed o induce a photocrosalinking veaction formung crosslinks between individuoal
polymers of the matrix forming polymer within the photocurable composition, and crosslinks
betweaen polvmers of the matrix forming polymer and patient tissue.

29 A medical kit comprising:

a sterile package;

a photocurable composition contained within said sterile package, the photocurable
composition comprising a phetoactivatable metal ligand complex, a matrix forming polymer,
and an electron acceptor; and

a syringe configured to fgect said pholocurable composition into & subdermal or
mtramuscular location of a patient,

3 The medical kit of ernbodiment 29, also comprising a hight source configured (o

induce a photocrossiinking reaction within the photocurable composition apon exposure to

frradiation from the light sousce through patient tissue.

31, The medical kit of any one of embodiments 29 or 30, wherein said photocurable

composition is contained within said syringe.

32. A method of treating an open cutaneous wound i a patient, the method comprising:
applving a photocurable composition o the open cutaneous wousnd, the photocurable

composition comprising a photoactivatable metal ligand comoplex, a matrix formuing polymer,

and an electron aceeptor;

applying a tissue graft over the open cutaneous wound; and

irradiating the photocurabie coraposition through the tissue graft to induce a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix
forming polymer within the photocurable composition.

33 The method of embodiment 32, wherein the tissue graft bas a thickness of about 1
rom to about 50 own.
34, The method of one of embodiments 32 or 33, wherein the photoactivatable metal

hgand complex comprises a RufID) bipyridyvi complex.
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35 The method of any one of embodiments 32 to 34, wherein the matrix forming
polymer comprises a matyix protein,
36 The method of embodiment 35, wherein the matrix protein comprises gelatin,
37 The method of any one of embodiments 32 o 36, wheremn the matrix forming
polymer comprises a syithetic polymer.
3R The methed of any one of embodiments 32 to 37, wherpin the electron acceptor
comprises sodiuro persulfate.
39, The method of any one of embodiments 32 o0 3R, wherein said svadiating is
performed with an external {ight source configured to emit visibie light.
44. The method of any one of embodiments 32 to 39, wherein said irradiating is
performed for at least 30 seconds.
41, The method of any one of embodiments 32 to 40, whevess said rradiating 15
performed to induce a photocrossiinking reaciion forming crosslinks between individual
pedymiers of the niatrix forming polymer within the photocurable composition, and crosslinks
between polymers of the matrix forming polyeier and tissue graft.
42, The medical kit of any one of embodiments 29 to 31, wherein the syringe comprises a
cannulated needle contfigured to pierce patient tissue.
43. The method of any one of embodiments 1 to 15, wherein said introducing comprises
wjecting the photocurable composition through a needle or other cannulated device.
44, The methed of any one of embodiments 16 to 28, wherein said injecting comprises
injecting the photocurable composition through a ncedle or other canpulated device.
43, A photocurahle composition comprising a photoactivatable metal ligand complex, a
matrix forming polvmer, and an electron acceptor, for use in trealing diseased or damaged
fissue in a patient by a method comprising:

introducing the photocurable composition to the diseased or damaged tigsue, and
wherein the photocurable composition is positioned behind a tissue portion; and

irradiating the photocurable compesition through the tissue portion to induce a
photocrosslinking reaction forming crosslinks between mdividual polyvoers of the matrix
forming polymer within the photocurable composition.
46.  The photcurable composition of embodiment 43, wherein the tissue portion comprises

ttact patient fissue superficial to the discased or danwaged fissue.
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47, The photcurable composition of any one of embodiments 45 or 46, wherein said
introducing comprises injecting the photocurable composition into a subdermal space.

48, The phoicurable composiltion of any one of embodiments 43 or 46, wherein said
intraducing comprises injecting the photocurable composition into an intranmuscular space.
40, The photcurable composition of embodiment 43, wherein the tissue portion comprises
a tissue graft applied over the photocurable compostiion,

hit3 The photecurable composition of any one of embodiments 45 to 49, wherein the tissue
portion has & thickness of about 1 mm to abowt 56 mn.

hER The photcorable composiion of any one of embodiments 45 to 50, wherein the
photoactivatable metal ligand complex comprises a Ru(il} bipyridy! complex.

2. The photeurable composition of any one of embodiments 45 to 31, whersin the matrix
forming polymer comprises a matrix profein,

53, The photcurable composition of embodiment 32, wherein the matrix protein

comprises gefatn.

L9 |

4. The photeurable composition of any one of embodiments 43 to 53, wherein the matrix
forming polvmer comprises a syathetic polymer.

38, The phoicarable composition of any one of embodiments 43 to 54, wherein the
clectron acceptor comprises sodium persutfate.

56. The photcurable composition of any one of embodiments 435 10 33, wherein said
irradiating 1s performed with an external light source.

37, The photcurable composition of enbodiment 56, wherein said external Hght source 18
configured {0 ernit visible Hght

38, The phoicurable composition of any one of embodiments 45 1o 57, wherein said
uradiating 1s performed tor at least 30 seconds.

54, The photeurable composition of any one of embodiments 435 o 38, wherein said
uradiating is performed o induce a photocrosstinking reaction forming crosslinks betwesn
individual polvmers of the matrix forming pelymer within the photocurable composition, and
crosslinks between polymers of the matrix forreing polymer and pationt tissue.

60 A photocurahle composition comprising a photoactivatable metal ligand complex, a

matrix forming polvimer, and an electron acceptor, for use in trealing a depressed tissge
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portion in a patient by a method comprising:

injecting the photeciwable composition beneath the depressed tissae portion; and

irradiating the photocurable composition through the patient’s skin to induce a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix
formuing polymer within the photocurable composition.
6l The photcurable composition of embodiment 60, wherein said injecting comprises
injecting the photocurable composition into a subdermal space.
6.  The photeurable composition of embodiment 60, wherein said injecting comprises
injecting the photocurable composition into an intramuscular space.
63. The photcurable composition of any one of embodiments 66 to 62, wherein the
photocarable composition is injected in a target arca 1 mm to about 30 mun beneath the
surface of the patient’s skin
64, The photcurable composition of any ong of embodiments 60 to 63, wherein the
photoactivatable metal igand complex comyprises a Ru(ll) bipyridyl coroplex.
65, The photeurable composition of any one of embodiments 60 to 64, wherein the matrix
forming polvmer comprises a matrix protein.
00, The photcurable composition of embodiment 65, wherein the matrix protein
comprises gelatin,
67. The photcurable composition of any one of embodiments 60 {0 66, wheretn the matrix
forming polymer comprises a syathetic polymer.
G&. The photeurable composition of any one of embodiments 60 to 67, wherein the
electron acceptor comprises sodium persulfate.
69, The photcarable compaosition of any one of embodiments 60 to 68, wherein said
uradiating is performed with an external light source.
70. The photeurable composition of embodiment 69, wherein said external hght source is
configared to emit visible light.
1. The photcurable composition of any one of embaodinents 60 fo 70, wherein said
irradiating is performed for at least 30 seconds.
T3 The photeorable composiion of any one of embodiments 60 to 71, wheresny said

frradiating is performed to induce a photocrassiinking reaction forming crosslinks between
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mdividual polymers of the matrix forming polymer withun the photocurable composition, and

crosslinks between polymers of the matrix forming polvmer and patient {issue.
73 The photocurable composition of any one of embodiments 45 g0 39, wherein the

diseased or damaged tissue is sphineter tissue and/or wherein the treating diseased or

A

damaged tissue is o treat fecal incontinence ov urinary incontinence in the patient.

74, The photocurable composition of any one of embodinients 45 fo 39, wherein the
diseased or dantaged tissue is larvogeal tissue and/or wheremn the treating is to moodify or
support the vocal folds.

5. The photocurable composition of any one of embodiments 43 to 39, or claim 74,

10 wherein the (reating is to treat: lesions, polvps, noduoles, and/or cysts on the voceal fold, andior
votds left afier removal of vocal fold fesions, polyps, nodules, and cvsts; scarred vocal folds;
andfor paralysis of vocal folds.

76, The photocurable composition of any one of embodinients 60 fo 72, wherein the

ireafing a depressed tissue portion is to {reat a scar, optionally wherein the scar is an acae

15 soar
77. A photocurabe composition comprising a photoactivatable metal ligand complex, a
matrix formiag polyvmer, and an electron aceeptor, for use in frealing an open cutancous
wound in a patient by a method comprising:
applving the photocarable composition to the open cutansous wound;
24 applving a tissue graft over the open cutancous wound; and

irtadiating the photocurable composition through the tissue graft to induce a
photocrosslinking reaction forming crosslinks between individaal polymers of the matrix
forming polvmer within the photocurable composition.

78. The method of entbodiment 77, wherein the tissue graft has a thicksess of about |

25 mmto about 30 mm.
79. The method of any one of embodiments 77 or 78, wherein the photoactivatable metal
ligand complex comprises a Ru(ll) bipyridyt complex.
813 The method of any ooe of entbodiments 77 to 79, wherein the matrix forming
polymer comprises & mayix protein

3 8L The method of embodiment 80, wherein the matrix protein comprises gelatin.
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82, The method of any one of embodiments 77 to 81, wherein the matrix forming
polvmer comprises a syathetic polvmer.
83,  The method of any one of embodiments 77 to 82, wherein the electron acceptor

comprises sodium persulfite.

D
i

A

84 Themethod of any one ol erabodiments 77 o 83, wheremn said irradiating 1s
performed with an external light source configured to emit visible light.

85, The method of any one of enibodiments 77 to 84, wheretn said irvadiating 18
performed for at least 30 seconds.

.

86. The method of any one of embodiments 77 to 83, wherein said irradiating is
10 performed to induce 3 photocrossiinking reaction forming crosslinks between individual
polymers of the matrix forming polymer within the photocurable composition, and crosslinks
hetween polymers of the malrix forming polymer and tissue grafl.
87. A photocurable conposition comprising a photoactivatable metal ligand complex, a
matrix forming pobymer, and an electron acceptor, for use in freating:
i3 (@) fecal incontinence or arinary incontinence in a patient; or
{b} lesions, polyps, nodules, and/or cysts on a vocal fold, andior voids left afler
removal of vocal fold lesions, polyps, nodules, and cvsts; scarrad vocal folds; aadior
paralysis of vocal folds, in a patient; or
(¢} a depressed scar in & patient, optionatly wherein the depressed scar is an acne scar;
A or
() an open cutansous wound in a patient.
&8, The photocurable composition of embodiment 87, for use in reating fecal
fncontinence or urinary continence in a patient,
9. The photocurable composition of embodimient 88, for use in treating fecal
35 ncontinence or urinary incontinence in a patient by a method comprising:
introducing the photocurable composition into or near a sphincter; and
irradiating the photocurable compesition to induce a photocrosslinking reaction
forming crosslinks between individual pobymers of the matrix forming polymer within the

photocurable composition.
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96, The photocurable composition of embodiment 89, wherein the introduced
photocurable composition is behind a tssue portion, and wherein the frradiating is through
the tissge portion,

91, The photocurable composition of embodiment 87, for use in treating lesions,
polyps, nodoles, andfor cysts on a vocal fold, andfor voids left after removal of vocal fold
lesions, polyps, nodules, and cysty; scarred vocal folds; andior paralysis of vocal folds, in a
patient.

Q2. The photocurable composition of embodiment 91, wherein the freating isby a
method comprising:

introducing the photacurable conposition inte laryngeal tissue of the patient; and

irradiating the photocurable composition to induce a photocrosslinking reaction
torming erosslinks botween individual polymers of the matrix forming polymer within the
photocurable composiiion.

93. The photocurable conposition of embodimert 87, for use in treating a depressed
scar in & patient.

94,  The pholocurable compeosition of embodiment 93, whersin said treating is by a
method comprising:

introducing the photocurable composition beneath the depressed scar; and

irradiating the photocurable composition to induce a photocrossiinking reaction
forming crosslinks between individual polymers of the matrix forming polvmer within the
photocurable composition.

95,  The photocurable composition of embodiment 94, wherein the introdaced
photocurable composition is behind a tssue portion, and wherein the frradiating is throush
the tissue partion.

96.  The photocurable composition of any one of embodiments 93 0 95, wherein
the depressed scar is an acne scar,

97.  The photocurable conwposition of embodiment 87, for treating an open
cutaneous wound i a patient.

98,  The method of embodiment 97, wherein said treating is by a method
Comprising:

applying the photocurable compesition to the open cufaneous wound;
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applying a tissue graft over the open cutaneous wownd; and
irradiating the phetocurable composition te Induce a photocrossiinking reaction
forming crosslinks between individual polymers of the materx forming polymer within the

photocurable conposition.

A

99, The photocurable composition of embodiment 9%, wherein said irradiating 15
through the tissue graft.

166, The photocurable conwposition of any one of embaodiments §7 to 99, wherein
the photoactivatable metal ligand complex comprises a Ru{ll) bipyridyl complex.

101, The photocarable composition of any one of embodiments 87 to 100, wherein
10 the matesx forming polymer comprises a matrix protein.

102, The photocurable composition of embodiment 101, wherein the matrix protein
comprises gelatin.

163, The photocurable conmposition of any ong of embodiments 87 to 100, wherein

the matrix forming polymer comyprises a synthetic polymer.

T

104, The photocurable composition of any one of embodiments 87 to 103, wherein
the electron aceeplor comprises sodiam persuliate.
105, The photocurable composition of any one of embodimenis 89, 90, 92, 94, 95,
98, or 99, wherein said irradiating is performed with an external Lght sousce,
106, The photociurable composition of embodiment 103, wherein said external hight
2 source 1s configured to emit visible light,
167, The photocurable conwposition of any one of embodiments §9, 90, 92, 94, 95,
9%, or 99, wherein said ircadiating is performed for at least 30 seconds.
Al publications and patent applications cited i this specification are hevein
tcorparated by reference as if cach individual publication or patent application were
25 specifically and individually indicated to be incorporated by reference. Further, any theory,
mechanism of operation, proof, or Gnding stated heretn is meant to further enhance
understanding of the present invention, and 5 not intended to limitf the present invention in
apy way to such theory, mechanism of operation, proof, or finding. While the vention bas
been iltustrated and described in detail in the drawings and foregoing deseniption, the same is
30 to be considered as illustrative and not restrictive in character, it being understood that only

selected ermabodiments bave been shown and deseribed and that all equivalests, changes. and
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modifications that come within the spirit of the inventions as defined herein or by the

following claims are desired to be protected.
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CELAIMS
1. A method of treating diseased or damaged tissue in a patient, the method comprising:

introducing a photocurable composttion to the diseased or damaged Hissue, the

photocurable composition comprising a photoactivatable metal Hgand complex, & matrix

§  forming polymer, and an electron acceptor, and wherein the pholocurable composition 1s
postitoned behind a tissue portion: and
irradiating the photocurable composition through the tissue pottion to induce a

photocrosslinking reaction forming crosslinks between individual polymers of the mairix
forming polyvmer within the photocurable composition.

w2 The method of claim i, wherein the tissue portion comprises intact patient tissue
superficial to the diseased or damaged tissue.
3. The method of claim 2, wherein said introducing comprises injecting the photocurable
composition into a subdermal space.
4. The method of claim 2, wherein said introducing comprises injecting the photocurable

13 composition into an intramuscular space.
3, The method of claim }, wherein the tissue portion comprises a Ussus graft applied
over the photocurable composition.
. The method of claim |, whercin the tissue portion has a thicksess of about 1 mm 1o
about 50 mm.

A 7 The methed of claim 1, wherein the photosctivatable metal ligand compiex comprises

a Rui{ i1} bypyridyi complex.

8. The method of claim 1, wherein the maitrix fornung polymer comprises a matrix
protein.
9. The recthod of claim ¥, wherein the matrix protein comprises gelatin,

251G The method of claim 1, wherein the mairix forming polyoer comprises a synthetic
npolymer,
1. The method of claim §, wherein the electron acceptor comprises sodium persulfate.
12 The methed of claim 1, wherein said bradiating is performed with an external light
souree.

3¢ 13 The method of chaim 12, wherein said external hight scusce is configured to enut

visible light.
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14, The method of claim 1, wherein said brradiating is performed tor at least 30 seconds.
15, The method of claim 1, wherein said irradiating 1s performed to induce a

photocrosslinking reaction forming crosslinks between individual polymers of the matrix
forming polymer within the photocurable composition, and crosshinks between polymers of
the matrix forming polvmer and patient Ussue.
16. A method of treating a depressed tissue portion in a patient, the method conprising:
irjecting a photocurable compesition beneath the depressed tissue portion, the
photocurable composition comprising a photoactivatable metal ligand complex, a matrix
forming polymer, and an electron acceptor; and
irradiating the photocurable composition through the patient’s skin to induce a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix
formuing polymer within the photocurable composition.
17, The method of clainy 16, wherein said injecting comprises injecting the photocurable
composition into a subdernial space.
18 The method of cluim 16, wherein said injecting comprises injecting the photocwrable
composition inlo an intramuscular space.
18, The method of claim 16, wherein the photocurable composition is injected i a target
area | mm to about 50 mm beneath the surface of the patient’s skin.
20 The method of claim 16, wherein the photoactivatable wetal higand complex
comprises a Ru{ll} bipyridyt complex,
2L The method of claim 16, wherein the matrix forming polyvmer comprises a patrix
protein.
22, The method of claim 21, wherein the mairix proiein comprises gelatin.
23 The method of claim 16, wherein the matrix forming polyroer comprises a synthetic
polymer.
24 The methed of claim 16, wherein the electron acceptor comprises sodium persudfate.
25 The methed of claim 16, wherein said irradiating is performed with an external light
source.
26. The method of claim 235, wherein said external light source is configured to enmit
vistble Hght.

27 The method of claim 16, wherein said irvadiating is perfornied for at least 30 seconds.
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28 The method of claim 16, wherein said irradiating is performed to induce a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix
forming polymer within the photocurable composition, and crosstinks between polymers of

the matrix forming polvmer and patient Ussue.

§ 20 A medical kit comprising:

a sterife package:

a photocurable composition contained within said sterile package, the photocurable
composition comprising a photoactivatable metal ligand complex, & matrix forming polymer,
and an electron acceptor; and

10 a syringe configured to inject said photocurable composition into a suhdermial or
intramuscular location of a patient,
30, The medical kit of claim 29, also comprising a light source configured to indace a
photocrosslinking reaction within the photocurable conposition upon exposure to irradiation
from the fizht source through paticat tissue.

15 3L The medical kit of claim 29, wherein said photocurable composition s contained

within said syringe.
iz, A method of treating an open cutaneous wound in a patient, the method comprising;
applying a photocurable composition to the open cutaneous wound, the photocurable
composition comprising a photoactivatable metat ligand complex, a matrix forming polymer,
26 and an electron acceptor;
applying a tissue graft over the open cutangous wound; and
irradiating the photocurable composition through the tissae graft to indace a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix
forming polymer within the photocurable compaosition.
25 33, The method of claim 32, wherein the tissue graft has a thickness of about 1 mm to
about 50 mm.
34, The method of claim 32, wherein the photoactivatable metal igand complex

comprises a Ru(ll} bipyridyl commplex.

L

hY The method of claim 32, wherein the matrix forming polyraer comprises 8 matrix
% protein.

36. The method of claim 35, wherein the matrix protein coraprises gelatin
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37 The method of claim 32, wheremn the matrix forming polvmer comprises a synthetic
polvmer.
38, The method of claim 32, wherein the electron acceptor comprises sudium persulfate.
349, The method of claim 32, wherein said irradiating is performed with an externad light
souree configured to emit visible light.
4. The methed of claim 32, wherein said irradiating is performed for at least 30 seconds.
41 The method of claim 32, wherein said irradiating is performed fo induce a
photocrosslinking reaction forming crosslinks between individual polymers of the mairix
forming polyvmer within the photocurable composition, and crosstinks between polymers of
the matrix forming polynier and tissue grafl.
42, The medical kit of claim 29, wherein the syringe comprises a canmsated needle
configured fo pierce patient tissue.
43, The method of claim {1, wherein said infroduciag comprises injecting the photecuzable
composition through a needle or other capnulated device.
44, The method of cluim 16, wherein said injecting comprises injecting the photocwrable
composition through a needle or other cannulated device.
48, A phetocurable composition comprising a photoactivatable metal ligand complex, a
matrix forming polymer, and an electron acceptor, for use in treating diseased or damaged
tissge it a patient by a method comprising:

iniroducing the photocurable composition to the diseazed or damaged Hssug, and
wherein the photocurable compaosition is positioned behind a tissue portion; and

irradiating the photocurable composition through the tissae portion to induce a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix
forming polymer within the photocurable compaosition.
46. The photeurable composition of claim 43, wherein the tissue portion comprises intact
patient tissue superficial to the diseased or damaged tissue.
47 The photcurable composition of claim 46, wherein said introducing comprises
injecting the photocurable composition into a subdermal space.
48, The photeorable composition of claim 46, wherein said introducing comprises

injecting the photocurable composition into an intramuscular space.
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49, The photeurable composition of claim 45, wherein the tissue portion comprises a
tissue graft applied over the photocurabe composition.
30, The photcurable composition of claim 45, wherein the tissue portion has a thickness
of about I num o about 30 mm.
51, The photcurable composition of claim 43, wherein the photoactvatable metal Hgand
complex conprises a Ru(iD) bipvridy! complex.
52 The photeurable composition of clavn 45, wherein the mairix forming polyroer
comprises a malrix protein.
33, The photcorable composition of clabm 32, wherein the matrix protein comprises
gelatin.
4. The photcurable compaosition of claim 43, wherein the matrix forming polymer
comprises a synthetic polvmer,
55, The photcurable composition of elaim 43, wherein the electron acceptor comprises
sodium persulfate.
36. The photeurable composition of claim 45, wherein said fradiating is performed with
an external light source,
37.  The phoicurable composilion of claim 56, wherein said external light source is
configured fo emit visible light.
58, The photcurable composition of claim 43, wherein said trradiating is performed for at
teast 30 seconds.
54, The photeurable composition of clavn 45, wherein said irradiating is performed to
induce a pholocrosslinking reaction forming crosstinks between individual polymers of the
matrix forming polvmer within the photocurable composition, and crasshinks between
polymers of the matrix forming polynier and patient tissue.
il A photocurable composition comprising a photoactivatable metal ligand complex, a
matrix forming polymer, and an electron acceptor, for use in treating a depressed tissue
portien ia a patient by @ method comprising:

injecting the photocurable composition beneath the depressed tissue portion; and

irradiating the photocurable composition through the patient’s skin to induce a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix

forming polymer within the photocurable compaosition.
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61, The photeurable composition of clatm 60, wherein said injecting comprises injecting
the photocurable composttion inte a subdermal space.
62, The photcurable composition of clain 60, wherein said injecting comprises mjecting

the photocurable composition into an nframuscular space.

A

63, The photcurable composition of claim 60, wherein the photocurable composition is
mjected in a target area 1 mm to about 3 mm beneath the surface of the patient’s skin.

G4 The photcurable composition of clavn 60, wherein the photoactivatable metal fizand
complex compnses a Ru(l) bipyridyl coniplex.

65, The photcorable composition of clabm 66, wherein the matrix forming polymer

16 comprises a matfix profein.

H6. The photcurable compaosition of claim 63, wherein the matrix protein comprises
gelatin,

67, The photcurable composition of claim 60, wherein the matrix forming polymer

comprises a synthetic pelymer.

T

68, The photeurable composition of claim 60, wherein the clectron acceptor comprises
sodiium persulfate,
09, The photcurable composition of clain 60, wherein said irradiating (s perfurmed with
an external light source.
70 The photcurable composition of claim 69, wherein said external light source is
26 configured to emit visible light.
71 The photeurable composition of clavn 60, wherein said irradiating is performed for at
least 36 seconds.
T2 The photcurable composition of claim 66, wherein said rradiating is performed to
tutuce a photocrossiinking reaction formming crosslinks between individual polymers of the
25 matrix forming polymer within the photocurable composition, and crosslinks between
polymers of the matrix forming polyvmer and patient tssue.
73. The photocurable cornposition of any one of claims 45 to 39, wherein the discased or
damaged tissue i3 sphincter tissue and/or wherein the treating discased or damaged tissue is

to treat fecal incontinence or winary incontinence in the patient,
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74, The photocurable composition of any one of claims 45 to 59, wherein the diseased or
damaged tissue is laryngeal tissue and'or wherein the treating is to modify or support the
vocal folds.

75, The photocurable composition of any one of claims 43 o 39, or claim 74, wherein the

A

freating is o treat: lesions, polvps, nodeles, andfor eysts on the vocal fold, andior voids lefl
after remeoval of voeal fold lesions, polyps, nodules, and oysts; scarred vocal folds; andior
paralysis of vocal folds.
76. The photocurable composition of any one of chims 60 to 72, wherem the treating a
depressed tissue portion is to freat & scar, optionally wherein the scar is an acne scar.
1w T A photocurable compositiom comprising a photoactivatable metal ligand complex, a
matrix forming polymer, and an electron acceptor, for use in treating an open cutaneous
wound i a patient by a method comprising:

applying the photocurable compoesition to the open cutaneous wond;

applying a tissue graft over the open cutangous wound; and

T

irradiating the photocurable composition through the tissue graft to induce a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix
forming polyvmer within the photocurabie composition.

78. The method of claim 77, wherein the tissue graft has a thickness of about 1 mm to
about 50 mm.
w79 The methed of claim 77, wherein the photoactivatable mietal igand complex
comprises a Ru(ll} bipyridyl commplex.
80. The method of claim 77, wherein the matrix forming polyrer comprises 8 matrix
protein.
81 The method of claim 80, wherein the matrix protein coraprises gelatin
15 8L The method of claim 77, wherein the matrix forming polymer comprises a synthetic
npolymer,
83. The method of claim 77, wherein the clectron acceptor comprises sodiwmn persulfate.
84. The method of claim 77, wherein said irradiating is performed with an external light
sogree configared to emit visible light.

3¢ 83 The method of claim 77, wherein said brradiating is performed for at least 30 seconds,
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]6. The method of claim 77, wherein said irradiating is performed to induce a
photocrosslinking reaction forming crosslinks between individual polymers of the matrix
forming polymer within the photocurable composition, and crosstinks between polymers of

the matrix forming polvmer and tssue graft.

A

LS A photocurable composition comprising a photoactivatable metal ligand complex, a
matrix forming polymer, and an electron acceptor, for use in {reating:

(a} fecal incontinence oF urinary inconfinence i a patient; or

(b} lestons, polyps, nodales, andfor oysts on a vocal fold, and/or vords left after
removal of vocal fold lesions, polyps, nodules, and cvsts; scarred vocal folds; andior
10 paralysis of vocal folds, in a patient; or

{c) a depressed scar in a patient, optionally wherein the depressed scar is an acne scar;
or

{(d} an open cutaneous wound in a patient,

88. The photocurable composition of claim 87, for use in treating fecal meosntinence

13 or aripary incontinence in a patient.

89, The photovurable composition of claim 88, for use in treating ecal incontinence
or urinary ncontinence in g patient by a method comprising:

mtroducing the photocurable composition into or near a sphincter; and

irradiating the photocurable composition to induce a photocrossiinking reaction

26 forming grosslinks hetween individual polymers of the matrix forming polymer within the
photocurable composition.

90, The pholocurable composition of claim 89, wherein the introduced
photocurable composition is behind a tssue portion, and wherein the frradiating is through
the tissue partion.

15 91, The photocurable composition of clatm 87, for ase in treating lesions, polyps,
nodales, anddor cysts on a voceal fold, andior voids left after removal of vocal fold lesions,

polyps, nodules, and cysts; scarred vocal folds; and/or paralysis of vocal folds, in a patient.

34



WO 2023/215885 PCT/US2023/066683

44

92, The photocurable composition of claim 91, wherein the treating is by a
method comprising:
introducing the photocurable composition inte laryngeal tissue of the patient; and

irradiating the photocwrable composition to induce a photocrossiinking reaction

A

torming erosslinks botween individual polymers of the matrix forming polymer within the
photocurable composiiion.
93. The photocurable composition of claim 87, for use in treating a depressed scar in
& patient.
94,  The photocarable composition of claim 93, wherein said treating is by a
10 method comprising:
introducing the photocurable composition beneath the depressed scar; and
irradiating the photocurable composition o induce a photocrosslinking reaction
forming crosslinks between individual polymers of the matrix forming polvmer within the
photocurable composition.
i3 Q5. The photocurable composition of claim 94, wherein the introduced
photocurable composition is behind a tssue portion, and wherein the frradiating is through
the tissge portion,
96.  The photoarable composition of any one of claims 93 to 93, wherein the
depressed scar is an acne sear.
2 97.  The photocurable composition of clasm 87, for freating an open cutaneous
wound in a patient.
a8, The method of ¢latm 97, wherein said treating i by a method comprising:
applying the photecurable compaosition to the open cutanecus wound;
applying a tissue grait over the open cutaneous wound; and
28 irradiating the photocwrable composition to induce a photocrossiinking reaction
forming crosslinks between individual polymers of the mateix forming polvmer within the
photocurable composition.
949, The photocurable conwposition of clatrn 98, wherein said irradiating is through
the tssae graft.
30 100,  The photocurable composition of any one of claims 87 to 99, wherein the

phatoactivatable metal ligand complex comprises a Ru(il} bipyridy! complex.
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101, The photocurable composition of any one of clahms 87 to 100, wherein the
matrix forming polvmer comprises o matrix protein,
102, The photocurable composition of claim 101, wherein the matrix protein

comprises gelatin,

103, The photocurable composition of any one of ¢laims 87 to 100, wherein the
matrix forming polyner comprises a synthetic polyvimer,

164, The photocurable conposition of any one of claims &7 to 103, wherein the
electron acceptor comprises sodiwm persulfate.

163, The photocarable composition of any one of claims 89, 90, 92, 94, 95, 9§, or
99, wherein said wradiating is performed with an external ight source.

106.  The photocurable composition of claim 103, wherein said external light source
is configured to emit visible light.

167, The photocurable conposition of any one of claims 89, 90, 92, 94, 95, 98, or

49, wherein said frradiating is performed for at least 30 seconds.
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