PHOTOCHEMICAL THERAPY TO AFFECT MECHANICAL AND/OR CHEMICAL
PROPERTIES OF BODY TISSUE RELATED APPLICATIONS [0001]This application claims
priority to U.S. Provisional Patent Application No. 60/853,949 filed 24 October 2006 and U.S.
Provisional Patent Application No. 60/954,541 filed 07 August 2007. STATEMENT
REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [0002]The
present invention was developed at least in part with funds from National Institutes of Health

grant R41 EY01748BHhE Skl Btate ST HEVerRidit! Bl Hal ek in the invention.

TECHNICAL FIELD [0Q03}fbr figidsvaithe. inrenton oeyem pogsicingsamatomy, cell biology,
or molecular biology, for example. In particular, the field of the invention concerns ocular

medicine, including ophthalmology. pxy. A TR BASKGRYUMNRHOF THE INVENTION [0004]
KERATOCONUS [0005]Keratoconus (Rabinowitz, 1998; Krachmer et al., 1994; Bron, 1988) is

the most common gjeal dystrophy, affesting L in 2000 persans, Kerptoconys esulis 1y
corneal thinning named for the conica sIJi)ape that the comea eveo S. ]ﬂ'ne plrégré)sswe
distortiop)dPédtietleshapedistral R be soinés noteeabiel |Pﬂ®arlﬁadunhoméi%éaéiﬁ@54l filed
increasipgly,sqvergpastigmatism, myopia, and higher-order aberrations that become difficult to

correct by spectacles or contact lenses. When distortions reach the point that refractive

correction is no longersRoSler G GR: HABTRIE SRR ALY 88 sorED

RESEARCH OR DEVELOPMENT

{0002] The present invention was developed at least in part with funds from
Mational Institutes of Health grant R4! EY017484. The United States Government may have

certain rights in the invention.
TECHNICAL FIELD

[0003] The fields of the invention concern medicine, anatomy, cell biology, or
moilecular biology, for example. In particular, the field of the imvention concerns ocular

medicine, including ophthalmology.
BACKGROUND OF THE INVENTION

[0004] KERATOCONUS

[0005] Keratoconus (Rabinowitz, 1998; Krachmer ef af., 1994; Bron, 1988} is the
mest common corneal dystrophy, affecting 1 in 2000 persons. Keratoconus results in corneal
thinning and is named for the conical shape that the cornea develops. The progressive distortion
of corneal shape usually becomes noticeable in early adulthood, causing increasingly severe
astigmatism, myopia, and higher-order aberrations that become difficult to correct by spectacles
or contact lenses. When distortions reach the point that refractive correction is no longer

possible, corneal transplant is the only option.

[0006] Methods to strengthen the cornea and prevent progression of the discase
are needed. There is evidence that crosslinking of corneal collagen that occurs in diabetes

provides protection against keratoconus (Seiler ef «l., 2000) Additionally, groups have reported



[0006]Methods to strengthen the cornea and prevent progression of the disease are needed.
There is evidence that crosslinking of corneal collagen that occurs in diabetes provides
protection against keratoconus (Seiler et al., 2000) Additionally, groups have reported
strengthening of the cornea through common crosslinking agents. Glyceraldehyde has been
used as a corneal crosslinking agent, but it has significant toxicity. An approach to minimize
toxicity efitheddmiggtseliusesdogicalph appliad: ibativim yvichsisithyen sudjedtad ddaghtranddlet
light (Tag £t.aly.a000: HESHIeL 8L R .2 PR IRAGE. AR YS! %g%% 1%981% Gt Rlicity

Wollensak et al., 20033 Long ittidinal studies over 3 years of more have shown that treatlng the

cornea WhthtrugcH e’ﬁ‘%r(‘)%ﬁﬁl%@’&h?ﬁpr‘B%Hélgufﬁ’@i@hf%ﬂ’ﬁ&tﬁl‘f%le@ﬁf&ﬂce%én’@% K8 or
halt the @Mﬁ&SiQO(}Of keratoconus o lansakel sbiu2003INllensak: 2006); 100041Mbhie
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to oculag fisauesnibFRAUIRS3A rVoHias.Rtinadiatienwhichig clinjgally undesirable and
increases the risk of corneal infection. Therefore, cllnlcally, there is a need for a treatment that
prevents dlseasethr)%g;ljessl‘%1 endmr}e evcjllt% goep%riticomlngs of uv- actl\()eteddr‘;bocféawn the
treatment. In particular, there is'a need in the ‘art of ocula icife foF ohe or mMore of the.
followingeatripnp roviedagireyrug) 1mwwkb&ea@m;niétratmnleﬁ@mgxeamreylnnprﬁv@@b ifrairagion
protocok {QANZIIVIY @ RIAIQ0QAIMYORIA Rffects: R0k thePepiIleR iNJE xS « RBFEMEGPE,
and 70-90% of the population in soni¢c Asian countries (Lin LL, Shih YF, Hsiao CK, Chen O,

Lee LA, "Ffiiry P E E R MIsISY ¢ shitly' B e ‘Br%??a\i‘éﬁ&é“%%é‘ T TS A
schoolchibdriets icl Halanidc2000e Jufdormessheldt Assod. 20810 100¢10):684<adipChowmicilE .,
Dhllon By, gt B: 1 e - Reftagiue.sors i Singanote medical piydenin.,
Singapore Medical Journal 45, 470-474 (1990); Wong, T. Y., Foster, P. J., Hee, J. J., Ng, T. P.,
Tielsch o5 At iesd, Eobla doHiTabree. weealef dhqee F’ré\?ﬁFéh‘ée“éenﬁitr%fkof%{‘b@%Fme
refractivie;asiels: naeult t%iﬂﬂ@@drg SingapesesdavestigativeOphihaimelagySoVisual Seience
41, 2486 2494 200 %Z‘ igh mxfnpla of greater than 8 diopters affects 0.2 - 0.4% of the US
populatlo Yand u m P the ] population in Asian countries(Sperduto, R. D., Seigel, D. D.,
Roberts, J. J. & Rowland M. M. Prevalence of myopia in the United States. 405-407 (1983)
Tokoro, T. On the%@ﬁnltlowgﬁﬁ‘ologlc myopia in group studies. Acta Opthalmol Suppl 185,
107108 (1998)). Indeed, degenerative myopia is the leading cause of untreatable blindness in
China, Taiwan, afi#Odpan Mywis dideked07trinhtheopiditéch Stdted (Xuehd Weeny. Ynd i’y Hang
Y, Cui Toelehdy %nn%ﬁ%l £AUSES.ATBIRARESEI AN, isUaiMBpRINERL ipban padiruranareas
in Beijing: the Beijing Eye Study. Ophthalmology. 2006 113:1134.€1-11; Hsu WM, Cheng CY,
Liu JH, ‘%ga%‘?e‘@‘ﬁ P, blﬂﬂévafe%epéf‘n’éf%s@é‘loﬁﬁvfétfél%B‘é’?ﬁﬁ%ﬁﬂﬁ“& ﬂ}a‘élﬁ?'@‘rﬁ‘hé%e
populatioaviadl aiveand therShilipai iy eaStody2(@ phtitalmiodegyy 12004yl 11(1): 6248 llwase A,
Araie M Tom 0L0A, Ya T.. Shimizu.H Kitazawa Y:. Tajimi, Study. Group.Rre al nce
and cau i ot o SROE At Bt LR s DR Rl MUt Y R e

Ophthaliaisgy!2008-413(81354%62eClirtih; BoweTRe mydisias: badie ?c@nc”@‘ﬁﬁé? clinfréal
management éthannV\tﬁlliﬁr&%&l}«{vﬁkh@sbvila%éﬁcé%m] In degenerativadmyonia thergdis:

progressive axial longation of the e cessive axial en largemen e ive
yopia IS B CREH G AR HIRHTNG SIAEDELIER ot (Kt Shomreria toulgy
Becaus#igisistoeichingand thinidi n@g@cun&q:mteteﬁenﬂdlﬁt if the Postenibripolendng invéives the
macula,eyes Wit dageneralive MyQRIgAMESUPIest [uisus) Ipssr Je.causes i RAISR! m

th|nn|ng and stretchln in degenerative myopia are incom letely understood, but enhanced
turnoveMbfféerelaI e MagErPintt aitektitd ofttetdd ﬁ%ég%‘i%l nbafgEant Ake e risiiteR/Ih the
diseasepAisibgdnaghanical prapesiesof hesoleraiaie ajl;eqﬂdz 5 Myopias theeye. isipreng to
SUrelChing i, 105 1080 SllRct ol a0culay DIESSHIG, YR e SEIRla SHRERes  tanan
pathologu% rini’/lo 13, 1{(H/e}alld jacent re{ln% hd choroid are also's re?cl'*n g & Stretchirt g 15
dispropertionatelipdtié mabwlelnlﬁe@@ﬁtwh@ie Ecléralzaid ketihalVihianing s MdxirmhaloFhisHeads
to formation of a focal out-pouching, or staphyloma. As the macular tissues stretch, retinal cells
atrophy, causing irreversible visual loss. [0011]While visual loss from macular atrophy and

choroidal neovascularization 29



are most common in degenerative myopia, patients with this disease are also more prone to
retinal detachment and macular hole formation. Although a large population is affected by this
disease worldwide, there is currently no effective method to arrest progression and reduce the
rate of visual loss [0012]Refractive errors induced by progressive myopia are readily corrected
by spectacles, contact lenses, corneal refractive surgery, or intraocular lenses, these
modalitieaers AbPPRENEAEDLYEFRISEMTITRGY By Sr8eringot aFafididtfiinsistgdicling Eye
Furthergiqse, ciiHiaRt-meansAty aat ghouoidalinepvasey|arizaionyn degen arati ey Ntiapid,.
such as_photodynamic therapy, are, minimally effectiv R% Iip% r, Blumenkranz, M. S., Bressler,
N UG Rt & E e RSPt 31 S FORTLCY B0 RAHos. M.
Potter, FhillpaP8uensinals, CphRemvasgA . 2RYsehfelt):§2:-9S dnashdt, Arp:, Bermiehledirth,: U.,
Smkenb@&ﬁmM@tcﬁﬁ' @ﬁ{m%ﬂ:@t@l@g@r’?&ﬁ@@@@y @rd%p.%g‘gdlbn@lﬂ: S Villiamss FwAision

Verteporfin therapy of subfoveal choroidal neovascularization in pathologic myopja - 2-year
results 8P% rAHEEIHIZ e & climickiPRRES: \ABfe g 108 OFﬁth%ﬂ%’l‘og%“i, BHR195593)). A
role for antkvasciitas ensntheliahgrewth faston(We&E) shatapyestichias tudesitisafegement
treatmegj.of .cho{gc&gﬁlt ag%o‘%%ﬁ%ggi@%g has not yet been established. Various attempts have
been mad&H6 Arrest progression of myogia, including the use of scleroplasty, scleral
reinforcement, and even an attempt to polymerize foam around the eye (Avetisov, E. S.,

Tarutta, E. P., lorH§iHd, E. N. SosRetskiiaiwprre $haiE diey/eieseivp ANBnSargrigtaridsufgical
methodsf seleraveinfarcamantippragressiea iy apisyAcaphibaimaelogicabaandinarica
75, 618-623 (1997); Chua, Vg. y Tant,, Dl’ tBalal ri enan,cv %%@%&1‘;\( q.fgﬁﬁrqgsi%&%‘
childhoS Y S FoNBHh G Ko SERHSH SFauEPne treatment Thvestigative Ophthalmology &
Visual Seignee46y20086) pTaccttapyie Rud dmdive, tre NacShaenkhaltvde@ngatAndresodrt. D.

& Maximaya, M, Viyaelera heaification dn Shildiem At AddigheRisk Ok B%g%%a%elﬁwﬁiare
Vestnik Oft]almologn 108, 14-17 (1992); Palitzer, M. Experiences In Medjcal-Treatment Of

ProgresSiRMMFERR KRS e RIS RISy NugetfiBitkrolasty 28 181 P §7 771572
BelyaevgiVedsarBaoyitias TreScduatdResulisiofdGelaroplashy n<Shugicalpfspatinent @é sclera
Progressive pia. Eye Ear Nose And Throat Maonthl 9- _ ;. "
Assoulir?ée; R]/Pé%gplgr?} rii}/ m EE%E.e %Ilgr%'orneeiﬁ os(rgrceécr%%ﬁt%%ﬁé}%ha%%?g%%g%ggﬁﬁ%%ygog%u{égo,
374-382%(209 FyeJamierd, Yrefchednind patgingikamBPR, Syhtibitkest|siEiyaipforbarmignere also
materialg,3:fRange shinsuHAGE. and:bulkphysisaliRreperties.) auraal Rk Biemedicak Matenials
Research 37, 525-533 (1997); Kor(gbelnik, J. F., DHermies, F.. Chauvau_détD.,, ell%eaigé %hM.,
Hoang-XHANME 1% BREHEH, G EXA%h e P EBAAS SR dorSA ISR S, derSPimSIARtS Usad as
encircling=aleraisbusktingh, Artiexpetimentg andubistopathoibiicadstudss. Ophthalmic Research
32, 110-117 (2000); Mortemousque, B., Leger, F., Velou, S., Graffan, Colin, J. & Korobelnik, J.
F. S/e-PTFE episgigiigh bucklingimplanis: Anaxparime aiad adhistapaialogis studyiAeuknal
Of Biomedical Materials Research 63, 686-691 (2002); Jacoblabarre, J. T., Assouline. M.
Conway2 RISt FRAGHRS M SaEAEa KACTSTRid PSR ER e O SR A RERF FRETEAOR
The Elorgation<t erawing GakEyesoRrehivescQf Ophthalmolegypdf:dia @F0+0 86 (1:393) ;this
Largely hecause these modalities remain unproven in well.controlled clinical trials, s
been wi esl{i/a%?d‘gﬁ }eac‘{v %em%%gg% E%Iﬁ%nntg Wltﬁrg ggnéenrenre\a/é%?/%qr%ﬁgﬁi‘!gpg %?%é@gég&sgg c %as
eye dropafChuia/MsBalalcrishnan V, Chan YH, Tong L, Ling Y, Quah BL, Tan D. Atropine
for the treatment of childhood myopia. Ophthalmology. 2006 Dec;113(121:2285-91; Siatkowski .

RM, Cotter S, MillgfodM. Schef£Ave GraskettiRed Movagksa:US firenzepiae Studycted by

Group.Safety and efficacy of 2% pirenzepine ophthalmic gel in children with myopia:.a 1-year,
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122(11) MBG7evey, eyalcrertisessKinos@vhiGhomjdriRajaml Uswd- yashsmdy o tset effest of

RGP coglagtlenzes.an ﬁ@é{%&&?&q{%i§iﬁ%&%ﬁwﬁfiyép%;?%@éﬁ%ﬁ%&ymg%@m%
.The e

therapy (Shih YE, Lin LL, Hwang CY, et al ffects of gi-gong ocular exercise on _
accommiBHEESHY citses rrAisfian §5 BeBisok ey dbithe? Iitinal- ot n& 5ré\ver eficHey2vere
it possibig todetard or preyvent mbrenmal axiaiielongatian afthe. ginbecirdegenerativermyaopia,
visual loss might be prevented. [0013]The excessive axial enlargement of the globe that
occurs in degenerative myopia occurs preferentially in the posterior pole in the macula. The
causes of sclera’ thinning and stretching in degenerative myopia are incompletely understood,
but reduction of collagen fibril diameter, enhanced turnover of scleral collagen, and alteration
of scieral glycosaminoglycans are contributory factors (McBrien, N. A. & Gentle, A. Role of the

PR Y B PR [ [ T [ B PR [ [ (I T < T™ e o ot b o o Boe ' ko =1 A o d



[0017]Given the limitations of current therapies for treating keratoconus and myopia, new
therapies without such limitations are needed. The present invention fulfills this need.
Summary of the Invention [0018]The present invention concerns a therapy for affecting one or
more mechanical and/or chemical properties of a body tissue in an individual. in specific
embodiments, the present invention concerns one or more photochemical therapies for
affectin§ &H&So*mBRsHskhanicah aitlor chemitatigispbiifbs'of altsayisstie i egsimaivitual.
The theramidnay be fenagyrissuevnihe body,wighigingat leastrapaculadissuer adblooeht
vessel ngl, acye{lolar strUfturets e.g. ir%hCOF?D atients), and daﬁla(ged heart tis ue, e.9 f.O{ the
mitigatioh oF dilated Cardiomyopathas EsartiCiAr embodiments, thE THRTARS S 4l t6Fan
ocular tis3UE. Bixemplady Ooblbritisdemes inelude-at feG¥the combalscletayoptiermexmiclial
trabeculay, meshwarky SORMACINA, chareid. aagRubrielinabspares [ARIAMD AR G arizaton

embodiments, the present invention employs a therapy that Is an improvement upan particular

therapid@idCLEHATTBERRUPHlicAAERE RIS SEHE BHID SR EH R OHEsPrE<E i VEntion
improvesdpdnguiid iadidticietr@aiments: o rarossinkdng oidtissues, suckhas the eaneaiodm
sclera, for ex le. Such a treatment would, have one or e of the folloyyi mplar
e T R et T T tne
mecharficdl ahguoielsehficdlsproperiesioia 65506 iipias sMmiprove REIHECH R iaiprogerties
of the cespaalasasisRiogiansive ectasia.dor examplen) the photeinitiater Gemprsnd/may be
introduced with minimal pain and/or minimal risk; 3) gﬁcghotoinitiator compound is non-toxic to
i

ocular stitftturbs; ) pIStSTRiEALSH OMPEIAIRIRIAISH DR S THITH SRra| IR Y iHEURRTEN; 5)
photoinitiateriguinp dlwidbattivationéoceissitidess #hadd5enFattoa30 minutes:itiadiatios,, for

exampley [QQ20ln, payticu 'ﬁﬁ&@g}%@im%‘.t& UAREILVEREOD, LR RrESERLIKENHOR, RERVIdgs,one

or more of the following needs:’l) an effective photoinitiator compound for strengthening a
tissue (SHER-BEhEEIHREEHY ScIBtE0REr eveifble P BARMsAfed thal HASTew fskiEey alfd is
activated hyrwisiele lightsidmpreves-phatainiisiesnsompaunsls okderivdivesthereakihatare
capable of administratiqn ro t iate the need to remove epithelium (such, as for
keratoc&uﬁseri%%%né%t%?]; ct%fﬁég? aﬁcjeB zjélSc%%ga?ﬁhSIJUd%ngn,g’f(;irf IQ%mhlgle% '(aj)‘at%p[l%%ﬁuks of
applicatiereufodriy havigel, Draftemniodiioatismycddverosstiyreieoiies apithidiios Mogtfficient

concentratipntoreach she-qarnarl $Iromayin:a-herapeuicaliv sifective amaunt AR UshR)
injection of drug into the stroma using a fln%-tgauge needle; and/or 3) reduced irradiation
t

duration” AR SiHe EHpIRRI 98F Aodt 30 TAiHGES 0rfets s detBrstatsd it aect thentasie,
such as@esﬁabétkﬁexﬂmsﬁta@et@{ai‘sa.ccmag;sfm anamp@d@ﬂ&l}ﬁxgmplﬁrgpaﬁpﬁ.cmm @_‘ﬂhe
pfese“tﬁ“ge@%& for.aculacneeds are @“ﬁ’-\ﬁbdfﬂwg%‘?aﬁ%%%{ &WP%E’,;B%E%@%P&%QQ&%?
employed ftc])lrt e cornea, Inc ucﬂlng the following: preventing ﬁ1e need for cornea transplaént

(keratoptashpessihdititiy protredsion of Keftowonls nerotaemebrsoall serssindesnchigderal
post-LAZIK artasias Relltidmargingldegeneration;enghling-patients mithpkaratconus.qy.
other co%gn?al degenerations to s fel)§ uq@%rgo refractive surgery; and/or stabiljzing corneal

shape afBPEIRCIVE SiFdety, Pardddiay U RAPAERBRGE b EcorieE manTfdSted attSHiAd The
present {fentiontalsorprelides nfeatrs-fortstatylizatien tof-lissp e rapywhe rerirtheieyednehuting

for exarplg INGAGIRL HRNT JahkActyated GORRINKInG IR ISIRIEUONE; . 6s6-601 (2002);
Jacoblabarre, J. T., Assouline. M., Conway, M. D., Thompson, H. W. & McDonald, M. B.
Effects OFf Scleral Reinforcement On The Elongation Of Growing Cat Eyes. Archives Of
Ophthalmology 111, 979-986 (1993)). Largely because these modalities remainr unproven in
well controlled clinical trials, none has been widely adopted to manage patients with
degenerative myopia. Other therapies, such as eye drops (Chua WH, Balakrishnan V, Chan YH,
Tong L, Ling Y, Quah BL, Tan D. Awopine for the treatment of childhood myopia.
Ophthaimology. 2006 Dec;113(12):2285-91; Siatkowski RM, Cotter S, Miller JM, Scher CA,



[0022]Although in particular embodiments the invention employs visible light, in alternative
embodiments, the present invention utilize ultraviolet or infrared light. In further specific
embodiments, the present invention also applies to photoinitiator activation using two-photon
or multi-photon activation. [0023]in certain aspects of the invention, the photoinitiator
compound is employed to affect crosslinking among the constituent molecules in an

endogefaerkesdiie Noaasbjdst UDFasentis SmBpdirmentsiteranla@wrricthd® o aleniyg a
mechar&%ﬁhﬁﬂﬁl@r gé@emi%haf&pe,vmofx@aiﬁawin@e%ybjﬁqttﬁ,@marismga@mﬁ&% Ofj:}bo-

providing a photoinit tor compoun atis t tivating th ot t
Compodi () VR g AR UL oAbl by e ot TBBFSogB
directly @lteng a,nfeghabical arydaﬁorsawemmahplttfpmtyfoﬁfﬁm% tissus. M%]ﬁom@}amdmﬂiments
herein agg. 1 gth mathod %9@&@91?@hﬁ%ﬁ%w@&r?a&%@ﬁmmw@%‘meﬂ%ﬁ Y, et al

strengthening the tissue, stabilizing the tissue shape, changing the shage of the tissue, or a

combindtSretrsteof, D00 SEHE BRI RTeASCREPSHT AR fﬁ%nrﬁé%‘ﬁﬁ fl%%réér%-‘bﬁ%é% or

[0025] Vﬂiﬁé@'ﬂﬂﬂ&xﬁﬁ%ﬂaﬂﬁ @ovesUWandissuay {R0271oame ambadimentshereiamatedhe method

of paragiaphs (0024 1o [Q028) wherel b ocular isshe Ingludes atleasta porton of a comea

[0013]  The excessive axial enlargement of the globe that occurs in degenerative
myopia occurs preferentially in the posterior pole in the macula, The causes of scleral thinning
and stretching in degenerative myopia are incompletely understood, but reduction of coliagen
fibril diametsr, enhanced #urnover of scleral collagen, and alteration of scieral
glycosaminogiycans are contributory factors (McBrien, N. A. & Gentle, A. Role of the sclera in
the development and pathological complications of myopia. Progress In Retinal And Eye
Research 22, 307-338 (2003)). As the mechanical properties of the sclera are altered in myopia,
the eye is prone to siretching due to the load effect of intraocular pressure. Sufficiently
increasing the tensile strength, or modulus, of the sclera would prevent ocular enlargement and
reduce progression of myopia. Such a therapy will be useful not only in patients with Incipient
degenerative myopia, but also in patients with early onset myopia to prevent progression to

higher magnitude refractive errors,

[6014] Currently, there are no proven means to prevent the excessive ocular
enlargement that occurs in degenerative myopia. Were it possible to retard or prevent ocular
enlargement, progression of myopia could be diminished and visual loss prevented at least in
part, Were the progressive stretching of the sclera in the macular region to be arrested, retinal
stretching or further retinal stretching would not occur, and vision could be preserved. Efforts
have been made to support the macular region with an external donor scleral or synthetic
polymer band placed around the eye, but this has not been proven to be effective. Artificially
increasing the tensile strength or modulus of the sclera itself is a means to prevent ocular

enlargement ana reduce progression of myopia,

f0015] Wollensak and Speor! have reported use of collagen cross-linking agents,
including glutaraldehyde, glyceraldehyde, and riboflavin-UVA treatment, to strengthen both
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[0028]Some embodiments herein are the method of paragraphs [0024] to [0027] wherein the
ocular tissue includes at least a portion of a lamina cribrosa. concurrently with a corneal
operation and the photoinitiator is provided in a therapeutically effective amount which directly
reduces the risk of a post operative corneal deformation condition. [0030]Some embodiments
herein are the method of paragraphs [0024] to [0029] wherein a) the subject has or is at risk of
developinganaod wricHersigiate nitsridimisesmshidneper & ﬁzﬁi}ég%? REYsIHR el iuman

post-lasgi:assisied iRisiy keRAMISUSISHEAS Aty eﬁm@@osuggw&omﬁaes%@@rmmpmy

(PRK) ectaS|a ost-infection ectasia, % eral sia, rheumatoid condition, of the cor,
degene%ﬁ%aﬁ‘%m% %@ﬁﬂﬁ?ﬁ%‘p%ﬂ Lg PR oA A e wabe{{ehg%%% g%%%oﬁlrﬁa

yloma, ocular hyper
low tensietrgladaeona ED%aqsbcxmmitiammgsamfbmwm@adh@mpémt@aﬁy dfsctivenaimtlint

which diregfly tregts 8&9&5%93&%%9@&% 5@1&&%&99 wlansefarmation GonditiamAndg) the

visible light - radlatlon occurs over a period of 30 mlnutes or less. [0031]Some embodiments

herein dtelpi Bhedddesy Harag r%éif%"[@@?ﬁ%%@ﬁ%?%@?b|mﬂ%gs?fbjgg?$?§s%8Fh%‘é"fre%fgga
[003218%9@16%@@%@1@11@ eEeie @E@é;mﬁaﬂgethﬁdv&frzpafﬁ;EapUSe[Q@Z@mo {0031}; whefieinnthe

e e Tee o KOS mISAmEns et s it msaten
comparable exposures in the comea to treat keratoconus require 30 minute iradiations
(Wollensak G. Crosslinking treatment of progressive keratoconus: new hope. Cwr Opin
Ophthaimel. 2006;17{4):356-6(0). While cross-linking of scleral stromal components in the
posterior pole would increase scleral modulus and potentially arrest myopic progression, there
remains a need for a non-toxic cross-linking agent that could be activated using short exposure (o
a less toxic light source,

[0016] .S, Published Application No. 20050271590, the contents of which are
incorporated herein by reference, discloses methods of using crosslinking chemicals to
covalently connect scleral coliagen and/or other scleral proteins to increase scleral tensile
strength or modulus. This approach utilizes chemical crosslinkers, some with undesirable
toxicity profiles, by caging the chemicais in photo-fabile structures which are disrupted to release
the crosslinker chemicals in a controlled manner, thereby limiting the area of exposure and in

some instances toxicity effects.

[0G17] Given the limitations of current therapies for treating keratoconus and
myopia, new therapics without such limitations are needed. The present invention fulfills this

need.
Summary of the Invention

[0018} The present invention concerns a therapy for affecting one or more
mechanical and/or chemical properties of a body tissue in an individual. In specific
embodiments, the present invention concerns one or more photochemical therapies for affecting
one or more mechanical and/or chemical properties of a body tissue in an individual. The
therapy may be for any tissue in the body, including at least an ocular tissue, a blood vessel wall,

aveolar structures {e.g. in COPD patients), and damaged heart tissue, e.g., for the mitigation of



[0034]Some embodiments herein are the method of paragraphs [0024] to [0033], wherein the
photoinitiator compound comprises a photoinitiator, a PEG-photoinitiator, or a combination
thereof, the photoinitiator having the Formula 1: wherein R1, R2, R3, and R4 are each
independently H, halogen, or NO2 and pharmaceutical salts thereof. [0035]Some
embodiments herein are the method of paragraph [0034] wherein RI, R2, 12,3, R4 are each
independiéaity drdBrngeiORs (008 GiSorierambodinmatitsthe thirepyd sthieeth ol foparagraphs
[0024] t%ﬁ@Q%ﬁa]rgWQ&ﬁ%ﬂiE@@e@@@ﬂ&t@t@aﬁw&%ﬁép%ﬁﬂ%ﬁy%igﬁ’é%y RSB, shworl,
fluorescein, [0037]Some embodiments herein are the method of paragraphs [0024] to [0036]
wherein TRV A bii"aETIREY as providing the photoinitiator topically or by
injection. [0038]Some embodiments herein are a method of treating or reducing the risk of an
ocular deformatiol¥ebHditioht ispecsirojatodonsprisitig thessre pryoftion) gereliting thephiotbinitiator
com IOO_UH&@' ﬂﬁk;ﬁ&#@ﬁ@ﬂ%ﬁlﬁ@%ﬁﬁ%}%ﬁe%@y %EQ&&;@%@Q@%Q&HQQ@. sybjacthangebic
activating the photomitiator compound by a light irradiationissue, o
embodiments, the present invention ifnproves upon wv-irradiation treatments for crosslinking of
tissues, such as the comea or sclera, for example. Such a treatment wonld have one or more of
the following exemplary specifications: 1} a photoinitiator compound that can be activated with
visible light to affect the mechanical and/or chemical properties of a tissue, such as improve the
mechanical properties of the cornea to resist progressive ectasia, for example; 2) the
photoinitiator compound may be introduced with minimal pain and/or minimal risk; 3} the
photoinitiator compound is non-toxic to ocular stuctures; 4) photoinitiator compound activation
occurs with safe levels of irradiation; 5) photoinitiator compound activation occurs with less than

or equal to 30 minutes irradiation, for exampie.

[6020] In particular embodiments of the invention, the present invention provides
one or more of the following needs: 1) an effective photoinitiator compound for strengthening a
tissue (such as the cornea or sclera, for example) is demonstrated that has low toxicity and is
activated by visible light; 2) improved photoinitiator compounds or derivatives thereof that are
capable of administration routes that obviate the need to remove epithelivm (such as for
keratoconus treatment of a cornea) are described, including, for exampie, (&) topical application
of drug that uself, or after modification, can cross the corneal epithelium in sufficient
concentration to reach the corneal stroma in a therapeutically effective amount; and/or (b)
infection of drug into the stroma using a fine-gauge needle; and/or 3) reduced irradiation duration
using light applied for about 30 minutes or less is demonstrated to affect the tissue, such as to

stabilize the shape of the cornea, for exampie.

[0621] Exemplary applications of the present invention for ocular needs are
provided. In particular embodiments, the invention is empioyed for the cornea, including the
following: preventing the need for cornes transplant (keratoplasty) by halting progression of
keratoconus and other corneal ectasias such as post-LASIK ectasia, pellucid marginal
degeneration; enabling patients with keratoconus or other corneal degenerations to safely

undergo refractive surgery; and/or stabilizing corneal shape after refractive surgery, particularly



whereby the photoinitiator compound directly treats or reduces the risk of the ocular
deformation condition. [0039]Some embodiments herein are the method of paragraph [0038]
wherein the photoinitiator is provided to treat an ocular deformation condition and the
therapeutically effective amount of the photoinitiator treats a symptom of the ocular
deformation condition by strengthening the ocular tissue, stabilizing the ocular tissue shape,
changing #iseesisape dttheocalanifissyedisraacomBiratitnsatidrooftig0a8iSumedemibedinfents
herein a{ﬁﬂﬁﬁa@ﬁ{%@%@ﬁ@%%ﬁ%@lﬁ [R038] ariQ0RRlmhsrsinithe.ocuar U%ﬁ%@-@&&ﬁ%t@&

least a portion of a lamina cribrosa, a cornea and/or a sclera. [0041]Some embodiments herein
are the HEIHILF 98 parayipldIE538] to [0040] wherein the subject has or is at risk of having
an ocular deformation condition comprising one or more of keratoconus, post-laser-assisted in
situ keratomileusi®EAS|K)/dtasia ihostpribtorethadiveke fardetoriy | PRKY sctashde light, in
post-infeglian ectasidogeripherabastasia.sheumateigicondition of thegprreaidegeneiative
myopia, regylar myopia or scleral staphyloma" oqularﬁy‘ertensiqn_ laucoma, .or low tension
glaucon BTG EBME B HEFREALS HUFBI A tha RIS PP SAPAG AT (BB TR fo0HL
whereinghewaculardefdumatian cordition is degenerative myopia. [0043]Some embodiments
herein are the method of paragraphs [0038] to [0042] wherein the ocular deformation condition

i[g gzg}atoconus. [00441P0me-cmbadimenishereimare.tagamethad of paraaraphs40038140is

employed to affect crosslinking among the constituent molecules in an endogenous tissue in a

subject.

100241 Some embodiments herein are a method of altering a mechanical and/or

chemical property of a tissue in a subject comprising the steps of;
a) providing a photoinitiator compound to a tissue of the subject, and
b) activating the photoinitiator compound by a visibie light irradiation of the tissue,

whereby the photoinitiator compound directly alters a mechanical and/or chemical

property of the tissue.

[0025] Some embodiments herein are the method of paragraph [0024] wherein
the method is further defined as strengthening the tssue, stabilizing the tissve shape, changing

the shape of the tissue, or a combination thereof,

10026] Some embodiments herein are the method of paragraph [0024] or [0025]

wherein the tissue is an ocular tissue,

[0027] Some embodiments herein are the method of paragraphs [0624] to [0026]

wherein the ocular tissue includes at least a portion of a cornea and/or a sclera.

[0028] sSome embodiments herein are the method of paragraphs [0024] o [0027]

wherein the ocular tissue includes at least a portion of a lamina cribrosa.

[0029] Some embodiments herein are the method of paragraphs {0024] to [0028]

wherein the tissne includes at least a portion of the cornea, the method is performed substaniially
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wherein the photoirf iator compound comprises a compound defined by Formula I:
[0045]Some embodiments herein are the method of paragraphs [0038] to [0044] wherein the
photo initiator compound comprises a polyethylene glycol derivative of a compound
represented by Formula [00461Some embodiments herein are the method of paragraphs
[0038] to [0045] wherein the photoinitiator compound is capable of directly treating the ocular
deformatiBREETHditioH hfo AMMEAiRBHGHBT tRE SrofNiPitiaiEr o NTpBaHIrBG rHifGREE Brlss
using ligiftceamptisingha wiavelangin oiehsod mm atianflunpnation intensibqehirasiclAbion
mwW/cm2, 1jﬁO.ﬁl?]Some embodiments herein are the method of paragraphs [0038] to [0046]

Wherein%e%ﬁgtoiniator is provided by topical administration. [0048]Some embodiments

herein are the method of paragraphs [0038] to [0047]wherein the photoiniator is provided by
injection. [0049]SHHEEMbSaMRSETET wsa?efﬂ*f“eWém%?%?gam@mdﬁﬁ%%%@@éﬁ
whereinherggular tissue includes at least a portion of the cornea, the method is performed
substantially concurrently with a corneal operation and the photoinitiator is provided in a

therapeutically effective ainount whichfirecllytedsces, e risk-af a-Rastiererakive corarfh
deformation condition. [0050]Some embodiments herein are a use of a photoinitiator

compound for manufattBRHG SR MTE SN 5P 2 Of e LR R B Sl Brtir SR g e
deformation condition @A BIE phoioinitietopieampoamde keratectomy (PRK) ectasia, post-infection

ectasia, peripheral ectasia, rhewmatoid condition of the cornea, degenerative
myopia, regular myopia, scleral staphyloma, ocular hypertension glaucoma, or

low tension glaucoms,

b} the photeinitiator i1s provided in a therapeutically effective amount which
directly treats or directly reduces the risk of the ocular deformation condition,

and
¢) the visible light irradiation occurs over a period of 30 minutes or less.

(00313 Some embodiments herein are the method of paragraphs [0024] to [0030]

wherein the subject has corneal ectasia.

100323 Some embodiments herein are the method of paragraphs [0024] to [0031],

wherein the subject has keratoconus.

[0033] Some embodiments herein are the method of paragraphs [0024] to [0032]

wherein the individual has degenerative myopia.

{0034 Some embodiments herein are the method of paragraphs [0024] to [0033],
wherein the photoinitiator compound comprises a photoinitiator, a PEG-photoinitiator, or a

combination thereof, the photoinitiator having the Formula &



[0051]Some embodiments herein are a photoinitiator compound for use as a medicament for
directly treating or reducing the risk of an ocular deformation condition. [0052]Some
embodiments herein are the use according to any of the preceding paragraphs [0050] to
[0051] wherein the direct treatment, prevention or reduction of the risk of the ocular
deformation condition comprises an increased modulus of an ocular tissue. [0053]Some
embodiments herein are the use according to pafagegph [0052] wherein the ocular tissue
includes at least a portion of the sclera and/or the corrjea and optionally includes the entirety of
the sclera and/or the cornea. [0054]Some emkodime#nis herein are the use according to any
of the preceding paragraphs [0050] to [0053] whérgin the“ooatar deformation condition is
selected from the group consisting of keratoconus post Iaser aSS|sted in situ keratomileusis
8.kers (B asia,-post-infection ectasia,
) é rative myopia, regular myopia,
scleral staphyloma ocular hypertenS|o glau W tensi glaucoma and combinations
thereof. [0055]Some embodimentg,tiereingfe the-ysé actord 3t .any of the preceding
paragraphs [0050] to [0054] wherein the og¢ular deformatlo condition is degenerative myopia.
[0056]Some embodiments herein are the @ise according toiany of the preceding paragraphs
[0050] to [0055] wherein the ocular deformation condition is keratoconus. [0057]Some
embodimepts berein arethe,isq.aceording ipayLhiheRraseding Raragraphs A0k i0cai

[0056] wherein the photomltlator compound comprises a compound having the Formula I:
salts thereof,

[0035] Some embodiments herein are the method of paragraph [0034] wherein

Ri. R, B3, Ry are each independently H, Br, or NO,.

[0G306] Some embodiments herein are the method of paragraphs [0024] to {0035]

wherein the photoinitiator compound comprises Eosin Y, Eosin B or {fluorescein.

[O0G37] Some embodiments herein are the method of paragraphs {6024] to [0036]
wherein the providing step is further defined as providing the photoinitiator topically or by

injection.

[0G38) Some embodiments herein are a method of treating or reducing the risk of

an ocular deformation condition in a subject comprising the steps of:

a) providing a photoinitiator compound in a therapeutically effective amount to an

ocular tissue of the subject; and
b) activating the photoinitiator compound by a light irradiation of the tissue,

whereby the photoinitiator compound directly treats or reduces the risk of the ocular

deformation condition.,

[00397  Some embodiments herein are the method of paragraph [0038] wherein
the photoinitiator is provided to treat an ocular deformation condition and the therapeuticaily

effective amount of the photoinitiator treats a symptom of the ocular deformation condition by
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wherein R], R2. R3, and R4 are each independently Fl, halogen, or NO2 and pharmaceutical
salts thereof. [0058]Some embodiments herein are the use according to the preceding
paragraph [0057] wherein R1, R2, R3, R4 are each independently H, Br, or NO2. [0059]Some
embodiments herein are the use according to any of the preceding paragraphs [0050] to
[0058], wherein the photoinitiator compound comprises Eosin Y, Eosin B or fluorescein.
[WW]Sotien giiribodirfienes har siss srestiia lyse dbeordily tosun oW elprasedihg paregraphs

[0050] tQQ95]-wheraindhs: RuRipiHiater compound comprises a polyethylene glycol
derivative thereof. [0061]Some embodiments herein are the use according to any of the

preceding paragrf&ﬂ@ [00 JF. 0 wherein the toinitiator com #%&I
directly treating or re ucmggt e rlsn& 0 tﬁ‘%‘%ﬁj 5*}%3%#%5%%8# c%ndﬁlo ﬁ@ﬁna ion of the
photoinitideriedrn geuittastsima G aidr s s e T30 mintikscobless mm&m&w ligfatera.
[0062]Some embodiments herein are the use according to any of the prececi paragraphs
[0050] to [0061] whetein thesnedicamintissioetapicaliad minist atigar{QO63] T3 o [0040]

ermbodmENIEBLEIAS Hie dise ASRRGAR ALY IS RISRSRng BRAGRRURLRIAARILIR o

[0062] wherein icament is for administration by injection.
more of keratoconus, post-laser-assisted in situ  keratomileusis (LASIK) ectasia, post-

photorefractive keratectomy (PRED) ectasia, post-infection ectasia, peripheral ectasiz, theumatoid
condition of the cornea, degenerative myopia, regular myopia or scleral staphyloma, ocular

hypertension giaucoma, or low tension giaucome.

(6042} Some embodiments herein are the method of paragraphs [0038] to [0041]

wherein the ocular deformation condition is degenerative myopia.

10043] Some embodiments herein are the method of paragraphs [0038] to [0042]

wherein the ocular deformation condition is keratoconus,

100441 Some embodiments herein are the method of paragraphs [0038] to [0043]

wherein the photoinitiator compound comprises a compound defined by Formula I

wherein R;, Ry, K3, and Ry are each independently H, halogen, or NO; and pharmaceutical
saits thereof.

-11 -



[0064]Some embodiments herein are the use of a photoinitiator compound for manufacturing
a medicament for directly altering a mechanical and/or chemical property of a tissue.
[0065]Some embodiments herein are the use according to paragraph [0064] wherein the tissue
is an ocular tissue and the direct alteration of the mechanical and/or chemical property of the
ocular tissue comprises an increased modulus of the ocular tissue. [0066]Some embodiments
herein are the usd @gcordingpto:panbgiapin{0RGbnvineteinritiecdcefl antigspednolide sratleast a

portion ofithe;scleran the aminaciibiose QL IR SUNER egefé%%h%é%%&(ﬁgso%@ecsa g of

the sclera and/or the cornea and/or the lamina cribrosa. [0067]Some embodiments héerein are
the use SEEeYdiY By parayiaphs [0065] to [0066] wherein the ocular tissue is in an eye of a
subject having or at risk of having a condition selected from the group consisting of
keratoconus, posti&sér-assistedamsitinkaratontileusisiit A8IK) eCtasigrpbsi{ilidioreffgdtive

keratectgmy£R R0 seiasiauRestRslian actasia,Perinhaaheaiasia. reumalnidganditian of
the cornea, degenerative myopia, regular myopia, scleral staphyloma, ocular hypertension
glauconfE BHPTe RSN IEtRir Hrid cBRMBITARIAS thEresrd ficARh SomE rbsHimeRtstit8ein
are the usegtaasding telparagraio-{60 6:6] wheirindheios wamdefommalion- congitiaBs,
degenerative myopia. [0069]Some embodiments herein are the use according to paragraph

[0067] wherein theppeuiar defgumationicondition.is keratoconus: 9Q20]30me embediments
herein are the use according to par%%raphs [0064] to [0069] whereln the photoinitiator

compouRdCEpYRS G BBRpBURA HETiRYG e fasqation.
[0048]  Some embodiments herein are the method of paragraphs [0038] to

[0047wherein the photoiniator is provided by mjection.

[0049] Some embodiments herein are the method of paragraphs [0038] to {0048]
wherein the ocular tissue includes at least a portion of the cornea, the method is performed
substantially concurrently with a corneal operation and the photoinitiator is provided in a
therapeutically effective amount which directly reduces the risk of & post operative corneal

deformation condition.

[0050] Some embodiments herein are a use of a photoinitiator compound for
manufacturing a medicament for a direct treatment or preveniion of an ocular deformation

condition by the photoinitiator compound.

[0051] Some embodiments bherein are z photoinitiator compound for use as a

medicament for directly treating or reducing the risk of an ccular deformation condition,

(0052} Some embodiments herein are the vse according to any of the preceding
paragraphs {0050] to [0051] wherein the direct treatment, prevention or reduction of the risk of

the ocujar deformation condition comprises an increased modulus of an ocular tissue.

(00353} Some embodiments herein are the use according to paragraph [0052]
wherein the ocular tissne includes at least a portion of the sclera and/or the cornea and optionally

includes the entirety of the sclera and/or the comea.
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wherein RI, R2, R3, and FL are each independently H, halogen, or NO2 and pharmaceutical
salts thereof. [0071]Some embodiments herein are the use according to paragraph [0070]
wherein Rt, R2, R3, R4 are each independently H. Br, or NO2. [0072]Some embodiments
herein are the use according to paragraphs [0064] to [0071] wherein the photoinitiator
compound comprises Eosin Y, Eosin B or fluorescein. [0073]Some embodiments herein are
the use according/tparagraphs 0064 tofo G Rinvivertin the gohatbimitiatencohipoprdeding
comprlsga@ga%g@fbmp% ahvss] darhative ofa£omBRkNd OLEQRIMA L [0QLHRAME. oroup

embodiments herein are the use according to paragraphs [0064] to [0073] wherein the
photoinifigfsrEB Bo Tt e RapaiBsblare i trdating Ur FeuiramtHe 5K oFthe Gatifarrost-
deformagionccemngition tepasiltsmipREONfar 30 pninutes I 8881 SHRG S IGOMANSIRG Batoid

waveleng)tg dotf 500?0 nm, and aé an illumination intensilt% of from.l-logé%\r/\i/(%ﬁg ELOO?S‘[E.ome

. he dginea, 53 : _ cniar
embodlmentls“ﬁnerglnga?e the Use : c]é%rf%ll‘rfl% {gyf))g}radg?% asr[gggg]afos reinthe

medicarfEpisopIahitad Bt Strakorzi{ooTeiSofwahibdtimemstlerein are the use
according to paragraphs [0064] to [0075] wherein the medicament is for administration by
injection, [0055]  Some embodiments herein are the use according to any of the preceding

paragraphs [0050] to [0054] wherein the ocular deformation condition is degenerative myopia,

[0056) Some embodiments herein are the use according to any of the preceding

paragraphs [0030] to [0055] wherein the ocular deformation condition is keratoconus,

{0057} Some embodiments herein are the use according to any of the preceding
paragraphs [0050] to [0050} wherein the photoinitiator compound comprises a compound having

the Formula I

wherein R;, Ry, R, and R4 are each independently H, halogen, or NO, and pharmaceutical

salts thereof.

F0058] Some embodiments herein are the use according to the preceding

paragraph [0057] wherein R;. Ry, Ra, R4 are each independently H, Bz, or NO,.

(0059} Some embodiments herein are the use according to any of the preceding
paragraphs [0050] to [0058], wherein the photoinitiator compound comprises Eosin Y, Eosin B

or fluorescein,



[0077]Some embodiments herein are the use according to paragraphs [0064] to [0076]
wherein the direct treatment, direct reduction of risk of or direct prevention of an ocular
deformation condition comprises an illumination of the medicament at a wavelength of
500-1-50 nm at an illumination intensity of from 1-100 mW/cmz2, [0078]Some embodiments
herein are the methods of paragraphs [0024] to [0049] wherein the duration of time between
the providing and @¥tiating BREpBTIRAYETRRE RUBHUATT ATt UB2 @9FiFEs bt B RaBEEET Ald 60

minutes; Detween absit 808mb L 20, inULeS; eherRabophiand 30npinuies; fopiweaeabout
30 and 60 minutes; between about 60 and 90 minutes; between about 90 and 120 minutes;
betwee B EFBIESHINUERESAd about 10 minutes: or between about 1 minute and 5 minutes.
[0079]Some embodiments herein are the methods of paragraphséé0024] to [0049], or [0078]
wherein the meth®8ds) repsarad snRbodmstRRsESHo e HeUsF At6rediiads. FB080SoRTeceding

embodiments.hereinaradhecasthads efparagiaphsdO0d 1oulR04 Wb 007 8o (P0Z8]ng
wherein the activating ,s_f}e%i no Ionlgrj]grfthan about %E).minutesig}t 0 Ig‘% er{t;?%% aggt%QHZQatOL_
minutes™HSIBHEE TRAR aBoUt L6 iR EERE B rGar A AD bt B UteS, No Ionger than
about 1 minte;dow tidlengerihainsabdut Blrseconds {8081 Seimelehsbodiments herein are the
use according to paragraphs [0050] to [0077] wherein the medicament is for provision to a

tissue followed byglaoto activation:anddhea:dusation-eftimabatuecthe providing prdeding

activating is betw bout, .1 and 120 minutes: between about 1 and 60 minutes; between
about 6 éar%af%%r%%%t{eo ,bggﬁ\/geﬁr%%g%ﬁ?gd%a nmﬁluc{‘es?,i} E%Etvﬁe%iﬁngbout 30 and 60
minutes; between about 60 and 90 minutes; between about 90 and 120 minutes; between

about 5 minutes aABFAboutS P REL B BB EbE iR A dPs2 i {08, 156851 8ome

embodimerisaper einaradEogsevacearding-iedparagreip is: [Q050] te[RO %] iged0881] wherein
the medicament is for activation with light for no longer than about 30 minutes; no longer than

about 20 minutes;fig lpnges han ABouLEARMES Rl ngerdhanahout haHRkies e leager
than about 1 minute; or no longer than about 30 seconds, [008%]1_58 forgg%gg has outlinfe

some oﬁ?ﬁﬁuféﬁffﬁ?%% %ﬁ&?‘é&é’iﬁ?ﬁﬁ%\fﬁd@ﬁﬁ% égermg a mechamcal “and/or ¢ property or a

tissue,

[0065] Some embodiments herein are the use according to paragraph [0064]
wherein the tissue is an ocular Hssue and the direct alteragon of the mechanical and/or chemical

oroperty of the ocular tissue comprises an increased modulus of the ocular tissue,

[0066] Some embodiments herein are the use according to paragraph [0065}
wherein the ocular tissue includes at least a portion of the sclera, the lamina cribrosa, or the
cornea and optionally includes the entirety of the sclera and/or the cornea and/or the lamina

cribrosa,

[0067] Some embodiments herein are the use according to paragraphs {00651 to
[0066] wherein the ocular tissue is in an eve of a subject having or at risk of having a condition
selected from the group consisting of keratoconus, post-laser-assisted in situ keratomileusis
(LASIK) ectasia, post-photorefractive keratectomy (PRK) ectasia, post-infection ectasia,
peripheral ectasia, rheumatoid condition of the comeas, degenerative myopia, regular myopia,
sclerat staphyloma, ocular hypertension glaucoma, low tension glaucoma and combinations

thersof,

- 14 -



of the present invention in order that the detailed description of the invention that follows may
be better understood. Additional features and advantages of the invention will be described
hereinafter which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed may be readily
utilized as a basis for modifying or designing other structures for carrying out the same
purposes of the pHé&ht inventfoRmPEhoalt: alise e FEalibe d By WesE kiR e ArtdHt such
equivalehf.ronsiructionside-natids rartfiomishesalitandseepe of the invention as set forth in

the appended claims. The novel features which are believed to be characteristic of the
invention, both a nlzatlo etho i t 0 and
advantages will eE% 5fer understoo %Pr%lﬁqut geoﬂ%ﬁ?gg% es%%lr%%gﬁ@v%evr{éc%%%pggd@rg &
connecﬁdﬁf\ﬂmﬁhﬁ@e}@éémm@%é@ 1t ks E 58 BRpressly understood, however, that each
of the figures is provided for the purpose of illustration and description only and is not intended
as a definition of the7limits Bbthedpreséntnyantidn 2Bribt Deseriptidnoftver Brapiin G (0084 For
a more complGhe. WNdeSIANAING Qi iNG RISTRALIYSANON, JHIBISAGS.I5 ROWJ AR G the
followmg descriptions taken in conjunction with the accompanying drawings. [0085]FIGURE 1
is an exemplary apparatus to monitor eye shape ¢hanges during application of elevated
pressure. [0086]FIGURE 2 diagrammatically ,_-éa"-;«. ocular inflation due to elevated
intraocular pressure (dimensions are in numb?s of pixels of a digital image of the eye).
[0087]FIGURE 3 shows exemplary data from oeylag#fiftation studies where enucleated eyes
are uniformly held at an I0P of 22 mmHg for one Rour foIIG\W%‘H by 23 hours of an 10P of 22
mmHg in control eyes and 85 mmHg in test eyes cular |nflat|0n Qtudles in all following
figures follow this protocol as furtherdetaiis e Examplés.settion. [0088]FIGURE 4 shows
exemplary data from ocular inflation stj F o f treated and fellow control
eyes (12959 and DPBS respectlvely) subjected te 2N el gyated IOR Time t=0
corresponds to measurements aftef [1:]i ®P. Changes in PS and DE
demonstrate the UV activated 12959's abllty to stablllze th sclera [0089]FIGURE 5 shows
exemplary data from ocular inflation studiés where five

wherein Ry, R, R, and Ry are each independently H, halogen, or NO, and pharmaceutical

salts thereof.

{0071] Some embodiments herein are the use according to paragraph [0070]

wherein R, R2, Rs. R4 are each independently FL, Br, or NO..

{00721 Some embodiments herein are the use according to paragraphs [0064] to

[0071] wherein the photoinitiator compound comprises Eosin Y, Eosin B or fluorescein. -

[0073] Some embodiments herein are the use according to paragraphs [0064] to
[0072} wherein the photoinitiator compound comprises a polyethylene glycol derivative of a

compound of Formula L.

[0074] Some embodiments herein are the use according to paragraphs [0064] to
[00731 wherein the photoinitiator compound is capable of directly treating or reducing the risk of
the ocular deformation condition upon illumination for 30 minutes or less, using light comprising

a wavelength of 500+50 nm, and at an illumination intensity of from 1-100 mW/cm?®,
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pairs of treated and fellow control eyes (Eosin Y/TEOA and DFBS respectively) were subjected
to an elevated IDP. Time t=0 corresponds to IOP being raised from normal levels to 85 mmHg.
Changes in PS and DE demonstrate the visible light activated Eosin Y's ability to stabilize the
sclera over the 24 hour period. [0090]FIGURE 6 shows exemplary tissue sections from
histopathological examination of Eosin Y/TEOA (Group 2) and Eosin Y/T130A vehicle (Group
3) treated rabbit éY€%3 a) Irfadiated axbaoftaGroup2 tebbitstvowitie il darfiaapmatior ard

moderaEgogg?Wmdg)ﬂérgé{g@aqng{@ypogtggggita\gglg{ggggogpnjunctiva was not retracted

showing normal sclera and conjunctiva. c) Irradiated area of a Group 3 (control) rabbit showing

mild inflammatio modegrate scarring. d) Area of a Group 3 rabbit where the conjunctiva
s 0t retractod SHERnG O AR o Hetn T ora T A et P
scleral/do%janhvthgatib drd srofnersihfidmirimion ares tarhveg¥vere noted. [0091]FIGURE 7A

and 7B show typical results from ocular inflation studies with Eosin Y on eyes with their corneal
epithelium intact (oasurementssintdijitabinagepixelse [QRARLIGHURE BAsgnciBE Ehaywo
typical r from ocular.inflation studies wit sin Y.on.eyes with thei neal.epithelium
ool ST e b URE o
shows al¢lexeniginpyiehermicarsynenasis igatis, for BratigPES dativatvsierEssiyoes0

[0094]FizURE LRrariaducaserntacalmicroscenydiiages showing (FIGURE 10A)
background fluorescence of sclera, and (FIGURE 10B) penetration of fluorescein labeled

PE-acrylate aftopgfminuiss CLIGURRNRAN nENEIR! S0 AW e imalizsl RYBIACS gesis!y

of fluorescence as a function of depth in the sclera after a 10 minute incubation an

subseqUHKt Ficiatitit 0TS MG RE RSHONS BAFEXSHAMER SiPfalh Peapfrarabast usey to
measurgrug Hiffusiieia tissue sueh @5 HHeearNdyfon TARMGY aiSetepmbhiaasesnce
as seen_from,the Cﬁ;ne,ra. FIWURE 11‘%&.& Itlawgs}lrgla es sgowm ﬁ)otheéglli_lg]%h ness of an

Eosin Yat?glé%aa%% eg“(ﬁi%r 6 it igure 1%, 15Tatet HuSrs 888 Tt

uorescence witnin emé roma
(Filter 2imtvassrshiowwh 90 EigUuis biiA)eC tand:thezutomatedfuoregsendé imtewsitychalysis

using the, MATLARKE) SATWAIRes,

F0079] Some embediments herein are the methods ¢of paragraphs [0024] o

[0049], or [0078} wherein the method is repeated one, two, three, four, five or more times.

[0O80] Some embodiments herein are the methods of paragraphs [0024] to
[0049], or [Q078] o [0079] wherein the activating step is no longer than about 30 minutes; no
longer than about 20 minutes; no longer than about 10 minutes; no longer than about 5 minutes;

no longer than about 1 minute; or no longer than about 30 seconds,

[0081] Some embodiments herein are the use according to paragraphs [0050] o
[0077] wherein the medicament is for provision ic a tigsue followed by photo activation and the
duration of time between the providing and activating 18 between about 1 and 120 minutes;
between about 1 and 60 minutes, between about 60 and 120 minutes; between about I and 30
minuies; between about 3G and 60 minutes; between about 60 and 80 minutes; between about 90
and 120 minutes; between about 5 minutes and about 10 minutes; or between about 1 minute and

3 minutes,

[0082] Some embodiments herein are the use according to paragraphs [0050] two

[0077], or [0081] wherein the medicament is for activation with light for no longer than about 30
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[0096]FIGURE 12 shows slit lamp images of the stroma of enucleatecl porcine eyes that were
treated either with their epithelium left intact (top row) or after deepithelialization (bottom row)
by immersion for 1 hour (or * 6 hours) in treatment solutions (Eosin Y concentration above
each column corresponds to formulation in Table 2). DETAILED DESCRIPTION OF THE
INVENTION [0097]In keeping with long-standing patent law convention, the words "a" and "an”
when usedirethecpragerthapeeific dtiorinteo ned pngthbireapod ¢ ormpytisingy imedading! gheut
claims, denaie.:Ons 19AMAEr &B@twm&@%m&n@i{g@; and seampsisespindicates an open
claim or claim limitation. Some embodiments of the invention may consist of or consist
essentally of one grmore elements, melhod sicps. andiar meiheds.of the Invenfion, lLis..
contemplated tha@ any method OF composition described herein can he implemented wit
respect ©6 thayotheripvetHon iooetsmibesitiodegiiserilsedineraint (0098iD&s bt is [0899)1Thesterm

"corneaj ag.usedhersin refarsdothediansparenhdamesshapesk covering, of thesrontefihe
eye. It normally functions as a refracting_surface, providing maore than half of the foc,usi% ;
a

power fOFTRBEGE "t &5 o BRIEH FEL8eRATthY (eFrBE YS9t i FEaRtl "G SBPEREH
shiny suifacesitiisicaniprisednaf S:tayers:pepitheliuspe@owmandmembisene;dstromes readily

Descemges membrane and the endothelium, The samea alse, housas mare,nerye endings
than an?%vﬁ%%aeslgé%ﬁ%% %éggy%gigé?%%%%fgms '?crosslink"’q? "c%ggsl%nking" as used herein
refers toPfofnatisrrbPAcREvAIHEHINE BetheER g Riokedssipbindkamplit g birtyemient
moleculesmayfn & assidnked iqethal-collagen Rolrailes ta fain a0 etworn of interinked:
collagen molecyles held together by a covalent linkages. tissue, such as the cornea. In further
cpectc SR AS HE A B A T AT I AN B et I
is not duegmnsurgesadnettrayob e rdosito. e wxemplaly thedibicsonditiorekesatordhessberer

particulaf,eases,LoRia BaNeJiesul O LasarARSISIRthiNBi LREIOMIGHSIEASHY:  he
[0102]The term "lceratoconus” as used herein refers to a medical condition in which the
cornea, HRTERPRIHBENTRITodhd HebeISHR S LOHEYRE WHade HIH thifhiigiaRt/BF Bifigiy bf
the corngavikiae shapepafdhe conecatisa skt dgulasteiraciondfdightasiteniesdiaieye oh its
way to tl&% I(%ﬂxb;l{ssgfrlﬁgive re inaevghich results in distorted vision. Keratoconus is a progressive

. : TESENt IVENTioH. .
disease and can occur in one of both of the eyes. [0103]The term "sclera as used herein refers

to the tough, opaque (usuall
g paque ( y Brief Description of the Drawings

(0084} For a more complete understanding of the present invention, reference is

now made to the following descriptions taken in conjunction with the accompanying drawings.

[0085] FIGURE [ is an exemplary apparatus fo monitor eye shape changes during

application of clevaied pressure.

[G086) FIGURE 2 diagrammatically iltustrates ocular inflation due to elevated

intraocular pressure (dimensions are in numbers of pixels of a digital image of the eye).

0087} FIGURE 3 shows exemplary data from ocular infiation studies where
enucleated eyes are uniformiy held at an JOP of 22 mmHg for one hour followed by 23 hours of
an IOP of 22 mmHg in control eves and 85 mmHg in test eyes. Ocalar inflation studies in all

following figures follow this protocol as further detailed in the Examples section.

[0688] FIGURE 4 shows exemplary data from ocular inflation studies where

three pairs of treated and fellow control eyes (12959 and DPBS respectively) were subjected to
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white), outer fibrous coat of the eye, continuous with cornea anteriorly and the optic nerve
posteriorly. It comprises collagen and elastic fibers and is often referred to as "the white of the
eye." Multiple muscles connect to the sclera around the eye and control its movements. At the
very back of the eye, the optic nerve is attached to the sclera. The term "sclera” as used herein
refers to the outer fibrous coat of the eye, continuous with cornea anterioly and the optic nerve
posteriorly .f@104] TH¥ terfimienedhanrcabamtd/ e chemicabpropsity of botissuetastugéd Hérein
refers tothe, hiophysical Bronaitins afthe tissus: Examies ofaimachanieak ROpgHY include

but are not limited to tensile strength, compression strength, flexural strength, modulus,
elongation and t% SS %%?%ES rain), Examples of a chemical property include but are not
fmited 10 the natuh Lo} chemicOR o A LA S F e E T et 3%
crosslinlpatsceflagpées) angriolaw obwerter of Keiation BEthenbErs srempabielnf rerainigcthe

biOd_egrQQ%H%&%téHri@VeﬁEﬁéﬁﬁ &&% ; _&%%@Jtﬁﬁﬂ%l{g}%ﬁlﬁ%ﬁ?H&ﬁﬁlﬂ?&@l@%% éﬁﬁ&e of
the tissue" refers to comblnlnP? photoinitiator treatment with a means for altering the shape of a

tissue to-SEITZE the HESHE PR HHEFASHERY ot SkHitifie R EBrneat iy fetamps ity
reshapegby mears: 0f agiasticommould designed to induce a shape in the cornea which would
improve the vision of any eye. By combining such shaping means with treatment with a
therapeutically effegtive amaunief pholginitiatoentbr:comestiveshape %&Heﬁiﬁ%ﬁﬁc&%g%i
maintained after remoyal. of the shape altering means by illumination while the s %Ecging E‘]e_ans
is in plac&BIGEITHE M Ferapettidaty Bifetlivd dmoint Feters t(é}fﬁ‘épa?’emgﬁ tqtived to
directly esatisezaltaraison of<and omaremedhasiicaigr wiiémitakpreferties obactissueatoisg.
SUff'C'e“aE.)d‘?:@é‘E%é‘% HEs %%Xégﬁf%‘er%fsﬁn c%%i'd%&%%f%@%Q&%aﬁ&:@&i%ﬁ@wl%QZJ&QFSE‘?M;'19&3”'“
deformation condition” as used herein refers 1o a disease or physical change In the eye of a
subject WHIERFES(ts inradhgAgeth the diffensidAoer Bie B eheveiaciire 6rmaasya. apd
some erppadiments:ihis hangein diensiansauses aehangadivisignpasific examples of
ocular deformatign conditions iqcludeAcorneaI defarmation gr}dig}gjnssc uch as keratgconus.
(includinngo%%tesﬁSlfdkaé’}at%%lé“ﬁ%ugg)% thenboo“ést 8ioeriaﬁ € Corneal deformation condiions ot
post-lasehassisiedimaitdecratomifewsis (o&81K) ectasia and postphotorefractive keratectomy
(PRK) ectasia; post-infection ectasia, peripheral ectasia, rheumatoid condition of the cornea,
degenerative myojias MegulBrIOyep@s Selerabstaphylosra; andiglaveannan(inchitingnogulngs
hypertengion.glsucoma.and jou tension. glausoma) [0106HThe term. pholoiniator, a5 ysed
herein réters to a compound capa]ble convéprilng absorbe |gah% energy, ge era}lﬂ}aﬁ\}jor visible
light, into chemical energy in the form of initiating species, e.g., free radicals or cations. Based
CM the mechanisH By whidH M iRG raficik %l%é"‘?&?’ﬁféﬁl, ﬁﬁ@féirﬁ‘iﬁ‘ﬁté@%‘fe‘im%ﬂgﬁ“&ﬁﬁded
into two elassesin yiped phetoinitiatens dincergaahuiimolesulakiband cleavaigerupoOrEtyadiation
to yield f egag%cgr%%ln éil'ryﬂgeigélqgl%g}%igiti%tsqrs undergo a bimolecular reaction where the excited
state of the photoinitiator Thteracts With a'second molecule (a coinitiaton to generate free
radicals. UV photainitiators of both Type 1 and Type Il are known whereas visible light .
photoinitiators genefafty befdity RS AR CIERS Ry SR AR BRIz MR AT @ oice
of photoiriiateridictatesihertype of light source employed, and that different photoinitiators are
active at different wavelengths and with different efficiencies. In particular, the spatial .
resolution with whjghgthe phateintiater canbe-exciied s depardsnt eRwheathelithercure
photoinitiator is excited via single-photon or multi-photon excitation. The photoinitiators may be
in particdf4r ePABGHEN L VS0 TS fhiBie i By ORG gty A A Brete SR S e Sthptible.
DiffusiorPBfthergheteinitiltonsinte thsceraantieptores isigovemsddiyathesizetafsineo!
compoupglsrAnh ey ARl andiar hydrerhehic ieragions AL R ARz he
tissue(s), Desired diffusion rates will be fast in order to minimize treatment time. High efficiency
photoiniti&fdfat&fe desirable because irradiation energy, irradiation time, and photoinitiator
concentration are minimized. Preferably, oxygen acts as an inhibitor to lower the efficiency of
the photoinitiator. R InhibDRGH A Préwdera methathpiapyofécting cxpgencareying bloodre
vessels {iom anydelsierious.eliests.otiphalginitiator-getyaton with ight MSLEIS 45 seen
embodiments, photoinitiators are employed that are water soluble, non-toxic, and sensitive to
the amount of oxygen concentration. Exemplary photoinitiators include compounds of Formula
| herein, IRGACURE(r) 2959, and those photoinitjators disclosed in FIGURE 10B, IOC and
10E of U.S. Published Application No. 20050271590. [0109]The term modulus™ as used herein
refers to a constant or coefficient that



represents, such as numerically, for example, the degree to which a substance or body
possesses a mechanical property (such as strength or elasticity, for example). A skilled artisan
recognizes that the ranges of modulus depend on the exact method of measurement, the
specific type of modulus being measured, the material being measured, and in the case of the
sclera, the condition of the tissue (as in age or health) and the tissue's location on the ocular
globe. ExampiesafamodifintHideby cuidisnmutirges saisoukn owhasth sivoinig aharl tikis] Y
modulusefielasticityelasticonogidus of ignsilespiadulus) dheullmedulisdh).angddhe shear

modulus (0, or sometimes S or ti) also referred to as the modulus of rigidity. [0110]The term
"ocular BSsHE™is tsI et efet <21t A OB B S T A O A S8 g e P e h
eye. In senei arnBodiments, the ocular tissue is a structural tissue which establishes and/or
maintains the shape of an eye. In other embodiment, the ocular tissue contributes to the vision
of an eye. Specifipgxgmples@fireular lissvesinciidedhe.scleiss laminaLrRosa@agdnen.
cornea, Olljg;'éhe terms "direct y-eatment,” 'fgirec&y treatip ,"direcg{ reducin thetriskdo_r'
and the Tke r&t&r fﬁeﬁ‘ho%ﬁ%‘?ﬁafedi'hﬁ%\s‘%hthg\%‘pye% §P§%ee§hd{3ﬁ%ﬁi Bt difSctyinfdiEctEwith
tissue cepipeinisito Cantserarchangeiimtissue Properties!®iredt ireatmentasitieat solutions
photoinifigiar, i dighinguisheduitom nditact phofouiater reatmentwhersi.a photoinitiator

interacts with one or more other chemical agents to change the structure of the other chemical

agents and the changes i }trhﬁe %w @C@&%  in tissue properties. An
example of indirect photo% ia{%o?r rea meﬁt%‘?iés}%g@k%@g?% . PU %ﬁ%ﬁé@ Application No.
20050271590, where Eosin Y/TEOA is used as a photoinitiator of PEGDM crosslinking for
reinforcement of $E1&HH| tisdbdsenig Hf&%iﬁ%&@rﬁ’ﬂ@é&‘ﬁ&WSWB&S%“%HR@& a” and
photoinitigtortherapy ithedermsnidiseatriraaimanioncdifeatly dieating -angibiedikecasiugede
herein aqdjtign(%;\u}/tl;ejer to the amelioratio| Qjc gt Ie.a§t Qne y(ry)g{o&rgegi %%igil ease or gpﬂi{don
such asah oediar deformation condition. iwany}pclﬁsenﬁamp e, In myopia, symptomsp nciide
scleral stretehingrseteral tinsingbotiseierapivbakesiyrrurtherraisie arskilleisr apteriplly of
recognizgs thatthe deatmentdaes REtNaRE IO MRRRNE YISO RMaRAS INPraVIGitdedtgat
fullest extent. In particular aspects, the terms refer to_ preventing the progression or slowjng the

progreséibh BFGH%EL (Rt P EBSHARSAIS F8R 45 HRBEMERER & Y P Br KefAto8BH0us.
in a speaifieimbodimpestidhecvisionistabilizes. [01121The terms "polyethylene glycol" and
"PEG" as used herein refers to a compound comprising more than one partial or whole
poly(ethylene-glygaihackbgpg.saepemer of ethylene-glycol with or without differing endgroups
and also comprising some or no other monomers such as, for example, dimethyl siloxane,
methy methacrylgigolysinerargnine. shanciolii suliale. KRR SIS, Sl N ARRElG e
embodiments, it is défined as an oligoiner or a polymer comprising the repeated units of
ethylenecgitgesk (- OCHIE R fie)qe1 1B IpHedb i natipspizs Bsclisednh eteincavATER#Hdy B0 be
referred daasnesrnsightednessweless (0-the abilivda claariysee ehiects up casebut nok
those at a distance. The present invergion is_suitable for gllf rms and d%)qre S ofrg opia..in

a a

specific BBBaEnE o pla W BathBiSic Antt S AIAGHOs8H wWhe sy eBAIEI8Rtion 14"

W
1on'1s
associatednbitimthisiming, dbocedest tissaebrim¢he p dstendetpartion dfithecglebe!skligburmyopizis
defined ﬁér%%ﬁ&%{%mgn%g}%@é%ﬂ@Hﬂ%’%dﬁed herein the term "pharmaceutically

acceptable salt" refers to those salts which aré, within the scope of sound medical judgment,
suitable for use in contact with the tissues. of humans and lower animals without undue toxicity,
ritation, allergic 1600 bhae ARG B e AT co U i DL IS B ok
ratio. Phefrmaceuticalljcadceptable salisroflamines, Carboxylidacidspingtothetdaypesiofy be
Compougl%%]%l?e&v%l lo‘&%?‘é’&lﬁééﬁ%@ﬁmﬁgg @%@P&%&&‘L &qﬁg@rhﬁﬁ&j HERCNGotecules neid
pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences, 66: 1 19 (1977),
incorpor EdREPIA B HERLEHEES T he salts can be prepared in situ during the final isolation
and purification of the compounds of the invention, or separately by reacting a free base or
free acid function Withla suitdislécrengenmtsias deserbedagencialybdlviPorexangpiondiae
base funglion,cap.he reastedinithd sHitakleagid; FLrthermerenwhaethereampayngds.ef the
invention carry an acidic moiety, suitable pharmaceutically acceptable salts thereof may,
include metal salts such as alkali metal salts, e.g. sodium or potassium salts; and alkaline
earth metal salts, e.g. calcium or magnesium salts. Examples of pharmaceutically acceptable,
nontoxic acid addition salts are salts of an amino group termed with inorganic acids such as
hydrochlonc acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with

L [ PR L [ | N R [ [ R N R [ T [ .



[0115]"Performed substantially concurrently with" as used herein means application of a
method disclosed herein within a period of time that is sufficiently close in time to a medical
procedure to prevent or reduce the risk of a potential complication of the procedure. A medical,
professional performing the procedure will be well informed by the guidance and examples
herein and thereby capable of determining the appropriate timing. in some embodiments, the
applicatiéeiust aaiiethder distlesedrheiip israfidicE mirdicadprodederesiand sargpaiifigauced,
embodimenisHRTQ B A BraiABei0i35 150 A5 15060 75OR QY H2AmIDUIRS REHPRFE

after a medical procedure. [0116]"Corneal operation" as used herein means any medical.
procedufS WHicH MY BReS TEERAhg D YUICAIR Sty a EOPRES Ul O S taderaCsibted in
situ keraternitenisiss(b ASIKEOr photorefractive keratectomy (PRK). [0117]"Visible light as used
herein refers to electromagnetic radiation having a wavelength of from about 400 nm to about

780 nlm. |nh50me ﬁfqugm@ﬁéste&@@ M&@iﬁd@cﬂgﬂi’i%s @fﬁﬂ&@@%ﬁ?&c t@gimlﬂ:%aéﬂﬂgt%n in
wavelength ot a) trom about 400 nm - about 750,run, b) from about 400 nm - about 700 urn
A i et oS8t I

ore) front 4boUL 450 i & 4Botit F68 .rfﬁ‘ffsza]déﬁr] ifERtS BF e R PatoR "
[0119]Inbetmbgdiftbntenkthd jpresent ifiviention; there ane gwiethotiscsind coiigpositionsters the

concerning gltering,ong 8l Mere MELNANIGALANKURLGISMICA RIQRRIHES QA iSSHE. I he, Rody

of an individual, in cértain cases, the tissue is an ocular tissue, and in specific embodiments,
the oculBICEEEIR F<EGAoAE FEERAAY I S &tRAUPR/EE & mplary embodiment, the present
invention concerns altering one or more mechanical and/or chemical properties of the cornea,
such as for an indiVididal witfrkeratoCeriers. (01 20f4 speuificEmbodimeittsgtogpaaventiogtsof

vision dye#0,keraloganus. thePiesentinveninrs.have, devised A MINRIA/ILIavasi e sale-and

rapid method to introduce therapeutic crosslinking in, for example the cornea, lamina cribosa

or sclerd AR ol iPHE By RES SR REFA AT AR SHE S pEiRe dfbodith&fi 6 ofiae
inventionyd¢he invemniiomn aldes promice sotkie abitity tociosstirk-ompalymetize custamamnolectles to

other pa&éﬁ:ﬁé&ﬁ?&%ﬁé .%“&'E%Scragh%s L Within fhe.cameg, sefera and laming eribrosa. Ion. i,
example. The present invéntio applies to a élversny of conditions in which the shape of a
tissue iSTEREtAD B ARG EAN HsthopifalcsHEPRI AT ICRBRIrEsRabhapinee EXEnipIEs
relevantjeMision include keratoconus, posterior keratoconus, post-laser-assisted in situ
keratomileusis (LASIK) ectasias, postphotorefractive keratectomy (PRK) ectasias,

post-infection ectagias, peripperal, eqiasiag (SYehAs BRINE | QJB?J)FQEE@@’%Q%Q&@}QH)’

rheumatoid conditions of the cornea, degenerative myopia, regular myopia, sciera

staphy|0#i&E, (g1 s aita EPRsEItR ASIOR Hticom AN DI TS THIBIAIO R raUE BeleoPEd a

clinicallyyrelgyanhaembination @fength, compression strength, flexural strength, modulus, elongation
and toughness (strese-strain), Examples of a chemical property include but are not limited o the
nature of chemical bonds of the tissue compeonents (e.g. collagen versus crosslinked collagen),

amount of water of hydration of the tissue is capable of retaining, the biodegradation or turmover

rate of tissue constifuents.

{0105} The term “changing the shape of the tissue” refers to combining
photoinitiator treatment with & means for altering the shape of a tissue to stabilize the tissue in
the aliered shape. For exampie, a cornea may be temporarily reshaped by means of a plastic
mould designed to induce a shape in the comea which would improve the vision of any eve, By
combining such shaping means with treatment with a therapeutically effective amount of
photoinitiator, the corrective shape of the tissue can be maintained after removal of the shape

altering means by illumination while the shaping means is in place.
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exemplary topically applied or injected photoinitiator and visible light irradiation to generate
sufficient crosslinking to arrest progression of iceratoconus. Using insight into partitioning and
transport of molecules into the cornea, one can modify or generate a new molecule that
penetrates the epithelium without epithelial toxicity. Photoinitiators that permeate the cornea
adequately diffuse into the corneal stroma in sufficient concentration to achieve clinical effect
with subsequent phidtelactivetfol§ TP ertite S XvapertmsetEnthetemiedle prvent raared

excellent orappuRdsSRRIMeatiRgOthendissHRsh AN a5 therselermoneme ghotginiiiators of
interest dg not p rmeate the corneal epi{heliu(rs% and can be delivered into the stroma by
injection TS MIRSHS DS FATWIRED Ot PR BV e SISl elium. Next, the inventors
show that one can treat tissues without exposing tissues to potentially damaging UV light,
Treatments are pfé¥itded thatafdAcavaB By sHne fyHtiiand thespisReTof rBtirarandisttiteal
damageseausachbynunsiradiadien are.aveidaty inc-adeitionironensable ta-acabizasressiinking
using irradiation patterns to avoid crosslinking in untargeted tissues. The interplay of =~ .
p'notoinirﬂgfiﬁci)rS concentration and |g§1ﬁlﬁtensﬁy govern the ex%oéure‘%me requulred {6 aifect the
necessanyidegréwofirosstimiking for ecpatiefticResids indibstethacinddiativrtimesiogddhan
5 minutes, s pessible, This,wilb shopen he dreatment time.Lom.30 minsesqpsing,thgfiavin
and uv light to about 5 minutes and vastly simplify the procedure for treated individuals, such
as patiefi?téﬂ?%ﬁ&%aw%% SroRAtERSTSaTEE shiryBonietret tohfrotof fthtiacdtivatmsi
(includingactiiation:at leselected dEptiiwithinsa tisspessinghiss belowithe epitheliimanda,
above the endothelium of the cornea) can be achieved by extending the present invention to
e e BT S R
reduces¥idigBReradidtigndng veel 1oz IR g RNl atOIT oI Bl @B AN aspects of
the invention, one or more photoinitiators are provided to one or more tissues in the body and
are activated withiligh@] AlthDugtzsim Cetsir raspectsathestid hi:raiayrisiereftany kimgeimpasticuiar
embodiments.it is visible i raviglet light,-o¢ infr light, T jvati V. bE
two-pho?gqﬁvtdér%ﬁﬁ\?b%é\%%{n%]gi{%%%n’%ﬁ%&%ﬁ %a%fé%?ﬂ%}ﬁbﬁ?ﬁfﬁ%?%%&e |gth?%?afa%ntion
is emplcyfedi{OIRAPrHESd tratiBhcoPhe s P oaine to it i a6 A SuRtABTBI Kind 8 Rty
as the tasgehmelecuies) areastivated fromibeallightviparticwar-aspactsyibe fightexpesyre
is continuous, although in some cases it is intermittent. in additional aspects, the light is |,
applied 8 8BSt ohe OF fiore setonds: one of Miore mimutes, Or One or more hours, i Specific
cases, thedligihttistappliettfor at teasteaboutrormsioniniterc atile astigsostiatveintirutdsat fesst
about thae Minyles .atleast ABRULIOLT MiRkES,AbIeast AL MveimiDues AbIsAN ANQWESiX

minutesbat least about seven minutes, at least about eight minutes, at least about nine
minutes "S1daBF A58 tERE HiftiEao ¥p @ RsTab Sl Wreleh AT ag T ss ttinse the
minutesTapieRsiabout thitlleearmmuies;saideasiaeuitaustee phntintitesoatiieast aboyblifteen

minutes, and.sq forth, in.ather, gases, e light s anpliedno. mare. han ahou Ly miRtes, no
more thaf about twenty fivé minutes, no more than about twenty minutes, no more Man about
Mteen mittiitdgisten hidheitmaisabo ptterratindtesyatiol nsordtivarvabovtinin@miheeritaginssie
than abeyt gight MINULBS, RAMAre 1RaR ahRULRAYSRANRUIES, BRIMANeIhaR AhAUL SiX minutes,
no more than about five minutes, ng more than about four minutes, no more than about three
minutesPRYIRGHE R abBUP NG FALVE LS BF Mo s thiah BB BHE ifGigoable. inhibited
[0125]Exenplan: light sounees:fdsvisiblehightitiadigtiondncliide lahps(e:goa Mercheysdenon
Arc Laméj tionally. filtered t £ ita sub§ to(t (Li h& gvell%wgtgg ﬁL% £rs IZi%h £ i&i)n(g
ciodes (B T B O B S0 i3, Ao eI
intensity fefenerintiofic MTopigiotkes fakbores tarfssudssapdl PHotoInitatorsiBdmpstinapsier
involvedQngefiskitkiadhe adidl meadilyrRe ablestp@dildstdghrintersiyandtime Bfadiation
illumination for a gﬁ?rt_i,cular apgli??a iotn. 9156 Photoiﬁpitiators 0127 Algxigen}glag TPhogoinititators
[0128]in“C&rain S ARt e (ST ELEHIRVETHHO A ChE Or iR ec: reteranly. oxygen acts
as an inhibitor to lower the efficiency of the photoinitiator, This inhibition will provide a method

of protecting oxygen carrying blood vessels from any deleterious effects of photoinitiaior

-7 -



photoinitiators are provided to a tissue of an individual so that the mechanical and/or chemical
properties of the tissue are affected. In specific embodiments, one or more photoinitiators are
provided to a tissue of an individual so that the tissue is strengthened and/or shape of tissue is
altered. In certain aspects, a therapeutically effective amount of the photoinitiator(s) is
employed, which refers to the amount required to directly cause alteration of one or more
mechanigat diceheificatfrofie Mieg gt 1B’ 0 H JUMISIBHAHEY rae PEaca $5hBBnNY8fan
Fcular d@i@ﬂl@hﬁtmlé@ﬂgjtgalﬁd [Qﬁ@ﬁ&ﬁnﬁﬁiuﬁéb';Qnﬂi_i{ﬂto_iijti&iﬁyg@iﬂyCQ&élﬁ&lQidﬁthExm@@%On so
ong as it is photoactivatable and upon photoactivation. it dijrect one,
meaharGHBAR enE T STOBEHR o a CREMH SoHE T ST b thethose
photoinitiateingiadiy pstiphotdinRIGOR in Idthei @Mmbodindents, the photoiritiatgpisaivisile light
Type Il phgiginitiafor. Formula | wherein R., R2, R3, and It4 are each independently El,
halogen, or NOZ2. [0131]hi certain embodiments, RI, R2, R3, R4 are each independently H, Br,

17,01- NO2. In o;@gigmbo,g%nentsm_Rzﬁ I?S”,R4 are gg%h inquﬁ?ndemg& 1-{1, ’Bcr,g ﬂ[élg)tzﬂigtstill
other embodiments, R1, R2, é‘?ﬁh gr&'edén Sy“élgrogen t i cbrﬁjpaoﬁ%n i§'also known as
fluoresceim}stntathehemipodimetits, (Rt and R4 teedegeh N@Riand R2:sand: RBtaxey gashsBr:(this

compound, i3;al50, KRown-gs &esin: Bl I stilQinef emaodiments, 12, 12 Ba.RAaig.each Br

(this compound is also known as Eosin Y). 101321An exemplary compound of the invention,
Eosin Y'#ilisertissd 16 Besesel tre e Bneiise tidtPth Yrisierael: (1381865 i€ most
commomiyknewp:ag anwaiersokiblenxanthenendyaands aeanmmen stain tar wellagen, Eesin

Y s a Type.iphotoinlliaior hatis ypicallyused n combination wilh fretanglaming (TEEM.)
However, as With other ype ip otoinitiators, any‘suitaf)le co-initiator can be used. ﬁawhg
an absoFptonipeakmarouhirstdenherEp simadiduadalvatisepatfieindyioynoRcicity ofsit ef
(green) LighticE QN YbWAs or tensile modulus), the bulk modulus (K) and the shear modulus (G,

or sometimes 5 or ) also referred to as the modulus of rigidity.

[011.0] The term “ocular tissus” as used herein refers to a discrete tissue type
found in or associated with an eve. In some embodiments, the ocular tissue is a structural tissue
which establishes and/or mainiains the shape of an eye. In other embodiment, the ocular tissue
contributes to the vision of an eye. Specific examples of ocular tissues include the sclera, lamina

cribosa, and the comea.

I 4

[O111] The terms “direct treatment,” “directly treating,” “directly reducing the
risk of” and the like refer to photoinitiator based therapy where the photoinitiator directly
interacts with tissue components to cause a change in tissue properties. Diirect treatment with a
photoinitiator is distinguished from indirect photoinitiator reatmment wherein a photoinitiator
interacts with one or more other chemical agents to change the structure of the other chemical
agents and the changes in the other chemical agent cause a change in tissue properties.  An
example of indirect photoinitiator treatments is found in 11.S. Published Application No.
2005027159C, where Eosin Y/TECA is used as a photoinitiator of PEGDM crosshinking for
reinforcement of scleral tigsues, The present invention does not encompass indirect
photoinitiator therapy. The terms “direct treatment,” “directly treating” and the like as used

herein additionally refer to the amelioration of at least one symptom of an disease or condition

such as an ocular deformation condition. By way of example, in myopia, symptoms inclade

=]
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[0134]Notably, Eosin Y itself has a well established track record of biocompatibility in a range
of applications as shown by Table I. [0135]Table I.Literature demonstrating biocompatibility of
Eosin photoinitiator systems. Authors - Application Hemostasis of Liver Tissue Nakayama et.
at Orban et. al. Cardiovascular Applications Cruise et. al., Pathak et. al., Desmangles et. al.

Islet Cell Encapsulation / Microencapsulation Elisseeff et. at Transdermal Polymerization
scieral stretching, scleral thinning, or scleral weakening. Furthermore, a skilled artisan

recognizes that the treatment does not need to improve vision, such as improving it to its fullest
extent, In particular aspects, the terms refer to preventing the progression or slowing the
progression of an ocular deformation condition such as degenerative myopia or keratoconous. In

a specific embodiment, the vision stabilizes.

(G112} The terms “polyethylene glveol” and “PEG” as used herein refers to a
compound comprising more than one partial or whole poly(ethylene-glycol) backbone monomer
of ethylene-giyeol with or without differing endgroups and also comprising some or no other
monomers such as, for example, dimethyl siloxane, methyl methacrylate, lysine, arginine,
chondroitin sulfate, keratin sulfate, etc, In specific embodiments, it is defined as an oligomer or a

polymer comprising the repeated units of ethylene glycol {--OCH,CHa--).

{01133 The term "myopia” as used berein, which may also be referred to as near-
sightedness, refers to the ability w clearly see objects up ciose but not those at a distance, The
present invention is suitable for all forms and degrees of myopia. In specific embodiments,
myopia is pathologic and is diagnosed when eyeball elongation is associated with thinning of
ocular tissues in the posterior portion of the globe. High myopia is defined as greater than 8

diopters.

[0114] As used herein, the term "pharmacentically acceptable salt” refers to those
salts which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, ailergic response and the
like, and are commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable
salts of amines, carboxylic acids, and other types of compounds, are well known in the art. For
example, S. M. Berge, et al. describe pharmaceutically acceptable salts in detail in I
Pharmaceutical Sciences, 6G6: 1 19 (1977}, incorporated herein by reference. The salts can be
prepared in situ during the final isolation and purification of the compounds of the Invention, or
separately by reacting a free base or free acid function with a suitable reagent, as described
generally below, For example, a free base function can be reacted with a suitable acid.
Furthermore, where the compounds of the invention carry an acidic moiety, suifable
pharmaceutically acceptable salts thereof may, include metal salts such as alkali metal salts, e.g.
sodium or potassium salts; and alkaline earth metal salts, e.g. 'c.:alcium or magneshun salts.

Examples of pharmaceutically acceptabie, nontoxic acid addition salts are salts of an amino



Luman et. al. Carnahan et, al. Close linear corneal incisions, Secure Lasik flaps Alleyne et. al.
Dural Sealant in Canine Craniotomy (FocalSeal) West et. at Thrombosis Inhibition [0136]In
particular embodiments, the photoinitiator is combined with one or more labels, so that the
location and/or amount of the photoinitiator can be monitored once it is delivered to the a
subject. Exemplary labels include a fluorescent labels which optionally may be selected to

fluorescEBPVRIRAG RGth & BraGH AWRTEH tlo % 5 STSSIART AN JBIRFARERE prBtEIHitRIter: acid.
[01371Al1hmkghcpeﬂmep@&mbﬂaﬁaswr@m&mis)tg‘aaim@saslmldliﬁeﬁemmmp@mdszems&naiem
(Wollensalg 20062 gre are n rselr!:able dlctlv formuJ%s fgr dlfoSI n of che |caL§l across
the cornéa (Bﬂausnl A Ri6dhan. 1968} trénds Sh creased fipoph |C|ty can assist
transpoaufa@ndsmh@}remtﬁambﬁﬂ@ @T!angmpemcaﬁvm@ﬂp@asaﬂdf@tlatiumggﬁ)pa\%cﬁlgemgwng

charges, framphaymacenticals MRy e ReHRRab il iYiroMeasiigments. cosslae well

with in vivo results for epithelial permeation, prowded the tissue specimen has its epithelium

intact. IFSOThe BB Sﬁgﬁm@fﬁmﬁ%vm@ff@ﬁ%ﬁa‘fﬁﬁ?‘éﬁl?ﬂgﬁmu?glﬁ%wmﬁﬁds
throughithe:epitielumnis tgidetkpaseads ghargedaystakingebardonyaterdenvatyes-therest,
One su mod fIC tion.is,t aql %@{q[ Al e . Site, Fone

prepare%lgﬁl& -graft ggr o%f?m Y (ql}>V ﬁby%oggﬁ%g%n; gPpEéYJ‘(%BH? ar%dt H tl%gﬁr%%ﬁ %gi%%%
acid sitenfyeexaleite mﬁ@@%@%@ﬁ‘é&ﬁ%%wmr&ﬁ@mﬁ%ﬁwﬁ%@ PEGONEEEN be

used: -20Qi400and: 800 gineh{0133]The stremaidhe thigkestdaysseidhecamea, compiises

a Complgi)\(ralaa propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesuifonate,
undecanoate, valerate salts, and the like. Representative alkali or alkaline earth metal salts
include sodium, lithium, potassium, calcivm, magnesium, and the like, Further pharmaceuntically
acceptable salts include, When appropriate, nontoxic ammonium, gquatermnary ammonium, and

amine cations formed using counterions such as halide, hydroxide, carboxylate, suvlfate,

phosphate, nitrate, loweralkyl sulfonate and aryl sulfonate,

[0115] “Performed substantially concwrrently with” as used herein means
application of a method disclosed herein within a period of time that is sufficiently close in time
to 2 medical procedure to prevent or reduce the risk of a potential complication of the procedure,
A medical professional performing the procedure will be well informed by the guidance and
exampies herein and thereby capable of determining the appropriate timing. lIn some
embodiments, the application of a method disclosed herein is after a medical procedure, and in
specific embodiments up to 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 75, 90 or 120 minutes or

more after a medical procedure,
[0116] “Corneal operation” as used herein means any medical procedure which
involves reshaping or surgically altering a cornea such as laser-assisted in situ keratomileusis

(LASIK) or photorefractive keratectomy (PRK).

[0117] “Visible light” as used herein refers to electromagnetic radiation having a

wavelength of from about 400 nm to about 780 nm. In some ernbodiments, the visible fight 18
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arrangement of collagen fibrils, glycosaminoglyeans and proteoglycans. Insight into the
molecular basis of comeal stabilization from the study of model systems (collagen networks,
polylysine, polyarginine, polycysteine, hyaluronic acid, dermatan sulfate, keratan sulfate,
chondroitan sulfate, or heparin sulfate) allows variations of Eosin Y or new photoinitiator
compounds to target specific interactions that increase efficacy. [0139]B.Delivery of
PhotoinfietSPIedudiindeie Smbutinieness e phatsirmiatris i ay beabieliveiednbyp bivgm
suitablegmannes apd-using AMLsLAbI8-se0INLN 150 AeNg asoacthwrapeutically effective amount
is employed. In particular embodiments, the photoinitiator(s) is delivered topically, by injection,
by contacts (including sustained release contacts), by a sponge soaked in photoinitiator, and
so forth. Eye drodgély beianmipliyectantiin fomencases:the: photoinitiator(s) is lyophilized.
Photoinitiator(s) may also be delivered to a cornea through injection into the stroma with
fine-gauge needles; this stromally injected photoinitiator can diffuse into stromal lamellae.

[0141]The time bdfWEHn pHtiftREBr etively Bfid MFFsRNatENIHESEbelEiusied RsilAdivieisal

patientscant iy depand AR anvaietyef jaciors nRehiging ihe/sifisinntaiRAIHRe of 2 tssue
photomltlator(%) Jttofthe tar e tls[su? and the stabllﬁ of the PhOtOInI jator(s l3undéar the "
conditions Of ad mst‘?ﬁtl%n%fe G ambishtigrE itenSin) " fhe pRotSintiators) ay b&prdlided
to the individdiatcandithenuiol dwing lammmmwtsekm:neht(ﬁ engind thatttheephroto mm&t@rt@ﬂtas
reached;g. patticulatlacatiop.andorsHificiertdeve).foLexample, i iradiation g?ﬂt{ Ay

or confoca

applied. For example, the photoinitiator(s) may be monitored with slit lamps an

microscoPE&anw e ’t‘ﬁéob%tBﬂﬁ‘i’ﬁ&tﬁﬂt’éﬁl‘%ﬁéW@@é‘tertaln depth in a particular tissue, and then
the photoinitiator(s) is activated with light. in a partlcular example, the photoinitiator(s) is
“monitored while it pepetrates the > cornea tq ?{gnpg:%pth and hegr;oth% pho %tr%égr s?ls the
activated with Ilgh[t 42] & RMount of time j%étween V?]O?O%ﬂl iator dein |ver an -
photoackizatisniof thepHEtsinigaiesdsy rrayipelbf anpsiitatie oﬂ%ﬂ@nl,dam@ughtm Byedifie

em bOdi@?@{H&@@JﬂH@@LMQ Iﬁef&rgﬁfn%@%ﬁ@%ﬁem&&ﬁ% AROQWS :dRapagiic-emhadinents,
the amount of time is about one minute, about two minutes, about three minutes, on_up to

about 1P RIRSENES O SHETHORE ébSEﬁuéP&ﬁ%% FHERE e a PEB DRl & F}HES?S oridsP
deliveryrandighoteadtivatiortaf thekphotolpitiater isinoctongerthanabdut pne winkiteyabout two

minuteSsSRRKE o inUISs ADOUL S RUES, SO0 A0 MUeS, shous 30 OLEs, 8RR ©

about 120 minutes. [0143]C.Tissue Irradiation [0144]lllumination of photoinitiator treated
tissues APV B BECOMRBIIEREABY HMEATERISk div/ibax M teerhit H@%ﬁa@ﬁﬂﬁﬁﬁiﬁ‘id@tﬁv&w

systemsxdied Qpiis:light sy stemsesilidraiagtien by-anindireraphthalmescaprdelivary-sysiem

are all examegles flgumlnatlon vg%?salsgelgdélym %{Jtablgtt%éﬂ usses %ﬁ?ethogm}s dsls%lossed
herein. Rny St Ece o tech°h| ue may be used Is cap albl f‘ efing the

appropr[atetwefwet%@tﬁ(stethghtpﬁléheaﬁpmpﬁat@nﬁteh@tymiass@tﬁtﬂbmfamtaam olutime,
based gengially pa-dhe:spealle RhaIniialor @intasand aiherLarametersdisgosad-nerein.
[0145]T21813g;2§r;tegotfg}a/tl?t?}lggld%?:?e?ilgagghyiomaa, glaucoma and normal tension giaucoma.

[O121] The inventors have developed a clinically relevant combination of
exemplary topically applied or injected photoinitiator and visible light irradiation to generate
sufficient crosslinking to arrest progression of keratoconus. Using insight into partitioning and
tt'anszzxort of molecules into the cornea, one can modify or generate a new molecule that
penstraies the epithelium without epithelial toxicity, Photoinitiators that permeate the comes
adequately diffuse into the corneal stroma in sufficient concentration to achieve clinical effect
with subsequent photoactivation. Photoinitiators that peﬁneate the corneal epithelium are

excellent compounds for permeating other tissues, such as the sclera, Some photoinitiators of



[0146]In specific aspects of the invention, the methods and compositions may be employed for
any medical condition of a subject in need thereof, Although in particular aspects the subject is
a human, in further aspects the invention is useful for other mammals, such as a horse, cow,
dog, cat, goat, sheep, or pig, for example. [0147]Treatments may be repeated in the individual
as needed. For example, a second or more treatment may be applied within days of a previous
treatmemtisfithile Weeksrofate previousrgatment; erdvithivermonthsdmepie viousatbeatments.
[0148]A-Reulanedical Gonditians: AHAFHmembadimspisiafthainvention, shere is,isatment

of an ocular deformation condition. In specific embodiments, the ocular deformation condition
compris8&IETaEEbRTECh RO LRSI BINIES FoBePriali Sunigiag, PhidisPRICEaAsIAs
post-infecticieictasias -peviphesal egtasing(siehas pelueigmarginal cernenkdegengration),
mheumatpid condiiana ol ibgcormea, drasnerative myopa. (egular Iyopia.anch of SR
staphylomas, glaucoma, normal tension graucom'a, and ocular yperte]‘nsk% iR %Someahen
embodiPERBs e rRstksgs s arinyaiass as Eespro phiytastically @ rédudetiheriskefivrtion
prevent af ogparsefenmatinr condition.neliding.apyafdhe foregeing. I npatticialegree of
embodim_entP, the methods heﬁnﬁr‘epﬁoglje to.a cornea concurrently with, or soon after
undergoihg A LASTR. PRECBY StheH SoREAT oat STHAL Pdtiee e il o T oS toperRis:
ecstasialorsottiBrsborine dhe eformetiomneo Aditiohs mihicks aréngonaplieationstofisligh epesations.
L01501 L Glavcoma Jal A Glausamadeadratingcause Al yisial s rpughoutfisuaid. In

glaucoma, there is progressive loss of retinal ganglion cells associated with cupping

optic nef¢& MEH R foSEETaM SHRIEBIStIC IVERTE ERifTalge dedlrshrasiev Atedudina cetraiprassure,
greater thma2l daph figalot uneameaenlys howeves, daeniical aplichae.eUpRInGIGaRn yremseen
at normal, Jptrgocylar pressyres nomaliension diaucomeal, Burgowne and coworers have
shown that intraocular pressure eforms the suﬁ%ortlng S & ot the o(f) i ferve, R¥1%nina
cribrosaas ¥Wethas e pearipepitaneBblacnve e Burgoynd, [eR, Daobensci@eBelezdarAiatiali- The
optic nefyg.hepd (NH) as a biomechanical structure: a new paradigm for understanding the
role of I0Prelated stress and strain in the pathophysiology of glaucomatous optic nerve head
damage. Prog Refj g fye ?szzgc(%?s}a ﬁ}:f’lSQ-?s 2. Bellezz Al, Rintalan ClI, Thompson HW, et al.
Deformation of the larina cribrosa and anterior scleral canal wall in early experimental
glaucoma. Invest h;halm,ol Vis Sci. 2003; 44:623-637 3. Yang J, Downs JC, Girkin C, et al.
3-D histomorphon@t)‘?y}of tHE (FEHNEI SRFLArRS JREUCBIRAESES PENREy BRtICRRRIBHENE: nina
cribrosaramd<eeripapitlarynsele takpositiahandithiekness:invest Ophthelmok MisuSEiiR00%hin
48:4597:4607) dntaacylar Aessurenduced posteriar deformation,and thickeping the lamina
cribrosa connective tissue' is thouagIWt to contribute to damage to the axons as they exit the eye
with resUBBnCE s NSNS SitiecatresHy B EiT Y9G B rivig itbpldpoirity ONH bofwidetive
tissue syseepliiiiniaanadeand permanentdetonmatir should be directly related to its
structural stiffness, which is a combination of the structure's geometry (tissue volume and

morphology) and mgserial PipPRMER (IseUR SUfitsssl {ANG.) RN e BIINEPLAL 3D

histornorphometry of the normal and early glaucomatous  monkey optic nerve head: lamin
cribrosa®atef prEpaBMNEFYECicrs ositisn B thickeitsdn Prdist @praimdlavisiS exppoo7 is
48:4597:46otd enefares kwenlteristiengthen)ithe:mechanicalprapestiesofithe laminag
cribrosafqng)gg?ggengideg%m%tiog“of this tissue in I(I:;(La}ucoma, or normal tension glaucoma, we
would reduce or aven halt the prograssion O eSS BINARG HigbTeIS Burth@ibre it pitfents
at risk foreglakacomidtirse: With ebaldrdwparansieni¢elevhted tntraocuiay, pressureowithot:
optic neﬁﬁ%&@:@@@@é@@mﬁ%&la}fﬁ%@gm%y@gﬁmv%qm%@éy%'ﬁﬁy@aﬂ%&b@&%@ﬂ&%g“ﬁma

author peripapillary sclera would prevent or reduce the risk of glaucoma or rate of development
of glauc{i?ﬁ%é?%i%sé’]“ﬁa BTty Aty T ADHE TERRETEITCHAE Hiat JaRIE St BT PRy S EibRarto
increasesresistancestacpsesserednpdeced:deformation; photeiniiainmneeu|ddenjgwedhirteen
introcLigiiy. 3ad/er petiogdlarivprier Btadiation, nadiation.coudthen be aphiierl tiogh the
pupil of the eye and directed at the lamina cribrosa andlor peripapillary sclera. Al ernatively,
irradiatiéAsed Ul BEHppIReatre Masoisteongbapplo e st arfiberoptivpréiset Maltiplivton
irradiation might be particularly useful is controlling activation of the photoinitiator selectively
within the target tissue (s), the iamaina cribrosa and/or peripapillary sclera. If the supporting
tissue of the optic nerve were thus stabilized, glaxilcomatous atrophy of the optic nerve could
be prevented or slowed.



[0153]B.Non-Ocular Medical Conditions FO154lIn embodiments of the present invention, the
tissue treated comprises a portion of a blood vessel. For example, a blood vessel wall at risk
for an aneurism may be strengthened according to the methods disclosed herein to reduce the
risk of an aneurism developing or to strengthen an existing aneurism to reduce the risk of the
blood vessel wall rupturing. [0155]In other embodiments, the tissue encompasses a hernia or
tissue af'FidKGF e Rt OB StFSNETHEMIY thelisS0E ARTDREMG e thic AR FFOdRCHEPEH tHe

risk of hggpiatigNQhihe iskalingreasedheipiatiansnay Retedueatsd0disH] Migthel no more
embodiments% the tissue treated comigl{'lzesargxlveolar structures at ri%%l?f deg neration such as
n stre

in COPLY Pafiefits 4 THBHBaEHErE G e Ao SIAPSHUCHINAL S FaG e e
occurremcgaatidratecof Alveotamdegenerationth{01B7{intbtherembodiments; thertissus treated

may be gamaged hear lisgue.e8: sHPsgquent to a myocardial infarction. Damaged heart

tissue may be strengthened by the methods herein to improve heart function and/or reduce the

rate of loss of heart function. For example, strengthened heart tissue in cases of dilated_
cardiomyopathy riga}ilyfj’ﬂalt orr%?gfing({:%éyth1 fate's ogé%lc‘f Sfit(f')jlllrediﬁa?’t}:I tplﬁrranﬂﬁ?ﬁancgégéfy{%&%g]ﬂs%ay
or Alterdtiomwof akechamicalandivoChierfiicat® ropertyachbsTiss ligH0v 56k gbrtailnsaspects of

the invepipn, e Alteranon ol meghanicalandionchemicah RIGREILY hadissur.is asaayed. A

variety of materials testing techniques are available to one of skill in the art. For example,
Young'sHtibtiifis 6 S MEPHE e 4Bufdr BSing s TAC TSt efits ARTO OB ATdBIEtEt
(using accleateddparaliel plate@eomieliy) i Q6 atinvcR riaini BSpeait: ab thgunvéntionethey and

alteratlogrgg & tl T ?g%efgaxt%%uim‘ application.

(01261 Phototnifiniors

{0127 A, Exemplary Pholoinitiators

[0128] in certain embodiments of the present invention, one or more
photoinitiators are provided to a tissue of an individual so that the mechanical and/or chemical
properties of the tissue are affected. In specific embodiments, one or more photoinitiators are
provided to a tissue of an individual so that the tissue is strengthened and/or shape of tissue is
altered. In certain aspects, a therapeutically effective amount of the photoinitiator(s) is
employed, which refers to the amount required to directly cause alteration of one cr more
mechanical or chemical properties of a tissue to a sufficient degree to treat a symptom of an

ocular deformation condition,

(01281 Any suitable photoinitiator may be used in the invention so long as it is
photoactivatable and upon photoactivation it directly affects at least one mechanical and/or
chemical properties of a desired tissue. In some embodiments, the photoinitiator is a Type I}

photoinitiator. In other embodiments, the photoinitiator is a visible light Type I photoinitiator.

[0130] In certain other embodiments, the photoinitiator is a compound

represented by Formula | and pharmaceutical salts of Formula I

~J
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visibly identifying a shape change in the tissue. For example, the ocular inflation assay
described below visually measures the swelling of an eye's structures under increased
intraocular pressure. [0161]Other instruments and techniques known in the art to characterize
mechanical properties of a tissue may also be employed before and after treatment. These
know techniques may be found, for instance, |n Aheame M, Yang Y, Then lICY, Liu MC. An
indentation technique to characterize the megtanital and V|scoelast|e properties of human and
porcine corneas. Ann Biomed Eng. 2007 Sep;35(9): 608 16; and Gatinel D, Chaabouni S,
Adam PA, Munck I, Puech M, Hoang-Xuan T=Corpgal hysteresis, resistance factor,
topography, and pachymetry after corneal lamel flap FR&fract Surg. 2007 Jan;23(1):76-84;

B s, s

and the other relevant references cited hereln [O 6 ary Ocular Treatment [0163]An
exemplary treatment procedure be s applitation of formulated eye
drops comprising Eosin Y is given to 0 es before irradiation. This
provides time for the agent(s) to diff |nt e scle Rlout | - 120 minutes, the eye is
irradiated with visible light for abari 12cat a wavelength appropriate

to the specific photoinitiator, for examplei 50050 nm for Bosin Y). Ophthalmic-balanced saline
solution eye drops can be used to rinse the eye after adriinistration of the photoinitiator and
before photoactivation. Suitable modes of clifii¢zhaplementation of irradiation include having
the patient in a supine position and delivering light through an operating microscope or having
the patiéfirsdated Anddéliverigeight HSmRyaisntiampastm: %Qﬁ also use a fiberoptic light
source directed at the sclera via a subconjunctival or subtenons approach. Suitable light
sources for irradidfioh inclubbecerfeimpriptiisenor BilightiEmittiag dicdedercadeantiple. Suitatile
methodgte, coptigl the iradiation pattern iacidenton the lisaugiinelude sasteringthaiiragiation

beam, using a spatial light modulator, usm a digital mirror device, or using a fiber optic
coupledetBdiaertsidieRarfipid PR tFad BB b S S RARTE Eﬁ%‘tﬁ% YR E dhd
halts or sipwspregressiverchange associalet with, fornexample steganatativenmyaplas Wideen
treatmerg(t mvolver eﬂgome%ﬂs%g&eg{tn are r m n| re}g f%r r&rgg%ghcgaggesc&%mnmq also
example, cornea t pographlc assessment ape change resumes, the treatment may be
repeatedsvofte Eessnecessary (for example, at intervals of 3 to 36 months). [0164]The
amount of light exposure may also be changed to adjust the degree of crosslinking that is
occurring in the tissue. This may be %uantlfled % ?alsunn the decreasg in fILﬁ)rescen e
intensity of the phttbifitiatot URYHHE i SHAHEIT SlotEdiE e BsSiking in 16¢ahsed Srdas
may be denehusitg ightpattennsandgesan detviation by multiphoton light sources. EXAMPLES
[0165]The following examples are included to demonstrate preferred embodiments of the

invention. It shoulghbeappregiated by those.afskill indhe artthaidhe teabnigursdiscosad.in

the examples that foIIow represent techniques discovered b%/ the inventors to function well in
o

the practic®Biiie FBHREFCARRF GO TANhE chrsileri PRy QORI Bt PEF S tE&% P its
practice chigvitenes, thaseaiefakilinite BrOshouthwavightsof thexare Sont disghostingiappreciate

that man nges ca be magde in the specific embodi ents that the discl t tain
> ?P ; isclosed and.stilk qb
a like or ér%kfar resllIJl wﬂ gpgsr?lng om” eaﬁsplgrlgfn é’SBé of the invention. E)%AMPLE IL

PonethW@n@WﬁMMh&W&%@EG@M} (BRAMEIRAtion
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using Eosin Y/TEOA photoinitiation [0166]Following the teachings of U.S. Published
Application No. 20050271590, the Inventors Eosin Y/TEOA as an alternative photoinitiator of
PEGDM crosslinking for reinforcement of scleral tissues. It was surprisingly discovered that
Eosin Y/TEOA. was comparably effective in the absence of a target crosslinking chemical (e.g.
PEGDM) for enhancing the strength of scleral tissues. It was particularly unexpected that a
Type |l photoinitiator wasgcapable ofrsfgangthening the sclera to a therapeutically useful degree
ploximately 30 minutes or less. Without intending to be bound by
the theory, it is believed thatiEosin Hmay sufficiently promote the direct crosslinking of
collagen and agfer scl 1ents te,enhance the strength of scleral tissue directly. While
this dose not preclud 5@ of €fosslinking chemicals such &'BEGPV, the results with
Eosin Y suggested.a ! ) ation was possible using agents already U.S. Food and
Drug Admini&teddon ap . MPLE 2 Dose resp6fige:ag mechdsical@operties of
treated tissue [0167]Aspumber of gifferent techniques were used to initially evaluate scleral
tissue strengthening including tensile tests, oscillatory shear measurements and the eye
expansion assay discussed more fully below. [0168]The ability of initiator with or without
crosslinkiiig compoundgﬁgg!%r,%ngthen the sclera was initially eval:gg@ using rheometric
analysis of tissue sections, Sclera sections (8 mm diameter) were cut from porcine eyes and

tested on a TA Ingjruments ARIG00 theameter(using.a cleajed paralelnlate aeomati) tor
quantify changes in modulus pre- and posttreatment. Two example photoinitiators were
selectedPioramisi i Untion G ReURIN 295673 - W di8%5/L 144-(2-hydroxyethoxy)
phenyl]-2-methyl-fppropanansleand EosigMowith tiihanetaminedbosini¥iliiz0A) Eosin Y
IRGACUREA0)i2969 £k2989) is a UV light activated photoinitiator that has shown low toxicity in
cell encapsulation studies. Eosin Y/TEOA was selected as an example photoinitiator
responsiveutbassible light from the group defiisdtmrFormula | The shear modulus of scleral
tissue incraasechwith 12959 pius PEGDMHreatsteivts! aivd:thesmagnitude| of the change in
modulus {ntreased. with decreases in oxy§ani{oxgelarintmibiesdhaspolymerization). Similar
results wereisctievedagsihgtEosin YITEQRIg GsIPEGDIaNgdiscussed gbove, it was
surprisindbgsoergietat Bomparable incread®sRewrRilAESccurred upon treatment with 12959
or EosinHFEgiAsiehe. EXAMPI F 3 OcilEsfaps inahmgisi¥bdel of myopia and
keratocoreWRA[0E69]Stabilization of ocula-FSPETE SRR ET HV¥itro using pairs of enucleated
eyes fropt:-PEIAPE1 2 weeks)-New Zeald A B s o re-treated and the fellow eye
as controﬁgﬁ‘d‘}ﬁﬁﬁii’:{and accelerate aspetg ]f e 10ad %rggometry present in vivo, the intact
s 4 i A impachedddiotomy trocatosal) . :
globes gr&mgzch%n:cally tested-by-tmpos 8 AT ESrasd it aocutar pressure: a syringe
connects-the iRtrhoeutar-fiuie-to-ametevated reservoir ot Dulbecco’s phosphate buffered saline
(DPBS) while the exterior of the eye is immersed in DPBS at ambient pressure (FIGURE 1).
Enucleated eyes from young rabbits provide a model of distensible corneal ancésd%ral tissue:
when subjected td $iéGhted inPaSEHIAT HrESEHREH vilto, IRNUBIHEY progtRBEce Iy Blugas ©
outward ape the=gclerakwelk expaind s (FiG bR @ ahthdphotoinitiator can be monitored once it is

delivered to the a subject. Exemplary labels inciude a fluorescent labels which optionally may

be selected to fluoresce at wavelengths of Lght which do not substantially activate the

photoinitiator,

[G137] Although permeability measurements of almost 150 different compounds
exist (Wollensak, 2006), there are no reliable predictive formulas for diffusion of chemicals
across the comea (Prausnitz and Noonan, 1998). Trends show that increased lipophilicity can
assist transport across the epithelial barrier (Tanghiu er al., 1994; Sasaki et al., 1995). Also,

removing charges from pharmaceuticals may improve permeability. In vilro measurements

L



[0170]The size and shape of the globes are simultaneously recorded from two orthogonal
perspectives over time. To prepare eyes for the tests, the epithelium is optionally removed
from the cornea with a cotton swab, and external fat is removed from the globe. (Note that
permeation of the photoinitiator into tissue is examined separately below.) The eyes are then
soaked in control (Dulbecco's PBS) or treatment solutions (e.g., 0.029 mM Eosin Y, 90 mlvi
TEOA, itPDEBSYRYr Bithin. vAReeSBiKkpigcribeis)as amreapatatadijab thefieve Saransoliion from
the surfagenanghthencirradiated fonbommefiomthe-dsant and a pin foRdbahack withmeig 1 34
mW/cm2 at 50050 rim for Eosin Y/TEOA. The eye is then loaded in a cell of DPBS while the

intraocufSPIEEEE A8 EFEIPT s IRAM &8 Qe 88 R Y (PASeR SHTaf R ERDG R daREH S ery
10 minutesdof. appreximakelifi24iho iy scarddandlyz 66k quantifybthelextensiGivof thetornea

and sclerg, The foragoingwhole.gyve B@@@@’J@%@%Q&%W@M 1he vantars 8&%3}%‘?}%@

stabilization of treated Ocular tissue when the other methods were not Sensitive enou

register ¥hiifigd M Mool Ex At erhcesraraibi sfaieinducarmopeiEs 0 yan be
elongatiggeanchin- vitioastaduilization of ocular shape inflation model of myopia [0171]Tests with
the UV activated photoinitiator, 12959, showed the ability of this method to stabilize tissue

directly Eyes werg,seaed i},0.3%, 42993 for:amin;and exposed in Ight (10,mWigme 365 nm)

for 10 mm on the anterior portion of the eye and 10 niM on the posterior portion. Eyes were
then corfBERsE 8 e Salirecre SRS AHEPHBUIBREDSERS iaS REEasfHEdiatBREtS a8 mifRg.
Over timestheiticaiad eyesheldsasicady:shape ivhile dhesfintoaalasseyes comjruoustyosxpand
(FIGURE fg 101721 Tests with 1%959 F.rov g?uer (possibiéj&y o strgggghﬁgt £ye tissue a

o1 yIvsine, Jyarginine, polycystEine nic, aci erma g aldn  suiiate,
prevent BX a?’nsmn,P OwWEver, a Visible [o} t activated formulation would generaﬁfy Pe better

suited fohelidiedimppliestion. Eypesiverdasyakédvin 020289 paIeEosSTn oY h9O MINETENstor

solution fgkBdMif @ﬂ%ﬁ@@g&&%%@&a@aﬁm&&g@régsyiﬁi@&%éight (34 mW/cm2, 450-550 nm) for
5 mm on the anterior and 5 mm on the posterior portion of the eye. This treatment was also

able to prevent ey, I%Qansion (FI URE&&@%}&]@@;@@&&} the sensitivity of the ocular
th'lo '

. . . i . .
shape inflation studiés, we were able to proceg wi w concentration formulations. The

visible light activated system exemplified by Eosin YrfEOA showed quick treatment time with
low intensity, visik;%lﬁe%nt exPosiPe SRTIEW Pttt EBREEHPatis Simfidr e & 20y

concentratiabis useckinkDAiIapproedprarpacey ticals gncorporatingiEdsir iR OMnount is
Fofrﬁmgt%?@“}ﬁé‘iﬁg@%m‘ [ ST G R PGS AYRES RS T IR R AGIREMING IS tion,
by contacts (including sustained release contacts), by a sponge soaked in photoinitiator, and so
forth. Eve drops may be employed, and in some cases the photoinitiator(s) is lyophilized.
Photoinitiator(s) may also be delivered to a cornea through injection into the stroma with fine-

gauge needles; this stromally injected photoinitiator can diffuse into stromal lamellae.

fG141] The time between photoinitiator delivery and urradiation may be adjusted
for individual patients and may depend on a variety of factors, including the diffusion rate of the
photoinmtiator(s) into the target tissme and the stability of the photoinitiator(s) under the
conditions of administration (e.g. ambient light intensity}. The photoinitiator(s) may be provided
to the individual, and then following an amount of time to ensure that the photoinitiator(s) has
reached a particutar location and/or sufficient level, for example, the irradiation may then be
applied. For example, the photoinitiator(s) may be monitored with slit lamps and/or confocal
microscopes while the photoinitiator(s) reaches a certain depth in a particular tissue, and then the

photoinitiator(s) is activated with light. In a particular example, the photoinitiator(s) is
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exposures described above were suitable to use in an animal model for myopia and in clinical
trials. Extensive literature exists that documents the biocompatibility of Eosin Y and TEOA.
Because of such a promising history of low toxicity, this formulation showed great potential for
biocompatibility in the eye. In order to test the in-vivo response to Eosin Y/TEOA and visible
light exposure, the following experiment with various delivery techniques was used. Six adult
New Zealamithwhitditabbirsniisrssgiiesgetic fal anedtic sepWitAnt- 59 it R fBHPEAR 1S
adminisigred:hymask@nd topical 0.5% proparacaine to the right eye (OD). The right eye of
each animal was sterilized with 5% betadyne. Throughout the procedure the eye was washed

with sterile ocuiar B3N cedre ING sRUPARIBR R\ T G YR MG oS ion of

conjunctiva and.trge conjunctiva was pulled away to expose the sclera. Rabbits had 2U0
microlitefs shaeintistreppied b6 shenscieatis thetsiloWitg e horeRiUnR: DEiter) to
Rabbet EygsizrourloEasignX{ThESAnixtwa appieshieiall aftheiexpased sgletarupe2s
Eosin Y/TEOA mixture applied to a 5 mm diameter circular area of the gcler%gro%%?, Eosin

Y ITEOAEIER dBFI Rl OF i BHiSos AEPREAPaS (COMFSD 1o L7STARES T RAL e
treated atéaiwas phstidctiwateddyexpostre thiliglon(-450-550 npho@hmAicmiR)ifers and

minutes, T he incisians,inghe.coniunaivas werealesed with-suting: Al animalssecaiveds,

subconjunctival injections of cele,stone (75-150 microliters an_dr)cep.ahzolin (75-150 »
microliter&ARER AR SR Bive e sPE bf CAPBIYfen 18 M gk G AT bR FEnSrBRTHE ) 05
mg/kg) amew=3 drops of neomycin, poiymixin B sulfates, gramicidin OD. Eyes were examined
for any signs of pain or inflammation such as redness of the eye, discharge, ptosis of the
eyelid, blepharospasm, or photophobia. Eyes were examined once a day for 1 week then once
a week for 3 additiBi&lweeks. Affer 4 wEEREEATHHHIE were euthanized and the treated eyes
were removed, fixed in 10% formalin, and processed for light microscopic examination
(EositVhematoxyllfistéin). Thempresencé pfaeiyindieniraetoryicels was hotsdofO17eiT Hore
was Sonﬁ%{ﬁ%?"&@gd@oﬂé@fiﬁmrt@aﬂg&ug;all@;@qgﬂfgdc@@&-;og}%@ﬁg,s fiber optic light systems,
illumination by an indirect ophthalmoscope delivery system are all examples of illumination
devices readily adaptable to the uses and methods disclosed herein. Any suitable device or
technique may be used that is capable of delivering the appropriate wavelength(s) of light at an
appropriate intensity for a sufficient amount of time, based generally on the specific

photoinitiator(s) it use and other parameters disclosed herein.
[0145] Treatmens of Medical Conditions

[0146] In specific aspects of the invention, the methods and compositions may be
employed for any medical condition of a subject in need thereof. Although in particular aspects
the subject is a human, in further aspects the invention is usefu] for other mammals, such as a

hiorse, cow, dog, cat, goat, sheep, or pig, for example,

[0147] Treatments may be repeated in the individual as needed. For example, a
second or more treatment may be applied within days of a previous treatment, within weeks of a

previous treatment, or within months of a previous treatment.

101481 A. (rentar Medical Conditions
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following the procedure. This was consistent with what would be expected to result from the
surgical procedure itself. Representative results are shown in FIGURE 6. There were no signs
of pain or inflammation in any of the eyes 3 days after the procedure and on each examination
thereafter. Upon histological examination there was mild inflammation and moderate scaring
along the conjunctival sclera border under the irradiated area in animals in Group | and 2.
There was also sgmednflarimaiibodanenscastingidn ithercontraheye $sot:Grawn3 of ha inseby

retinas, ciliary bodies werge all ngrmal | rance. in.all [ t rises
et R e e
that the kaiicieflammnsatioricinkeseeaeinyg wiishldetlrsigasires A RE sttgery. argirivteeitne
treatmentlikewineptheviahilithot gells in tés@mﬁar%'gsﬁﬂeé&ﬁgﬁse degaled @yes maltchesdhat
of normal eyes. EXAMPLE 6 Carrelation of mechanical properties to eve ejon atiog nd
in-vitro Si3HfZAoN o St AR Tt SR TREuEF BT RE 6}862?138%??613? SGLEFERape
inflation ghodetris wethsditeskfor tdstingreormenlostrengtiyeningias. a thesapy fonkaiamiogendys
(FIGURE, 7,8, ) a5.8ha 1L FIGKRE, i e Briel st TEQR BQmen! SieRcuis

described above did not allow sufficienkﬁf)ﬁomltlatqr to penetrate the cornea for subsequent
corneal SHERGIHERIFP B BBl sttt CHoSERMand  PRIS TSI BORTPAREHR WitTERSElera
which sufficiantly absebsphetainitiaiente-parnitadenuale lissuenstigagiheningunder he:

parameters tested in this model S ste&;n. S,,uff'&cient corneal hotoj.nitiat%q absorptli n.may be
. g%er comea ?%efr%ﬁon to.{% E{ce € sk of a ?ﬁstogerativ cCstasia On O etr COrmea %eform %z_l)n
achieved by remova e epitheliim covering the cornea to allow direct application of the

photoinitatgrtothetabget tissws (FIGURERY. SPhistresulted is complete prevention of corneal
distension in the ocular inflation model system (FIGURE 8). [OE79]Drug ability to penetrate the
epithelium can beenk@anced by the co- adminigtratioGafunalecules designed to alter the
chemical or physical nature of the epithelium (Sasaki 1-1, Yamamura K, Mukai T, Nishida K,

Nakamura J, Nakaghima MgighikawasM. EH&@%C%L%%PRQ%|%@rﬁﬁdﬁ§f&ﬁ¥%ﬂ9ﬂw&iﬂﬂ(}§|
Reviews in Therapeutic Drug Carrier Systems. 1999; 16(1 :\85-'146€é With appr_oprlaﬁ drugs
that disr8BtHRE 8 pRAEIRIBAPFREP ERMERR FERb FAP N U EREia Ky RGP BRERPIS R8RS are
reports aiedvfoldincrensesdn, diligpielivieryetadhepaqueot siadierauseiofopicallyappliegheater

proparatggggeggEh'e%%o%figyo%%h%‘{i W&D}iéﬁgﬁéga&ﬁp@% 3 Affesting, G@@@w&(@flfm

Concentration (g‘?gl'lo cal Arninocaproic Acid in Traumatic Hyphema. 10V.S. 1990; 31
N2389-2BUAPTHHIA5IRSEHERS (OPTCHY APRSAOH cHEE O JApReYHr A8dive - Hisektet Sedind At tife
functionipg pfsedivmsian chanagisanddhatpbyallenibeciectiophysiolog ahihe epibthalium.

Changes tq the potential difference across the epithelium fagilitate diffusion of charged
molecuI&egﬁﬁ%spﬂli@@‘%ﬁré‘élgﬁé&t@’f‘%’%ﬁlg{% ?%0361 i?l h%’?ﬁ%zs aﬁeestt‘r‘?e’tl%g%g}écﬂﬁé’ﬁcell
to cell biheing iNitie e pitheluntharecl cingrits e fiectivenesisas @beardestindihis titevétive 10F-
approach, grops, of.ophthalmig, BEQB%%%%%%(S%Q- 0:5%drans) R ens. AL istacag e,

0.5% drops) are aplglied to the cornea with epithelium intact. After approximately 15 min., the

cornea RetRedtad Bt ol o thémetidiémerefintion (b LEoPurIuifitatio A o PESEI N tor
epitheliabpenetration (Q8201Whilathe @beve desshbe pithelia) rmovat REOGRAWEMIS anvest

acceptalle  wimoi Vis Sci. 2003; 44:623-637 3. Yang J, Downs JC, Girkin C, et al. 3-D
histomorphometry of the normal and early giaucomatous monkey optic nerve head: lamina
cribrosa and peripapillary scleral position and thickness. Invest Ophthalmol Vis Sci. 2007,
48:4597-4607) Intraccular pressure induced posterior deformation and thickening the lamina
cribrosa connective tissue is thought to contribute to damage to the axons as they exit the eye
with resultant glancomatous optic atrophy. “From an engineering standpoint, ONH connective
tissue susceptibility to damage and permanent deformation should be directly related to jts

structural stiffness, which is a combination of the structure’s geometry (tissue vojume and

morphology) and material properties (tissue stiffness).” (Yang I, Downs IC, Gigkin C, et al. 3-D
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medical procedure for treating the eye, the inventors have demonstrated that Eosin Y is
amenable to chemical modification which improves its penetration into the sclera and cornea
with the epithelium in tact. In one example, Polyethylene glycol (PEG) is covalently bound to
the carboxyl group of Eosin Y (FIGURE 9), which allows PEG-Eosin Y to be dissolved in water
despite reducing the charge on the molecule. This chemical modification enhances Eosin Y
penetratidmointoriissue-and mduoasdherdmatint ghohemical recuisgddaiacitevensaffidienha
tissue s eni valent ification wi Iso alter otochemical activity
and can e b T e
penetrati§if $@SyItaRt fFEAiciAtificatfoRYshBURNEARI AN e Bl BraRfaiisst thedeifdigatime

course ofsradiafirnteertilizetreatinentss fofexanplednXibres ik esinoh andidkE-Fosin
Y may be used éo achieve both optimize phot iniatoriggnetrﬁation and the time course of .

irradiatiof THTE HEXRMTBAR LTS ELHErE PertoFia g SIHG ASTEateNgrarsy PR & B g an
acrylateraitter gpposite.ehcsofithie cham (Fluoresoeins@natiiemcempioundwithirvtbiewgemds
defined by Formulay |, [1as simiar &%%ﬁ{é%@éf%&ﬁ@%ﬁ@% GOSI0;Y @De.Qthe %ﬁ@fb@&%@?x-

photoinitiators defined by Formula 1). Tntact porcine globes were immersed in a solution o
PEG-fluBrE8eRiah SO Se H B Y Shafidintéso THaM MRe fordifeeyesipament of
irradiategiatib365nm light to induce covalent coupling of the fluorescein to the tissue.
(photocrosslinicing by 12959 serves to immobilize the PEG-drug so that its distribution can be

imaged.) The resyffing,depth,profile.f flueresceindntrentad acleigwas imagediinatissue,
section cut throudh the thickness of the sclera. The model PEG-photoinitiator conjugate

penetratdtF FIAATEAESE MRS MBS trs oA RPRRREREY SRS (HIEURE D) Atter 5
minutes phiceniactavith asolution: ofi R b6 -dri) £o0) vgatehpe betaiion thrdQ0: micraps of trore
is evident In th§ lorescenee micrograph of the tissue sedion. Afier 3 {é‘r!{%ﬁtv% Of, oRLagt with
a solution of P -8rug conjugate, penetration to édg(% rﬁlgron was observed. Thése resu?ts
indicate ¢hatitbpieadizeplieatio rreerapaiveet 53680 Mipras vraeddaeohorw sURdpHpT
modified,drug g0 seachideptismat which.tissuereiniossement isdasitrd: {01841 Rasin fand

PEG-Eosin Y studies with porcine eyes, an assay method was utilized that relies on a maodified
slit lampREFTEAEHR ‘EoribR MBAL B TFARSIBI b I HHE R i Saf fovicB S EIgRPE TG Asue of the
Modificatigitsrizavevbeetmmadditoal gmreptacamentgryreimiovabof feittersoh@nie 2r¢ecplatera
digital cgppera at a consistent, fixed angle from the slit source, and to hold enucleated porcine
eyes in the correct location during examination. [01831The fluorescence of Eosin Y enables us
to view its penetration_profile in the stroma with the of propey filtering of the light source
(Filter t passes SO@g’gm) and th Iight%&?@ﬁﬁ%xfm{ﬁaﬁéﬁ%gﬂfﬁIter 2 passes 56025 nm).
Use of these filters allows us to distinguish scattered light from fluorescence. Untreated
corneas show no fIGfBscehtE s Bpe &s Bramtth BotmermiRed e freepgFises a
enucleateg:itieated nescinesayesrve atenphledodetermnine the Huergsaence peafiethraughout

the comegl hickness (Cigue LLED)- Wsing e MATLABU) program. (9, analyze, digital images
from the apparatus, fhie’stotware defines the Cormeal surface, averages the intensity ot the
image atichiffeneng depthsiiengiiecormeaistingl plotsithetintefisity e rstis defthbivethisssrnnat,
we are ghie Ig.&xamine the amount of drug that crosses the epithelium and its distribution in
the stroma. [0184]Enucleated eyes from 3-4 month old swine were obtained from Sien or
Medical Science. eyes were shipped in saling, on ice. On arrival, the eyes were.
mmeciately (<43 OGS podt oot} H R Ly e P o o hd T e lye.
Then théwoiaéenwiis sphottgranh 8 irdsthcsenbrgingimodéasfuore Ssendeomisdriaproviting
baseline;compaiisens.ier hackaravnd flvorescence and initial dimensions of the cornea. The
epithelium was either removed with a scalpel or left intact before the eye was placed in 2 ml of

treatment solution le 2), Eyes were left in solution for 1 haur and. then,removed, rinsed
with appr.oximate&qgrﬁ of rﬂl?\){e‘élc_:g%ggé Egns_d%ﬁot%saﬁa[b aee(gi i%oglgfiﬁs{éscgt}tveﬁnaé gﬁ%f e
fluorescékeofnrgandgsian thisieye st htattiepitheibowarobsbiries anerphetodrapheglar

again. Remeyadabthe.epithelium-atthisster-dsolates Huarescenes.due to drug that had
penetrated into the stroma. Treatment SolutionsEosinle (mM) 1Triethanolamine (milk
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0.0289 90 2 1 90 310 1225 [0185]Table 2. Treatment solutions mixed in Dulbecco's
phosphate buffered saline. [0186]Penetration of Eosin Y into the stroma with and without the
epithelium present (Figure 12), demonstrates that the epithelium inhibits penetration of Eosin Y
into the cornea. Significant penetration of Eosin Y across the epithelium is evident in corneas
treated with high concentration solutions (2 and 3) thus demonstrating that epithelial removal
may be [0157] In other embodiments, the tissue treated may be damaged heart tissue e.g.

subsequent to a myocardial infarction. Damaged beart tissue may be strengthened by the
methods herein to improve heart function and/or reduce the rate of loss of heart function. For
example, strengthened heart tissue in cases of dilated cardiomyopathy may halt or reduce the rate

of loss of cardiac pumping capacity.

[0158] Assay of Alteration of a Mechanical and/or Chemical Property of a

Tissue

[0159] In certain aspects of the invention, the alteration of a mechamical andfor
chemical property of a tissue is assayed. A variety of materials testing techniques are available
to one of skill in the art. For example, Young’s modulus of a tissue may be measured using 2 TA

instruments AR1000 rheometer (using a cleated parallel plate geometry).

[0160] in certain aspects of the invention, the alteration of a tissue is assayed by
visibly identifving a shape change in the tissue. For example, the ocular infiation assav
described below visually measures the swelling of an eye’s structures under increased intraocular

pressure.

Mot Other instruments and fechniques known in the art to characterize
mechanical properties of a tissue may also be emploved before and after treatment. These know
techniques may be found, for instance, in Ahearne M, Yang Y, Then KY, Lin KE. An
indentation technique to characterize the mechanical and viscoelastic properties of human and
porcine corneas. Ann Biomed Eng. 2007 Sep:35(9::1608-16; and Gatinel D, Chaabouni S, Adam
PA, Munck I, Puech M, Hoang-Xuan T. Corneal hysteresis, resistance factor, topography, and
pachymetry after corneal lamellar flap. ] Refract Surg. 2007 Jan;23(1):76-84; and the other

relevant references cited herein.
[0162] Exemplary Geular Treatment

[0163] An exemplary treatment procedure may be as follows. A topical
application of formuiated eye drops comprising Fosin Y is given to an individual 1-120 minutes
before irradiation. This provides time for the agent(s) to diffuse into the sclera. After about -
120 minutes, the eve is irradiated with visibie light for about 1-5 minutes (1-100 mW/em® at a
wavelength appropriate to the specific photoinitiator, for example, 500250 nm for Eosin Y).

Ophthalmic-balanced saline solution eye drops can be used o rinse the eye after administration
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avoided by applying a sufficient concentration of photommator, in particular photoiniators
represented by Formula I.. In addition to images of the stroma alone (Figure 12), images taken
with the epithelium present indicate that the epithelium absorbs Eosin 1'. These results show
that the Eosin Y molecule may be modified to increase penetration into the aroma by
increasing epithelial permeability and suggest that drug absorbed by the epithelium may
possiblybéierglessedinve rtithesfnto thetsromacalIdwing fomedeintoAstinathenmeteafdeig
delivery,ang freatmentime., EXAMRLE & (RRORHETIC) Reterming the-aptimumerngitians to

stabilize the scieral and corneal shape in vitro 101871Stabilization of eye shape - New Zealand
white raBEiREJESNAPER UK TS StHAYHHYS ST BATHUAEHAEY E3MpbRIE T sitHbthen
the sclernFolowing thepireikiies developediabore svihaleisabhiveygsnaie dleanddeaball fat,
soaked in treatment solutian, irradiated.with light.to activate the tr nd - ted
gt it R g i e S H T e
height ofathexregdevoiitabigjutdgdo givensnl TORTIGH o REE ARt istl s haKE IS Ver pde

hours to.maniterthe.shape chanae.frocegduie ariabieadhal-cauld change thedegrerfor
stabilization will be studied with this test. Some variahles to be tested include:

|- " - "y a
[0188]PHYSirifiZ0 B8 S8R 6h AT raifib CREBHS it En Y EB P SRR R 2GS ount
of photoihitiater:neetdsiry dorstabilization: shoble geduse ihel risklof foxicitydhilkee groredising
the amoynt, of PhaminitalorcouldSCR reADeNL RS, 1R eAsINg (e AhRIRIRIAI an ges

concentration would increase the number of radicals generated, but at some concentration,

absorptisHnsy f & tyeriso aRIMHiIFERFaHHEE S PFIgHt, Aia8hR AMBW-ACHIaIR BT REsEIR al
corneal gtifaeRclnaddiion. 1hebne compemnsi sysiem 0f &aosin 36 ardddOA may not show
optimum activation at the current ratio of components. Ranges of Eosin Y concentration from

0,0289mM to lmMﬁﬁ%ngE%eCQﬁgﬁﬂtE)ﬁ'@Htfégﬁgﬁm %5{9 QW&Y&M Egsa&%gst the degree of

101891Photoinitiator contact time during topical application to the sclera surface: Topical
applicatigRsREY B e USSR BRESSHF Vi TEOARBR R hbIRrageing e ortititime
should ingkgaseRbatainiistar cancaptsationwithindhetissueianchincreasetheCpasiatkatipn

depth, but would also increase the patient's risk of complications, Soaking times f 1.min up
0 20 i HTE S0 15 ohRAC e AU OFiCIimbih Ay fruiocy AERR T TR
betweerspirote nitia or application and irradiation: In the time between rinsing photoinitiator off
the sclera and irradiation with light, diffusion of the photoinitiator still occurs. The initial
concentration gradient that results from topi&al ApfiticRon will become more uniform with time.
Crosstinidng within the tissue is related to the concentration of photoinitiator present. The

stabilization effectgf @Fati%VGQW1a§d e upiferm cresrlinking wilhenstudiedkyerred
extending this delay time for as long as 20 min 0191]Irradgagiorélprotofcoili;ilih,e c#rrqergtth { the
procedu@‘f@%gﬁ%é’gfﬁﬁil‘iﬁ‘éﬁ%’ﬁn' It should be appreciated by those of skill n the art that the

techniques disclosed in the examples that follow represent techniques discovered by the
inventors to function well in the practice of the invention, and thus can be considered (o
constitute preferred modes for its practice. However, those of skill in the art should, in light of
the present disclosure, appreciate that many changes can be made in the specific embodiments
that are disclosed and still obtain a like or similar result without departing from the spirit and

scope of the invention.
EXAMPLE 1

Poiv(ethylene-giveoDdimethacrvlaie (PEGDM ) polvmerization

usine Eosin Y/TEOA photoinitiation
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employs 5 min of broadband light exposure (450-550 rim @ 34 mW/cm2) filtered from a
Thermo Oriel 500 Watt Mercury Xenon Arc Lamp. While this dosage falls under maximum
permissible exposure limits according to ANSI standards, reductions in time and intensity
would further increase the safety of this procedure. Eosin Y has a peak absorption at 514nm
and matching the irradiation wavelength to this should improve efficiencies. Based on the
absorption specti@bef Eosivllywirgithsdespringarbltguf sbisefiepelifgtearidn P27 %0,
calculatipns {osRdraEawmbandnidih2nmkaaures senteradal THpnprediciiniaasgies:
approaching half the current levels (15 mW/cm2) for an eguivale_n ifé{]agi%%%n I A s
Exposuf& HHETSRY FitdRsi) WiFse reduddd & B tEFRhe HE MiRimum iFradiation time "
necessany-dfer tiéataientsCur fprekinimary sesultssurprisisgly derivnsdtd thatdtOED for
emitting,a 523, P, and, with apower.of anli.: 7 n%wza@d%aw@@gw; miBuesds skificientie 1
stabilize the shape of an eye in our ocular inflation model. EXAMPLE 9 §PROP_!—|ETIC ot
StrengthERIAiHECs clisacaPRISr CorFRME UV 51 $AIA-vh BeaRmeiRalvi vt P ™
therapeutig-treaisneRtsmwilk apperahdny clyenphedoinitiator whiddighieesiivery te-theaisdleyaner
cornea of a subject. [0193]New.Zealand White rabbits will be anesthetized, with 1-5% i ed
isofluorgﬁﬁeé"aﬂ’/ %Jd?n%ﬁgiigf"r%%]éhr? Vid %ﬂm%&%ya%}' ) %%?é%fl 8%‘%}% rtdgbee?klé%ca[iﬁgsgliﬁ( %éecg gﬁ%}yt%gll i
sterilizednitthB96diethdymeoTinte ty howntseiprocethireothis lexpé skl B SRESh &G SBlilgpse
balanceg salipgsQuion (BSS) Absincision wilkhe:mads, insthe conjunglivasandetrastarsuwil
be used to expose the periorbital space. Variations in.the fina pr%%e grﬁl §te£s will %e ﬂrsuegd to
indepentissas Sty tHE S ENIE HREIVER), BT iU HRB N S D AP RGtoinitiator Jelifsryt e
Photoinitiateimwitkbeninjpeteeliinto the retrobulbar space for scleral treatment or added as drops
onto the cornea (with or without deepitheliaiization). In order to increase contact time, viscosity
of the photoinitiator solutions will be increaseg alsipg mixtures of an ophthalmic viscoelastic
(e.g. Rayflo, Rayner Intraocular Lenses, Ltd.). The formulations will be left in contact for
durations determined as ppiimal fror Jhe ip Yl ackiarsape nflation model. Excess
photoinitiator will then be™fu utwith BSS. immediately after the rinse, animals will be
euthanized. The presence of photoinitiatoyr in the scleral and/or cornea, and surrounding_tissue,
of enucleateci eyed Will be evARRASY ?ﬁ%ﬁéeﬁ%ﬁff)eéa?lr%ifg?o\g%ioep‘ﬁsfzg %tiél%ﬁ#nsé ?ﬁ%ug}e st
concentiation ofrEgsinmhasistiodineaboyidoeRE G fttitresceincF | GYRE SO Thefif ofes caiit

signature of Eosin Y present in the migtographs will be analyzed to determine lateral spread
and pengﬁpgﬁglﬁqugﬁ%g.a?giQS]Lig’htedeli'\glg%: Localization of the crosslinking to treat specific

regions of the sclera will be attempted with a fiber optic coupled to an argon laser (514 nrn) or
an LED (525 cm). [ﬂ%&rdinﬁ% r%]t%’ingl}tt;afg]r“aallveré]m{élth‘f&goéletecz?(rﬁ?}fggl?ﬁ tﬁgTr% ?/{fﬁ%gv&%rk
describedraloie; tiflsdreseentyiiabeledirace nmntabatentie babisitoofissse ypairnighbclera
activatiop.will e giyendn.conjynetion with hephetogetivatorfaumylation (riguiseX) Exaess

formulation will be flushed from the periorbital space and/or from the corneal surface. Sufficient

light will BERIvEBIPHA RSt A HRS B SFABS TR SU G IR HEBP SEUPCB I8 RiBTE 2MdYifking
(intensity,anghgiirativn as:detepmines abave)eFheieyeiwill haiwasheddvith BSSIHBFESLHS
euthanized and the eyes enucleated. Crosslinking will be evaluated for depth.and precisign, of
cotivatiof (GG TOrEs e D Aeiags oy Pron - MERE EYRURISSS T ARPTLAN PIECAR
triethanolamine (Eosin Y/TEOA). IRGACURE® 2059 (12059) is a UV light activated

photoinitiator that has shown low toxicity in cell encapsulation studies. Eosin Y/TEOA was
selected as an example photoinitiator responsive to visible light from the group defined by
Formula I. The shear modulus of scleral tissue increased with 12959 plus PEGDM treatiments,
and the magnitude of the change in modulus increased with decreases in oxygen {oxygen inlibits
the polymerization), Similar results were achieved using Eosin Y/TEOA plus PEGDM. As
discussed above, it was surprisingly found that comparable increases in modulus occusred upon

treatment with 12959 or Eosin Y/TEGA alone.
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[0196]Toxicity: Groups of 6 rabbits will receive complete treatments using optimized conditions
determined according to the examples above. Control groups will receive the tested
photoinitiator formulations without light activation or light therapy with a vehicle formulation.
After photoinitiator and light delivery, the eye will be flushed with BSS to remove excess
formulation. The surgical incision will be closed with sutures. The animals will be given
subconjunctival injections of cefazolin (antibiotic) and celestone (steroid). The eyes will be
examined clinically for any signs of pain or mflamPaian, such as redness of the eye, pus in
the - eye, and ptosis of the eyelid once a day for 1 week, then once a week for 1 month. Alter
month the animals will b guthanized; Hhedieatad syes¥ill Bearmeved fixed in 10% fomialin
and processed for light microscopic examination. The presence ot any inflammatory cells will
be noted. The clinical and histopathological inflammatory response will be graded ona 1to 4
scale with 1 equaldo5Bb infinabitiatitrm & equiat tbamila ivilarmmeationyand 8 sepal tbemutierate
inflammafion;and.4.equal to severennflammationnFXAMBYE JQ (ERABEEICk: sliow cye

Strengthéningthe’sclera and/or conical in vivo [0197]In-vivo Treatment, Ex-vivo stabilization:
Followir iPVRb dpiéatiornd SesseRisetss bV, By deafimentrtastay BRIt albfiiZ&f0n.
One eyemiltbedreatashanrthesecone.pyenyilhsaeverasiaconiial. phhewabbiginit bennects
euthanized at various times post-treatment (Table Enucleated eyes will be teste .
stabiliza&%r%t gﬁ%ﬁﬁ%}uﬁﬂe&ﬁ%égu“% bal ﬁ%é%,e%%& A LR aesa £8%%%:Xr]§bsg %&g%gvééulnéb( e 3B >)
Ex-viva ThéattheerttEificatihd est iniRabbits Grogp PosiTreatmerTitidOUligek. Enucleated

eves from young rabbits provide a model of distensible comeal anpd scleral tissne: when

subjected to elevated intraccular pressure in vifro, the comea progressively bulges outward and

the scleral wall expands (FIGURE 2 and 3).

[0170] The size and shape of the globes are simultaneousiy recorded from two
orthogonal perspectives over time. To prepare eyes for the tests, the epithelium is optionally
removed from the cornea with a cotton swab, and external fat is removed from the globe, (Note
that permeation of the photoinitiator into tissue is examined separately below.) The eyes are then
soaked in control (Dulbecco’s PBS) or treatment solutions (e.g., 0.029 mM Eosin ¥, 90 mM
TEQCA, in DPBS) for 5 min. After soaking, the eyes are patted dry to remove extra solution from
the surface, and then irradiated for 5 min from the front and 5 min from the back with, e.g., 34
mW/em® at 500+50 am for Eosin Y/TECQA. The eve is then ioaded in a cell of DPBS while the
intraccular pressure (IOP) is maintained at 85 mmHg (~4x normal). Photographs taken every 10
minutes for approximately 24 hours are analyzed fo quantify the extension of the cornea and
sclera. The foregoing whole eye inflation method designed by the Inventors detected
stabilization of treated ocular tissue when the other methods were not sensitive enough to register

a change i moditus.

EXAMPLE 4

Correlation of mechanical properties to eve elongation and in-vitre stabilization

of ocular shape infiation model of myopia




month G 3 months H 6 months [0198]The eyes from one or more groups will maintain their
shape when subjected to 85 mmHg TOP in an ocular inflation assay performed as described
above. EXAMPLE 11 (PROPHETIC) Strengthening the sclera and/or corneal in vivo in a
myopia model system [0199]A model of form deprivation myopia in guinea pigs has been
established (Howlett IV11-1, McFadden SA., Form-deprivation myopia in the guinea pig (Caviu
parcel/us), VisiorlRa& 2008Jany4 (2} X678l o5 39F, AMRIRE Pradtidity of

hemisphgie s RIaced SYe 0R:E YE kN e: gUinea: RIGIALSRYS b egeoAlter Oriv Lipdaysef

form def)rivation, there,is
1

ght (10 mW/em”, 365 nm) for 10 min on the anterior portion of the eye and 10 min on the
posterior portion. Eyes were then connected to the saline reservoir and the pressure was raised
immediately to 85 mmHg. Over time, the treated eyes hold a steady shape while the untreated

eyes continuously expand (FIGURE 4).

(0172] Tests with [295% proved the possibility to strengthen eye tissue and
prevent expansion; however, a visible light activated formulation would generally be betier
suited for clinical application. Eyes were soaked in a 0.028% mM Eosin Y / 90 mM TEGA
solution for 5 min, and then activated by exposure to visible light (34 mW/em®, 450-550 nm) for
5 min on the anterior and 5 min on the posterior portion of the eye. This treatment was also able

to prevent eve expansion (FIGURE 3).

(01731 Because of the sensitivity of the ocular shape inflation studies, we were
able to proceed with low concentration formulations. The visible Hght activated system
exemplified by Eosin Y/TEQA showed quick teatment time with low intensity, visible ligﬁt
exposure and low photoinitiator concentrations similar to concentrations used in FDA approved
pharmaceuticals incorporating Eosin Y/TECA,

EXAMPLE S

Toxicity studies

(0174 Toxicity studies were performed to determine if the formulations and Iight
exposures described above were suitable to use in an animal model for myopia and in clinical
trials. Extensive literature exists that documents the biocompatibility of Eosin Y and TECA.
Because of such a promising history of low toxicity, this formulation showed great potential for
biocompatibility in the eve. In order to test the in-vivo response to Eosin Y/TEQA and visible

light exposure, the following experiment with vargious delivery techniques was used.

Six adult New Zealand White rabbits were given general anesthesia with 1-5%
inhaled isofluorane administered by mask and topical 0.5% proparacaine to the right eve (0D},
The right eve of each animal was sterilized with 5% betadyne. Throughout the procedure the eye

was washed with sterile ocular balanced saline soiution {BSS). A 15 mm incision was made in
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an average of -6.6 D more myopia and 146 um axial elongation compared to the unoccludecl
fellow eye. This model will be used to further validate the photoinitiator formulations and use
parameters from the foregoing experiments. [02001The experiment will test normal vs. myopic
eyes (Group A), normal vs. treated myopic (Group B), treated normal vs. treated myopic
(Group C), and myopic vs. treated myopic (Group D). ! Table 4 -efficacy in Guinea Pius Form
DeprivationcdnyunQect Alde thd reaiment 4 GroupuBve |sRye 2 Eygidsy ¢ sclera. Kabbits had ZUU

microliters of solution applied to the sclera in the following manners,

Photoiniiistor Delivery to Rabbit Eves

Group 1 | Eosin Y/TEQA mixture applied to all of the exposed sclesa

Group 2 | Eosin Y/TEOA mixture applied to a 5 mm diameter circular area of the sclera

Group 3 | Eosin Y/TEOA vehicle applied to all of the exposed sclera (Conirol)

f0175] After 5 minutes, the treated area was photoactivated by exposure to light
(~450-550 nm ~34 mWiem?) for 5 minutes. The incisions in the conjunctivas were closed with
suturing., All animals received subconjunctival injections of celestone {75-150 microliters) and
cepahzolin (75-150 microliters). All animals werz given injections of carprofen (5 mg/kg) and
buprenorphine {0.05 mg/kg) and 2-3 drops of neomycin, poiymixin B sulfates, gramicidin OD.
Eyes were examined for any signs of pain or inflammation such as redness of the eye, discharge,
ptosis of the eyeiid, blepharospasm, or photophobia. Eyes were examined once a day for 1 week
then once 2 week for 3 additional weeks. After 4 weeks all animais were euthanized and the
treated eyes were removed, fixed in 10% formalin, and processed for light microscopic

examination (Bosin/hematoxylin stain}. The presence of any inflammatory cells was noted.

[0176] There was some swelling and inflammation of all operated eyes for 2 days
following the procedure. This was consistent with what would be expected to result from the
surgical procedure itself. Representative results are shown in FIGURE 6. There were no signs
of pain or inflammation in any of the eves 3 days after the procedure and on each examination
thereafter.  Upon histological examination there was miid inflammation and moderate scaring
along the conjunctival sclera border under the irradiated area in animals in Group I and 2. There
was also some inflammation and scarring in the control eyes of Group 3. The irises, retinas, and

ciliary bodies were all normal in appearance in all experimental groups.

[G177] There was no significant difference in the sclera of geated and control
eyes, indicating that the mild inflammation and scarring which occurs is 2 result of the surgery
and not of the treatment. Likewise, the viability of cells in the nearby tissues of the treated eyes

matches that of normal evyes,
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A Yes No No ;No Yes No Yes No C Yes No Yes Yes

EXAMPLE$

Correlation of mechanical oroperties to eve elongation and {n-virre stabilization

of ocular shape in inflation model of keratoconous

[0178] The ocular shape inflation model 15 well suited for testing corneal
strengthening as a therapy for keratoconous (FIGURE 7 & 8). As shown in FIGURE 7, using
the brief Eosin Y/TEOA treatment step described above did not allow sufficient photoinitiater o
penetrate the cornea for subsequent corneal strengthening by direct photoinitiator crosslinking.
This is in comparison with the sclera which sufficiently absorbs photoinitiator to permit adeguate
tissue strengthening under the parameters tested in this model system. Sufficient corneal
photoinitiator absorption may be achieved by removal of the epithelium covering the cornea to
aliow direct application of the photoinitiator to the target tissue (FIGURE 8). This resulted is

complete prevention of corneal distension in the ocular inflation model system (FIGURE 8).

[0179] Drug ability to penetrate the epithehum can be enhanced by the co-
administration of molecuies designed to alter the chemical or physical nature of the epithelium
(Sasaki H, Yamamura K, Mukai T, Nishida K, Nakamura J, Nakashima M, Ichikawa M.
Enhancement of Ocular Drug Penetration, Critical Reviews in Therapeutic Drug Carner
Systemns, 1999, 16(1):85-146).  With appropriate drugs that disrupt the epithelial barrier,
epithelia removal will be unnecessary. For exampie, there are reports of 4-fold increases in drug
delivery to the agueous after use of topically applied proparacaine (Ehlers W, Crouch E,
Williams P, Riggs P. Factors Affecting Therapentic Concentration of Topical Aminocaproic
Acid in Traumatic Hyphema, IOVS. 1990; 31(11%2380-2394). in particular, topical anesthetics
such as proparacaine and tetracaine alter the functioning of sodium ion channels and thereby
alter the electrophysiology of the epitheium. Changes to the potential difference across the
epithelium facilitate diffusion of charged molecules such as those represented by Formula I in
addition, these anesthetics alter the cell to cell binding in the epithelium, reducing its
effectiveness as a barrier. In this aiterative approach, drops of ophthalmic proparacaine (e.g.
0.5% drops) or drops of tetracaine {(e.g. 0.5% drops) are applied to the cornea with epithelinm

intact. After approximately 15 min., the cornea are treated according to the methods herein.

EXAMPLE7
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D Yes Yes Yes No At 4 days of age, the right eye will be prolapsed out of the eye socicet and
the posterior sclera exposed. This region will be treated with the photoinitiator (e.g. Eosin Y)
formulations from above using a Week Cell applicator soaked in photoinitiator solution. After
waiting an appropriate time (several minutes) as determined above, the treated region will be
irradiated to induce radical formation by the photomltlator The eye WI|| then be replaced in the
socket and the conjunctiva difxgiticatitin e : 1sApsoeiestiof control animals will
undergo an identical procedure, but Wlthout appllcatlon of elther photomltlator or irradiation. At
5 days of age. Velgrgmrcs argiglued abovaianddaclounthe: r@hbeme@@dmeaspsgsﬁua@mfzhe
treated and. cintrol %ﬁgfl p and a,white plastlc di ser, will ened to the }\I/(glgo arcs.
[0201]AFTE Gy EBFHREC Y difftidls Wil B réthoved and th Wﬁbﬁ?ﬁ%gas{uremen%s Wil be
performeuizinirared derdtensiny foadete whink wopneak et&rvawtrenmxuaiﬂeﬁgthmmgnﬁugw nea
frequencyHiirasoundi(e0 ME2): andReliactive sHonusing siveak eslinorcopyialiey susleriegia.

FoIIowm%?hese measurements the animals will be sacrificed for histologic studies of the whole

globes. [OREPTPRE & RoRPTFAET THYBRI@grdtps WArthERtafe el ShapEimer diBjEtted
to 85 mmﬁsggt&(}amm@ eewaﬁngtﬂahaaeassﬂgcmerfdrmmmmdﬁmnﬂaeﬂcabmemamas riaintain
iheirshape. iyo 85 compatedia soro syes, Examele A1 PIoeelisl 0297ARPUETL I

open angie gla aucoma presen S with elevated Intraocular
strengthening, Covalent modification with PEG also alters the photochemical activity and can

influence the efficiency and time course of photoinitiator therapy. The improved penetration
resuitant from modifications should generally be balanced against the desired time course of
irradiation to optimize treatments. For example, mixtures of Eosin ¥V and PEG-Eosin Y may be

used to achieve both optimize photoiniator penetration and the time course of irradiation.

{01811 Exemplary studies were performed using fiuorescein-grafted PEG bearing
an acrylate at the opposite end of the chain (Fluorescein, another compound within the genus
defined by Formula I, has similar size and hydrophobicity to Eosin Y and other candidate
photoinitiators defined by Formula ). Intact porcine globes were immersed in a solution of
PEG-fluorescein and 12959 in DPBS for specified times. Then, the porcine eyes were imradiated
with 365nm light to induce covalent coupling of the fluorescein to the tissue. {photocrosshinking
by 12959 serves to immobilize the PEG-drug so that its distribution can be imaged.) The
resulting depth profite of fluorescein in treated sclera was imaged in a tissue section cut through
the thickness of the sclera. The model PEG-photoinitiator conjugate penetrated hundreds of
microns into the tissus within a matter of minutes (FIGURE 100, After 5 minutes of contact with
a solution of PEG-drug conjugate, penetration to 100 microns or more is evident in the
fluorescence micrograph of the tissue section. After 30 minutes of contact with a solution of
PEG-drug conjugate, penetration to 500 microns was observed. These results indicate that
topical application over a period of 5 to 30 minutes is adequate for a suitably modified drug to

reach depths at which tissue reinforcement is desired.

[01821 For Eosin Y and PEG-Eosin Y studies with porcine eyes, an assay method
was utilized that relies on a modified slit lamp which can conveniently be transformed into a

clinical device (Figure 11A). Modifications have been made to allow replacement or removal of
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pressure and increased cupping of the optic nerves in both eyes. To provide mechanical
stabilization of the lamina cribrosa and reduce progression of the optic atrophy, eosin Y/TEOA
are injected intrayitreally using a pars plana approach. Five to 60 minutes later the lamina
cribrosa is irradiated using a two photon light source directed at the lamina. Resultant cross
linking the connective tissue within the lamina increases its modulus and resists subsequent
deformdtiaes Tangeling pfddesldipina omithrthe 2 Ehotomirrdidtionisdurodicasiibeaicedndith the

motion 3 ﬂfité %oth; %Qgerencg mo égﬁhg QSXi&%iWQ)Jé még the art and described for
instance%in §'S. Pate tlAﬁlpIie?aetsiént%o? %05/%648044. Eéam%gﬁe iz (Prophetic) [0204]A patient
with myopia elects to undergo LASIK. To prevent post-LASIK ectasia, eosin YTTEOA is applied

to the stromal begfpilawing pxeimesablationndsie flapisitian iepesitigneekdnereasesicormeal
stiffening from the photoitiator. based freatment redyces the risk of post-L ctasia.
REFEREN CE 1000 Sa A She B HoMERew - SDes e r e
of the lelightoktiresegskitiediin therart(folwhichathes interitfonopertdins: (0206 JAistredissend i

Simonsgp. bl GxLdnd g %i%am%@@@f&al@%&{%@rti%%&@&f%&%%&mdﬂa%ms%gge@@ﬁeﬁxp
Eye Res. 1980;31(4):435-41. [0207]Avetisov, E. S., Tarutta, E. P., lomdina, E. N., V netskaya,

M. I. & ARBTEyERE: PDPNALERyIBAIEY JorgiealRtRGAS b Selerd PaTofeB g ETmED!e ©
progressive-rayepia. Aciaphthaloinogieadheanainavita:? hi6d36231£L897) B0208]Belyaey,
V. S. & llyi &. Late Results Of Scleroplasty in.Surgical Treatment Of Progressive Myopia.
£y Ear NoCk Knc RO NToRAY 54 T00. 11 17 e P08 sy R o e e
Blumenkearez! Mir8ce Bressahes, We MicBrassidhe Snpes Pofidtra@t, deatbisiHheL smnep, |any@iathini,

U., Millege; MW MORSSisIdden PeEHiMndhnE0uWDaES e «R8BUBRAncRARGRIEM, Bop that
Schachat, A. P., Schmidt-Erfurth, U., Sickenberg, M., Singerman, L. J., Slakter, J., Strong, H.

A., Virgift @R Ry ARARTE S 2AT VertepGHiTte Ay 6>

[63134) Enucleated eyes from 3-4 month old swine were obtained from Sierra for
Medical Science. Fresh eyes were shipped in saline, on ice. On arrival, the eyes were
immediately (<42 hours post-mortem) cieaned by removing the tissue still attached fo the eye.
Then the cornea was photographed in both scattering mode and fluorescence mode, providing
baseline comparisons for background fluorescence and initial dimensions of the comea. The
epithelium was either removed with a scalpel or left intact before the eye was placed in 2 ml of
treatment sofution (Table 2). Eyes were left in solution for § hour and then removed, rinsed with
approximately 4 mi of Dulbecco’s PBS and photographed in both scattering and fluorescence
mode, Next, the eyes with intact epithelia were debrided and photographed again. Removal of

the epithelium at this step isolates fluorescence due to drug that had penetrated into the stroma.

Treatment Solutions Eosin¥ {mi) Triethanolamineg (mbf}
1 (.0288 - 90
2 1 90
3 i0 i 225

[G185] Table 2. Treatment solutions mixed in Dulbecco’s phosphate buffered
saline.

[0186} Penetration of Eosin Y inic the siroma with and without the epithelium
present (Figure 12}, demonstrates that the epithelium inhibits penetration of Eosin Y into the
cornea. Significant penetration of Eosin Y across the epithelinm is evident in corneas treated

with high concentration solutions (2 and 3} thus demonstating that epithelial removal may be
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subtoveal choroidal neovascularization in pathologic myopia - 2-year results ot a randomized
clinical Trial - VIP report no. 3. Ophthalmology 110, 667-673 (2003). [02101Binder PS,
Lindstrom RE, Stulting RD, Donnenfeld E, Wu H, McDonnell P. Rabinowitz Y.Keratoconus and
corneal ectasia after LASIK. J Cataract Refract Surg. 2005;31(1R:2035-8.
[0211]Bron,Keratoconus, Cornea 7,163-169 (1988). [0212]Biihren J, Kiihne C, and Kohnen T.
Defining:Sidedlibic alpiieiagoeoniiScigsingoBomeabFirst-Surfaceiigher-Grden Abehrdtionors
American,Jauinal of LaRiaImolan AN 381:38 [0a1dGhauvaus. By Assoulingelt. &

Perrenoud F. Sclera’, reinforcement. Journal Francais D Ophtalmolo ie 20, 374 3%2 (1997).
[0214]CHBKY eB BRMeHe BN ESRE W AbIT cRiteaia, @S@bﬁ%‘?ﬁé‘bﬁvéféf% @ﬁﬁ%ﬁ%’@ﬁ’&?é
medicalgtudentsy SingaposaMedicalodouunal 4h:r449- ﬂgl‘ﬁi(&zﬁ%kii&z k] GhwtasWH increasing
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of atropipe, freatment. investigative Ophthalmology & Visual Science 46 (2005).

EXAMPLE 8 (PROPHETIC)

Determine the optimum conditions to stabilize the scleral and cornesl shape in vitro

{G187] Stabilization of eye shape - New Zealand white rabbit kit eyes will be used
to study the ability of light activated compounds to strengthen the sclera. Following the
procedures developed above, whole rabbit eyes are cleaned of all fat, soaked in treatment
solution, irradiated with light to activate the treatment, and then mounted in a DPBS bath and
connected through a hypodermic needle to a raised saline reservoir. The height of the reservoir
is adjusted to give an IOP of 85 mmHg, and pictures taken over 24 houss to monitor the shape
change. Procedure variables that could change the degree of stabilization will be studied with

this test. Some variables to be tested include;

FO188] Photoinitiator concentration and ratio of constituent components:
Minimizing the amount of photoinitiaior necessary for stabilization should reduce the risk of
toxicity, while increasing the amount of photoinitiator could reduce treatment time. Increasing
the photoinitiator concentration would increase the number of radicals generated, but at some
concentration, absorption by the dye could limit penetration of light, and only allow activation ot
the scleral corneal surface. In addition, the two component system of Eosin Y and TEGA may
not show optimum activation at the current ratioc of components. Ranges of Hosin Y
concentration from 0.0289mM to 1mM and TEOA concentration from 3mM to 90mM will be

tested,

[0189] Photoinitiator contact time during topical application to the sclera surface:
Topical application relies on diffusion of Eosin Y and TEOA into the sciera. Increasing the

contact time should increase photoinitiator concentration within the tissue and increase the



[0217]Colin j, Cochener B, Savary G. and Malet G. Correcting keratoconus with intrastromal
rings. J Cataract Refract Surg 26 (2000), pp. 111.7-1122. [0218]Curtin, B. J. The myopias:
basic science and clinical management (Lippincott Williams & Wilkins, 1985). [0219]Ehlers W,
Crouch E, Williams P, Riggs P. Factors Affecting Therapeutic Concentration of Topical
Aminocaproic Acid in Traumatic Hyphema.lOVS. 1990; 31.(11.):2389-2394. [0220]Edwards, A.
& PrauspizhkidR . dRRpeidiete dxparinaabilityrafth® cotrea tostdpidat dnpg salRharniackinti cahes

Reseam@a‘nsl’114'97'1?0%8%()@%%13 é%%%!ﬁ%@%ﬁﬂ@?}la%f&&?%%%‘&eﬁg]e@@&f[ﬂ? eman T.

in S
Corneal éclas a after L ataract Refract Surg 29 (2003), p. 220 [0222]Howlett ME,

McFadden SA., Form-deprivation myopia in the guinea pig (Cavia porcellus), Vision Res. 2006
Jan;46(i-2):267-83) Eftib 266@%@%%%%?@%&*\%@5&%&@,%ifeﬁlﬂ%@w HBEeP.

Prevaleneesand casis@sdotoinitiator off the sclera and irradiation with light, diffusion of the
photoinitiator still occurs. The initial concentration gradient that results from topical application
will become more uniform with time. Crosslinking within the tissue is related to the
concentration of photeinitiator present. The stabilization effect of creating gradient and more

uniform crosslinking will be studied by extending this delay time for as long as 20 min,

[0191] Irradiation protocol:  The current procedure to achieve stabilization
employs 5 min of broadband light exposure (450-550 nm @ 34 mW/em?) filtered from a Thermo
Criel 500 Watt Mercury Xenon Arc Lamp., While this dosage falls under maximum permissible
exposure limits according to ANSI standards, reductions in time and intensity would further
increase the safety of this procedure. Eosin Y has a peak absorption at 514nm and matching the
irradiation wavelength to this should improve efficiencies. Based on the absorption spectrum of
Eosin Y and the spectral output of the Mercury Xenon lamp, calculations for a narrow bandwidth
(2% nm) sousce centered at 514 nm predict intensities approaching half the current levels (15
mW/em®) for an equivaient irradiation protocol. Exposure times and intensity will be reduced to
determine the minimum irradiation time necessary for treatments. Our preliminary results
surprisingly demonstrate that an LED emitting at 525 nm and with 2 power of only ~7 mW/em®

over five minutes is sufficient to stabilize the shape of an eve in our ocular inflation model.

EXAMPLE 9 (PROPHETIC)

Strenethening the sclera and/or comeal in vivo

{0192] In-vivo treatments, in particular therapeutic treatments, will generally

invoive photoinitiator and light delivery to the sclera or cornea of a subject.

[0193] New Zealand White rabbits will be anesthetized with 1-5% inhaled
isofiuorane by administration via 2 mask, and topical 0.5% proparacaine. The eyes will be
sterilized with 5% betadyne. Throughout the procedure the eyes will be washed in ocular

balanced saline solution (BSS), An incision will be made in the conjunctiva, and retractors will



visual impairment in an elderly Chinese population in Taiwan: the Shihpai Eye Study.
Ophthalmology. 2004; 111(1):62-9. [0224]lwase A, Araie M, Tomidokoro A, Yamamoto T,
Shimizu H, Kitazawa Y; Tajimi Study Group.Prevaience and causes of tow vision and
blindness in a Japanese adult population: the Tallith Study. Ophthalmology.
2006:113(8):1354-62. [0225]Jacob, J. T., Lin, J. J. & Mikal, S. P. Synthetic scleral
reinforcémentimetepizss 1Be Giramyes npawrfaGeiainh bulkiphisit aprpropertiespIoulinz ©d to

B'Omedﬁﬁﬂéﬁééﬁ%@%ﬁ%ﬁﬁ@@fﬁcﬂo?@élégz@ (1990 l0226]jacoblabarre, J. T., Assoulinc, M.,
Conway, M- D., Thompson, H. W. & McDonald, M. B. Effects Of Scleral Reinforcement On The

Elongation Of Growing Cat Eyes. Archives Of Ophthalmology 11 1, 979-986 (1993).
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the scleral and/or comea, and sarrounding tissue, of enucleated eyes will be evaluated using
confocal microscopy to determine the concentration of Eosin Y as shown above for PEG-
fluorescein (FIGURE X). The fluorescent signature of Eosin Y present in the micrographs will

be analyzed to determine lateral spread and penetration depth.

[0195] Light delivery: Localization of the crosslinking to treat specific regions of
the sclera wili be attempted with a fiber optic coupled to an argon laser (514 nm) or an LED (525
am). According to photoinidator delivery methods determined in the in vitro work described
above, a fluorescently labeled tracer molecule that binds to tissue upon light activation will be
given in conjunction with the photoactivator formulation (Figure X). Excess formulation will be
flushed from the periorbital space and/or from the comeal surface. Sufficient light will be
delivered to the sclera and/or cornea through the fiber source to initiate crosslinking (intensity
and duration as determined above). The eve will be washed with BSS, the rabbits euthanized
and the eyes enucieated. Crosslinking will be evaiuated for depth and precision of activation

using fluorescence microscopy.

[0196]  Toxicity: Groups of ¢ rabbits will receive complete treatments using
optimized conditions determined according to the examples above. Control groups wili receive
the tested photoinitiator formulations without light activation or light therapy with a vehicle
formulation. After photoinitiator and light delivery, the eye will be flushed with BSS to remove
excess formulation. The surgical incision will be closed with sutures. The animais will be given
subconjunctival injections of cefazolin {(antibiotic) and celestone (steroid). The eyes will be

examined clinically for any signs of pain or inflammation, such as redness of the eye, pus in the
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[0231]Lin EL, Shih YE, Hsiao CK, Chen 0, Lee LA, Hung PT. Epidemiologic study of the
prevalence and severity of myopia among schoolchildren in Taiwan in 2000. J Formes Med
Assoc. 2001;100(10):684-91. [0232]Lodge A., Peto T. and McFadden S., Form deprivation
myopia and emmetropization in the guinea pig, Proceedings of the Australian Neuroscience
Society 5(1994), p. 123. [0233]McBrien, N. A. & Gentle, A. Role of the sclera in the
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Biomedical Materials Research 63,686-69 (2025%(&%5‘%6, Politzer, M. Experiences In
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171,61646en(0ir7)2f0 237 R ausnitzs MilRun&tNMoonan, J. S. Permeability of cornea, sclera,
and conjunctiva: A literature analysis for drug delivery to the eye. Journal Of Pharmaceutical

Sciences 87,1479-1488 (1998).
EEAMPLE 16 (PROPHETIC)

Strengthening the sclera and/or commeal in vivo

[0197] in-vive Treatment, Ex-vivo stabilization: Following in vive application as
described above, eyes will be tested ex vive for stabilization, One eye will be treated and the
second eye will serve as a control, The rabbits will be euthanized at various times post-treatment
(Table 3}. Enucleated eyes will be tested for stabilization using the pressure induced, ocular

inflation assay described above.

| Table 3 - Ex-vivo Treatment Efficacy Test in Rabbits
Group Posi-Treatment Time
E 1 week
F 1 month
G 3 months
H . 6 months

[0195] The eyes from one or more groups will maintain their shape when

subjected to 35 mmkg IOP in an ocular inflation assay performed as described above.
EXAMPLE 11 (PROPHETIC)

Strengthening the sclera and/or corneal in vivo in 2 myopia model svsiem

[0199] A model of form deprivation myopia in guinea pigs has been established
(Howlett MH, McFadden SA., Form-deprivation tmyopia in the guinea pig (Cavia porcellus),
Vision Res. 2006 Jan;46(1-2):267-83, Epub 2005 Aug 31). A white plastic hemisphere is piaced

over one eye of the guinea pig at 5 days of age. After only 11 days of form deprivation, there is
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[0238]Rabinowitz YS, Ciarbus J and McDonnell RI. Computer-assisted corneal topography in
family members of patients with keratoconus. Arch Ophthalmol 108 (1990), pp. 365-37 L
[0239]Rabinowitz, Y. S. Keratoconus. Survey Of Ophthalmology 42,297-319 (1998),
[0240]Randleman IB. Post-laser in-situ keratomileusis ectasia: current understanding and
future directions. Cuff Opin Ophthalmol. 2006;17(4):406-12. [0241]Randleman JB, Russell B,
Ward M, ﬁfﬁhg&dﬁk—faﬁmrmamdm@gm@sts fo6 corneall emagiaaisaﬂemrhpe&lﬁ( fOphthednebldgy
110 (20R), PR, L0116 RidBRAAIRAARENND RN PIELR 3%8@&?@30??&%&13'&85@%%0&&%5
and familia toﬁ’ograp iC corneal anomalies [in Frenc T uahnol 17 (1994), pp. 646-656
[0243] Sperakictkis &val. tEniextcamentoitgtiitar drug penetration. Critical Reviews in
Therapeutic Drug Carrier Systems 16, 85-146 (1999). [0244]Sasaki H, Yamamura K, Mukai T,
Nishida K, Nakamgraod, Nakashipaahénd chikawa:Malnhangepieatafi(QeulprDiugrRenetration.

Critical Rewews |nT c Dru Carrl r Systems. 1999 5-146. [0245]Seiler, . T
Huhle, §ea§poe¥Pp§ Wu%%tﬁﬁ“l—fﬁ an est dia Btes AR (ORI IIRERIORIR

myopic (Group D).

| ab}e 4 - fn-vivo efficacy in Guinea Piegs

Form Deprivation
‘ Crecluder : Treatment
Group Evel Eve 2 Eye 1 | Eve 2
A Yes Ne No | Mo
B Yes No Yes ! No
C Yes No Yes Yes
D Yes Yes Yes , MNo

At 4 days of age, the right eye will be prolapsed out of the eye socket and the posterior sclera
exposed. This region will be treated with the photoinitiator (e.g. Eosin Y) formulations from
above using & Weck Cell applicator soaked in photoinitiator solution. After waiting an
appropriate time (several minutes) as determined above, the treated region will be irradiated to
induce radical formation by the photoinitiator. The eye will then be replaced in the socket and
the conjunctiva closed with resorbable sutures. A series of control animals will undergo an
identical procedure, but without application of either photoinitiator or irradiation. At 5 days of
age, Velcro aics are glued above and below the right eye of guinea pigs in both the treated and

contro} groups and a white plastic diffuser will be fastened to the Velcro ares,

{0201] At 16 days of life, the diffusers will be removed and the following
measurements will be performed: Infrared keratometry to determine corneal curvature; Axial
length using high frequency ultrasound (20 MHz}; and Refractive error using strealks retinoscopy
after cycloplegia. Following these measurements the animals will be sacrificed for histologic

studies of the whole globes.
102023 The eyes from treated myopic groups will maintain their shape when

subjected to 85 mmHg IOP in an ocular inflation assay performed as described above or will

maintain their shape in vivo as compared to control eyes.
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keratoconus; A retrospective case-control study. Grades Archive For Clinical And Experimental
Ophthalmology 238, Siatkowski RM, Cotter S, Miller JIM, Scher CA, Crockett P.S. Novack CD;
US Pirenzepine Study Gmup.Safety and efficacy of 2% pirenzepine ophthalmic gel in children
with myopia: a 1-year, multicenter, double-masked, placebo-controlled parallel study, Arch
Ophthalmot. 2004;122(11):] 667-74. [0246]Shih YE, Lin LL, Hwang CY, et al. The effects of
gt-gong ocular exercise on accommod&atiermpliht ) Prapbigic995;38:35-42.822-825 (2000).

[0247]Smith VA,(f@ﬂ DL-M;&HW&&@I'%@%@%@%\@JV Bent o KRralgRRUS nEthr
Ophthalmol. 2000;10:215-226. [0248]Smith VA, Hoh FIB, Littleton M, Easty DL. ]
Over-exifé&8i et dGERTHaSPRMCHi n KSraBETRULN RN 785, gF9 o gl mechanical
[0249]Spitenas:Mu bekertadniisingdvh terdiutopgdesmdupttionsiandtopogeaphiv msuks
seven years after epikeratophakia for keratoconus,. Gragfes. Arch Din Exp Ophthajmal. 2002;
220(0) 50 A S L e e BT ARRRBI ) 5, S P e
Prevalenderofamyopatirtethe dite dvStales o4 0821070098 3l {023 Spokh BaWisHelR Qs

Seiler Tylpcreaged.resistance.af.crasslinkedicornea against enzymatic digestion. Ghkhye

Res. 2004;29(1):35-40. [0252lSpoerI F. Woliensak 0, Dittert DD, Seiler T. Thermomec atﬂical
behaviofieformatmn. Targeting of the lamina with the 2 photon irradiation source can be aided with the

motion sensitive optical coherence tomography device well known in the art and described for

instance in U.S. Patent Appiication No. 2005/0048044,

Example 12 (Prophetic)
(0204} A patient with myopia elects to undergo LASIK. To prevent post-LASIK
ectasia, eosin Y/TEOA is applied to the stromal bed following excimer ablation. The flap is then
repositioned, Increased corpeal stiffening from the photoitiator based treatment reduces the risk

of post-LASIK ectasia.
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[0281]All references cited or otherwise identified herein are hereby incorporated bx reference
in their entireties K& bachHut bdén dsbifidity MEGHoFAtEE B YEIRIEhce SRRt
particulasrallgeferenses@rhgrehy forpardatery reference for the specific materials therein

for which a referepeg fas heen clied,ocrelied ypn, 12821Aoug e preseptinyention and

its advantages h een escribed in detail, it should be erstood that various changes,
substitugigpsrarriafeiatioinskemepemalie hEtaPwitbotitdeparting from the spirit and scope of

the invention as defined bydhe appsendedelaimsMaresverthascopsmefithe prasestal and
application is not intended to be limited to the partjcular embodiments of the process, machine,
manufalBPE 8RS SIS RSP nRET AT é?ﬁ!ﬁ ; n]§?; PRGRLE f?‘r%p ﬁ‘l%%%%@mﬁjﬁon.

Pand STEpSaestmd
As one Obbtidinasy. SRilPiRiHB&AOWIN. readily appreciate from the disclosure of the present
invention, procesggssinachings, [anfacture; compositions,gf matter; meaps, methads a1

steps, presently existinig or later to be developed that perform substantially the same function
or achieVE @B saptaNy e sBmE Hestitt g ¢8fresidnding embodiments described herein
may be utilized aggosding teghe: preseptinvantionsdreordinglythelapprnded claimssaeed

intended to include within g'[lgigis%g@e sHch process [ ines V anufacture,.compositiqns
of mattecr?%eéiaaﬁg,ﬂ%iéefﬁga]s, or epg}l'lﬁﬁ]ﬁg&gﬁﬁéﬁiﬂ%gé é({nAIMS What is claimed is:
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|. Use of a photoinitiator compound for manufacturing a medicament for a direct treatment or
prevention of an ocular deformation, condition by the photoinitiator compound. 2. A
photoinitiator compound for use ‘as a medicament for directly treating or reducing the risk of in
ocular deformation condition. 3. The use according to any of the preceding claims wherein the
direct treatment or reduction .of the risk of the ocular deformation condition comprises an

increased modulu§%6fhn odtlerdissuan MerkE st dsamests TR 4 WHSHR HE oetifar
tissue i@ﬂ;m&@tggﬁgt@@Q[ﬁomgit;tbmg}sclera and/or the cornea ad optionally includes the

entirety of the sciera and/or the cornea. 5, The use rein n . precedjng claims
wherein the ocular g&formafich Téoﬁﬁ?ﬁBﬁ $§£§}g&%§ %((\I)gr% %nge?l gr)’o%%%égiﬁgﬁmoﬁ%ératoconus,.
post-lasEemassisiet HBitus kerdidmilsusiso kASIK)eotdsiasdosprdwréfsactive keratectomy

(PRK) %@gi@(@%gﬂ_@fggion ecrasia, peripheral ectasia, rheumatoid condition of the cornea,
'degenerative myopia, regular myopia, sclera’ stapgyloma and combinations thereof. 6., The

use according to P8 the'rhedin G cirresihér & bEas i aRmA BN EiBH TS
degenekative myepieCT: Fhedse.aceording: Duagyofthe preredit@ claims wherein the ocular

deformation condition.is keratocanus.. The use according to any of the prec dinl_%glaj:_ms
wherein the photc@?lébaknr c%ér(r)l%eonﬁ%l%%’o‘?ﬁ%sr%g}g%gv% %g%f%ot?h% 0&%%%35?”nm§1£%? %%mpgﬁwhd
compriseerS comperin@habigthe@ Féehida 3568 REPLACEMENT SHEET wherein E.,, 8.2,

K. and R4 are eaglpindependgiily.H halogem-m:N@2and.phartnaceutics asalis:thereat.o.

The use according to claim 8, wherein RI, Rap 113,114 are each independently, 1,1, Br, or
NO2. hope. Current Opinion In Ophthaimology 17, 356-360 (2006).
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10. The method of claim 8, wherein the photoinitiator compound comprises Eosin Y, Eosin B or
fluorescein. IL The use according to any of the preceding claims wherein the photoinitiator
compound further comprises a polVethylene glycot,' r.: The use according to claims 8-10
wherein the photoinitiator compound is capable of directly treating or reducing the risk of the
..ocular deformation condition upon illumination of the photoinitiator compound for 30 minutes

or less using visibf&Tight. 1% Thsizke Gecorefny B atfjierf the prétwditg iojfharsieae
medicamgntis fesdepicakagdmiristation: ot 4cIheuse; acsordinadaiany 0bhe praeeding claims

wherein the medicament is_for administration_by injection. 15, : ofajnitiator
compound for maﬁ%?&éturir%cé‘%gd?&aﬁ?éﬁf’fgﬁd’i%%%y'Ertj(ﬁsﬁ‘iél Z]S}mogb%ggléﬁ% an@é%vf’c%gmical
propertrofrasiss el 56 SREPLAC EMENTcSHE Bk 16::(dh éusgaccording tarclamdiBnaderein
the tissw@s&@ﬁmg@w@ @gﬁtﬂ%@i@gﬁg@ﬁﬁ5@&&%&;@5@@@%@@@@4 anglgr chemical

property of the ocular tissue comprise's an increased modulus of the ocular tissue. 17, The use

according to clain®26&vheici ‘fhé%(ﬁéﬁlgr YeLu&Radaédat 1dddt P -8R SRR DF the

cornea ang-wptionapyiinciudesibe eatiety otihe splgra and/Beijhe con®add 8. The use

accordi %gh%r%%%tp%(ég?%?gj%;ggijﬁs 15-17 wherein the ocular tissue is in an eye of a
TisK'0

subject haying or a aying a condition selected from the'group consisting of
keratoconus, nostdager-assisteBAd B0 Ao ilEUSiN Q. ASIKYECESia, post-photorefractive

keratectomy (ERIfg)gtasia; poskinteetimestasia4peripheral ectasia, rheumatoid condition of
the cornea, degenerative myapia, reqular myOfia sglami staphyloma and combinations
thereof. 19. The U§é"aécor n% Fdé‘glﬁﬂifgv(?h&%?ﬁ“the ocular deformation condition is
degenerative myapis(]  U.S. PATENT APPLICATION NO. 2005/0048044

[0281] All references cited or otherwise identified herein are hereby incorporated
by reference in their entireties as if each had been specifically incorporated by reference above.
In particular, all references are hereby incorporated by reference for the specific matertals therein

for which a reference has been cited or relied upon.

[0282] Although the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the invention as defined by the appended
claims. Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specificaiion. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presenily existing or later to be developed that
perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machineg, manufacture, compositions of matter, means, methods, or steps.
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20. The use according to claim 18 wherein the ocular deformation condition is kemtocouus. 21.
The use according to any of the preceding claims 15-20 wherein the photoinitiaior compound
comprises an Eosin V compound, the Eat Y compound haying the - Formula 1: 57 AMENDED
SHEET - IPEA/US REPLACEMENT SHEET wherein Rt, R2, R3, and R, are each

- independently, H, halogen, or NO2 an&p%@ég&%%%salts thereof. 22. The use according to
claim 21, wherein RI, R2, R3, R4 are each independently, H, Fir, or NO2. 23. The method of
claim 21, wherein the photoinitiator compoutichidinprises Eosin Y, Eosin B or fluorescein. 24.

- The use according t&/eigi#E 2423 wherein the phoioinithator compound further comprises a
polyethylene glycol. 25. The use according to claims 21-24 wherein. the phgtoinitiator
compourid is capalHeoF dirdietFissr fFurre dticT g HEHE SPIHEBRLIET AetSfation condition
upon illumination forsent Pr3gevrifrates s STHE IRFREEEMPTIING LIVETSRITHET 50050 am; and
at an illumination intensityiof from -1-100 rnW/cm2. 26. 'The use according to any of the .
preceding elaims 15-25 wherein' the medicament is for topical qdministragg_n, 27. The use;
‘according to anfy of tREPBIERERAGPETan TS 15208 TP e Teticament s forad. minisintion
by injection. ' 211. TrelsérarebraiRg e ardfhe preceding claims wherein the direct
treatment, direct reduction of risk of or direct prevéntion of an ocular deformatjon condition
comprises ' an iﬁ'umTﬁ%‘t‘fBﬁ%ﬁﬁ% e ié%tr%@e"ﬁ HE \?\/%%I%gn t ot(% %8%%%%%%% an illumination

intensity of from 1_f6@0fm\ﬁnéma2nsk of the oower deformetion cowbiton comprises on InOreas

modulus of an oculer issue,
4, The usé aeoording to claim 4 wherein the ooular tissue includes &t least & porion of the
selere andfor the comen dnd optionally includes the entirety of the sclers and/or the

sornas,

)

The use sccording io arq; of the: preceding claims wherein the oonlar deformation
condition fs setected from the group comsisting of keratocnn;xs,‘past»iaser-asgisted in
sitn keratomileusis (LASIK) ectasia, post-photorefactive keratectomy {PRK) sciasis,
pest-infectio'n ectasis:,, perivheral ectesis, rheumatold condition of the cornes,

depmnerative wivopie, ragulaz; myopia, scleral staphyioma and combinations thereol,

6. The use according o any of the preceding claims wherein the acular deformation

condition is degenerative myopia.

7. The use according to sny of the preceding claims wherein the ocular deformation

condifion is keratoconus,

'8, The use according to any of the preceding claimy wherein the photoinitiator compound
comprises an whersin the photoinitiator compound comprises &' compound having the

. Formula It

o - 55
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29. Use of a photoinitiatar compound for manufacturing a medicament for a direct treatment or
prevention of an ocular deformation condition by the photoinitiator compound wherein the
medicament does not include other chemical agents capable of effecting a change in tissue
propene upon light activation of the photoinitiator compound. The use of claim 29, wherein the
photoinitiator compound is capable ofﬁmggm}\g@ple light irradiation. 58 AMENDED
SHEET - PEA/US REPLACEMENT SHEET" 31 Use of a phatomltlator compound for
mannfacturing a medicament for altering L metHs
a subject byte steps of: a) providing a phota

mpound directly alters a mechanlcal
, ‘ edicament does not include other
chemical agents upon which the phg -"-__,,»-'- LComeUneimay act to change the structure of
the -other chemical agents to thermby efféct a cﬁangeln tissue properties. Use of a
photoinitiator compound for manufacturirig a medicament for a, ‘direct treatment or prevention
of an ocular deformation condition by the photoinitiator compound, wherein the medicament
:does not includevestkieFeheficsl RgershimsermmieFihecphatoivpIcEsRIEEthd may act to
change the struot@tsehatcme other chemical agents to thereby effect a change-in tissue

properties, _ . . ]
&, Theuse accerding to ciaim 8, -whermﬂ Ry, Ry, Ry, Ry 2re each independently, H, Br, or

| NO.

10, The method of clatm &, whereln the photoinitfator compound comprises Eosin ¥, Eesin

B or fluorescein.

1. The use socording to any of the praceding clabms wherein the photoinfiiator compound
further somprises a polvethylene pivenl,

12. " The use according to claims 8-10 wherem the photoinitister compound is capuble of
divectly treating or reducing the Tisk of the.ocular deformation condition upcx

illurmination of the photoinitisior compound for 3¢ minutes or less using visible Hght.

13, The vse according to any of the prececiing clatras whierein the medicament is for topical

adwministration.

14. The use according io any of the preceding clwims wherein the mediciment is for

sdrministration by injection.

18,  Useof a phoioinitistor compound for manufacturing & medicament for directly altering

' 2 mechanicaland/or chemise! property-afa tissue,

AMENDED SHEET - IPEA/US




wherein the photoinitiator compound comprises a compound having the Formula. 59
AMENDED SHEET - WEA/US REPLACEMENT SHEET wherein RI, Rz, R3 and R4 are each
independently, H, halogen, or NO2 and pharmaceutical salts thereof, wherein the
phominitiator compound. is capable of directly treating or reducing the risk of the ocular
deformation condition upon illuminatiqpdos darmd-8emminutes, using light cOmprising a
wavelength of 500-1-50 nm, and at an illumination intensity of from 1100 rriwwvicm2.. 33. The

use according i clEHE 2gEREs YR 2 WiETEi e b AP BETdHifANBh EoHEition is selected
from the 'gratin corstinerbbkerstoierudomrostit sepeassidte erry Sittriararfhfeusis (LAS1K)
ectasia, post-photorefragtivekerateotomyi@RK) ectasia, post-infection ectasia, peripheral
ectasia, rheumatoid Condition of the cornea, degenerative myopia, regular myopia, scleral
staphyioma an#f-cobiraesriéate A S e T SCEBrirt e &1df 38 WHdtein the ocular
deformation conditiwisisrkentio comSdeRtARIE RIEDIS EET of BE Afeygrad/or the .

cotnes. .

18. The use scootding to any of the preceding ciaims 15-17 wherein the ocular tasus is in
an eye of n subject having or of Tisk of having & condition selested from the_ group
consisting of keratoconus, posi-leser-assisted i sity keratomileusis (LASI eotasia,
-post-photorefractive kerstectomy (PRIC) - estasts, post-infection eotrsia, peripheral
eotasie, Thourmatoid condition of the come:, depenerative myopia, reguler myopis,

soleral staphyloms and cumbinations thereof

1. The use amordin:g to olaim 18 whersin the oculer deformation condition is
degenerative myopia, '

90. The use according fo claim 15 wherein the ocular deformation condition is
Iceratoconus.

21, 'ﬂ:e use according fo any of the preceding clafms 15-20 wherein the photointtiaior
compound comprises an Fosin Y compound, the Eosiz ¥ _componnd havi_ng the -

Forpula £
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REPLACEMENT SHEET

wherein Ri, Ra, Ra, and Ra are each independently, H, halogen, or NGOy and pharmeaceutical

salts thereof.

22, The use acoording to claim 21, wherein 7y, Rs, Ra, R4 ere gach independently, H, Br, or
MG,

7. The method of claim 21, wherein he phqtamitiamr-camﬁamd comprises Hosin ¥,

Fosin B or fluoresecein.

24, The use éccerding s sisims 21-23 wherein the phetoinitiater compound fther

c{ainprises apolyethylens fgiycﬂ'i.

25, Theuse mcnr&ing 10 claims 2124 wherein the photoinitiater compound is cepabls of
directly tresting or yeducing the wisk of the ocular defoomation condition upon
{liumination for from 1-30 minutes, using light comprising o wavelength of 500£50

i, and ¢ an Tllumination intensity of from 1-100 mWiom?,

26, "The.uss according o any.af the preceding claims 1525 whetein the medicament is for

topicsl sdministration.

27, 'The use according to any of the precediang oleims 15-25 wharein the medicament is for
adminisiration by injestion, ' ‘

- 28, _Thé use acourding 10 any of the preceding claims wherem the direst treatiment, Girect

seduction of risk of or direct prevention of an ognlar deformation condition comprises

‘an hurination of the medicament at 2 wavelenpth of 500250 nm at an fllumination

intensity of from 1-100 mWiom®,

20, Use of & photoinitiater compoend for menufachming & medicament for a divest
treatment o prevention of an ooular cfgformation condition by the photoinitiator
compound wherein the medioarment doss not include other chemical agents capable of
effaclzting & change in tissue properties uwpon fight activation of the photoinitiator

compound.

30.  The use of cleim 29, whercin the photoinitizror compound is capable of aciivation by

visible light irrediation.
58
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REPLACEMENT SHEET ©.
31, ‘Use of a photoinitiator compound for manufecturing & medicament for altering a

mechanicel end/or chemival property of & tissue in e subject by the steps of:

£} providing a photoinisiatnr compound having the Formula I

wherein Ra, R, K, and Ry are each mdependently, H, i:aiogez&, or NO:; and

pharmecentios! sslts thereof, o8 tissue of fhe subject, and

b) activaring fhe photoinitisior componnd by 4 visible light imadiation of the
fisgue, -
whercbv. the photoinitiatur pompound directly shers & mechandcal and/or {:Eiémical
mroperty of the tissue and wherein fhe medicament does not include other chemical
agents upon whick the photoinifiator compound may act to changs the structure of the
-other chemical agents ¢ thereby effect 2 chenge in tissue properties.
B

s

Use of o photoinitiator compound for manufsomring ‘s medicaznent for a divect
{reatment or prevention of an ocular deformation condition by the photoinitiator

- compound,

wherein the medicament.doss not include other chemice! agents upon which the
photoinitiater compound may act to change the structure of the other chemical agents

o thereby sffect avhange in Hssue properties,

wherein fhe photoinitiator compound comprises ¢ cempound having the Foromule i

(]
WO

.
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33,

34.

REPLACEMENT SHEET

wherein R, Raz Ha, and Eg are each indepmdénﬂy, H, halogen, or Wiy sad
pharmacentical salts thereot, :

wherein the photoinitistor compound is capable of divectly esting or reducing the
tisk of the ocmlar deformetion condition upon lursinetion for from 130 minuies,
nsing light comyprising & wavelength of 50050 nm, and at an filumination intensity of
from 1-100 mW/em®, ' '

The use according fo claims 29, 36, 31 o1 32 wherein the oculer deformation condition
iz selegied from the group consisting of keratocomus, Ipcst-laseir»assis‘ccd in situ
keratomileusis (LASTK) ectasie, post-photorefractive keratectomy (PRE) ectasia, post-
infestion ectasiz, peripheral ectasia, rheumatoid é:ondi_timn of the cornes, degenerative

nyyapia, reguler inyapia, scleral stephylome and combinations therentf,

The use accovding to claim 33 wherein the oculer deformation condition is

keratocoms,
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