SUSTAI NED DRUG DELI VERY SYSTEM CROSS- REFERENCE TO RELATED APPLI CATI ONS
[0001] This application clainms priority to U S. Provisional Patent
Appl i cat iwo 2bim/048s06106, 136 filed on Cctober 16th, 2008. PEEISED0Q66ODIHE
| NVENTI ON [ 0002] This invention relates generally to therapeutics and
specifically to drug dediYEAWPRBDRUG! POLPSERYSYNTMNYi ng in vivo efficacy
of the drug, and nore particularly to drug delrvery to the back of the eye.
DESCRI PTI ON OF THE RELATED ART [0003] Di seases of the back of the eye, such
as age-rel ated macul ar degeneration (AVD) and di abetic retinopathy, are
affecting increasing nunbers of people as our popul ation ages. For
ef fi cacious therapy of these deeneratl ve ocul ar di seases, therapeutic
agents need to be URG EIERENCELQRELA APRLIGATIONS, { he pack of the
eye, particularly the retina. [0004] Topi cal delivery of drops is the nost
common nmeans to adm ni ster therapeutic agents to the eye but only a very
smal | percentage of the applied dose reaches the intraocular tissue.
Becaus¢0(6] t he Bhisapplicetidnncdaiiamripsty, to $4/StRravisiond MatehsApplicaben Nequi res | ar ge
doses to reach thera eutl c levels in the eye and therefore nay cause
unaccepi 466.836fikbd on @@1@516 i208%t injection into the vitreous humor within
the gl obe of the eye is attractive because the barrier to the retina from
this site is mninmal. However, penetration of the gl obe can be associ ated
with serious sightthreateni FdERBVOFIHIRINKNENTION udi ng i nfection and
retinal detachnments. Injections outside of the globe (e.qg.,
subconjunctival) are inefficient in reaching the target tissue due to
cl ear af@02pf t hEhihewvapeut iclateagemtraltyto thvearishoodat spemfidaly tdédrug ddiaird and t he
tight barrier of the retinal pignent

methodologies for prolonging in vivo efficacy of the drug, and more particularly to drug delivery

to the back of the eye.

DESCRIPTION OF THE RELATED ART

[0003] Diseases of the back of the eye, such as age-related macular degeneration (AMD)
and diabetic retinopathy, are affecting increasing numbers of people as our population ages. For
efficacious therapy of these degenerative ocular diseases, therapeutic agents need to be delivered

at sufficient concentration to the back of the eye, particularly the retina.

[0004] Topical delivery of drops is the most common means to administer therapeutic
agents to the eye but only a very small percentage of the applied dose reaches the intraocular
tissue. Because of the blood-retina-barrier, systemic administration requires large doses to reach
therapeutic levels in the eye and therefore may cause unacceptable side effects. Direct injection
into the vitreous humor within the globe of the eye is attractive because the barrier to the retina
from this site is minimal. However, penetration of the globe can be associated with serious sight-
threatening adverse events including infection and retinal detachments. Injections outside of the

globe (e.g., subconjunctival) are inefficient in reaching the target tissue due to clearance of the
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epitheliumto hydrophilic conpounds. Sone therapeutics in the form of
nanoparticles and |iposones can be introduced via intravitreal injections.

However, wbeyid@arsbet 0 obscure vision by scattering |ighpcenisesdongoise eye.
[ 0005] Anot her nmethod of delivering therapeutic conmpounds to the eye is the
use of inplants. For exanple, two non-bi odegradabl e ophthalmc inplants are
currently on the market, delivering ganciclovir and fluoci nol one acetoni de
t o treaicraytiicagat tovthe bisodsatamiid ths chordiduandithd $ght basioeef thy edtivial pifese can

achi eve steady delivery of small nolecules to the vitreous for years.

Howev ekpitlichius todythophilio vehpasds.fSentel tbdspaasisoiaitd e wif himdpar@ks wed surgery to
i npl ant and renove these devices. As an inprovenent over non-bi odegradabl e
i npl antipesonied dagbemableed vial iamdstreat éj¢cniond. | Hiowealer, shdyderaitotobadurd egivh be | ess

i nvasi ve procedures, possibly even suture-less office inplantation. [0006]
It wil kscdnerinlgBgttableeing theeiyovi de drug delivery systens that prolong the
availability of the drug to the target tissue, but do not have the
limtations associated with frequent dosing or interfering with vision.

[0007] [6®95¢Nt | yAndth@ahdrksd ofakelieytmgdhaaraes cotgdunds toAlvPeyras tieasa of
revol utionized by two devel opnents: (1) the realization that vascul ar

endot hehplahts Fe@wkdmplaahvemoh Wesdepratishl@optahdid iviepldndcdro turkdntly/ o th me&se, and
(2) approval of an anti-VEGF anti body fragnment for treatnent of AMD

adm ni gbleveeidg ghitidlomir and flucedloldndjabdiiddto tRNSNSBEN ifRardtipitgwiay{itis, UCENTI S
R) . In addition, a full length antibody directed agai nst VEGF such as

Genent @@bécﬁiv&?\/ﬁl@ésé vapdeh(cAYARddyNdliveryg kR afolRulcatose K RIcBly RE yéas. as
Avastin), is frequently injected into the vitreous off-label to treat back

of themRyevel tRasehod TRHEEEs heWsky R36Bat waRidvasise Hayey Rasnfal dg@rdntRact
because they are

these devices. As an improvement over non-biodegradable implants, biodegradable implants are

in clinical studies that require less invasive procedures, possibly even suture-less office

implantation.

[0006] It will be desirable to provide drug delivery systems that prolong the availability of
the drug to the target tissue, but do not have the limitations associated with frequent dosing or

interfering with vision.

[0007] Recently, treatment of eye diseases such as AMD has been revolutionized by two
developments: (1) the realization that vascular endothelial growth factor (VEGF) is a causative
factor in the disease, and (2) approval of an anti-VEGF antibody fragment for treatment of AMD
administered via intravitreal injection, Genentech’s Ranibizumab ( LUCENTIS®). In addition, a
full length antibody directed against VEGF such as Genentech’s Bevacizumab (AVASTIN®,
hereinafter also referred to as Avastin), is frequently injected into the vitreous off-label to treat
back of the eye discases. These new treatment options have had a huge impact because they are
the first treatments for AMD that improve vision in many patients, where previous treatments

simply delayed vision loss. Ranibizumab and Bevacizumab act by binding to and inactivating
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the first treatnents for AVMD that inprove vision in many patients, where

previous treatnents sinply delayed vision | oss. Rani bi zumab and Bevaci zumab

act by biwogiog/tssoand i nacti vati ngVEGF. The duration of pefrfuses09ios091s

determ ned by drug half-life; in general, a longer half-life provides

| onger duration and, therefore, less frequent dosing. [0008] dC i nical

phar nocoki netic data are generally limted to serumdue to difficulty in

sanpl i ME®@ ul'terdurateawd cffEdt iind atermimed byfdrigaiml Biifeymedenémb mldriyer kateliftas been

studi ed nore extensively in nonkeys (Gaudreault et al, Invest. Ophthal nol.

Vis. Soptovddes Tatfger7@Raticd0m8) therRfmé, bésa dirgirenhdssied. ear ed uniformy from al |

ocul ar conpartnents, including the vitreous and retina, with a term nal

hal f-1ife of approximately 3 days. The serumhalf-life after intravitreal

i nj ect i[@008vas sChnitd pharfrapplioxticndateedry ghecballydinsiyedvib seremsiut he difiddiltylin f e was

approximately 0.5 day after intravenous injection. This suggests the serum

concentgmaplirpnut tissue | Eltmiawtidor efd anibiguerebifom teeye batbeoh btedicbynotrdhre

elimnation rate fromthe eye. The package insert of Lucentis states that
morkishyivé P th motkeog(Gaudidatilt anvilt, imakt. Ophaliohnsds. oti. ReAR®i7334128b5)achi eve

results superior to | ess frequent dosing". However, given the attendant

ri sks ®anibiuirabivas eRhreld R ol iwnadl @alaabompartrhéntd, snodigd the veeogdrded t hat

physi ci ans woul d prefer, and patients would benefit from |ess frequent

dosi ngret[nQ0ORY a kumidaéhal f-tifecofapproriniuods 3 dhyss Thé sdrna hatdvlifg afkalintygitycaisi ng

cationic conplexes are promsing, (e.g., see Singh et al, J. Cont. ReL, 32:

17- 25, ij@Q#n vais Righilaef (aroxidhatey BB idaydRelheredSthe hoB- ity Qas dHAimatehays bave yet

to be applied to treatnment of the l|ocalized areas of the body such as the

eye. FaftereXaigeheus ibcBionPahBRUgdNets the RAdn d@chtyatibhH@intelvitehl infhci®l ages a
drug fornul ati on where cationic amno acids are physically conbined wth a

ther apf@uﬁtmleagg e dliedin@iostre@ifontidl eye Mhe péekpby Bkaadbf Cmtiadtesfatof . t hi s
sort will not be as suitable for sustained drug
monthly 500 microgram intravitreal injections of Ranibizumab achieve results superior to less
frequent dosing”. However, given the attendant risks of intravitreal injections noted above, it is

widely recognized that physicians would prefer, and patients would benefit from, less frequent

dosing.

[0009] Further, though methods of sustained drug delivery using cationic complexes are
promising, (¢.g., see Singh et al., J. Cont. Rel., 32: 17-25, 1994; Singh et al., J. Cont. Rel., 35:
165-179, 1995), they have yet to be applied to treatment of the localized arcas of the body such
as the eye. For example, U.S. Patent No. 7,244,438 by Lingnau et al. discloses a drug
formulation where cationic amino acids are physically combined with a therapeutic agent for
systemic delivery. A physical combination of this sort will not be as suitable for sustained drug
delivery as a chemically combined drug composition. Further, the charge density of the cationic
moiety that is disclosed by Lingnau et al. would exhibit both undesirably high antigenicity, as

well as an undesirably high toxicity.

[0010] Further, polycations such as polyethylenimine and polylysine are traditionally often

utilized in nonviral gene delivery systems to protect nucleic acid therapeutics (e.g., DNA and

3
SUBSTITUTE SHEET (RULE 26)



delivery as a chem cally conbined drug conposition. Further, the charge
density of the cationic noiety that is disclosed by Lingnau et al. would
exhi bit bsohowndssicr ably high antigenicity, as well as aoTwsdesios@is y hi gh
toxicity. [0010] Further, polycations such as pol yethyl enimne and
polylysine are traditionally often utilized in nonviral gene delivery
systens to protect nucleic acid therapeutics (e.g., DNA andsi RNA) from
degr adatRNon) faerd degraddtion ahe facpitatk eptakd mtocel s EledHostatic omhplexatioa brfsteexat i on
bet ween pol ycationic polyners or |ipids and pol yanionic nucleic acids

r esul t polynatfonraatyrers of ligdsmaldepodgmnionmmuckse podsypdudtx @sfoomath dnpdgbmpkses The
condensed nucleic acids are conpact and protected from di gestion by

nucl eageowi hepaypipteswe Epdpdexes .t khepbrdingid mickid 2oidw aso¢ant paotanddotesrbid from
formul ated with excess polycation, can |lead to small particles with

posi t i dezestivartgenuwolivasch®hs corgiees tdndtto ptealpithicAmsn sdhetiqnaant) whansfoanulaged onot es
uptake into cells by endocytosis. Qthers have conjugated Anot her approach
has beevithteacdss pllypatiohi chddcddao pmell pamislct ovithpbsidvechadgoget thelswélce waty. For
exanpl e, a deca-aspartate bone-targeting peptide has been linked to a

f usi on sfaboize the paticles mid mromoes aptaksditoglle bz yndvcgliosie COthyrsthavd bujuiatedased
bone tissue (Enobia Pharma, Montreal, Canada). The use of a charged noiety
to for Mnathet fppeodch hdeheh té bnk pepsided togtoteinsi® dchRvh asgdial ddieen. Fordikeapled for
use in biological tissues such as the eye. [0011] Moreover, devel opnent of

cont r olaldech-ispheas Borsytateetihy Heptidphas iRk Sinkdddo pemidoesteimeatividodddiat i onal
protein stability challenges. Loss of integrity and activity can occur

t hr ouglmiggg @gaht ditc@ldo denidcdsdatboan tishue (M bidBhashs, edsetcal Canmiay fThetuse i ng,
storage on the shelf, or during use. Excipients are generally added to

addr essf b biesged spigpio fosRias o diy depadbngistatnet drupilsathhoms beéd indichted fed drug
| oading. Hence, it will be desirable to have fornul ations that are stable

Wi t houtysd eigdgitdlitosueotudesitii gt s and al so have a high drug | oading.

[0011] Moreover, development of controlled release systems for proteins and peptides
involve additional protein stability challenges. Loss of integrity and activity can occur through
aggregation and denaturation during the stresses of manufacturing, storage on the shelf, or during
use. Excipients are generally added to address these issues, typically leading to formulations with
limited drug loading. Hence, it will be desirable to have formulations that are stable without the

addition of excipients and also have a high drug loading.

[0012] Given the above, it would be beneficial to provide an improved or alternative
method of delivery and/or drug formulation for treatment of the eye. Such a formulation would
ideally enhance the benefits of therapeutic compounds such as Ranibizumab in a manner that
provides a steady delivery of the therapeutic compound over a prolonged period of time. Such a
formulation will utilize cationic moieties for sustained delivery minimizing antigenicity or
toxicity. It will be desirable for the drug to be chemically combined with a cationic moiety for
added stability, while being less toxic and antigenic than the prior art. Such a drug composition
will be easy to deliver and require fewer doses over periods of time than the present therapeutic

compounds for treatment of the eye.
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[0012] G ven the above, it would be beneficial to provide an inproved or
alternative nethod of delivery and/or drug fornulation for treatnent of the
eye. Suchwe 2bowoyssoat i on woul d i deal |y enhance t he benef ipts/ushomhermapeut i c
conpounds such as Rani bi zumab in a manner that provides a steady delivery
of the therapeutic conpound over a prolonged period of tinme. Such a
formulation will utilize cationic noieties for sustained delivery
mnimzing antigenicity or toxi ciREFEREN6HY be desirable for the drug to
be chem cally conbined with a cationic noiety for added stability, while
being less toxic and antigenic than the prior art. Such a drug conposition
Wl b&)SFATENT DECWRIENASD require fewer doses over periods of tine than
t he present therapeutic conpounds for treatnent of the eye. REFERENCES U. S.
PATENT DOCUMENTS U.S. Patent No. 7,244,438 by Lingnau et al. OTHER

PUBL| CATS @N&nENor 7,044,438\by laingha¥.ct kllong, The Vitreous Hunor, in Handbook of
Bi omaterial Properties, Ed. J. Black and G Hastings, 1998, Chaprman & Hal |,
pp. 125 - 131. Doronina, S.O et al. Devel opnent of potent nonocl onal

anti body auristatin conjugates for cancer therapy. Nature Bi otechnol. 21:
778-782 (2003). Ellman G L. A colorinteric nmethod for determning | ow
concentrations of nercaptans. Arch Bi ochem Bi ophys 74: 443-450 (1958).
Gaudr e@MHER PUBEICATIONS ecl i ni cal phar macoki netics of Rani bi zumab
(rhuFabV2) after a single intravitreal adm nistration, Invest. Ophthal nol.
Vis. Sci. 46: 726-733 (2005). Rosenfeld P.J. Intravitreal Avastin: The | ow
cost althaflaatVv vad Yo Houg ETiHd BitrcodBlurdor, idMibook of Biomaterial Properties, Ed. J.

Black and G. Hastings, 1998, Chapman & Hall, pp. 125 - 131.

Doronina, S.0. ef al. Development of potent monoclonal antibody auristatin conjugates for

cancer therapy. Nature Biotechnol. 21:778-782 (2003).

Ellman G.L. A colorimteric method for determining low concentrations of mercaptans. Arch

Biochem Biophys 74: 443-450 (1958).

Gaudreault J. et al. Preclinical pharmacokinetics of Ranibizumab (rhuFabV?2) after a single

intravitreal administration, Invest. Ophthalmol. Vis. Sci. 46: 726-733 (2005).

Rosenfeld P.J. Intravitreal Avastin: The low cost alternative to Lucentis?, Am. J. Ophth.

142(1):141-143 (2006).

Singh M.P. et al. Mathematical modeling of drug release from hydrogel matrices via a diffusion

coupled with desorption mechanism, J. Cont. Rel., 32, 17-25 (1994).

Singh M.P. et al. Effect of electrostatic interactions on polylysine release rates from collagen

matrices and comparison with model predictions, J. Cont. Rel., 35: 165-179 (1995).
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142(1):141-143 (2006). Singh MP. et al. Mathenatical nodeling of drug

rel ease fromhydrogel matrices via a diffusion coupled with desorption
mechani smyololo@arios RelL, 32, 17-25 (1994). Singh M P. etcalus2ibioemus of

el ectrostatic interactions on polylysine release rates from coll agen
matrices and conparison with nodel predictions, J. Cont. RelL, 35: 165-179
(1995). SUMVARY OF THE | NVENTI ON [0013] The present invention discloses a
drug conposition conprising a charged noiety chemcally coupled to a

t her apeuti c conpound, wherSEiIMMARYdhBAGHUINVENIYONs configured to interact
reversibly with at | east one type of conponent of opposite charge in a

bi ol ogical tissue to create an in situ depot for prolonged drug delivery.
The ch§@@8§l noi Ehieypresyt inecraioy disolopaundtug omhgisitiongompeisiag arbhirgedcmaieges such
as a peptide, a conbination of amno acids, or the like. The drug
conposiché¢mialiypgouprd c@a thegupewet dompoand, wheewiu the dharigad mojeecit icomfiguadittomay
contain a cationic noiety to target biological tissue (such as the eye)
cont ai mtagctryadrsiblgrwith addast onEhgpctdfevmpentint of ppoyieLoherge dub Biobepical hssab agi c,
such as an anti-VEG- conpound. Exanples of such conpounds are Rani bi zumab,
Bevaci ztbartun iWk@Hdepoafor pailengefl AtibdleliferyeT ieatafopd mudstyfiag buanngpnifvandr ug
conposition is also disclosed. The nethod conprises chemcally coupling a

char gedommin@igyont or motdehagiee siichas a popidena combiast@inroahéncdvadsgedhatikeThei s
configured to interact with at | east one type of conponent of opposite

char ge drug @ntpasieion bag e tonfuegitte baitodusddivia thigabn,fagd naky ebeaipectadonig
delivery. The charged noi ety conprises am no acid residues, and the

t her apewiétﬁ tecarpobibibgtali@ud@uéeasahé tycYEsitaia MFPQUINEbnsLid. e Rasipeiisimab,
Bevaci zumab or VEGF Trap. The coupling is a coval ent bond achi eved through
a chenice@dpodid @elieiciabiFlbgie &suish as an anti-VEGF compound. Examples of such compounds

are Ranibizumab, Bevacizumab, VEGF Trap, etc.

[0014] A method for manufacturing the drug composition is also disclosed. The method
comprises chemically coupling a charged moiety to a therapeutic compound, wherein the
charged moiety is configured to interact with at least one type of component of opposite charge
in a human body to create an in situ depot for prolonged drug delivery. The charged moiety
comprises amino acid residues, and the therapeutic compound could be an anti-VEGF compound
such as Ranibizumab, Bevacizumab or VEGF Trap. The coupling is a covalent bond achieved

through a chemical or genetic process.

[0015] A method of treating the human 1s also disclosed. The method comprises
introducing into a human body a drug composition comprising a charged moiety chemically
coupled to a therapeutic compound, wherein the charged moiety is configured to interact with at
least one type of component of opposite charge in the human body to create an in situ depot for
prolonged drug delivery. Introduction could be achieved by injecting the drug composition into
any part of the body. The drug can also be introduced into any part of the body such as the eye,

synovial fluid in a joint, the brain, skin, bone, cartilage or a cancerous region.
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[ 0015] A nethod of treating the human is al so disclosed. The net hod
conprises introducing into a human body a drug conposition conprising a
char ged nwoebw/mb@ei cal |y coupled to a therapeutic conpegmas2edms®@in the
charged noiety is configured to interact with at | east one type of
conponent of opposite charge in the human body to create an in situ depot
for prolonged drug delivery. Introduction could be achieved by injecting

t he dr (@016pnposilit ammthar aspecaofthgaventoh, tht éhebapdytic i§ hendfactgredaningl so be
introduced into any part of the body such as the eye, synovial fluid in a

j 0i nt, r¢doebhraai DN Astk¢tmpldge méherotratht itheagpeutic isan terfoen olis fusegipootein0016] | n
anot her aspect of the invention, the therapeutic is manufactured using

r econmbicomptisiiiNAe trleciyrotiadly astierregion biwkthe lokarggdpdptide tegidnn Theeofmbimmiaf ofa
fusion protein conprising the therapeutically active region and the charged
pept i dehateghputic Tdpgorcanithteltarged rediot hevideesiapinedidelivegbbtheang thhiee char ged
regi on provides sustained delivery of the drug to the biol ogical tissue.

Qt her dapegtad tisfuct MEhémggats adnhd inednsde imdideanshaBrcoespondihg® the déhessdevi ces
and systens descri bed above. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0017] The

i nvent iandsasnsalcheibecddv@nt ages and features which will be nore readily
apparent fromthe followi ng detail ed description of the invention and the
appended cl ai ns, when taken in conjunction with the acconpanying draw ngs,
in which: [0018] Figures |la-c show the formati on of the drug conposition in
accordance with two enbodi nents of the present invention. [0019] Figure 2
shows the in vivo interaction of the drug conposition with body conponents.
[ 0020] Figure 3 shows an exenpl ary building block in accordance with one
enbodi ment of the present invention.
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[0021] Figure 4 shows the concentration of bound and free 22 kDa pol yl ysi ne
as a function of total polylysine concentration for solutions containing
500 ug/ mwbyalowssscc aci d. [0022] Figure 5 shows the comrcentsc@bioo1®f bound
and free 22 kDa polylysine as a function of total polylysine concentration
for solutions containing 250 ug/ nL hyal uronic acid. [0023] Figure 6

di splays the ratio of ng bound polylysine to ng hyaluronic acid for
solutions of 22 kDa polylysine as described in Exanples 2 and 3 . [0024]
Figure 7 shows the corBRHEF BESORIBTIONUDE Tdhd DRAAWINGSDa pol yl ysi ne as a
function of total polylysine concentration for solutions containing 500
ug/ mL hyal uronic acid. [0025] Figure 8 displays the ratio of ng bound

pol y- LY&017¢ t o T inyaition bad ethaciddarftages sod febiuesssviaéh Billed pbrgseaddyand 22 kDa
pol yl ysi ne as described in Exanples 2, 3, and 4 .[0026] Figure 9 displays

t he cumppatnt ienddb ifolmyingdctatdidesterpAuast tha imenfiangaidelse ypesded choms,orfjengat ed
Avastin. [0027] Figure 10 shows the delivery rates of the four exenplary
pept i deakdrw astdnjuncioy wihtlescvensingingairavwiogy, igaheh: Avastin. [0028] Figure 11
di splays the fraction remaining in the donor as a function of time during
the transport study of peptide-Avastin conjugates and non-conj ugated

Avast i H00STAI LEDgicSCRE BHdvotie[foR2ibn AF the dughcontp@sitieh & dedrddeoritiptwoon
contai ns many specifics, these should not be construed as limting the
scope efmbblienecni3\o tci Reschiibvérgioel y as illustrating different exanples and
aspects of the invention. It should be appreciated that the scope of the

i nvention includes other enbodi nents not discussed in detail above. Various
ot her g@ﬂi@] | catFigie.2 shbangresn aive inarattatnl diise dibg cimpdsitionbeitieligr ent to those
skilled in the art may be made in the arrangenent, operation and details of
t he metb@porntt. apparatus of the present invention disclosed herein without
departing

[0020] Figure 3 shows an exemplary building block in accordance with one embodiment of

the present invention.

[0021] Figure 4 shows the concentration of bound and free 22 kDa polylysine as a function

of total polylysine concentration for solutions containing 500 ug/mL hyaluronic acid.

[0022] Figure 5 shows the concentration of bound and free 22 kDa polylysine as a function

of total polylysine concentration for solutions containing 250 ug/mL hyaluronic acid.

[0023] Figure 6 displays the ratio of mg bound polylysine to mg hyaluronic acid for

solutions of 22 kDa polylysine as described in Examples 2 and 3.

[0024] Figure 7 shows the concentration of bound and free 3 kDa polylysine as a function

of total polylysine concentration for solutions containing 500 ug/mL hyaluronic acid.

[0025] Figure 8 displays the ratio of mg bound poly-Lysine to mg hyaluronic acid for

solutions of 3 polylysine and 22 kDa polylysine as described in Examples 2, 3, and 4.
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fromthe spirit and scope of the invention as described here. [0030] The
present invention is a sustained delivery dosage formto deliver

t her apeutwo 20mnpewads to the back of the eye. Specifi calplyjustévomecionyent i on
di scl oses a drug conposition forned by either covalently attaching a
retaining noiety to an existing therapeutic conpound, or by creating a new
t herapeuti c conpound de novo conprising charged noieties. The presence of

t he ref@026] ng nbpety digduses dinmlataedchfery hEpaptidg Avhemrcanmgatts vamsushent ar get
ti ssue, providing for sustained drug delivery. [0031] As shown in Figures
la-c, thgughtegAestmosition DC is formed by nodi fying a known therapeutic
conpound in such a way that it reduces the rate of clearance of the drug
fromthe target tissue into the blood circulation. An exenplary therapeutic
conmpoup@l27} RanFikizuoabowiNhi [delivanianisod trfouiscxempthiragepside-iAviastat r at i ve
conpound, any therapeutic conpound that could benefit fromincreased

hal f - | ichgugane Veesuamemaddjegata deastior mul at ed usi ng the net hodol ogi es

descri bed herein could benefit fromthis invention. Specifically, as shown
in Figure la, one or nore retaining noieties 100 are coupled to a

t her ap§@028¢ conpiguied 1 2p1dye tHedFartibhenthinigg ithp deriok kon fildctiseeftimadiringur es 1 b
and Ic. The retaining noieties are typically cationic. However, retaining
noi et i s traypdrestady @ipeptidndvasan eomugis daid mdniconjagattEAasdstioane type of
cationic conmponent in a biological tissue. In the preferred enbodi nents,
the retaining noieties are cationic noieties. These cationic noieties
typically conprise one or nore charges forned of atleast one cationic
bui | di ng bl ock and are configured to reversibly bind to conponents of
ocul ar tissue, such as the vitreous hunor and retina, to forman in situ
depot. O course, tissues other than ocular tissue that have conponents
anenabl e for reversibly binding a therapeutic conposition would be
appropriate delivery targets. The reversible binding slow the nass
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transport of the drug conposition fromthe vitreous to the retina and
subsequently to systemc circulation, resulting in an increased half-life
of the thsoapeusmeconpound. Repl eni shnent of the therapewtiseooospesind from
t he depot extends the efficacy of the treatnent to | onger durations and,
hence, reduces the frequency of intravitreal injections and their

associ ated sight-threatening adverse events and disconfort. As an
alternative to nodifying a known therapeutic conpound, a therapeutic
conpound coul d be fornul at edDEFAIDED, DESGRIPEION noi eti es that reversibly
bind to charged conponents of biological tissue. Regardl ess of whether

exi sting therapeutic conpounds are nodified, or new therapeutic conpounds
are de$0@9¢d usidhonghcthertietaidant deRifption corithias ntaey bpeicdicethest hauld notéat i on
proposes a practice opposite to the normal practice of designing proteins

t o avoiconshaod spléaitihp charcogh ofghe inventionrbat metelyasatledtmating differeat exantcpdestanti ed
and devel oped to achi eve specific binding to receptors. The invention takes
advant agecwfof drrinspaon.f it shduldibkd fgprafatédibatapesdope sf tho ibicali@pinclatiestdtisgue by
nodi fyi ng the therapeutic conpound to enhance non-specific binding. [0032]
The dr gmbodineasinbt discusiedtihidstail ab@rt Vanpuybthétasdifitiohd, ebangbeimdoakibyorsr
expressed using reconbi nant techni ques, has the ability to bind to

bi ol ogiwhiadh willdgugparditao tioseskideciathchrbmapbs aagenh thy apaptacnd sigraiondndg
experinments with excised tissue using therapeutic anounts of drug. In other

wor ds, dbtaiiglbfittle hsthad 986 seratid df the proehapewition dieited Mirsiadudthedt depaitingsue or
ti ssue conponents equal in size to that occurring naturally in the body

(e.g., filohetharpitinindcopydl the PRERioack dedciibéd erérl of human vi treous hunor).
Alternatively the size of the dose and size of the tissue or tissue

conponents may be proportionately reduced for assessnent purposes. The
concent0080] on ofhd sre@ntian@riends £antdrddeliaritinade foimttbdelprepaichpbads af ter

equi libration and
compounds to the back of the eye. Specifically, this invention discloses a drug composition
formed by either covalently attaching a retaining moiety to an existing therapeutic compound, or
by creating a new therapeutic compound de novo comprising charged moieties. The presence of

the retaining moiety reduces the rate of the drug clearance from the target tissue, providing for

sustained drug delivery.

[0031] As shown in Figures 1a-c, the drug composition DC is formed by modifying a
known therapeutic compound in such a way that it reduces the rate of clearance of the drug from
the target tissue into the blood circulation. An exemplary therapeutic compound is Ranibizumab.
While Ranibizumab is used as an illustrative compound, any therapeutic compound that could
benefit from increased half-life and be amenable to be formulated using the methodologies
described herein could benefit from this invention. Specifically, as shown in Figure la, one or
more retaining moieties 100 are coupled to a therapeutic compound 200 to form the drug
composition DC seen in Figures 1b and 1c. The retaining moieties are typically cationic.
However, retaining moieties may be anionic and reversibly bind to at least one type of cationic
component in a biological tissue. In the preferred embodiments, the retaining moieties are

cationic moieties. These cationic moieties typically comprise one or more charges formed of at
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centrifugation with or without a nmenbrane to separate macronol ecul ar
conponents. Binding canal so be assessed by ot her techni ques such as spin

| abel i ng wodosl@sioson spin resonance (ESR) spectra or bycwas2eabioeeyus | i bri um
di alysis. A repeat of the neasurenent at high ionic strength (e.g., 1.5 M
NaCl) woul d rel ease electrostatically bound conpound and provide a neasure
of the total concentration of conpound. Alternatively, the total

c onc entlgast dneratodnicburiamgnis o ¢ksand rmoscontrigored tdeevpisipabiad toocongronces af éculafhe
fraction bound is then cal culated fromthe previously described

measur énmief Sich as the vitfcdos lmer dnd eetjni Tiotfedm an thesddildgpott K cpured, eissueslothnpunt  of
nonspecific binding (i.e., bound fraction when using therapeutic anounts of
drug) itsnaiculaeaste habhavero@ppicatsenanblle farlrevcasibly bindafg nbaspacicf i ¢ bi ndi ng
is at least 25% [0033] The drug conposition is introduced into bodily
conpar tompdsitiorswalld &s apprepreyedelwrermigatsi Mie wivarsibid biading sleals thenpasst i on. The
vitreous hunor (VH) contains several vitreal conponents such as coll agens,
gl ycosamhspoglof cirniBug esmbosnion dionathe vitttpustorthe totina ndsubbjuaisly tyBisternic t hese
vitreal conponents are negatively charged (anionic). As shown In Figure 2,
once i ojreditad, rostilong heaneyiercadel halédifd ofithe thetapeutic gpamotind/ ®RleyleaBRmngad) tidr ug
conposition binds to the vitreous through electrostatic interactions with

ani oni ¢hefapettic cong@ahd wehythe Hepog extndsithe lbacy@fpirnesatment sulohgdgurations
gl ycosam nogl ycans (e.g., hyaluronan, also known as hyal uronic acid,

chondr ahd,ihen&ytddates thafeubepasfamrsittdabingdctiortaitd thedn@bdyateddifiarthieatghiap
tissue, such as the internal and external limting nmenbranes and the

i nt er plagt@scasent aid diBdonfsrti As ihatcheiiiato medifyiag a Ri®@vit theRpénic compound, a
gl ycosam nogl ycans and would al so interact electrostatically wth the drug

conpositlidraratidesesoube doild be Rirtwulanaderntiods.comptising nfbidtiee tHat Ryemibly ivért i on,
the vitreous serves as an in situ depot. Conpared to an equal dose of

t her apehidrbed epipoamigof Ho®gicaRRud Reparale)s ofvitvetet cdstimt th@dpcutioeb@pounds he
drug concentration in the vitreous decays nore slowy due to a reduction in
t he are modified, or new therapeutic compounds are designed using recombinant DNA or other

techniques, this invention proposes a practice opposite to the normal practice of designing

proteins to avoid non-specific binding; i.e., normal protein drugs are identified and developed to

achieve specific binding to receptors. The invention takes advantage of non-specific binding of

therapeutics to biological tissue by modifying the therapeutic compound to enhance non-specific

binding.

[0032] The drug composition of this invention, whether modified chemically or expressed
using recombinant techniques, has the ability to bind to biological tissue. The binding could be
assessed by performing binding experiments with excised tissue using therapeutic amounts of
drug. In other words, binding is assessed with a therapeutic dose introduced to tissue or tissue
components equal in size to that occurring naturally in the body (e.g., the amount of hyaluronic
acid in 4.5 mL of human vitreous humor). Alternatively the size of the dose and size of the tissue
or tissue components may be proportionately reduced for assessment purposes. The
concentration of free compound can be determined in the supernatant after equilibration and

centrifugation with or without a membrane to separate macromolecular components. Binding can

11
SUBSTITUTE SHEET (RULE 26)



vitreous elimnation rate. As illustrated in Figure 2, wi thout cationic

noi eties, drug frominitial injection (A is depleted relatively quickly
(B). Wt hwoavismbssmenoi eties, drug frominitial injectiorci@s2009/06dig!| at

t herapeutic concentrations after a |longer duration of time (D). This is due
to the fact that at |east sone portion of the therapeutic conmpound, through
the cationic noiety, is reversibly bound to the vitreal conponents.

Fur t herlso $t mssessethby dthagteclompeas istahams spia lib@lingl ad deledimnspinrresneagbiRpt s, t he
t herapeutic conmpound is nore concentrated in the vitreous. Thus the
concentpatii onbyfisctdfeqtihbrienp e ysts. o mpoatrod themeasmcinent g &rgh iodic stangdye (e. g.,
the retina) is less than in the vitreous. The concentration in areas such
as the(¢e.et oM NaChioreuld tadsst ylectedsatied] vt muhtheompoundnhd atovale achedkureof dreug
rather than the total drug in the vitreous. This is expected to | ower the
maxi mumotelanaesmtmatdn eftenipoutdidlteatatindy,rtkd otdl vendentraion v cappottndds kenwound

Wi thout a cationic noiety. This drug formul ation thereafter provides

sust ai tfiech tho prpatatiad poosiued. Thh énetaiouad Gsahg@oeahaldted frine thiepreviaussy nce t he
bound drug conposition repl enishes free drug conposition that has passed

i nto sylsdceibtEmeisutiaats, 06, (Tlowl tiFrs )Metuhddcaligethe ptdiarddraroapesfinoaspeoifipound i s
Rani bi zumab, the sustained drug delivery formul ation discl osed here

i nact i baidas (VEGhoumd fraogorswhen WingihBapaiticamouetk onged) pat icad 16%, toree conpar ed
to the delivery of unnodified Rani bi zumab, thereby providing the desired
benef i predérabily nthebmbimg of RbMsPYdifis Biatingng &dédso2ss. [ 0034] Turning now to the
manuf acturing process, the drug conposition is fornmed by the addition of at
| east one cationic noiety, for exanple, a "tail" sequence (hereinafter also
referr¢o033p as Bhddig bo@%osﬁﬁﬁsﬂiﬁ Inveltivced iaxb Gedily cmijaeicas, such aothaeyes, to a

t herapeuti ¢ conmpound such as Rani bi zumab. The therapeutic conmpound is
exenpl akérhpadly viaiataag b bfbdtion Faie (itrbis ot OVH Péondding sevaraiogireddul i - whi ch
binds to antigen) fragnent conprising an H chain and L chain, with a single

pept i deofporrfseutibds @tib@ebadydtarhinegl@eushs Aind thbBcdtasdiduNstaictirprareiat.i des

(Figure Ic) attached
Many of these vitreal components are negatively charged (anionic). As shown in Figure 2, once
injected into the eye, the cationic (i.e., positively charged) drug composition binds to the vitreous
through electrostatic interactions with anionic (i.¢., negatively charged) vitreal components, such
as glycosaminoglycans (¢.g., hyaluronan, also known as hyaluronic acid, chondroitin sulfate, and
heparan sulfate). Additionally, other ocular tissue, such as the internal and external limiting
membranes and the interphotoreceptor matrix in the neural retina, are rich in
glycosaminoglycans and would also interact electrostatically with the drug compositions
described in this invention. Thus, in the present invention, the vitreous serves as an in situ depot.
Compared to an equal dose of therapeutic compound (e.g., Ranibizumab) without a cationic
moiety, the drug concentration in the vitreous decays more slowly due to a reduction in the
vitreous elimination rate. As illustrated in Figure 2, without cationic moieties, drug from initial
injection (A) 1s depleted relatively quickly (B). With cationic moieties, drug from initial injection
(C) 1s still at therapeutic concentrations after a longer duration of time (D). This is due to the fact

that at least some portion of the therapeutic compound, through the cationic moiety, is reversibly

bound to the vitreal components. Further, since the drug composition is bound to the vitreal
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t hrough two reduced cysteine noieties. The process of conbining the
cationic noieties to the fragnent is achieved via a chem cal process (e.g.,
addi ng pepbisy/dssoRani bi zumab by reaction with a-am no gcows2m/osm@dgiced
cysteines of the fragnent via hydroxysuccinim de or mal ei m de coupling,
respectively; see Figures Ib and Ic, respectively) or genetic process
(e.g., construction of a fusion protein in which the peptide is fused to

t he C tempoments, e thdngpekabcdthmiad v megueenmetratsé e the gitresud. Ahus he035] I n t he
case of a chem cal process, peptides are attached chemcally to sites al ong
t he H aoctchtrativmiafshe thymapduat icompeptdiin esotbampatief dtctege eg, tho rating pisiles yhaof

sites on the therapeutic protein. In addition to the NN and GCtermni,

at t achnrethe vitesoubd heicancehi@ionhabrss aich ac tesstialiemoysdloseb;, elasddao tes,

cystines, glutam c and aspartic acid, other potentially reactive am no

aci ds, cascewedtlonas fiex drligzetiecthabthbystalatreg mthetvitesusoTholis gpseacd tralvivdethe
Conjugation of peptides to protein is perfornmed on proteins synthesized
separ atnelkymimeondchteatip@pid e retinh eslatbertbhniedapelitic tdmuad enhoute, capemti des can
formbranch points in the am no acid sequence of the therapeutic protein,

ei t her niayetat tTheshdregforinalatios tidecattbieproyidey subiined eontsstravionfofthafapded synt hetic
peptide. Alternatively, peptides may be added site-specifically to native
di sul f icopdhaidds tHeayisia sies, thobouhddh@wonrgokieoi edplenishe L&t @@ espaition that

t herapeutic proteins. Further, because the nunber of disulfides in Fab

ol eculhespdssed! ihtoisygemrgrctlagon. daiid @anmpphareshd hefapericicoipentd is
stoichionetric addition may be utilized. In addition to Fab nol ecul es, full
| engt h Ramideah@bathe sustditddirgs ddaoryoformulatidn dstldnd aediitdcavatef VPEPat the "tail s”
using simlar approaches. [0036] The tail is covalently attached to the

t her apgiit 6CARDTR W PeEbIBEca Pyrichibfttiid e nifaesias $hd dvfiv ey weibdikiséwn in the art.
The preferred sites of attachnent on the therapeutic protein are am no and

sul fL hy gaytibighRupbercly plosRlilg/the desiRAbARTIGbOMMiMitEhithvigtal arjédtion® group of H
or

[0034] Turning now to the manufacturing process, the drug composition is formed by the
addition of at least one cationic moiety, for example, a “tail” sequence (hereinafter also referred
to as a tail) of positively charged (cationic) amino acids, to a therapeutic compound such as
Ranibizumab. The therapeutic compound is exemplarily an immunoglobulin Fab (the portion of
an immunoglobulin which binds to antigen) fragment comprising an H chain and L chain, with a
single peptide (Figure 1b) attached at the end of the H chain or two peptides (Figure 1c) attached
through two reduced cysteine moieties. The process of combining the cationic moieties to the
fragment is achieved via a chemical process (¢.g., adding peptide to Ranibizumab by reaction
with a-amino group or reduced cysteines of the fragment via hydroxysuccinimide or maleimide
coupling, respectively; see Figures 1b and 1c¢, respectively) or genetic process (e.g., construction
of a fusion protein in which the peptide is fused to the C-terminus of the Fab H chain sequence;

see Figure 1b).

[0035] In the case of a chemical process, peptides are attached chemically to sites along the
H and L chains. Synthetic peptides can be attached to a variety of sites on the therapeutic protein.

In addition to the N- and C-termini, attachment can be via side chains of accessible lysines,
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chain or e-am no groups of lysines) on the therapeutic conmpound is conbi ned
with the carboxyl termnus of the tail via a group such as

N- hydr oxywsoeeionissiode to form an ami de bond. Alternativelpgr/iseaoiomions dyl
succinate, glutarate or carbonate can be used to forma nore |abile ester
bond with am nes. The resulting labile bond is cleaved by esterases found
naturally in ocular and other tissues. C eavable ester |linkages are often
utili zegstohesheytiock glysnsoeid aspardiexeaedthagomatisibdicacnvehosphatids, asSutl by dr yl
groups on the therapeutic conpound can al so be used as sites of attachnent.
Tr eat meridizst cirbahydede aiongics gbwritgofatichdridos. h€ enjtigition bf peptides togrdtomyet hyl )
phosphi ne) can reduce disulfide bonds to generate free cysteines, with
subseqperidrnred @atprarain® fyrtiesizsd bdphayacly fremwhé peptide, then combined. In this scenario,

w- mal ei m dobenzoyl - N- hydr oxysucci ni m de-derivati zed peptide tail. For

cl eavalbbmgides odafoes beanch paiatsas tierasnin@alkdd téquamde offitticethd¢regeuna yrdogn adtiexcbyt o
provide steric hindrance in order to slow down and achi eve the desired

Ki net i agachincanto\assidei chain, Belyyathel utchet alirmichedsyakiet péptide. Aernkiingy,ipeptides

rel ease of the therapeutic conpound can be tuned by nodul ati ng thel ength
and compydictaddnl sitk-spéwfi il itenattsctdasul fidendndh@ysinygs, vafaliondgnd fdeeudsiondi ng
affinity of the tail for the charged conponent in biological tissue. [0037]
The f olchsihesy oftharipliciproteidt.r Blirgitr,tieeause theugaibeost diful ik iwRitcmplepiledie to a
t herapeuti ¢ conmpound such as Avastin by using a reactive end such as

m mal eilimidakedheytachiby s 3616¢€ tfficitht stofbicetet(Mritiodt miyhie: WNHized. mh nus of the
synthetic peptide tail. The exanple should not be construed as limting.

EXAMPL kdditi6o ) leppaholedulsf fulldéngdininonbegial eheibodiah ban' bd o Bav@by Zdditidh dfAvast i n)
[0038] The followi ng exenplary nal ei m de-derivatized cationic peptides were

cust ompyprideesdigedsily sihylgk fpptabrazhen, China):
[0036] The tail is covalently attached to the therapeutic compound by any suitable process
that is well known in the art. The preferred sites of attachment on the therapeutic protein are
amino and sulthydryl groups. Typically, an amino group (N-terminal a-amino group of H or L
chain or ¢-amino groups of lysines) on the therapeutic compound is combined with the carboxyl
terminus of the tail via a group such as N-hydroxysuccinimide to form an amide bond.
Alternatively, succinimidyl succinate, glutarate or carbonate can be used to form a more labile
ester bond with amines. The resulting labile bond is cleaved by esterases found naturally in
ocular and other tissues. Cleavable ester linkages are often utilized with prodrugs such as
dexamethasone sodium phosphate. Sulfhydryl groups on the therapeutic compound can also be
used as sites of attachment. Treatment with a reducing agent (dithiothreitol, tris (2-carboxyethyl)
phosphine) can reduce disulfide bonds to generate free cysteines, with subsequent reaction of the
sulthydryls with m-maleimidobenzoyl-N-hydroxysuccinimide-derivatized peptide tail. For
cleavable linkages such as esters, additional moieties may be added to provide steric hindrance in
order to slow down and achieve the desired kinetics of conversion. Beyond the linking

chemistry, the kinetics of release of the therapeutic compound can be tuned by modulating the
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( MBS) - KGSKGSKGSKGSK- NH 2 ( MBS) - KGKSKGKSK- NH2 ( MBS) - KGSKGSK-  NH2
(MBS) - KGKSK- NH2 Where K = lysine G = glycine S = serine MBS = N-term nal

m mal ei nmiwokenzayios N- hydr oxysucci ni ni de ester NH2 = C-t ecwmiusadoodsioge [ 0039]
Each peptide contains 3 or 5 |ysine groups separated by flexible spacers of
1-2 neutral amno acids in order to achieve nore optiml spacing of charges
to match with the spatial arrangenent of charges present on the repeating
di sacc hmgthdmdwenipesition dfythé catonicdaidendith¢sby virymgrties Whdinda ity of drtaibfatrai ned
from Genentech, Inc., (South San Francisco, CA); dithiothreitol (DTT),

N- acet yhooohsteed n@enpatehyinenddgieatitiseteet r aaceti ¢ aci d (EDTA), 5,

5' -di t hi obi s(2-nitrobenzoic acid) (DINB), and all other chem cals were from
Sigma (St. Louis, M)). Chem cal Reduction of Avastin[0040] The nethod used
was ba¢$@dB87pn t hilic fddswingleanply ilDotrates the cohjugdtion((Z0Bnic pypadéion (5 ny) at 5
mg/ mL was incubated in 50 ni Mborate pH 8.0 with 10 M DTT for 30 m nutes
at 370€hdrapcuceonepoting siichi ad & vhstinds,. uskedueedivpend aich asasmaketoidebadofliée of
excess DTT using Econo 10G colums (BioRad) equilibrated in
phosphayérokuut @nedds adtdriBIB) at thic IN-regmibid/b ERhDAyntHdR poptideanit.eTiod exfargée t hi ol s
in DIT-treated Avastin (approx. 3 ng at 2 ng/nL) was confirmed using the
DTNB ass@ayd adtlberamsth8d 89 limiting.

EXAMPLE 1

Conjugation of Cationic Peptide “Tails” to Bevacizumab (Avastin)

[0038] The following exemplary maleimide-derivatized cationic peptides were custom-
synthesized by HyBio (Shenzhen, China):

(MBS)-KGSKGSKGSK GSK-NH,
(MBS)-K GKSKGKSK- NH,
(MBS)-KGSKGSK- NH;,
(MBS)-KGKSK- NH,

Where K = lysine
G = glycine
S = serine
MBS = N-terminal m-maleimidobenzoyl-N-hydroxysuccinimide ester
NH, = C-terminal amide

[0039] Each peptide contains 3 or 5 lysine groups separated by flexible spacers of 1-2
neutral amino acids in order to achieve more optimal spacing of charges to match with the spatial
arrangement of charges present on the repeating disaccharide units in hyaluronic acid (see Figure
3). Avastin was obtained from Genentech, Inc., (South San Francisco, CA); dithiothreitol

(DTT), N-acetylcysteine, ethylenediaminetetraacetic acid (EDTA), 5, 5°-dithiobis(2-nitrobenzoic

acid) (DTNB), and all other chemicals were from Sigma (St. Louis, MO).

Chemical Reduction of Avastin
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Conj ugation with M Ml ei m dobenzoyl - N Hydr oxysucci ni ni i de Ester

(MBSj -Derivatized Peptides [0041] Imredi ately before use, MBS peptides were
di ssol vedwonowaussost 0 make 20 nM st ock sol utions. MBS- peptritdespd®isiL) were
added to 1.6 nL of reduced Avastin, (MBS peptides were in 20x nol ar excess
over Avastin). Mxtures were incubated for 1 hour at 40C to allow

MBS- peptides to react with free thiols on Avastin. After 1 hour, the

react i ¢0040hs guEmchetiodviitel vex besd ohHleat describgbh eDoen{nhzs wl (29036 2AvaMin (510 mi n
at 40C, and peptide-Avastin conjugates were recovered free of excess

pept i des)usd my/EL ovae inbGatebinufidneMeguatt pHréd edh il 6 niddIIDEE foo 38 minutes at

phosphat e- buffered saline. The anount of Avastin recovered (approx. 2.5 ng
at 1. 43yl tiedwaslisutfete ldede Retwed puseingvas heohdred freBeirexass oyl T iy E@ndher no
Scientific, Rockford, IL, Cat. No. 23235). This chem cal reduction protocol
was i ntleGdehinins (BeRed péqmilfbreed inphokshater uffeen sglinedoataimag h ndM HIDA . d€hdonds.
If all of the free thiols participate in conjugation, then there are 8

pept i descsepjofiGrat thibls m BEThredted Avastinapmox! lemg pODARImL ywidwnfiasel winga
genetic process, one or two peptides per fragnent are attached at the ends
of onetlwDDNBhisqly (Eleatdi®38). L chains. Alternatively, peptides nay be

i ncorporated de novo into the therapeutic protein via design and production
of a reconbi nant fusion protein, in which a gene encoding the peptide fused
t o t he Qonpigeiion wwish M BEIidesmt &3 N-HG ok ke @Rinpd OERENMBINDd-vgiied protein is
designed so that the peptide can be attached at the NN or C-term nus, or
enbeddgdpiiddi n the internal sequence of the protein. In this scenario, the
peptide is co-linear with the therapeutic protein and can be present in

i ndi vi dual copies or in tandemrepeats. [0043] The cationic tail is

confi gioGdd] t o biniedificlg dafoenedrt SMIBY paptidesdast dshbltddsia waitdr & gake 20 & W t hout
specificity. However, the |length and sequence of the peptide nay be
conf i guyfoel sdl@tions. MBS-peptides (16 uL) were added to 1.6 mL of reduced Avastin, (MBS
peptides were in 20x molar excess over Avastin). Mixtures were incubated for 1 hour at 4°C to
allow MBS-peptides to react with free thiols on Avastin. After 1 hour, the reaction was
quenched with excess N-acetylcysteine (15 uL of 62 mM), 10 min at 4°C, and peptide-Avastin
conjugates were recovered free of excess peptides using Econo 10G columns equilibrated in
Dulbecco’s phosphate-buffered saline. The amount of Avastin recovered (approx. 2.5 mg at 1.4
mg/mL) was then determined using the Micro BCA assay (Pierce Thermo Scientific, Rockford,
IL, Cat. No. 23235). This chemical reduction protocol was intended to generate free thiols from

only interchain disulfide bonds. If all of the free thiols participate in conjugation, then there are 8

peptides conjugated to ecach Avastin molecule.

[0042] In the case of a genetic process, one or two peptides per fragment are attached at the
ends of one or both of the H and L chains. Alternatively, peptides may be incorporated de novo
into the therapeutic protein via design and production of a recombinant fusion protein, in which a
gene encoding the peptide fused to the protein is used to express the fusion protein. The fusion

protein is designed so that the peptide can be attached at the N- or C-terminus, or embedded
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optimal binding affinity to specific conponents such as hyal uroni c acid.
The peptide may be 2- 30 amino acid residues in length, and may contain an
abundancewofotaaswer esi dues (Arg, Lys, His). Am no aci dpceaisdee®ecidas

i nvol ved in hyaluronan binding (e.g., glycine, serine) can be added to the
sequence, if needed, to provide proper spacing for the charges on the
retaini ng peptide. [0044] Various cationic building blocks may be used in
f or nul atithirgtht recrhhlecqueand oftthe proponnkh thiststenarionthd peptide ot coelatehowitie theet ai ni ng
nmoi ety. Such buil ding bl ocks include am no acids that are positively

char getheadpeptiy giotzirogiidacaa bo @ik e ms individilalicbpig or vowedonatapeatk. y occurri ng

am no acids such as lysine, histidine, and arginine. The cationic noiety
may be configured to m m c hyal uronan-bi nding proteins (such as Cb44) in
terns ¢0043pnposTlid cnorindhilsipabifeduralrto digleoeompafenarof e dsireistissMatargeusteot her
chem cal species can be used for the retaining cationic noiety. These

i ncl udevitholityspadificins Hoorveai thie g gthendaquedoaef the peptigle afaypolcymisedfdoed to form
pol ypl exes and |ipopl exes in gene delivery, such as polyethyl eni m ne,

pol yanmogoasi tieding pEinity kespct¥it Abtnpatdtspatty seialudatic ¥ad.i Tedpoptilbmay be 2-

i m dazol e-cont ai ni ng pendant groups. That is, polycations that have been
used i B0RMIN dcid regidn® ih MeEaPYndyay eoBaifbe anlslon@plbhgatseluto Arfiilsys,
invention. As previously nentioned in the background section, polycations

such a#lipolAmihbytia nésiduaenarigvadeddih isalo@nad Binding l(¢.g edlytine,vorivd)cah bgene
delivery systens to protect nucleic acid therapeutics (e.g., DNA and si RNA)

f r om deddcddatlicanqande, fitkdetidd, & grovide plopet spading &rlthe chatdeh oh @rpe@inid® t he
preferred enbodlnent of the present invention, the process is intended to

encour aggtidche cationic noiety to forman in situ depot of nolecularly
di spersed, soluble protein that has reduced elimnation rates due to
reversi bl e, non-specific binding with biological tissue.

[0044] Various cationic building blocks may be used in formulating the therapeutic
compound with a multivalent cationic retaining moiety. Such building blocks include amino
acids that are positively charged at physiologic conditions, including those naturally occurring
amino acids such as lysine, histidine, and arginine. The cationic moiety may be configured to
mimic hyaluronan-binding proteins (such as CD44) in terms of composition and spatial
arrangement of amino acids. Various other chemical species can be used for the retaining
cationic moiety. These include polycations containing the building blocks of polymers used to
form polyplexes and lipoplexes in gene delivery, such as polyethylenimine, polyamidoamine,
spermine, DOTAP, and polymers derivatized with imidazole-containing pendant groups. That s,
polycations that have been used in nonviral gene therapy systems are also applicable to this
invention. As previously mentioned in the background section, polycations such as
polyethylenimine and polylysine are utilized in nonviral gene delivery systems to protect nucleic
acid therapeutics (e.g., DNA and siRNA) from degradation and facilitate uptake into cells. With
respect to the preferred embodiment of the present invention, the process is intended to
encourage the cationic moiety to form an in situ depot of molecularly dispersed, soluble protein
that has reduced elimination rates due to reversible, non-specific binding with biological tissue.

Various anionic building blocks may be used to create an anionic retaining moiety. Examples
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Various anionic building blocks nmay be used to create an anionic retaining
noi ety. Exanpl esi ncl ude negatively charged am no acids, such as aspartic
aci d and wbubamsssoaci d, or ot her negatively charged chewceals2ep®eioes such
as bi sphosphonates (e.g., boniva and actenol). [0045] O her usabl e buil ding
bl ocks i ncl ude bi odegradabl e chem cal species, such as the polyester

pol y[ a- (4- am nobutyl )-L-glycolic acid] and poly(b-am no esters).

Addi t i onchddeynegdtivel yhitedd agirol avclsssunkhys aspatiaiacidant ghutdnyipesidodr othdrt | val ent
cations, such as the nmultivalent netal ions calciumand iron. [0046] In one
enbodi megdtivelgtchhrgadthentieal spdcion Buch ayhigphysphdnaes30.gl, pening andeRiahobhs i s used,
nore preferably 3-10 |ysine residues. Each addition of a cationic building
bl ock enabl es an additional electrostatic interaction with the anionic
conpon¢f(4s] i n biCohwgsabdd bitiidasudocks Moz dicuggtadebl o cindpe cal opecius) dudh agthbl ocks,
and thus the nunber of interactions, will increase the binding strength

W t h apoBkati poing bi(g-antisdbutyd)-Btglywotje acitl hand pol yigaminoldsuss)t Additiatdllgnithe noi ety
has | ess cationic building blocks than required for conplete

i mobi buidihg bidvcksmay faittai€ o1t ©p e dfoimuliigalére ¢atiohis Bueh agthantulti@fchainetat hat
achieves a sustained rate of a therapeutic dose. Sinultaneously, the

cat i oniignsrelicRinyant ikdn. conpri se a charge density that is both of |ow
antigenicity and toxicity. [0047] The followi ng exanples illustrate the
advant age of increasing the nunber cationic building blocks (exenplarily

denot ed0Gas] pol Ymlonk ¥mbbéinteyt] aolbise bheleXiohid nhdietion g-30il{dincrmbididsds gREponent s
in biological tissue (exenplarily denoted as hyal uronic acid). The exanpl es

shoul d nit@¢ pRecradn$t10Ueinassitlidyl EdohGddiEgAYPA EatonBi bualding tidckRahbledanlysi ne
Hydr obrom de Conprising Mre Than 72 Lysine G oups Per Chain to Hyaluronic
Acid  additional electrostatic interaction with the anionic components in biological tissue. Increasing

the number of building blocks, and thus the number of interactions, will increase the binding

strength with a relationship that is stronger than linear. Thus the cationic moiety has less cationic

building blocks than required for complete immobilization, so that complexation is reversible in

a timeframe that achieves a sustained rate of a therapeutic dose. Simultaneously, the cationic

moiety will comprise a charge density that is both of low antigenicity and toxicity.

[0047] The following examples illustrate the advantage of increasing the number cationic
building blocks (exemplarily denoted as poly-L-lysine hydrobromide) to binding with anionic
components in biological tissue (exemplarily denoted as hyaluronic acid). The examples should

not be construed as limiting.
EXAMPLE 2

Binding of Poly-L-Lysine Hydrobromide Comprising More Than 72 Lysine Groups Per Chain to

Hyaluronic Acid

[0048] This experiment measured binding of poly-L-lysine hydrobromide to hyaluronic

acid (HA). Poly-L-lysine hydrobromide was obtained from Sigma (P7890), denoted herein as
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[ 0048] This experinent neasured binding of poly-L-Iysine hydrobromde to
hyal uronic acid (HA). Poly-L-1ysine hydrobrom de was obtai ned from Si gma
(P7890), wenotoadsiwer ei n as22K pLys. This sanpl e has a mpeaskaw/ov®ight
range of 15, 000-30, 000 Da based upon viscosity neasurenents, corresponding
to 72-144 |lysine groups per chain. [0049] Hyaluronic acid potassiumfrom
human unbilical cord was al so purchased from Signa (H1504). HA has a

mol eculRaK pleys.ghihis simplbhag a BpEOAlaOOEigMaranddofd §,000-30 900 Hadasddaipos visoesity 400
ug/ mL hyaluronic acid. (T.V. Chirila and Y. Hong, The Vitreous Hunor, in
HandboaotcaafreBtmstabecspahdif op-144elgsineEgroups perBhank and G Hastings, 1998,
Chapman & Hall, pp. 125 - 131.) It has an electrolyte conposition generally
simlar to human plasnma. AUt est solutions were prepared with Dul becco's
phosph§@@9buf f eHedusaiciaos! pfobBB&N ffono hubagumbiliDEGoR) wad Dafchhsslefidres of
sanpl es was prepared with varying amounts of 22K pLys and a const ant

anmount Side)HIGOH]. H A0lasaymbloeubariveeigit oflalpot 3360,000 DT HégrarsanphisSon@ing
equilibrated at roomtenperature for at least 15 m nutes. Centrifugal
filtratlDon 400up/mi( Walgomc bkitr @-¥. Chitiana Y- $ikg, Md Vitpouseliunbr, h HakliBodDa

nol ecul ar wei ght cutoff were used to separate pLys bound to hyaluronic acid

f rom t béBidnegerpl Peopeiics Hdul.iBlack ahdes ¢asgi®, pPFI8cEhgmthn & Hallchp.negall3l.)
centrifuge (I EC Model CL) at a setting of 4 for at |east 10 m nutes. The

concentltiak kebleoholceompbiiSongdcribasiuitg td Murhdheplidnat Adlttest Bylutions were
trinitrobenzenesul fonic acid (TNBS) assay. Sanples were run in a 96 well

and r epebpated4dth iibeddo 3 g)N@épﬁ@ﬂ&b@ffel@d@ﬁtﬂec(EPBSD fraMEBiomh abgogader . [0051] A
solution containing 37.5 ug/m. of 22K pLys with no hyaluronic acid was

tested in order to verify that pLys woul d pass though the 50 kDa MW cut of f
nmenbr afjgo50fhe careeRtof sirhles Whs @bysed With Reryfriglahioah® 0faSK $DySandH ddastadine

result indicates that this nethod should be sufficient to separate free
pLys f aeauilye0 Bomndotiatdfenic acid potassium. These samples were equilibrated at room
temperature for at least 15 minutes. Centrifugal filtration units (Amicon Ultra-4 Ultracel-50K,
Millipore) with a 50 kDa molecular weight cutoff were used to separate pLys bound to
hyaluronic acid from the free pLys in solution. These were processed in a clinical centrifuge
(IEC Model CL) at a setting of 4 for at least 10 minutes. The concentration of free pLys was

measured in the filtrate by trinitrobenzenesulfonic acid (TNBS) assay. Samples were run in a 96

well and read at 420 nm on a Molecular Dynamics VersaMax plate reader.

[0051] A solution containing 37.5 ug/mL of 22K pLys with no hyaluronic acid was tested
in order to verify that pLys would pass though the 50 kDa MW cutoff membrane. The
concentration of pLys in the filtrate was 35.5 ug/mL. The result indicates that this method should

be sufficient to separate free pLys from pLys bound to HA.

[0052] A solution containing 500 ug/mL of HA (no pLys) was also included as a control.
The TNBS signal for the filtrate of this sample was less than the lowest standard (1 ug/mL pLys)
and similar to values obtained for blank DPBS. Hence, there were no protein impurities from

hyaluronic acid detected.
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[ 0052] A solution containing 500 ug/nm of HA (no pLys) was al so included as
a control. The TNBS signal for the filtrate of this sanple was |ess than

t he | oweswosbandasod ( 1 ug/ nmL pLys) and simlar to val uestaist@onedi§ or

bl ank DPBS. Hence, there were no protein inpurities from hyaluronic acid
detected. [ 0053] Figure 4 shows the concentration of free 22K pLys neasured
as a function of total pLys concentration for solutions containing 500

ug/ mL h@@B3Yr oni Eigarciddshowh theaoneentratidn ¢flfyes 2BByrigs heasdbedvass: foadtonl cdtael by
subtracting the free pLys concentration fromthe total pLys concentration.
The majpbys toncaftrafidikf@lsymtioascontimng 5@ inyaluyalirai@aid Tiho atoentprfeience of
physi ol ogi ¢ el ectrol yte concentrati ons. EXAMPLE 3 Binding of pLys to a Lower
Concentboadd torH dfvaklydtulitedbe subtiackife0Os&Fe Sl yso@ncdniratiorefrimdiod ogy pLys Exanpl e 3
is limted by precipitation of 22K pLys sanples were prepared for binding
to a | cvsmenieativaeThe @bjoeity; of236 plghkmtas bofindgalyalnmnicacitindh@piesedst ofn i N or der
to extend the results to a higher ratio of pLys/HA. [0055] Figure 5 shows

t he cophgsidlogt icleotrelftcloncwtratishsf ree 22K pLys as a function of total pLys
concentration for solutions containing 250 ug/nL hyal uroni c acid. [0056]
Figure 6 displays data from Exanples 2 and 3. The anount of bound pLys per
ng of HXAMPUOERendent on the total anmount of pLys per ng of HA. Hyal uronic
acid is saturated with 22K pLys at anounts hi gher than 0.65 ng pLys per ngy
HA. EXAVPLE 4 Bi ndi ng of pLys of Lower Mol ecul ar Weight to Hyal uronic Acid

[ 0057] BBidigl sYpLexpar Lovesmonveiiing of Byden Adid a | ower nol ecul ar wei ght
pol y-L-1ysine
[0054] Since, the methodology in Example 3 is limited by precipitation of 22K pLys

samples were prepared for binding to a lower concentration, 250 ug/mL, of hyaluronic acid

potassium in order to extend the results to a higher ratio of pLys/HA.

[0055] Figure 5 shows the concentration of bound and free 22K pLys as a function of total

pLys concentration for solutions containing 250 ug/mL hyaluronic acid.

[0056] Figure 6 displays data from Examples 2 and 3. The amount of bound pLys per mg
of HA is dependent on the total amount of pLys per mg of HA. Hyaluronic acid is saturated with

22K pLys at amounts higher than 0.65 mg pLys per mg HA.

EXAMPLE 4

Binding of pLys of Lower Molecular Weight to Hyaluronic Acid

[0057] Binding experiments were performed with a lower molecular weight poly-L-lysine
using the methodology described in Example 1. Poly-L-lysine hydrobromide was obtained from
Sigma (P0879), denoted herein as 3K pLys. This sample has a molecular weight range of 1,000-
5000 Da based upon viscosity measurements, corresponding to 5 - 24 lysine groups per chain.

Solutions contained 0, 250, or 500 ug/mL hyaluronic acid potassium.
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usi ng the nethodol ogy described in Exanple | . Poly-L-1ysine hydrobrom de
was obtained from Signa (P0879), denoted herein as 3K pLys. This sanple has
a nol eculwo 2mi@k306r ange of 1, 000- 5000 Da based upon ViPeTasRaog/060918
measurenents, corresponding to 5 - 24 |lysine groups per chain. Solutions
contained 0, 250, or 500 ug/nmlL hyaluronic acid potassium][0058] A control
containing 31.3 ug/nL of 3K pLys with no hyaluronic acid was included in

t hi s eXQ058] ment A cditeol comamintyr Ht 3 wyimdfof BKyE yis twithh® Hyialurerae ecidvaas Bitludedig/ L,
indicating that free 3K pLys should be easily separated from HA and 3K pLys
bound tothifexpbf&g] Tikd @ucentritishoiyd ys ietheditcaatvas 1.8 ngoiL, findieatBK thpit Yise
nmeasured as a function of total pLys concentration for solutions containing
500 ugBKplhyahauldbé easide separafdtefr@mblinandIK pLysbduadmelHA0 HA was cal cul at ed by
subtracting the free pLys concentration fromthe total pLys concentration.
The majority of the 3K pLys was free in solutions of hyaluronic acid in the

presen¢@059] phyBigaledghowetlecbhamnithorcefifae 3K @t yisansisurk ® OSOfunkti gLafeotdl
illustrates the data overlays from Exanples 2, 3, and 4. For both 3K pLys

and 22K pd ymceitheionidryblutiohs doatuidn@b§ugial. hygluednidiid. ThdapeasteripLen t he
total anmount of pLys per ng of HA. Wiile the saturation | evel was greater

than O0b6tnd HA yas paculioid biAsitoractZigkhe Bys pLidwnsatdtiat frem thetoeld pLgs onl y
approximately 0.06 ng pLys per ng HA for 3K pLys. These data denonstrate

that i necagitivg. Themajorbest thd 3K peiyneadfreuipsolutionashesiutonic fidiarnhe of
pol yl ysine that binds to hyaluronic acid in a buffer that is representative

of phygi@tmgiof physiede tleorbsiyte [(ORRALratioae char ged noieties my conprise any
architecture or formation. For exanple, they nay be |inear, branched, or
dendritic. They may contain neutral, flexible spacers at the |ocation where

t Ihe nDi[g06P] | s akizaetsatustatdshiee ddiesapew frém EamPNRN], 3,And4 dBbr Bodh BRGILyS t at e
uoT and 22K pLys, the amount of bound pLys per mg of HA is dependent on the total amount of

pLys per mg of HA. While the saturation level was greater than 0.65 mg pLys per mg HA for

22K pLys, the saturation level is only approximately 0.06 mg pLys per mg HA for 3K pLys.

These data demonstrate that increasing the number of lysine groups increases the amount of

polylysine that binds to hyaluronic acid in a buffer that is representative of physiological

conditions.

[0061] The charged moieties may comprise any architecture or formation. For example,
they may be linear, branched, or dendritic. They may contain neutral, flexible spacers at the
location where the moiety is attached to the therapeutic compound in order to facilitate close
proximity between the charges of the retaining moiety building blocks and the opposite charges
of the biological tissue. Similarly, it may be advantageous to include neutral, flexible spacers
between the building blocks to enable optimal spatial matching of charges on the building blocks
and opposite charges on the biological tissue. For example, hyaluronic acid is negatively charged
when the carboxyl groups on the glucuronic acid moiety are dissociated. As shown in Figure 3,
these carboxyl groups occur once on each repeating disaccharide unit. Since the length of a

disaccharide unit is greater than the length of an amino acid unit in a peptide, uncharged flexible
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proximty between the charges of the retaining noiety building blocks and

t he opposite charges of the biological tissue. Simlarly, it may be

advant agewootom4siel ude neutral, flexible spacers bet weegTiUseodomisdods ng

bl ocks to enabl e optimal spatial nmatching of charges on the buil ding bl ocks
and opposite charges on the biological tissue. For exanple, hyaluronic acid
i's negatively charged when the carboxyl groups on the glucuronic acid

noi et y spacersdnsisd o betat gghtianatshiapbetweekpopitive d8d ntfre chapdokydmgeoafps occur
once on each repeating disaccharide unit. Since the length of a

di sacclpesferetel fioxilile spacers eatrentrilharind fedd weitigiuhbaky anstanplyantacicngisidé in a
pepti de, uncharged flexi bl espacers enable better spatial matching between
posi ti ¢raiad)dudhegatretekesatighygms, aliianpldesriod. preferred fl exi bl e spacers are
neutral am no acids w thout bulky or strongly interacting side chains, such
as stretches of glycine, alanine and serine. [0062] The rate of drug

del i vel[§062} om t Tige ntictof dangsdelioery f@nt thicivitecous toctk enid e it dependehteon tht eatobf
desorption fromthe anionic conponents in the biological tissue and the
rate ofdesvmystiontfrangRanionidvoatpgherthm thid bibReital tidneighd thaedest hixg tasdporta by a
conmbi nation of diffusive and convective processes, the latter involving

wat er fillrowghtthe vigrRoty Dirlxerchdtds il rettnabiyessuiteni9a of didfuedc whd tortvb&ivier oduct i on
of aqueous hunor by the ciliary body. Drug elimnation rates are strongly
dependepricesybs, &H&ﬂaﬁérlﬁvo@ﬁn% hetcd flog drivtit by thethfytisiibnpriobsays d3gootatdtdh the
significant role for small nol ecul es and convection dom nating for |arge
ol eculpasiuctlditofagesen Gemof bciha l’c'ﬂ'ﬁgr oRlyabRigndintildtdhir@ss Mt ktrorpl puepehdent at e of
bot h di ffusion and convection. Additionally, delivery can be prol onged

f urt hepnitiie st drag With gifavio€ prPRAE QAN 4o sighifichiht¥Ble Fedntallaholb@E& dntlansport .
The kinetics of release fromthe 1n situ depot can be tuned by nodul ating

t he corp®stiidodondnstidgeoglabhzeaholbdifes! Eh@?r@édﬂ@e ddhekged aaﬂpmg_endi@tm@ &¥ill Olow
retaining noieties attached to each nolecule to vary binding affinity.

Thi's, it fatdroTbot diffudisr@itcod RREHRIA ditionall g leBdy Carbisolonged fattRe: iof

di ffusi on and convecti on.
desorption is slow compared to the time scale of mass transport. The kinetics of release from the
in situ depot can be tuned by modulating the composition and length of the retaining moiety and

the number of retaining moieties attached to each molecule to vary binding affinity. This, in turn,

will impact desorption rates and reduce the rates of diffusion and convection.

[0063] The following examples illustrate binding of cationic peptide conjugated
therapeutic compounds such as peptide-Avastin to hyaluronic acid. These examples should not

be construed as limiting.
EXAMPLE 5
Non-Binding of Non-Conjugated Avastin to Hyaluronic Acid

[0064] The methodology for determining free concentrations of peptide-Avastin conjugates
from peptide-Avastin conjugates bound to hyaluronic acid was developed using Avastin; 1.¢., no
conjugation.. Eequilibrium dialysis cells (Harvard Apparatus) were used with a 0.03 um pore

size polycarbonate membrane (Whatman, Nuclepore track-etched Cat No. 110602), as
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[0063] The follow ng exanples illustrate binding of cationic peptide

conj ugat ed t herapeutic conpounds such as peptide-Avastin to hyal uronic

aci d. These 2ewaapioes shoul d not be construed as |im ti ngcTES20d8loE0oDds
Non- Bi ndi ng of Non-Conjugated Avastin to Hyal uronic Acid [0064] The

met hodol ogy for determ ning free concentrations of peptide-Avastin

conj ugates from pepti de-Avastin conjugates bound to hyal uronic acid was
devel opedrifiganidtrAv@sinit ;wdre ot avatabonithug pére etze thaEequid allowi passage ef thsi s cel | s
(Harvard Apparatus) were used with a 0.03 um pore size pol ycarbonate

menbr ané kb ataten, THeuellelorenttichaleedilc hath vdai cHdmbed dpa€idgs of@256 ent00 dlugal
filtration units were not available with a pore size that would all ow
passagectoévedive chatpikaepwbilehsldingltiee depthl forh dheemémbrenchafageedilsenparts with
chanmber capacities of 250 or 500 uL achi eved by changi ng area while hol di ng
the depth fromthe nenbrane surface constant. [0065] Experinents were

per f or j@@b5py f i Expenignchiievadopaformba b ilingithddanok tieambeamittiatkno®n Amasitiof i n
DPBS and filling the receiver with DPBS. For these experinents, the donor
and r egeiamér in RBHaIdSillingthe gewlvey @itk DPBS. Foethswe! aupéranantyeicadoabt aded t o
equilibrate for the anount of tine specified in Table 1. Then the sol utions
wer e r eg@wetcantitsthiag cglvdrolan®s. arkd sasisiayedert allovwsdsteyilibRcfontheahioant
nmeasured via protein assay (Mcro BCA). [0066] The concentration of Avastin
i n theof geeisp&ificdas Tablchi Thaphe soliithais &fcye Rafoved frbMahecaadoisraat agayddn t he
donor after about 2 days. Hence, equilibration tines greater than two days
ver e ntf@d@@hsﬁ@cdm@ﬁwﬁ@nfrﬂe@ﬁlréﬁﬂﬁgfd’ﬁeih@ss@ﬂ(lMidr@BUAmV\fith the donor solution

when the donor and receiver chanbers have equal volunmes. The second
experiment included donor sol utions containing Avastin and hyal uronic acid.
Si mi | afo0es}ul t STEdoRcaRabMESTIA §4samMitha s edceiol whd Witlsin Whprbximately 25% of the

concentration in the donor after about 2 days. Hence, equilibration times greater than two days

were needed to measure free protein in equilibrium with the donor solution when the donor and

receiver chambers have equal volumes. The second experiment included donor solutions

containing Avastin and hyaluronic acid. Similar results were obtained from donor solutions with

and without hyaluronic acid, indicating similar concentrations of free protein irrespective of the

presence of hyaluronic acid. In other words, the results suggested the amount of Avastin bound

to hyaluronic acid was close to zero.

Table 1. Binding of Avastin to hyaluronic acid

Avastin Avastin Conc in| Avastin Conc in
Equilibration| Conc HA Conc | Donor Side (% | Receiver Side |Receiver/
Experiment | Time (hr) (ug/mL) (ug/mL) of Loading) | (% of Loading) | Donor
1 44 500 0 56% 44% 78%
2 46 250 0 58% 42% 73%
2 46 250 0 56% 44% 80%
2 46 250 500 54% 46% 86%
2 46 250 500 57% 43% 74%
2 46 250 500 57% 43% 76%
EXAMPLE 6

Binding of Cationic Peptide-Avastin Conjugates to Hyaluronic Acid
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and wi thout hyaluronic acid, indicating simlar concentrations of free
protein irrespective of the presence of hyaluronic acid. In other words,

t he resulwe wiggsssed t he anobunt of Avastin bound to hyacwrsnemwamigl was
close to zero. Table 1. Binding of Avastin to hyaluronic acid EXAMPLE 6

Bi ndi ng of Cati oni c Peptide-Avastin Conjugates to Hyal uronic Aci d[ 0067] The
menbranes and equilibriumdialysis cells described in Exanple 5 were then
used t ¢0G6Epar at Ehd membiaeptdnd equiVibstm diatyiy ast atlessribedamBzemplicdewde dshi n

conj ugat es bound to hyaluronic acid. [0068] The mAb-pepti de conjugates as
conj ugateldo bypatdie frps pepeids-Adastor donpgtaics frtmgreptide-Avavan eonjegitgriauedtas f ol | ows
and were anal yzed for binding to hyaluronic acid. [0069] The

pept i dayfAumatdasidconj ugates were diluted in a 1:3 ratio with a solution of 1
ng/ mL HA in DPBS. The donor chanbers of the equilibriumdialysis cells were
filled wth 500 uL of these m xtures while the receiver chanbers were
filled[0@68h SO0Thdmab-popiss. coAfuigetes ascoaflighict by alid rocdss dscibeddn Exaaple,1 two 50
uL aliquots were renoved from each chanber and assayed by Mcro BCA to

det er mweee ddifgnated acfulloat aadworlc apelgtddtor Biviaag ittmhedinprigatids. | ndependent
control solutions of each peptide-Avastin conjugate in solution with or

wi thout HA indicate that the presence of HA does not interfere with the
ability of Mcro BCA to quantitate the concentration of peptide-Avastin

conjudgate. Tn addition, [a mass-bal ance check of bound gnd
freepepti de- Avastin conjjugate in the donor chanber and [free peptide-Avastin
conj ugdotpoRnd 1D ' €Cei VeICoupdih@Dey@ptivht hi n 3% of the lamount of free
pepti ge-Avastin conjugafe I oaded in the donor chanber. |[0070] A second set
of alijquots was renoved|after 6.7 days of equilibration. The results are

Pep-Avastin 1 Avastin-S-[KGSKGSKGSKGSK-NH5]

Pep-Avastin 2 Avastin-S-[KGKSKGKSK-NH,]

Pep-Avastin 3 Avastin-S-[KGSKGSK-NH;]

Pep-Avastin 4 Avastin-S-[KGKSK-NH,]

Avastin Avastin

[0069] The peptide-Avastin conjugates were diluted in a 1:3 ratio with a solution of 1

mg/mL HA in DPBS. The donor chambers of the equilibrium dialysis cells were filled with 500
uL of these mixtures while the receiver chambers were filled with 500 uL of DPBS. After an
equilibration time of 3.7 days, two 50 uL aliquots were removed from each chamber and assayed
by Micro BCA to determine the concentration of peptide-Avastin conjugates. Independent
control solutions of each peptide-Avastin conjugate in solution with or without HA indicate that
the presence of HA does not interfere with the ability of Micro BCA to quantitate the

concentration of peptide-Avastin conjugate. In addition, a mass-balance check of bound and free
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shown in Table 2 and 3 for equilibration of 3.7 and 6.9 days, respectively.
[0071] The snmall change in concentrations between sanples taken at 3.7 and
6.9 days woggesusdet hat the |atter sanples were close teceqsbdoobsiousn The
concentrations neasured in the receiver chanbers provided the anmounts of
free peptide-Avastin conjugate. The difference between the donor and

recei ver concentrations provided the anmount of peptide-Avastin conjugate
bound tpeptidgal wasthm cenj@gatain tHhdonbr elchibenamfieechepsdd-Aastiatconugdte bothad

pepti de- Avastin conjugate to the total peptide-Avastin conjugate. The ratio
of ng peprvAveshibor wauwdhihG%nof ththaisurdlos fres heptade fAonstirhenfugatllo@igdid thbr at ed
donor chanber. [0072] The peptides with 5 |lysines (Pep-Avastin 1 and 2) had
a hi ghdondrrchahbean bound to hyal uronic acid than the peptides with 3 |ysines
(Pep-Avastin 3 and 4). This denonstrated that increasing the anount of
charge on the peptide chains increased the binding affinity. Table 2.

Equl i b{@070pn f oA sScond days dhadploss Was emol ¢doafat b Irdafoof @uibtais. EXANRIES arke

Det erm nati on of Non-Specific Binding ofCationic Peptide-Avastin Conjugates
t 0 HyalshgvaninCTabtd Tard00fB3 bquilibraest 61 Rhnd 6P deysi @secalelf. 25 nmy Avastin are
commonly given off-label to treat agerel ated nmacul ar degeneration
(Rosenfeld, Am J. Ophth. 142(1): 141-143, 2006). An additional binding
experi jB0TL] was Piay dneillnsheng it Roheasatima betvot sanglésttalton ad87andivedayhe anmount
of nonspecific binding that occurs for an intravitreal injection of a

t her apgutdestedidnethoflatdy agiples wert olose tuibeys. The bontanragives Masukd4dbthe 1. 8
mg HA (4.5 nL of vitreous containing 0.1-0.4 ng/niL HA). Therefore, it is

of i nt eseRBler ERANBBARE dd thE athbentoDiueH pcplid P AREDIA Cohjugatd T differtive
between the donor and receiver concentrations provided the amount of peptide-Avastin
conjugate bound to hyaluronic acid. The Fraction Bound is the ratio of bound peptide-Avastin
conjugate to the total peptide-Avastin conjugate. The ratio of mg pep-Avastin bound to mg HA is

also shown for the final equilibrated donor chamber.

[0072] The peptides with 5 lysines (Pep-Avastin 1 and 2) had a higher fraction bound to
hyaluronic acid than the peptides with 3 lysines (Pep-Avastin 3 and 4). This demonstrated that

increasing the amount of charge on the peptide chains increased the binding affinity.

Table 2. Equlibration for 3.7 days

mg
Initial Total
Pep- mg Pep-
Avastin | HA Free Bound Bound | Avastin
Donor Concin | Pep- Pep- Pep- { mg HA
Pep- Conc Donor Avastin | Avastin | Fraction | Avastin | in
Avastin | Peptide sequence (ug/mL) | (ug/mL) | (ug/imL) [ (ug/mL) | Bound | /mgHA | Donor
KGSKGSKGSKGSK-
1| NH2 371 750 44 286 0.87 0.38 0.44
2 | KGKSKGKSK- NH2 373 750 39 299 0.88 0.40 0.45
3 | KGSKGSK- NH2 414 750 131 151 0.53 0.20 0.38
4 | KGKSK- NH2 408 750 143 131 0.48 0.18 0.37
5 | None (Avastin only) 403 750 192 29 0.13 0.04 0.29
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concentrations in the range of 0.7 to 2.7 ng total peptide-Avastin

conjugate / ng HA. [0074] This experinent used equilibriumdialysis cells
with 500 wb 20mmassoshanbers and 250 uL receiver cells inpordsrodoos®horten
the tine needed for free peptide-Avastin conjugate to diffuse across the

menbrane and reach equilibrium between the donor and receiver chanbers.

results are shown in Table 4 after 3.0 days of equilibration. Again,
bi ndi ngablcf3i Bulibraves fob&Rdwwesd f or pepti de- Avastin conjugates with 5 |ysines

per peptide (Pep-Avastin 1& 2) conpared to 3 |ysines per peptide

hi ghe

The

r

(Pep-Avastin[3 & 4). Tn additfion, cdnmparing Exanples 6 [and7, fhe con
wi th peptideg containing sindlistidil exi bl e gpacers|(Pep-Avastin|2 & 4)
nore djfferentiated fromconjjreates|w th tiwo flexible gpacers| mBep- A
1 & 3)| Wien|there was nore drAvgstperl HMA, t|ifeeccon] Bgatleg Wi t h pBaindde
cont ai hi ng sijngl e flexible spdwans ha&dncan NiRgher {Paeti gn boundPép-. e.
hi gher| Bepadi ng affinity) than @onj uglbes cvestinnl Agpstimg FArdotion bAestpg
[ 0075] | Ataetinc USepivie sepenades wer(eg/se) ¢tigad.) Hasgulon(ughd.) N\Beobhesi sy HAZ

jmtgat e
Tatae

\Rept i N

Avastin
/. mg HA
drer s.
tDonor

Uy

separat i ng t h&KAKSISKESK@BIEH d ([enabl e| better| el ectfostati|c conpl exatid
HA due[ to tHe NHEct that HA hds ordé1 negatiOve chd¥ ge eXerly ob.Ber ri0ig

n with
0.43

structyure. PepOKSESKSKiNH2as pol yI3y3i ne ¥iot|hout 46 pace?ds \woul.87 hav@.40X

t r a0.46

charges thag |waskdsrotHaat ch jup whi h chzgodes amo HA. 1Bgg exv.sa| charge

s m.gd

favor desor pt/ikgksknlg2 aqueous| solygg i on whi[l € neutral {ghdacegss M ghtis

ronpge

st r ongeT i BUiNIg, Bl LdTLRY) T T [0UgioATydr opfaoi T (bAT erack[ons, i 1 adglg

on $.%

el ect rostattTc conprexatronm of the better spatial iy matched 1T ons:

e

results here suggested the peptides with single neutral ami no acid spacers
had a B ppElml spatial arrangement for conpl exation with HA than
peptides wth two neutral am no acid spacers. [0076] Note that nore
conplete equilibration may yield slightly lower fractions bound. Data in

Tl 5 121 5 RS B1 bk of E P e ARSI BRSO ©

Acid

[0073] Intravitreal injections of 1.25 mg Avastin are commonly given off-label to treat age-

related macular degeneration (Rosenfeld, Am. J. Ophth. 142(1):141-143, 2006). An additional

binding experiment was performed with less hyaluronic acid to determine the amount of

nonspecific binding that occurs for an intravitreal injection of a therapeutic dose of Avastin into

a human eye. A human eye has 0.45 — 1. 8 mg HA (4.5 mL of vitreous containing 0.1-0.4 mg/mL

HA). Therefore, it is of interest to characterize the amount of nonspecific binding for

concentrations in the range of 0.7 to 2.7 mg total peptide-Avastin conjugate / mg HA.

[0074] This experiment used equilibrium dialysis cells with 500 uL donor chambers and

250 uL receiver cells in order to shorten the time needed for free peptide-Avastin conjugate to

diffuse across the membrane and reach equilibrium between the donor and receiver chambers.

The results are shown in Table 4 after 3.0 days of equilibration. Again, higher binding affinity

was observed for peptide-Avastin conjugates with 5 lysines per peptide (Pep-Avastin 1 & 2)

compared to 3 lysines per peptide (Pep-Avastin 3 & 4). In addition, comparing Examples 6 and
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specific binding at therapeutic concentrations) is approximately 0.1 or
| ess. Table 4. Non-specific binding of Pep-Avastin to hyal uronic
aci dEXAVRKEB 2810@akioger y Rat es From Cationi c Peptide- A" agtirustianjos@as es t o
Hyal uronic Acid [0077] The sane 0.03 nm pore size nmenbranes and equilibrium
dialysis cells used in Exanples 5 through 7 were used as perneation cells
to nmeasure delivery rates from peptide- Avastin conjugates
el ect r Gsthatcogagdtss withngd pedesconaimygabinglo fliegibecipacersliPep-donstin Z &atylasr monser e
filled with 240 uL of peptide-Avastin conjugate and hyaluronic acid, while
t he r eddforattiatddrdnece)jvgates withl tivedlewibidspd8s (AepAvabitBE& 3)nWhealtheye tvud ce a
day, the receiver chanbers were conpletely replaced with DPBS to assess
del i vemyor¢ dtugpemHAhthelcosjegites withn keptaadédntaimag single Hexibécsphotes hadliiegher
concentrations of peptide-Avastin conjugate in the initial donor solutions
and t hératteeboned (isolhighico bmdingragfirdsl eramicogdghiys ddhtirnBGA flckiide gmicers.
sol utions contained 500 ug/nL HA and initially had an average of 675 ug/nL
pepti de- Avastin conjugate, corresponding to an average | oading of 160 ug of
pept i d¢oOFBRst i NTieosustogap@tites wdre sdddedibascdmothe hypethebythitscpopatingithed a
physi ol ogically rel evant amount of drug to HA, 1.35 ng total
pept i déysheasioull @abli bgadreldctrofatidonIplB4dB8dn Wity tired tditlspheyBattHyehgwong! at i ve
delivery of peptide-Avastin conjugates. Figure 10 shows delivery rates of
t he foucgdpiepthage dthér riQ§tug@Rte Peptiics sichAy gsllylyRine Withotadpeserswold
normal i zed to a loading of 160 ug in order to renove the inpact of snall
vari at hewsexitia ciey thetonagdhétahitengp Witk ehdrf® onasAl Tie exi@ @ &pesShighefaveel ease
ki netics are observed with the peptide-Avastin conjugates conpared to the
A\r/]asti degodftiondhto aGastwb S6lfén Whildndubrel Paaed Mgpht pRuldtSstiodgbamdihesffiaitand 7,
t he pepti de-

through hydrophobic interactions in addition to electrostatic complexation of the better spatially

matched ions. The results here suggested the peptides with single neutral amino acid spacers had
a more optimal spatial arrangement for complexation with HA than peptides with two neutral

amino acid spacers.

[0076] Note that more complete equilibration may yield slightly lower fractions bound.
Data in Tables 2 through 4 indicate that fraction of Avastin bound to hyaluronic acid (i.e., non-

specific binding at therapeutic concentrations) is approximately 0.1 or less.

Table 4. Non-specific binding of Pep-Avastin to hyaluronic acid

mg
Initial Total
Pep- mg Pep-
Avastin | HA Free Bound Bound | Avastin
Donor Concin | Pep- Pep- Pep- { mg HA
Pep- Conc Donor Avastin | Avastin | Fraction | Avastin | in
Avastin | Peptide sequence (ug/mL) | (ug/mL) | (ug/mL) | (ug/mL) [ Bound |/ mgHA | Donor
KGSKGSKGSKGSK-
1 | NH2 601 567 158 305 0.66 0.54 0.82
2 | KGKSKGKSK- NH2 525 567 98 421 0.81 0.74 0.91
3 | KGSKGSK- NH2 581 567 295 214 042 0.38 0.90
4 | KGKSK- NH2 572 567 220 270 0.55 0.48 0.87
5 | None (Avastin only) 517 567 361 43 0.11 0.08 0.71
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Avastin conjugates with 5 |lysines per peptide (Pep-Avastin 1& 2) were nore
effective at slowng the delivery rate. In addition, the peptide-Avastin
conj ugat esoeom@ssenNg pepti des withsingle flexible spacecsisbhawecn®r e
sustai ned delivery rates, consistent with the binding data neasured in
Exanmple 7. [0080] Figure 11 displays the transport data in ternms of
fraction remaining in the donor as a function of tinme. Approxinmately 90% of
the Avastin (non-conjugated) |oaded is delivered in 3 days, conpared to

| ess than half of the peptide-Avastin conjugates. [0081] The rel ease rates
for the peptide-Avastin conjugates are relatively constant after the first
day foEXAMPHEGnmetry utilized in this study. Additional in vitro rel ease
studies could be perforned with vol unes and di nensions nore simlar to in
vivo conditions. Furthernore, the conposition and nunber of peptides

at t achéw/ivery Kach Frive Capent iIPeptiderapansin Conubatede opturonizeldidt o achi eve the
desired release profile. [0082] This invention is applicable to both |arge-
and snal | - nol ecul e therapeutics. The therapeutic conmpounds may be one or
mor e off0Q¥7| i - prOhd dasredl 03viem pgeiA ria@nlgancsand cqvisym dhabdsisepksuscd yit oki nes,
grow h factors, antibodies, imune nodul ators, oligos (e.g., RNA duplexes,
DNA dupixexeles 5 BSigh Apt@nBedas pemMtutios ittt atckyre delivemntangifivnd pdptidey ol i gos,
etc.), enzymes, enzyne inhibitors, inmune nodul ators, antim crobial agents

( macr olAvdstinaguhjughies tlectrastatiogfihesvalplexca o blyalwoiic beidAaTls doadt ¢haimbatssyveret C. ) ,
anti-inflammtory agents (e.g., steroids, NSAIDs), etc. The invention is

parti ciillad With240 ndeif byeidevasipdngatatetindthgalin fmi Oaeid) tndelt itheercagen tharalinds
i nhibitors of gromh factors and angi ogenic factors for treatnent of

degeneratd filgcdosiih 480 ¢li s€BBBS. Inltiallnddict h diy, ke Bealagichambds weilchempldagy apeut i c
conpounds that bind to and inactivate VEG- include Rani bi zumab and VEGF
Trap (Rgg®neémafm)DPBS to assess delivery rates with close to sink conditions in the receiver, The

concentrations of peptide-Avastin conjugate in the initial donor solutions and the receiver

solutions were determined by Micro BCA. The donor solutions contained 500 ug/mL HA and

initially had an average of 675 ug/mL peptide-Avastin conjugate, corresponding to an average

loading of 160 ug of peptide-Avastin conjugate in the 240 uL donor. The donors contained a

physiologically relevant amount of drug to HA, 1.35 mg total peptide-Avastin conjugate / mg

HA.

[0078] Figure 9 displays the cumulative delivery of peptide-Avastin conjugates. Figure 10
shows delivery rates of the four peptide-Avastin conjugates versus Avastin. The rates were
normalized to a loading of 160 ug in order to remove the impact of small variations in donor

concentrations from the results.

[0079] Slower release kinetics are observed with the peptide-Avastin conjugates compared
to the Avastin control. Consistent with the binding results in Examples 6 and 7, the peptide-
Avastin conjugates with 5 lysines per peptide (Pep-Avastin 1 & 2) were more effective at

slowing the delivery rate. In addition, the peptide-Avastin conjugates containing peptides with
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[0083] In the case of peptides and proteins, nodification of therapeutic
conpounds coul d be achieved via placenent of the peptide "tail" at the

C-t er mi nuyoauio4saEM nus of the protein using nmethods sech/wsowhones
established for affinity purification of genetically nodified proteins.
This invention is particularly relevant to therapeutic conpounds that have
denonstrated sufficient stability in the vitreous. Rani bi zumab, for

exanpl singlkdxddanymsdrs stiorcdsnarh sstafdd detiyerfy 0283 Lorbiseend osta dlee mhdihfdata
intravitreal injections depends upon the required dose of the therapeutic
agent amdsurbeindlampie 'bf the fornul ati on. For exanple, for Rani bi zumab, a
dosage of 0.5 ng is an effective dosage. This dosage is contained in a
formul ation volunme (e.g., 50 mcroliters) that is designed to mnimze the
i ncr eag@080h i ntFigoeull alisppaye geuraasghur datginitejrsaif ifiaotion] @M8minglihehcdmoenta

i nvention advant ageously involves mninmal excipients and the viscosity of

t he f orfimctiat bHime.sA ppooximaiciy 9084 of e fAomstinl @bn-omgugdtcdhoadadrisdicfivered in 3

t herapeutic conmpound. This inproves the ability of the dosage to be

i nj ect ddyd, torBpged foilesd miidnyhal fed shet pepds Ampainednjugates. nor e vi scous sol ution.
The treatnment can be adm nistered via an intravitreal injection, enabling
w despread use without requiring any additional training or equipnent

beyond [@081] ent Tlhicoasedarl fealiepeplid@unmastineohjugatts &8 udatthety @ stantnafior 8ier at i on
is mnimal relative to the surgery required for a non-bi odegradabl e i npl ant

and t heirg dag forehg@ethefrontiliredds thiestpd o eelditions! ik @irFeRRYS studdgogk.beFur t her
t he hi gher doses achievable in the invention contribute to its ability to

I ncr eagerféieddritatol@iesudt Waathsions avld sifslar tolievRb Yo dtdtst Futrthetmort aher
injections overall and reduced serious ocul ar adverse events such as

i nf ect icompaitbn @idindadbedet Rt Attachk® @B&kch Aradpaetic édﬂmmh@aéul@ae/gpurﬁigai of the
i nvention over other biodegradable systens is the nolecularly dispersed

nat ur e toichidve tiiddkiagerdicase grofieound in the in szYw fornmed depot. Light
scattered frommcroparticles, nanoparticles and |iposones reduces visual

clarity, unless an effort
[0082] This invention is applicable to both large- and small-molecule therapeutics. The

therapeutic compounds may be one or more of anti-proliferative agents (e.g., anti-VEGF),
hormones, cytokines, growth factors, antibodies, immune modulators, oligos (¢.g., RNA
duplexes, DNA duplexes, RNA1, aptamers, immunostimulatory or immunoinhibitory oligos,
etc.), enzymes, enzyme inhibitors, immune modulators, antimicrobial agents (macrolide
antibiotic, micophenolic acid, antifunals, antivirals, etc.), anti-inflammatory agents (e.g.,
steroids, NSAIDs), etc. The invention is particularly attractive for application to neuroprotective
agents and inhibitors of growth factors and angiogenic factors for treatment of degenerative
ocular diseases. In addition to Bevacizumab, other therapeutic compounds that bind to and

inactivate VEGF include Ranibizumab and VEGF Trap (Regeneron).

[0083] In the case of peptides and proteins, modification of therapeutic compounds could
be achieved via placement of the peptide “tail” at the C-terminus or N-terminus of the protein
using methods such as those established for affinity purification of genetically modified proteins.
This invention is particularly relevant to therapeutic compounds that have demonstrated

sufficient stability in the vitreous. Ranibizumab, for example, has demonstrated such stability.
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is made to match refractive indices. In addition, drug |oading in other

bi odegr adabl e systens can be limted by a conbination of |ight scattering
and t he ngedofoaussdvcgh | evel s of excipients to control treTdskémsdson1s at es
and achieve stability of the therapeutic conpound. [0087] In addition to
the vitreous, ocular tissues such as neural retina, sclera, and corneal
stroma contain glycosam nogl ycans. Hence, in addition to intravitreal

i nj ect i[@08d] i n Fhdadosaepditis infratitreal prjediens déprudntpoorthcreghictdaesé ofthed vi a
injection into other sites such as subretinal space or periocular space
(e.qg., tisuipeotl§ ageat indahe veuine d€tho Mornpebation UF draxamplosfoe Rembizpmab, raadosigercdl and
retrobul bar spaces).[0088] Though the exanpl es noted above descri be

t r eat MOt mgis dnhetfeeyes doshe. Phie desilge isvoatuiiedrin e darhnalaibs eolunel(ede 50r eat ment  of
ti ssues other than the eye. Any tissues containing a suitable anionic
conponeititro(itery that ¢l desigaahtio moiginyieaths Jncremy inbetridoakt ectssust dgirghejcominhods and
cationi c conpositions described. O her exenplary target tissues include,
but are not limted to, brain, skin, cartilage, synovial fluid in joints,
as wel [0085] s oneTixaduensinvaitive adwintagedusly inhel véi minagaleatipichssing thrayscoditt ai n
cationic conponents, such as bone tissue, and sustained drug delivery could
be achicéiedomailfi@ntihRwreiniibd s faadulativeof an aompdistd therpeaesohipoend. HEfiei n.
The conpound may be injected locally or systemcally, or may be introduced
by anotihpfoveedhe sbilisudhhadosagestpbayijadedin stindfidaat! s lewdiihe céhparbdhya sreopen
during surgery. An exanple Is the introduction of an anti-inflamrmatory
agent @iscourGokution articateativent Cart etudlinisistoebd vad anhi@ i 0@ snjeclion] dnablifgo t he eye,
this application benefits fromthe ability to introduce a sustai ned source
of t herdgapichd usoeifttountdqbiriiz ahaddiNelalfiEin B RABGIiPRcntdRyorti@Etatantigdt ur e
when trying to mnimze edema and intracranial pressure. Hence, the

t her apeptdre. Thoumotonte HSAE dining Agnihfrafiondt mbiimabiélavias Yo the sieédy réquded &r dr ug

and indi cat ed use.
a non-biodegradable implant and there is no need for invasive procedures to remove a device.
Further, the higher doses achievable in the invention contribute to its ability to increase the

duration between injections, thereby resulting in fewer injections overall and reduced serious

ocular adverse events such as infection and retinal detachment.

[0086] Another important advantage of the invention over other biodegradable systems is
the molecularly dispersed nature of the therapeutic compound in the in situ-formed depot. Light
scattered from microparticles, nanoparticles and liposomes reduces visual clarity, unless an effort
18 made to match refractive indices. In addition, drug loading in other biodegradable systems can
be limited by a combination of light scattering and the need for high levels of excipients to

control the delivery rates and achieve stability of the therapeutic compound.

[0087] In addition to the vitreous, ocular tissues such as neural retina, sclera, and corneal
stroma contain glycosaminoglycans. Hence, in addition to intravitreal injections, in situ depots of
the present invention could be formed via injection into other sites such as subretinal space or
periocular space (¢.g., subconjunctival, sub-Tenon, peribulbar, posterior justrascleral and

retrobulbar spaces).

30
SUBSTITUTE SHEET (RULE 26)



[0089] While the above is a conplete description of the preferred

enbodi nents of the invention, various alternatives, nodifications, and
equi val enve 20my4bmmeused. Therefore, the above descri pti eoralsesbdeines be
taken as limting the scope of the invention which is defined by the
appended cl ains. WHAT IS CLAIMED IS: 1) A drug conposition conprising: a
charged noiety coupled to a therapeutic conpound, wherein the charged

nmoi et y [0888¢ onf i ‘Bhoughl thecexamples acted wbdavie dascribe asttneneoftthpeycothe posspenent  of
opposite charge in a biological tissue to create an in situ depot for

pr ol ongednidsruguitbdisoracipde f¥atihbiet oftisgies ottpothard thoryaf Aoy assaedcontdenga n t he
charged noiety is cationic and the conponent of opposite charge is anionic.
3) The sditabtp adomposimponantd.gs khicosathinaghgned)nmanbe wertainistneotberpethedt arids

hyal uroni c acid. 4) The drug conposition of claim2, wherein the cationic
noi et y catfondoetiguitiens describtdeOtet extinipharg targa sissuch oglude sous arempt iinécditolg
conposition of claim2, wherein the cationic noiety conprises cationic

am no ageditlskinbgarillage, dyneyiat dlofeloa ijdinBasofellcdsabnie tancstse rAdicmatihelycthar ged noi ety
is anionic and the conponent of opposite charge is cationic. 7) The drug
conpos ibtdl@ficad tisstik aapcontaihmtienia compornispsuck asborettissieoamt dusameddiugni ¢ am no
acids. 8) The drug conposition of claiml1l, wherein the charged noi ety has
one or dstiveey chidd Beschi@rd Tiieg the wiktinrivpod hiibgio comhpadittinddSscribbEhetin, The
charged noiety has at |east three charges. 10) The drug conposition of

cl ai m Qompheidanay schiajectaai@eally omiystesnicaint @ints ttintr@astd BnenosiR@aens, such

as a spraying of droplets while the body 1s open during surgery. An example is the introduction
of an anti-inflammatory agent during a craniotomy to treat subdural hematomas. Similar to the
eye, this application benefits from the ability to introduce a sustained source of therapeutic agent
with minimal volume expansion, an important feature when trying to minimize edema and
intracranial pressure. Hence, the therapeutic compound used in the formulation may vary in both

type of drug and indicated use.

[0089] While the above is a complete description of the preferred embodiments of the
invention, various alternatives, modifications, and equivalents may be used. Therefore, the
above description should not be taken as limiting the scope of the invention which is defined by

the appended claims.
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11) The drug conposition of claim 10, wherein the spacer is |located at a
coupling site between the therapeutic conpound and the charged noiety. 12)
The drug worpomissioen of claim 11, wherein the spacer ispcoast@dobetiseen the
charges of the charged noiety.13) The drug conposition of claim1, wherein
at least two charged noieties are coupled to a therapeutic conpound. 14)
The drug conposition of claim1, wherein the biological tissue conprises
gl ycosam nogl ycans. 15) The drug conposition of claiml, wherein the

bi ol ogiWCHATHIBSEI IMED &ye ti ssue. 16) The drug conposition of claiml,
wherein the therapeutic conpound is an anti-VEG- conpound. 17) The drug
conposi)t A@pugdonflogitioh 6mpmMigr:ei n the anti - VEGE conpound is one of
Rani bi zumab, Bevaci zurmab, or VEG- Trap. 18) The conposition of claim1,
wherein the therapeutic conpound has a nol ecul ar weight of at |east 2,000
Dal t oreschang@yl nihely counpesktiotai therapsfutic cermpound, whereipithe ¢Harged oupéty mgconé gercthiceved

[ t abl qval ent bond. 20) Th 1ti f clai 9, wherein th
coupt o TR A BB P2 ok 6T e Rl Sodeb bty e bt n
free thi Olc%atezall)z'nIﬁfdéb%%??hfl%ﬁ%figﬁu(’ggdeﬁ{/@xl’ wherein the coupling is

achi eved using a chem'ca val ent bond. 22) The conposition of
claim2l1l, wherein the labile bond is an ester |inkage. 23) A nethod for

manuf apt Diid digg dordpasttion@TRRsh tl @hcredhE Eigikddd moicty is cationic and the component

of opposite charge is anionic.

3) The drug composition of claim 2, wherein the anionic component is hyaluronic acid.

4) The drug composition of claim 2, wherein the cationic moiety is configured to interact with

glycosaminoglycans.

5) The drug composition of claim 2, wherein the cationic moiety comprises cationic amino

acids.

6) The drug composition of claim 1, wherein the charged moiety is anionic and the component

of opposite charge is cationic.
7) The drug composition of claim 6, wherein the anionic moiety comprises anionic amino acids.
8) The drug composition of claim 1, wherein the charged moiety has one or more charges.
9) The drug composition of claim 8, wherein the charged moiety has at least three charges.
10) The drug composition of claim 9, wherein the charged moiety contains at least one spacer.

11) The drug composition of claim 10, wherein the spacer is located at a coupling site between

the therapeutic compound and the charged moiety.

12) The drug composition of claim 11, wherein the spacer is located between the charges of the

charged moiety.
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coupling a charged noiety to a therapeutic conpound, wherein the charged
noiety is configured to interact with at | east one type of conponent of
opposi t e woangm4ssvea human body to create an in situ depotr/dsesoops@i®onged
drug delivery. 24) The nethod of claim 23, wherein the charged noiety is
cationic and the conponent of opposite charge is anionic.25) The nethod of

cl ai m &3 Thekigig&ompblitor bdlgad], RhcRiy ati|Sasefivadhaped ebidthee aeBRPIOE RS 2 Of
opposite charge is cationic. 26) The nethod of claim 23, wherein the
char ged nohesapgudoegmposied. ami no acid residues. 27) The nmethod of claim 23,
wherein the therapeutic conpound is an anti-VEG- conpound. 28) The net hod

of claj , ;wherein.the t.i - VE co und.i s .one of Rani bi zumab,

Bevac, TR e GRaROsHidiro B I RGci He g OHE el Givts SSMPIAT of o the’ coupl i ng
is achiev hem cal process. 30) The nethod of claim 23, wherein
t he coupl %ggB%hmg%}’%\l}%d t hrough a reconbi nant DNA techni que. 31) The

nmet hod of claim 23, wherein the coupling is achieved using a stable

coval ersy DbadrugISmpddion@itdeie 1Qtvheledi tive Biblogiduetissub istdye tisqudpl i ng i's achi eved
using reactivity of nmaleimde activated peptide with free thiols. 33) The
met hod of claim 23, wherein the coupling is achieved using a chemcally

| abi | el 6@ ovidicalntg epomngsitign pf athien heewhesein fc therapawtig somppimdas #n atiieVEEHKi | e bond
is an ester bond. 35) A nmethod of treating the hunman body conpri sing:

i nt roducfgPI™f'o a human body a drug conposition conprising a charged

noi ety coupled to a

17) The drug composition of claim 16, wherein the anti-VEGF compound is one of

Ranibizumab, Bevacizumab, or VEGF Trap.

18) The composition of claim 1, wherein the therapeutic compound has a molecular weight of at

least 2,000 Daltons.
19) The composition of claim 1, wherein the coupling is achieved using a stable covalent bond.

20) The composition of claim 19, wherein the coupling is achieved using reactivity of maleimide

activated peptide with free thiols.

21) The composition of claim 1, wherein the coupling is achieved using a chemically labile

covalent bond.
22) The composition of claim 21, wherein the labile bond is an ester linkage.
23) A method for manufacturing a drug composition comprising:

coupling a charged moiety to a therapeutic compound, wherein the charged moiety is configured
to interact with at least one type of component of opposite charge in a human body to create

an in situ depot for prolonged drug delivery.

24) The method of claim 23, wherein the charged moiety is cationic and the component of

opposite charge is anionic.
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t her apeuti ¢ conmpound, wherein the charged noiety is configured to
reversibly bind with at | east one type of conponent of opposite charge in
t he humanwbady/dssor eate an in situ depot for prol ongedpdrug2eelososesy. 36)
The met hod of claim 35, wherein the charged noiety is cationic and the
conponent of opposite charge is anionic. 37) The nethod of claim 35,

wher ei1%) tfhe niefad @€ dlal 28t whdréin @it dhBiged addibty hantaimdend capoapi@si t e char ge
is cationic.38) The nethod of claim35, wherein the int rodpuci ng conprises

i nj ecti ngoppesitdchaygevrepodiic.i on into any part of the body. 39) The method of
claim 35, wherein the drug conposition is introduced into the eye. 40) The

nmet ho f_clai 5, wherein the dr conposition.is introduced into one or
tor 01258t fo et Phe B as iUt 64t feGhTOyReUrBIIsE O PHOS TR  br ai n,

skin, cartilage, or a cancerous region. 41) A drug conposition conprising a

t her apgyt i [ ' at ai.ni : jtd : , in the
dr g copots FEBLELRCIT 2 XA HotdheliP Eim Rl Ay PP EO et M. "and
t he bi ol ogi cal tissue has anionic conmponents. 42) The drug conposition of

cl ai m2g), Théeetiod of biginh 06 -vaeeth theantd VEGI gorhsouatl id @RSl RAbHMizuddp, The drug
conposition of claim4l, wherein the non-specific binding is at |east 15%
44) A dru@%@ﬂmﬁbtqréﬁ%ﬁtﬂpi sing a therapeutic protein noiety containing a
net negative charge, wherein the drug conposition exhibits non-specific

bi ndi to, a bjological .ti ssue, .wherein.the.biol.ogical .ti ssue has cati onic
comporit ShEmateos 8PRER bpyee i CRUTIE S Tt LB eed Prge.
30) The method of claim 23, wherein the coupling is achieved through a recombinant DNA

technique.
31) The method of claim 23, wherein the coupling is achieved using a stable covalent bond.

32) The method of claim 31, wherein the coupling is achieved using reactivity of maleimide

activated peptide with free thiols.

33) The method of claim 23, wherein the coupling is achieved using a chemically labile covalent

bond.
34) The method of claim 33, wherein the labile bond is an ester bond.
35) A method of treating the human body comprising:

introducing into a human body a drug composition comprising a charged moiety coupled to a
therapeutic compound, wherein the charged moiety is configured to reversibly bind with at
least one type of component of opposite charge in the human body to create an in situ depot

for prolonged drug delivery.

36) The method of claim 35, wherein the charged moiety is cationic and the component of

opposite charge is anionic.

37) The method of claim 35, wherein the charged moiety is anionic and the component of

opposite charge is cationic.

34
SUBSTITUTE SHEET (RULE 26)



a charged noiety coupled to a therapeutic conpound, wherein the charged
noiety is configured to interact with at | east one type of conponent of
opposi t e wbangr4bswea bi ol ogical tissue to create an in ctrwsd@potosfior

prol onged drug delivery. 2) The drug conposition of claim1l, wherein the
charged noiety is cationic and the conponent of opposite charge is anionic.

3) The3gyr Upe sRMpOST tlh@dn3Dfwiehdh theZntrodieingicBmphes aij @ik CheCArip onapdsitich
hyal uronic¢ acid. 4) The drug conposi tion of claim2, wherein the cationic

moi ety i s ionny putefdhe bodyat eract with gl ycosani nogl ycans. 5) The drug
conposi tion of claim2, wherein the cationic noiety conprises cationic

S ani-Di QRSO 8T AR oh DA BB TE EaP o PR IR %) The drug

conposition of claim 6 wherein the anionic noiety conprises anionic am no
aci ds.zm) (Y f : iety has
RN SR R R S BB T

charged miscatiyn Makc Bédy eRsted flohegnehial fies in 4 d)ntTheindskig cenilesstd on of

claim9, wherein the charged noiety contains at | east one spacer. 11) The
drug conp@8icerayn 1egiorc] ai m 10, wherein the spacer is located at a coupling
site between the therapeutic conpound and the charged moiety. 12) The drug

conpo4é n, of cl a| 11, vvherel the spac %oca ed bet v¥een t he charges
of thet! h CorPBl?Oét {ph compriyiag a éaP&P r8%Hb b ORGSR F BFROY Vaher ei n at

l'east two ghar gatk PRl GS citffostioh Rk fitd forfspecific binding to a biological tissue,

and the biological tissue has anionic components.
42) The drug composition of claim 41, wherein the non-specific binding is at least 25%.
43) The drug composition of claim 41, wherein the non-specific binding 1s at least 15%.

44) A drug composition comprising a therapeutic protein moiety containing a net negative
charge, wherein the drug composition exhibits non-specific binding to a biological tissue,

wherein the biological tissue has cationic components.
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t herapeuti c conmpound. 14) The drug conposition of claim1, wherein the

bi ol ogi cal tissue conprises glycosam noglycans. 15) The drug conposition of
claim1l, wbepw/oasiohe bi ol ogi cal tissue is eye tissue. 18LTHse00d00Ep18
conposition of claim1, wherein the therapeutic conpound is an anti-VEGF
conpound. 17) The drug conposition of claim 16, wherein the anti-VEG-
conpound i s one of Ranibi zumab, Bevaci zunab, or VEGF Trap. 18) The
conposition of claiml1l, wherein the therapeutic conpound has a nol ecul ar
wei ght of at |east 2,000 Daltons. 19) The conposition of claim1l, wherein

t he CQVH%J“E;C%Aﬁﬁﬁtﬁﬁﬁd using a stable coval ent bond. 20) The conposition

of e coupling is achieved using reactivity of nal eimde
activ t hiols. 21) The conposition of claim1, wherein
the c quﬁga&h&%I I eve rﬁg} g a chemcally labile covalent bond. 22) The

conposition of claim21, wherein the labile bond is an ester |inkage. 23) A

nethodcﬁmgednmmnﬁammpbdm@adxﬂqmgneomppnn@ywhmemnhecEnggimomﬂphwngﬁgne&&xged
noiety ta a the erel.n the char .S conflgured

To o or derast RHABE Kbk Gud SR ettt Sh s Eor BBeloE L e 8| 104

human boQ¥ediOaf/edhQle fbf‘pl%'l&dée&iﬁﬁ%tdeil%rypr ol onged drug deli very 24) The
nmet hod of claim 23, erein the charged ndbiety is cationic and the

conmponent of
2) The drug composition of claim 1, wherein the charged moiety is cationic and the component

of opposite charge is anionic.
3) The drug composition of claim 2, wherein the anionic component is hyaluronic acid.

4) The drug composition of claim 2, wherein the cationic moiety is configured to interact with

glycosaminoglycans.

5) The drug composition of claim 2, wherein the cationic moiety comprises cationic amino

acids.

6) The drug composition of claim 1, wherein the charged moiety is anionic and the component

of opposite charge is cationic.
7) The drug composition of claim 6, wherein the anionic moiety comprises anionic amino acids.
8) The drug composition of claim 1, wherein the charged moiety has one or more charges.
9) The drug composition of claim 8, wherein the charged moiety has at least three charges.
10) The drug composition of claim 9, wherein the charged moiety contains at least one spacer.

11) The drug composition of claim 10, wherein the spacer is located at a coupling site between

the therapeutic compound and the charged moiety.

12) The drug composition of claim 11, wherein the spacer is located between the charges of the

charged moiety.
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opposite charge is anionic. -34-25) The nethod of claim 23, wherein the
charged noiety is anionic and the conponent of opposite charge is cationic.
26) The meOhlot/m@sso6l ai m 23, wherein the charged noi ety eomarsee@esc@nd no aci d
resi dues. 27) The nethod of claim 23, wherein the therapeutic conpound is
an anti-VEGF conpound. 28) The nethod of claim 26, wherein the anti-VEG
conpound i s one of Ranibi zumab, Bevaci zunab or VEGF Trap. 29) The net hod of

cl ai erein the caupling is achiev t hrough a chem cal ocess. 30)
The nkDroe BFE Gt o ihimas whsdt SUaH My et e eb e Fruighoa

reconbi napirapMfictcemipoingtie. 31) The nethod of claim 23, wherein the coupling
is achieved using a stable coval ent bond. 32) The nethod of claim 31,
wherein the coupling is achieved using reactivity of maleimde activated
pept i iB Wihe drier eoanpositionof cREN 1Twhenes the hiadegied! dissnex8mpilser ei n t he coupl i ng
is achiev I emcally labile coval ent bond. 34) The nethod of
clain133f§a%§%%?%g$ﬁ%ﬂ[abile bond is an ester bond. 35) A nethod of
treating the human body conprising: introducing into a human body a drug
conpoki)t iThn dagqmimisitign af chan dedhemirethy bdegita dis§ue iacydwysapeut i ¢ conpound,
wherein the charged noiety is configured to reversibly bind wth at |east

one LBl Gorpenent of anpost Le eharde, Ln L Buman, bedy Lo vrepte an 1

compound.

17) The drug composition of claim 16, wherein the anti-VEGF compound is one of

Ranibizumab, Bevacizumab, or VEGF Trap.

18) The composition of claim 1, wherein the therapeutic compound has a molecular weight of at

least 2,000 Daltons.
19) The composition of claim 1, wherein the coupling is achieved using a stable covalent bond.

20) The composition of claim 19, wherein the coupling is achieved using reactivity of maleimide

activated peptide with free thiols.

21) The composition of claim 1, wherein the coupling is achieved using a chemically labile

covalent bond.
22) The composition of claim 21, wherein the labile bond is an ester linkage.
23) A method for manufacturing a drug composition comprising:

coupling a charged moiety to a therapeutic compound, wherein the charged moiety is configured
to interact with at least one type of component of opposite charge in a human body to create

an in situ depot for prolonged drug delivery.

24) The method of claim 23, wherein the charged moiety is cationic and the component of

opposite charge is anionic.
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36) The nethod of claim 35, wherein the charged noiety is cationic and the
conponent of opposite charge is anionic. 37) The nmethod of claim 35,
wherei n twe 2otveg®d noi ety is anionic and the conponent POl/USpEOds19e8 char ge
is cationic. -35-38) The nethod of claim 35, wherein the introducing
conprises injecting the drug conmposition into any part of the body. 39) The
met hod of claim 35, wherein the drug conposition is introduced into the

eye. 40) .The hod .of . cl ai m. 35, erei n.the drug copposition is.introduced
Cheo SO 26 i e e ST ety Pt e AR Sora B o i 1 a
joint, brehBsitedhhfpe i¢&dtlonlc@ge, or a cancerous region. 41) A drug
conposition conprising a therapeutic protein noiety containing a net
positive charge, wherein the drug conposition exhibits non-specific binding
to a Hhollbgimeahod ¢fsdim 23andcichethsichirged awicty Fergpiesch aslnmicohisiddenponent s.
42) The drug conposition of claim4l, wherein the non-specific binding is

| o2t RS oot S GRTPASLARYAL GhANMet s WAEKAICE Eihouna,

non- s nding I's at rug conposition c rrsing a
t herapeutic protein noiety containing a net negative charge, wherein the
dr ug )nibs intatlonl ebclditn 26 whoreirsthe ahfii CEGF nanpoprtdos andoOR agbiearnal,i ssue,

wher ei n tc%a&&&%%?hf@hG%“ﬁ%ﬂe has cationic conponents. -36-

29) The method of claim 23, wherein the coupling is achieved through a chemical process.

30) The method of claim 23, wherein the coupling is achieved through a recombinant DNA

technique.
31) The method of claim 23, wherein the coupling is achieved using a stable covalent bond.

32) The method of claim 31, wherein the coupling is achieved using reactivity of maleimide

activated peptide with free thiols.

33) The method of claim 23, wherein the coupling is achieved using a chemically labile covalent

bond.
34) The method of claim 33, wherein the labile bond is an ester bond.
35) A method of treating the human body comprising:

introducing into a human body a drug composition comprising a charged moiety coupled to a
therapeutic compound, wherein the charged moiety is configured to reversibly bind with at
least one type of component of opposite charge in the human body to create an ir situ depot

for prolonged drug delivery.

36) The method of claim 35, wherein the charged moiety is cationic and the component of

opposite charge is anionic.

37) The method of claim 35, wherein the charged moiety is anionic and the component of

opposite charge is cationic.
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38) The method of claim 35, wherein the introducing comprises injecting the drug composition

into any part of the body.
39) The method of claim 35, wherein the drug composition is introduced into the eye.

40) The method of claim 35, wherein the drug composition is introduced into one or more
location in the body selected from synovial fluid in a joint, brain, skin, cartilage, or a

cancerous region.

41) A drug composition comprising a therapeutic protein moiety containing a net positive
charge, wherein the drug composition exhibits non-specific binding to a biological tissue,

and the biological tissue has anionic components.
42) The drug composition of claim 41, wherein the non-specific binding is at least 25%.
43) The drug composition of claim 41, wherein the non-specific binding is at least 15%.

44) A drug composition comprising a therapeutic protein moiety containing a net negative
charge, wherein the drug composition exhibits non-specific binding to a biological tissue,

wherein the biological tissue has cationic components.
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