WO 2010/045506PCT/US2009/060918 SUSTAINED DRUG DELIVERY SYSTEM
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This application claims priority to U.S.
Provisional W&ant0dpiation No. 61/106,136 filed on October 16711, 200 FTRISRVQO6PHE
INVENTION [0002]This invention relates generally to therapeutics and specifically to drug delivery
methodologies for prolonging iRUiybAMdEDitWke k1 VAR YivYe bENcularly 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. [0GROYMR R b ! ‘ ns to administer

ROSHREHERVNC B HORE 1A & h Aok S HONS
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 th\Tra eutic levels in the eye and therefore may cause unacceptable side effects. Direct injection

into the MPS8Lis hurdSrsarRltFHHBN PR DPARE Y 1 Srfraviomd Fatrat bt ¥othe retina from

this site aww% FJl-l|go VeVar, &eerrlqtéau? gf the globe can be assqmated vv_|th serious sight-threatening
adverse events including intection andretirial detachments. Injections outside of the globe (e.g.,

subconjunctival) are inefficient in reaching the target tissue due to clearance of the -1- SUBSTITUTE
SHEET (RULE 26) WO 2010/045506R £ )*/SRAAOPQYFA I RMPEutic agent to the bloodstream in
the choro d and the tight barrier of the retinal pigment epithelium to hydrophilic compounds. Some
therapeutics in the form of nanopatrticles and liposomes can be introduced via intravitreal injections.
Howeve[0082} tend thshscenton sidadsypsnatibying thohipentiesingdthec eifea[005 Analtierenyethod of
delivering therapeutic compounds to the eye is the use of implants. For example, two
non-biodagiaiteitgiopfnpiolia gnglantd acd iieacefijhontte mdnvercdeliveladarbigalahvy
fluocinolone acetonide to treat cytomegalovirus retinitis and uveitis, respectively. These can achieve
steady dBiitherhask Shtie A¥Siecules to the vitreous for years. However, this method involves the risks
associated with invasive surgery to implant and remove these devices. As an improvement over

non-biodegradable implants, bim fON "éeklﬁ]::kril% Ztﬂc}ies that require less invasive
procedures, possibly even suture= o

[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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[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]ReceMl 2380 of eye diseases such as AMD has been revolutidrGZ&dSRyONI60918
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 intravjtreal injection, Genentech's Ranibjzumab ( LUCENTI In addition, a hill length antibody
e ered e R R R P Tretd s ko S i B reg o as

Avasiin) JaiepiE AU Bt m gyl aReliniRahbRsl ol AR GYe liReases. These new

treatment options hav d a huge impact because they are the first treatments for AMD that improve
vision in [RBEHRIUAATS: WMREHR RIEVIQus I eRIEAERS GioMRIY IR Msiora$s IBanikizisakyand
Bevacizumab act by binding to and inactivating 2 SUBSTITUTE SHEET (RULE 26) WO
2010/045506FaTHgR200I06 0918/ EGF. The duration of effect is determined by drug half-life; in
general, a longer half-life provides longer duration and, therefore, less frequent dosing. [0008]Clinical
pharmocokinetic data are generally limited to serum due to difficulty in sampling ocular tissue.
Eliminatif¥@FRanibiuehes %M@f dgbiveaaphermpeydreermprandrtionsr/exs is honies (Gaudreault
etal., Invest. Ophthaltnot V|'s. Sal. 46;726-733, 2005). Ranibizumab was cleared uniformly from all
ocular cOMPIAP AR ARy ARt %&f%ﬁﬁ?&ﬁfﬁb W@Tﬂﬁﬁ%&f%%ﬁﬁmﬁémﬁ%@y 3

days. Thepeumhallite efispiniasieshiisetionuas sioilarn (appIRdmAtely 3 days) whereas the
half-life was appgo%qma &y o' day aiter Intravenous INnjection. Thissuggests he serum concentrations

after intraydieal I SRR A CRAFQUSHRY, QiU IBRYAR & SRS RE Ry Gt DS RBCKgS insert of

Lucentis states that "... monthly 500 microgram intravitreal injections of Ranibizumab achieve results
superior IylesefT ey et kiabingo dowe YRksgiveithel atientaatikiskarobitaidipealtinecians noted
above, it is widely recognized that physicians would prefer, and patients would benefit from, less
frequentttesinigy{GB80A - tingr;ahoight ovethodsboddagstdabdolioiplente hvedyansiabl catiphictcamplexes
are promising, (e.g., see Singh et all, .1. Cont. Rel., 32: 17-25, 1994; Singh et at, .1. Cont. Rel., 35:
165-1791m dosyalisiidies vhaieaaeisdeap piiadivs foasdiant domdlpcatsutaredesopthechody such as the
eye. For example, U.S. Patent No. 7,244,438 by Lingnau et al. discloses a drug formulation where
cationic Hﬂﬂ% 4lfs arc 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 co ition. F r.1h } iQni jet is di Dyl u et al.
would emi)oth u?ltr e@lr%%ﬂ%ﬂlg lgﬁr?t' eﬁ%’%&%}%ﬁ\%\%}{gg %?%é%ﬁﬁﬁg@?&?%@xﬁg%&urther
polycatiofs gHehemhealyeiieninneB I nehEnsATS AdIQpal-atamytlizrdigdianvgal gene
delivery systems to protect nucleic acid therapeutics (e.g., DNA and 3 SUBSTITUTE SHEET (RULE
26) WOIizRHAALRAORGOIS2009/060918 siRNA) from degradation and facilitate uptake into cells.
Electrostatic complexation between polycationic polymers or lipids and polyanionic nucleic acids
results in formation of complexes known as polyplexes or lipoplexes. The condensed nucleic acids are
compact|88@Fbrotecter ity drptmsohdby Yrudissases sisb dofldihas bsad ey pheipizstbbydwosolution

and, when formulated with excess polycation, can lead to small particles with positive charge on the

surface HRYCAORBIRDES (AL tharariaiamhovaswar sadathoraberendhp ot eklds seerathsve

o I AR EEE 3 RS T EROEC RS G hoie peles el o

example, @ deca-as Ing pep een sion pro iR feintroduce a
missing gazyme dlecivin fgdip 8%9‘('3‘&19&{%‘6&’§@BP6%€IH%WEUMEWR.§&%%)0JQ€ use of
a charged molety to form an in situ depot for sustained drug use has not been indicated for use in
biologicafispyeth SMEBRS U1RE%8 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 diseases. 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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[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
denaturationv@ugy/aEetresses of manufacturing, storage on the shelf, or BGHAPH U0 IDients are
generally added to address these issues, typically leading to formulations with limited drug loading.
Hence, it will be desirable to have formulations that arc stable without the addition of excipients and

slso nave &t g g (RO32IGIER e aboye, ey be benelci o gy an mproved or

alternative metho elivery and/or drug formu or treatrhe ormulation

would |ds§dl¢{&@h@ﬁ§@ gagaggggﬂ&sfﬁgfpﬂg%géiﬁ&ﬁ{&ﬁ%@g%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 desirgp088pr the diirgcta pleachecoldabycdumbinegendihlla tiatiasl covaigty dfor addiétcstabitity, while
being less toxic and antigenic than the prior art. Such a drug composition will be easy to deliver and
require fewepldgssnilovésperibimuotatioreofhBaniheprebdranthéageis boenpouhdas ferereatment of the

eye. 4 SUBSTITUTE SHEET (RULE 26) REFERENCES U.S. PATENT DOCUMENTS U.S. Patent
No. 7,243 R iRgrenkesdCaydsmrt plag Lt ORighelia HvSdntoy 26ddd; 2908 Vitreous

H , in Handboqk of Bi ial P ties, Ed. J. Black and G. Hastings, 1998, Ch & Hall,
op. 125 READSBRN SO0 ERS BRI AL BB AT HOR AR LAUBB 0y AU HEHR A Horjugates
f . e Bi (8- &l . i ' thod f
e o e S RS B R AR S R >
Gaudregyli-dii &8 satRICH Mgk matokin s m&gﬂf@ﬁ&ﬂ%%\éﬁéﬁﬁ%ﬁm'ﬁd% avitreal

administration, Invest. Ophthahnol. Vis. Sc!. 467 726-733 (2005). Rosenfeld P.J. Intravitreal Avastin:

The low ghst aki@krabveitgdctice i, sAgaests pRYtuhidlosd#dtiddS(2800kaGingt MR tioh ate
Mathematical modeling of drug release from hydrogel matrices via a diffusion coupled with desorption
mechanistn{rd]IGbby. tRetliBihatipB 1o ) ISiagh Mdpaekagckifect di lalectitostttics i@ ractions on
polylysinc release rates from collagen matrices and comgarison with model predictions, J. Cont. Rel.,
35: 165- 10 i1g98y) migoganmmiynEtsy HEeetipy of Repjibizumab 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
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WO 2010/045506PCT/US2009/060918 SUMMARY OF THE INVENTION [0013]The present invention
discloses a drug composition comprising a charged moiety chemically coupled to a therapeutic
compound, wherein the charged moiety is configured to interact reversibly with at least one type of
component of opposite charge in a biological tissue to create an in situ depot for prolonged drug
delivery. The charged moiety may be any compound containing one or more charges such as a
peptide, a combination of amino acids, or the like. The drug composition may be configured to be
introduced via injection, and may contain a cationic moiety to target biological tissue (such as the eye)
containing hyaturonic acid. The therapeutic compound could be a biologic, such 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 is 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. 6 SUBSTITUTE SHEET (RULE 26) WO 2010/045506PCT/US2009/060918
[0016]In another aspect of the invention, the therapeutic is manufactured using recombinant DNA
technology wherein the therapeutic is in the form of a fusion protein comprising the therapeutically
active region and the charged peptide region. The combination of the therapeutic region and the
charged region provides sustained delivery of the drug to the biological tissue. Other aspects of the
invention include methods corresponding to the devices and systems described above. 7
SUBSTITUTE SHEET (RULE 26) WO 2010/045506PCT/US2009/060918 BRIEF DESCRIPTION OF
THE DRAWINGS



[0017]The invention has other advantages and features which will be more readily apparent from the
following detailed description of the invention and the appended claims, when taken in conjunction with
the accompanying drawings, in which: [0018]Figures la-c show the formation of the drug composition
in accordance with two embodiments of the present invention. [0019]Figure 2 shows the in vivo
interaction of the drug composition with body components. [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. 8 SUBSTITUTE SHEET (RULE 26)



WO 2010/045506PCT/US2009/060918 [0026]Figure 9 displays the cumulative delivery of
peptide-Avastin conjugates versus non- conjugated Avastin. [0027]Figure 10 shows the delivery rates
of the four exemplary peptide-Avastin conjugates versus non-conjugated Avastin. [0028]Figure 11
displays the fraction remaining in the donor as a function of time during the transport study of
peptide-Avastin conjugates and non-conjugated Avastin. 9 SUBSTITUTE SHEET (RULE 26) WO
2010/045506PCT/US2009/060918 DETAILED DESCRIPTION [0029]Although the detailed description
contains many specifics, these should not be construed as limiting the scope of the invention but
merely as illustrating different examples and aspects of the invention. It should be appreciated that the
scope of the invention includes other embodiments not discussed in detail above. Various other
modifications, changes and variations which will be apparent to those skilled in the art may be made in
the arrangement, operation and details of the method and apparatus of the present invention disclosed
herein without departing from the spirit and scope of the invention as described here. [0030]The
present invention is a sustained delivery dosage form to deliver therapeutic 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 la-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 Ran ibizumab 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 |b and Ic. 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 10 SUBSTITUTE SHEET
(RULE 26)



WO 2010/045506PCT/US2009/060918 least one cationic building block and arc configured to
reversibly bind to components of ocular tissue, such as the vitreous humor and retina, to form an in
situ depot. Of course, tissues other than ocular tissue that have components amenable for reversibly
binding a therapeutic composition would be appropriate delivery targets. The reversible binding slows
the mass transport of the drug composition from the vitreous to the retina and subsequently to
systemic circulation, resulting in an increased half-life of the therapeutic compound. Replenishment of
the therapeutic compound from the depot extends the efficacy of the treatment to longer durations
and, hence, reduces the frequency of intravitreal injections and their associated sight-threatening
adverse events and discomfort. As an alternative to modifying a known therapeutic compound, a
therapeutic compound could be formulated de novo, comprising moieties that reversibly bind to
charged components of biological tissue. Regardless of whether existing therapeutic compounds 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 hyaluromc 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) WO 2010/045506PCT/US2009/060918
also be assessed by other techniques such as spin labeling and electron spin resonance (ESR)
spectra or by use of equilibrium dialysis. A repeat of the measurement at high ionic strength (e.g., 1.5
M NaC1) would release electrostatically bound compound and provide a measure of the total
concentration of compound. Alternatively, the total concentration of compound is known from the
preparation procedure. The fraction bound is then calculated from the previously described
measurements; i.e., (Total - Free)/Total. ideally, the preferred amount of nonspecific binding (i.e.,
bound fraction when using therapeutic amounts of drug) is at least 15%, more preferably, the amount
of nonspecific binding is at least 25%. [0033]The drug composition is introduced into bodily
compartments, such as the eye, exemplarily via intravitreal injection. The vitreous humor (VH) contains
several vitreal components such as collagens, glycosaminoglycans, and noncollagenous structural
proteins. 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.e., negatively charged) vitreal components, such as
glycosaminoglycans (e.g., hyaluronan, also known as hyaluronic acid, chondroitin sulfate, and hcparan
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 dmg 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) is depleted relatively quickly (B). With cationic moieties, drug from initial
injection (C) is 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 12
SUBSTITUTE SHEET (RULE 26) WO 2010/045506PCT/US2009/060918 components, the therapeutic
compound is more concentrated in the vitreous. Thus the concentration of the therapeutic compound
in another part of the eye (e.g., the retina) is less than in the vitreous. The concentration in areas such
as the retina is more closely related to the concentration of free drug rather than the total drug in the
vitreous. This is expected to lower the maximum concentrations in the retina relative to a therapeutic
compound without a cationic moiety. This drug formulation thereafter provides sustained
concentrations of therapeutic compound in the retina since the bound drug composition replenishes
free drug composition that has passed into systemic circulation. In this manner where the therapeutic
compound is Ranibizumab, the sustained drug delivery formulation disclosed here inactivates VEGF at

the site of AMD for a prolonged period of time compared to the delivery of unmodified Ranibizumab,
therebhv nrovvidina the decired henefit of minimizina intravitreal iniectinone [ONRATITIirninAa now to the



SUBSTITUTE SHEET (RULE 26) WO 2010/045506PCT/US2009/060918 cysteines, cystines, glutamic
and aspatrtic acid, other potentially reactive amino acids, as well as oxidized carbohydrate moieties of
oligosaccharides. Conjugation of peptides to protein is performed on proteins synthesized separately
from the peptide, then combined. In this scenario, peptides can form branch points in the amino acid
sequence of the therapeutic protein, either by attachment to a side chain, or by the use of a branched
synthetic peptide. Alternatively, peptides may be added site-specifically to native disulfide bonds
(cystines, or following reduction, cysteines) of therapeutic proteins. Further, because the number of
disulfides in Fab molecules is limited and the reaction appears to be efficient, stoichiometric addition
may be utilized. In addition to Fab molecules, full length monoclonal antibodies can be modified by
addition of peptide "tails" using similar approaches. [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 sulfhydryl groups. Typically, an amino group
(N-terminal a-amino group of H or L chain or 8-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 succinatc, 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 arc often utilized with prodiugs 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 sulfhydryls with
in-maleimidobenzoyi-N-hydroxysuccinimide-derivatized peptide tail. For cleavable linkages such as
esters, additional moieties may be added to provide steno 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 14 SUBSTITUTE SHEET (RULE 26) WO
2010/045506PCT/US2009/060918 length and composition of the cationic tail and thereby varying the
binding affinity of the tail for the charged component in biological tissue. [0037]The following example
illustrates the conjugation of cationic peptide to a therapeutic compound such as Avastin by using a
reactive end such as in-maleimidobenzoyl-Nhydroxysuccinimide ester (MBS) at the N-terminus of the
synthetic peptide tail. The example should not be construed as limiting. EXAMPLE | Conjugation of
Cationic Peptide "Tait" to Revac mab (A vast/n) [0038]The following exemplary maleimide-derivatized
cationic peptides were custom- synthesized by HyBio (Shenzhen, China):
(MBS)-KGSKGSKGSKGSK-NH2 (MBS)-KGKSKGKSK- NH2 (MBS)-KGSKGSK- NH2 (MBS)-KGKSK-
NH2 WhereK = lysine G = glycine



S = scrine MBS = N-terminal m-maleimidobenzoyl-N-hydroxysuccinimide ester NH2 = 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-acetyleysteine, ethylenediaminetetraacetic acid (EDTA), 5, 5'-dithiobis(2-nitrobenzoic acid) (DTNB),
and all other chemicals were from Sigma (St. Louis, MO). Chemical Reduction ofAustin 15
SUBSTITUTE SHEET (RULE 26) WO 2010/045506PCT/US2009/060918 [0040]The method used was
based on that described by Doronina et al. (2003). Avastin (5 mg) at 5 mg/mL was incubated in 50 mM
borate p1-f 8.0 with 10 mM DTT for 30 minutes at 37C to reduce disulfide bonds. Reduced protein was
recovered free of excess DTT using Econo 10G columns (BioRad) equilibrated in phosphate-buffered
saline containing 1 mM ETDA. The presence of free thiols in DTT-treated Avastin (approx. 3 mg at 2
mg/mL) was confirmed using the DTNB assay (Ellman 1958). Conjugation with
M-Maleintidobenzoyl-N-Itvdrosysuccinintide Ester (MBS)-Derivatized Peptides [0041]iImmediately
before use, MBS peptides were dissolved in water to make 20 mM stock solutions. 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 4C 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 4C,
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 each 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 nova 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 16 SUBSTITUTE SHEET (RULE 26) WO
2010/045506PCT/US2009/060918 within the internal sequence of the protein. In this scenario, the
peptide is co-linear with the therapeutic protein and can be present in individual copies or in tandem
repeats.



[0043]The cationic tail is configured to bind to components of the desired tissue target site without
specificity. However, the length and sequence of the peptide may be configured for optimal binding
affinity to specific components such as hyaluronic acid. The peptide may be 2- 30 amino acid residues
in length, and may contain an abundance of basic residues (Arg, Lys, His). Amino acid residues not
involved in hyaluronan binding (e.g., glycine, serine) can be added to the sequence, if needed, to
provide proper spacing for the charges on the retaining peptide. [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 imidazolc-containing pendant groups. That is,
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 17 SUBSTITUTE SHEET (RULE 26) WO
2010/045506PCT/US2009/060918 include negatively charged amino acids, such as aspartic acid and
glutamic acid, or other negatively charged chemical species such as bisphosphonates (e.g., boniva
and actenol). [0045]Other usable building blocks include biodegradable chemical species, such as the
polyester poly[oc-(4-aminobutyl)-L-glycolic acid] and poly(I3-amino esters). Additionally, the building
blocks may contain other types of multivalent cations, such as the multivalent metal ions calcium and
iron. [0046]In one embodiment, at least one cationic moiety of 2-30 lysine residues is used, more
preferably 3-10 lysine residues. Each addition of a cationic building block enables an 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 18



SUBSTITUTE SHEET (RULE 26) WO 2010/045506PCT/US2009/060918 22K pLys. This sample has
a molecular weight range of 15,000-30,000 Da based upon viscosity measurements, corresponding to
72-144 lysine groups per chain. [0049]Hyaluronic acid potassium from human umbilical cord was also
purchased from Sigma (H1504). HA has a molecular weight of about 3,500,000 Da. Human vitreous
contains 100 -400 ug/mL hyaluronic acid. (TV. Chirila and Y. Hong, The Vitreous Humor, in Handbook
of Biomaterial Properties, Ed. J. Black and G. Hastings, 1998, Chapman & Hall, pp. 125- 131.) It has
an electrolyte composition generally similar to human plasma. All test solutions were prepared with
Dulbecco's phosphate buffered saline (DPBS) from Sigma (D8662). [0050]A series of samples was
prepared with varying amounts of 22K pLys and a constant amount, 500 uplink, of hyaluronic acid
potassium. These samples were equilibrated at room temperature for at least 15 minutes. Centrifugal
filtration units (Am icon Ultra-4 Ultracc1-50K, Millipore) with a 50 IcDa 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 (LEC 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 ughnL 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 pLr) 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. 19 SUBSTITUTE SHEET (RULE 26) WO 2010/045506PCT/US2009/060918
[0053]Figure 4 shows the concentration of free 22K pLys measured as a function of total pLys
concentration for solutions containing 500 ug/mL hyaluronic acid. The amount of pLys bound to HA
was calculated by subtracting the free pLys concentration from the total pLys concentration. The
majority of 22K pLys was bound to hyaluronic acid in the presence of physiologic electrolyte
concentrations. EXAMPLE 3



Binding of pLys to a Lower Concentration of Plyaluronic Acid [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 221( 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 I. 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. 20 SUBSTITUTE SHEET (RULE 26) WO
2010/045506PCT/US2009/060918 [0058]A control containing 31.3 ug/mL of 3K pLys with no
hyaluronic acid was included in this experiment. The concentration of pLys in the filtrate was 31.8
ug/mL, indicating that free 3K pLys should be easily separated from HA and 3K pLys bound to HA.
[0059]Figure 7 shows the concentration of free 3K pLys measured as a function of total pLys
concentration for solutions containing 500 ug/mL hyaluronic acid. The amount of pLys bound to HA
was calculated by subtracting the free pLys concentration from the total pLys concentration. The
majority of the 3K pLys was free in solutions of hyaluronic acid in the presence of physiologic
electrolyte concentrations. [0060]Figure 8 illustrates the data overlays from Examples 2, 3, and 4. For
both 3K pLys 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 Hocks 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 21 SUBSTITUTE SHEET (RULE 26) WO
2010/045506PCT/US2009/060918 spacers enable better spatial matching between positive and
negative charges. Examples of preferred flexible spacers are neutral amino acids without bulky or
strongly interacting side chains, such as stretches of glycine, alanine and seri ne. [0062]The rate of
drug delivery from the vitreous to the retina is dependent on the rate of desorption from the anionic
components in the biological tissue and the rate of mass transport through the vitreous. Drug reaches
the retina by a combination of diffusive and convective processes, the latter involving water flow driven
by the hydraulic pressure associated with the production of aqueous humor by the ciliary body. Drug
elimination rates arc strongly dependent on the size of the drug, with diffusion playing a more
significant role for small molecules and convection dominating for large molecules. The presence of
charged retaining moieties will slow the rate of both diffusion and convection. Additionally, delivery can
be prolonged further if 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, win 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 fiyaluronic Acid [0064]The methodology for determining
free concentrations of peptide-Avastin conjugates from peptide-Avastin conjugates bound to
hyaluronic acid was developed using Avastin. i.e., 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 22 SUBSTITUTE SHEET (RULE 26) WO
2010/045506PCT/US2009/060918 centrifugal filtration units were not available with a pore size that
would allow passage of the 150 kDa protein. The cells have interchangeable parts with chamber
capacities of 250 or 500 uL achieved by changing area while holding the depth from the membrane
surface constant.



[0065]Experiments were performed by filling the donor chamber with a known amount of Avastin in
DPBS and filling the receiver with DPBS. For these experiments, the donor and receiver chambers
had equal volumes. The solutions were allowed to equilibrate for the amount of time specified in Table
1. Then the solutions were removed from the chambers and assayed for Avastin concentration
measured via protein assay (Micro BCA). [0066]The concentration of Avastin in the receiver was within
approximately 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 Experiment
Equilibration Time (hr) Avastin Conc (ug/mL) HA Conc (ug/mL) Avastin Conc in Donor Side (% of
Loading) Avastin Conc in Receiver Side (% of Loading)



Receiver! 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 V Cationic Peptide-Avastin Conjugates to Hyatumnic Acid 23
SUBSTITUTE SHEET (RULE 26) WO 2010/045506PCT/US2009/060918 [0067]The membranes and
equilibrium Wal8iw/e¢iHdeescribed in Example 5 were then used to separateGTaeSpeItiseIrs/astin
conjugates from peptide-Avastin conjugates bound to hyaluronic acid. [0068]The mAb-peptide
conjugates as conjugated by the process described in Example | were designated as follows and were

analyzed fopibding o vl anic 4oit. COmpONNLID.COmPOYIY RSRRRURIRERAATHD 1

Avastin-S” p-Avastin

therapeutic protein and can be present in individual copies or in tandem repeats.

[0043] The cationic tail is configured to bind to components of the desired tissue target site
without specificity. However, the length and sequence of the peptide may be configured for
optimal binding affinity to specific components such as hyaluronic acid. The peptide may be 2-
30 amino acid residues in length, and may contain an abundance of basic residues (Arg, Lys,
His). Amino acid residues not involved in hyaluronan binding (e.g., glycine, serine) can be
added to the sequence, if needed, to provide proper spacing for the charges on the retaining

peptide.

[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

17
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Avastin-S-KGKSKGKSK-NH21 Pep-Avastin 3 Avastin-S-KGSKGSK-NH2i Pep-Avastin 4
Avastin-S4KGKSK-NH2i 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 24 SUBSTITUTE
SHEET (RULE 26) WO 2010/045506PCT/US2009/060918 peptide-Avastin conjugate in the donor
chamber and free peptide-Avastin conjugate in the receiver chamber was within 3% of the amount of
free peptide-Avastin conjugate loaded in the do nor chamber. [0070]A second set of aliquots was
removed after 6.7 days of equilibration. The results are shown in Table 2 and 3 for equilibration of 3.7
and 6.9 days, respectively. [0071]The small change in concentrations between samples taken at 3.7
and 6.9 days suggested that the latter samples were close to equilibrium. The concentrations
measured in the receiver chambers provided the amounts of free peptide-Avastin conjugate. The
difference 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 Pep-
Avastin Peptide sequence Initial Pep- Avastin Donor Cone (ug/mL) HA Cone in Donor (ug/mL) Free
Pep- Avastin (ug/mL) Bound Pep- Avastin (ug/mL) Fraction Bound mg Bound Pep- Avastin / mq HA
mg Total PepAvastin / mg HA in Donor 1



KGSKGSKGSKGSKNH2 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 25 SUBSTITUTE SHEET (RULE 26) WO 2010/045506PCT/US2009/060918 Table
3. Equlibration for 6.9 days Pep- Avastin Peptide sequence Initial Pep- Avastin Donor Conc (ug/mL)
HA Conc in Donor (ug/m L) Free Pep- Avastin (ug/mL) Bound Pep- Avastin (ug/mL) Fraction Bound
mg Bound Pep- Avastin



/ mg HA mg Total PepAvastin / mg HA in Donor 1 KGSKGSKGSKGSKNH2 371 750 49 275 0.85 0.37
0.43 2 KGKSKGKSK- NH2 373 750 46 298



0.87 0.40 0.46 3 KGSKGSK- NH2 414 750 140 126 0.47 0.17 0.36 4 KGKSK- NH2 408 750 142 113
0.44 0.15



0.34 5 None (Avastin only) 403 750 192 21 0.10 0.03 0.28 EXAMPLE 7 Determination of Non-Specific
Binding of Cationic Peptide-Avastin Conjugates to Hyaluronic Acid [0073]intravitreal injections of 1.25
mg Avastin are commonly given off-label to treat age- related macular degeneration (Rosenfeld, Am.
J. Oplit/i. 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 26 SUBSTITUTE SHEET (RULE 26)



WO 2010/045506PCT/US2009/060918 7, the conjugates with peptides containing single flexible
spacers (Pep-Avastin 2 & 4) are more differentiated from conjugates with two flexible spacers
(Pep-Avastin | & 3). When there was more drug per HA, the conjugates with peptides containing single
flexible spacers had a higher fraction bound (i.e., higher binding affinity) than conjugates containing
two flexible spacers. [0075]The custom peptides were selected based on the hypothesis that
separating the lysincs would enable better electrostatic complexation with HA due to the fact that HA
has one negative charge every other ring structure. Peptides such as polylysine without spacers would
have extra charges that would not match up with charges on HA. The extra charges might favor
desorption into aqueous solution white neutral spacers might promote stronger binding affinity through
hydrophobic interactions in addition to electrostatic complcxation 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., nonspecific binding at
therapeutic concentrations) is approximately 0.1 or less. Table 4. Non-specific binding of Pep-Avastin
to hyaluronic acid Pep- Avastin Peptide sequence Initial Pep- Avastin Donor Conc (ug/mL) HA Conc in
Donor (ug/m L) Free Pep- Avastin (ug/mL) Bound Pep- Avastin (ug/mL) Fraction Bound mg Bound
Pep- Avastin / mg HA



mg Total PepAvastin / mg HA in Donor 1 KGSKGSKGSKGSKNH2 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 0.42 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 27 SUBSTITUTE SHEET (RULE 26) WO
2010/045506PCT/US2009/060918 EXAMPLE 8 Delivery Rates F PO 111 Cationic Peptide-Avastin
Conjugates to Hyaluronic Acid [0077]The same 0.03 tun pore size membranes and equilibrium dialysis
cells used in Examples 5 through 7 were used as permeation cells to measure delivery rates from
peptideAvastin conjugates electrostatically complexed to hyaluronic acid. The donor chambers were
filled with 240 uL of peptide-Avastin conjugate and hyaluronic acid, while the receiver chambers were
filled with 480 uL of DPBS. initially twice a day, the receiver chambers were completely replaced with
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 ugimL HA and initially had an average of 675 ugimL
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 peptideAvastin
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 28 SUBSTITUTE SHEET
(RULE 26) WO 2010/045506PCT/US2009/060918 single flexible spacers showed more sustained
delivery rates, consistent with the binding data measured in Example 7. [0080]Figure 11 displays the
transport data in terms of fraction remaining in the donor as a function of time. Approximately 90% of
the Avastin (non-conjugated) loaded is delivered in 3 days, compared to less than half of the
peptide-Avastin conjugates. [0081]The release rates for the peptide-Avastin conjugates are relatively
constant after the first day for the geometry utilized in this study. Additional in vitro release studies
could be perfotined with volumes and dimensions more similar to in vivo conditions. Furthermore, the
composition and number of peptides attached to each therapeutic compound could be optimized to
achieve the desired release profile. [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
(e.g., RNA duplexes, DNA duplexes, RNAI, 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. 29
SUBSTITUTE SHEET (RULE 26) WO 2010/045506PCT/US2009/060918 [0084]The dosage of the
intravitreal injections depends upon the required dose of the



therapeutic agent and the volume of the formulation. For example, for Ranibizumab, a dosage of 0.5
mg is an effective dosage. This dosage is contained in a formulation volume (e.g., 50 microliters) that
is designed to minimize the increase in intraocular pressure during injection. [0085]The current
invention advantageously involves minimal excipients and the viscosity of the formulation is low,
similar to formulations of an unmodified therapeutic compound. This improves the ability of the dosage
to be injected in significantly less time compared to a more viscous solution. The treatment can be
administered via an intravitreal injection, enabling widespread use without requiring any additional
training or equipment beyond current standard of care. Trauma to the tissue during administration is
minimal relative to the surgery required for a non-biodegradable implant and there is no need for
invasive proccdurcs 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 is 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 So other
sites such as subretinal space or periocular space (e.g., subconjunctival, sub-Tenon, peribulbar,
posterior justrascleral and retrobultar spaces). 30 SUBSTITUTE SHEET (RULE 26) WO
2010/045506PCT/US2009/060918 [0088]Though the examples noted above describe treatment of the
eye, the present invention could also include treatment of tissues other than the eye. Any tissues
containing a suitable anionic component (e.g., glycosaminoglycans), may be treated using the
methods and cationic compositions described. Other exemplary target tissues include, but are not
limited to, brain, skin, cartilage, synovial fluid in joints, as well as some cancers. Alternatively, the
biological tissue may contain cationic components, such as bone tissue, and sustained drug delivery
could be achieved using the methods and anionic compositions described herein. The compound may
be injected locally or systemically, or may be introduced by another means, such as a spraying of
droplets while the body is 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. 31 SUBSTITUTE SHEET
(RULE 26) WO 2010/045506PCT/US2009/060918 WHAT IS CLAIMED IS:



1) A drug composition comprising: a charged moiety coupled to a therapeutic compound, wherein the
charg ety d igured to interact with at least one type of compo i rgein a
biolog(ii@g@i%d%c@gate an in situ depot for prolonged drug delivery, w@%ﬁ%@%@@gﬁiﬁ tissue is
eye tissue. 2) The drug composition of claim 1, wherein the charged moiety is cationic and the
compoNem oI IosielEDArge 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
cationip) maiaty comprisesncatiopizamnino 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 anignic moiety comprises aniopic amino acids. 8) The drug compositipn of
i 1 BB TN LGOS ATl Fe B P BH oA AFER, B FH g A GO OF i B
wherein thaehaigetdhaoietyias afjeastchirgominigas pdd)td beatke ghcopiplogidantstedain 9, wherein

the charged moiety. contains at least pne spacer. The drug.compasition of claim.10, wherein the
spacor 1o BT H0UE ARD Sha SRR GHE B e LSO QREFthd CHEA ARG, 12
The drug composition of claim 11, wherein the spacer is located between the charges of the charged
moiety, - 32 - SUBSTITUTE SHEET (RULE 26) 13) The drug composition of ¢laim 1, wherein at least
> i 6 RORSRTARL LGS o HEFEBEUNE EOHpELH )RR i e SO 5P i ©
wherein thef bigtogiratiiisguéscoopiises glycosaminoglycans. 15) The drug composition of claim 1,
wherein the therapeutic compound is an anti-VEGF compound.

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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16) The drug composition of claim 15, wherein the anti-VEGF compound is one of Ranibizumab,

Bevacj F Trap. 17) The composition of claim 1, wherein t | ound has
ofieitee e Ve

a molecular we at least 2,000 Daltons. 18) The composition of claim e coupling is
achieved using a stable covalent bond. 19) The composition of claim 18, wherein the coupling is

achievey) Isingrigassivitysofi onaleuniche RGliMated pejtistawitbhiae dhitdsetRQ)afdhievaprapeasiion of claim
1, wherein the coupling is achieved using a chemically labile covalent bond. 21) The composition of
claim 20, WHESPBAIHGE PR BEnd is an ester linkage. 22) A method for manufacturing a drug
composition comprising: coupling a charged moiety to a therapeutic compound, wherein the charged

moiety i nfigured to interact with at least one type of companent of opposite charge in a human
Doty 150 SRS B elb B FOH Brdrom B PRHOEH WHOHBHY B rapeutic compound 1 an
antiVEGF ggmpenintb@dggatise method of claim 22, wherein the charged moiety is cationic and the
component of opposite charge is anionic. - 33 - SUBSTITUTE SHEET (RULE 26) WO

2010/045506PCT/US2009/060918 24) The method of claim 22, wherein the charged moiety is anionic
and the component of opposite charge is cationic. 25) The method of claim 22, wherein the charged

moiety comprises amino acid residues, 26) The method of claim 25, wherein the. anti-VEGF compound
5 one bV AUF DI BAEPBROER S0F g DSBS AT FRRAY 39 Ve the coupling
is achieveddiaugld.a chemical process. 28) The method of claim 22, wherein the coupling is achieved
through a recombinant DNA technique.

16) The drug composition of claim 15, wherein the anti-VEGF compound is one of

Ranibizumab, Bevacizumab, or VEGF Trap.

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

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

19) The composition of claim 18, wherein the coupling is achieved using reactivity of

maleimide activated peptide with free thiols.

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

covalent bond.
21) The composition of claim 20, wherein the labile bond is an ester linkage.
22) 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, wherein the therapeutic compound is an anti-

VEGF compound.

23) The method of claim 22, wherein the charged moiety is cationic and the component of

opposite charge is anionic.
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29) The method of claim 22, wherein the coupling is achieved using a stable covalent bond. 30) The

methoalaffé?yg%%erein the coupling is achieved using reactivity of Hﬁgg}g%eﬁ%@w peptide

with free thio e method of claim 22, wherein the coupling is achieved using a chemically labile

covaleriPbifdME91 ¢ HitRad-of AR S SRR Mkl bl 38 G e SRapRiegt ol -
SUBSTITUppoSikkhdr Rk Ridhik.

25) The method of claim 22, wherein the charged moiety comprises amino acid residues.

26) The method of claim 25, wherein the anti-VEGF compound is one of Ranibizumab,

Bevacizumab or VEGF Trap.

27) The method of claim 22, wherein the coupling is achieved through a chemical process.

28) The method of claim 22, wherein the coupling is achieved through a recombinant DNA

technique.
29) The method of claim 22, wherein the coupling is achieved using a stable covalent bond.
30) The method of claim 29, wherein the coupling is achieved using reactivity of maleimide
activated peptide with free thiols.
31) The method of claim 22, wherein the coupling is achieved using a chemically labile

covalent bond.

32) The method of claim 31, wherein the labile bond is an ester bond.
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