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1. Yo, Emilio FERRERO, identificado como aparece al pie de mi

firma, actuando como apoderado de la sociedad REVANCE THERAPEUTICS,
INC., atentamente solicito se efectie el examen de patentabilidad de 1la
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Decigidn 486 de la Comigidn de la Comunidad Andina.
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Industria y Comercio
SUPERINTENDENCIA

DIRECCION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 6-98638

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION
FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 582 DE
FECHA 30 DE NOVIEMBRE DE 2007 EL TERMINO HABIL SENALADO POR LA

LEY EXPIRA EL 27 DE FEBRERO DE 2008

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacion
en la gaceta de Propiedad Industrial, debera solicitar y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decision 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
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microbeads, muds, oils and pastes, olnirents, patches, powders, roller sticks, salves,
soaps ard surfactants, sprays, eic, Gels that are suitable for use in the presen? invention
include those described i U8, Pal. Ne. 6,333,057 at cob. §, lines 6-19, which passage is
incorporated by reference herein. Microspheres that are suitable for use with the present
invention can comprisc controlled release microspheres or microbeads, although capsule-
and disk-shaped devices can aiso be used. The foregoing micro devices can be comprised
of biodegradable or bioerodable polymers, examples of which include poly
{lactic-co-glycotides) (PLGAs}, polyethylcne glyeols {PEGs), polyanhydrides and
polyorthoesters, etc. As release methods are directly related to polymer degradation, the
optimal micro device shape for a given polymer will depend upon its degradation
mechanism, as will be understood by those knowledgeable in the relevant art. According
to one emboediment, the hair growh inducing compositions of the present inveniion are
provided in a topical moisturizer base that comprises microspheres.

According to the methods of the present invention, the VEGT hair growth
inducing medicaments can be administered to a subject utilizing any of a number of
different methods, examples of which include topical application or by injection. When
(ke compositions of the present invention are desired for subcutaneous administration,
they can be provided in solution form for injection by neecle. Administration can be via
single injection or fake place throughout a course of multiple injeciions. In one
embodiment, the compositions of the present invention are provided in sterile form for
subcutaneous injection. According to a preferred embodiment, the compositions of the

present invention arc applied topically.

The present Invention alsa provides composilions comprising a
pharmaceutically or cosmeceutically acceptable carrier and an efiective amount of
vascular endothelial growth factor (VEGF), VEGF derivatives, VEGE fragments, VEGI
recepior agonists, prodrug forms of the foregoing or salt forms thereof in a non-covalent
association complex with a positivety-charged backbone having a plueality of aitached
efficiency groups, the amcunt being effective for inducing or stimulzating new hair
gronwvth, Inereasing hair growth or proventing hair regression in 2 mammalian subject.

The positively-charged backbone comprises a polyimer having attached positively-

Fy
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charged branching groups. According to a preferred embadiment, the compositions of the
present nvention comprise VEGY or VEGF receptor agonists in concentrasions that are

from about 10X 0™ M to about 1.0x10° M; preferably from about 1.Ox 107 M to abou

&1, According to a
preferred embodiment of the invention, the inventive VEGF or VEGF receptor agonist
compaositions ars applied topicaily. ¥or topical applications, the concentration of VEGE
or VEGF receptor agonist is from about |.0xi6™ M to about 10.0 M, preferably from
about 1.0x107 M to about 1§ M and most preferably from about 1.0x107'8 M to about
0.1 M. The fangcs provided above illustraie ranges that are generally applicable across
the entire class of active agenis. Depending on the agent used, the formulation and
method of administration, ranges will often be selected by the skilled practitioner from,
for example, 1.0 x W M about 1.0 x 102 M, 1.0x 107 M toabout 1.0 x L0 M,
10x 10" Mtoabout 1.0x 107"°M, 1.0x 10 " Micahout LOX W0V M 10x 10 Mte
about L0 x 107 M, 1.0x 107" M to about 1.0 x 107 M, 1.0 x 107 M to about 1.0x 0™
M, and 1.0 x 10 M to about 1.0 x 10°' M.

The positively-charged backbone is typically a linear chain of atoms,

either with groups in the chain carryving 2 positive charge at physiological pH, or with

Cups carrying a positive charge attached to side chains extending from the backbore.
The !mnear backbone is a hydrocarbon backbone which is, in some embodiments,
interrupted by heteroatoms selected fromm nifrogen, oxygen, sulfi, silicon aad
phiosphrorus. The majority of backbone chain atoms are usually caroon atomis.
Additienzily, the backbone will often be a polymer of repeating uaits (e.g., amino acids,
poly{cthyleneoxy], poly{propylencamine), and the like). In one group of embodiments,
the positively-charged backbone is a polypropylencamine whereln a number of the amine
nitrogen atoms are prosent as ammonium groups {tera-substituted) carrying a positive
charge. In ancther group of embodiments, the backbone has attached a plurality of side
chain moieties that include positively charged groups {e.g.. ammonium groups,
pyridinizm groups, phosphonium groups, sulfonium groups, guanidiniam groups, or
amidiniur groups). The side chain moietics in this group of embodiments can be placed

at spacings aiong the backbone that are consisient or varable in seporation. Additionaily,

the length of the side chains can be similar or dissimilar. For example, in one group of

W L DTIugy - - - PUTTUSAINSSGS

embodiments, the side chains can be linear ot branched hydrocarbon chains having from
one to twenty carbon atoms and terminating at the distal end {away from the backbone) in

one of the above-ngted positively-charped groups:

ta

o)
]

n cne group of embodiments, the positively-charged backbone is 2
potvpeptide having multipic positively charged side chain groups (e.g., fysine, arginine,
omithine, homoarginine, and the like). One of skill in the arf wiil appreciate that wihen
amino acids are used in this portivn of the invention, the side chains can have cither the
- or L-form (R or S coniiguration) af the cenier of attachment.

Alternatively, the backbone can be an analog of a polypeptide such asa
peptoid. See, for exampic, Kessler, dngew. Chem. fnr. Fd. Engl. 32:543 {1993);
Zuckermarm, ef al., Chemtracts-Macromol, Chem. 4:80 (1992}, and Stmon, er of., Proc.
Nat'l. Acad Sci. US4 89:9367 (1992). Briefly, a peptoid is a polyglycine in which the
side chain is attached to the backhone vitrogen atems rather thao the «-carbon atoms. As
abave, 2 portion of the side chains will typically terminate in a positively charged group
to provide a positively charged backbone component. Synthesis of peptotds is described
in, for example, U.S. Patent No. 3,877,278, As the term is used herein, posi"dvely charged
backbones that have a peptoid backbone construction are considered “non-peptide™ as
they are not composed of amino acids having naturaliy occurring side chains at the
a-garbern fecations.

A variety of other backbones can be used employing, for example, steric or
electrenic mimies of polypeptides wherein the amide linkages of the peplide are replaced
with surrogates such as ester linkages, thioamides {-CSINH-), reversed thicaunide
{-NHCS-}, aminomethylene (-NHCH:-) or the reversed methyleneamins {-CHzNH-)
groups, keto-methylene (-COCH,-) groups, phosphinate (-PCRCH;-), phicsphonamidate
and phosphonamidate ester {-PO;RNH-), reverse peplide (-NHCO-}, trans-alkene
{-CR=CH-}, fluorcalkene {-CF=CH-}, dimethylene {-CHRCHy-), thioether {(~CH:S-},
tvdroxyethylene (-CHIOHICH.-), methyleneoxy (-CH,0-}, tetrazole {CNy), sutfonamido
{-80;NI-}, methylenesulforamido (~-CHRSO;NH-), reversed sulforanude {-NHSO:-),
and backbones with malonate alndr"er gen-diamine-alkyl subumits, for exaniple, =5

reviewed by Fleicher, ef of, {(1998) Chem. Rev. $8:763) and detailed by references cited

—
[



30

WO 03472040 POT/LSMIB0SS64

therein. Many of the foregaing substitutions result in approximately isosteric polymer
backbones relative to backbones formed from e-amino acids.

In each of the backbones provided above, side chain groups can be
appended that carry a positively charged group. For example, the sulforamide-linked
backbones (-SO;NH- and ~-NHSO--) can have side chain groups attached to the nicogen
atoros. Similatly, the hydroxyethylene {-CH{CHYCH;-) linkage can bear a side chain
group attached fo the hydroxy substituent. One of skill in the art can readily adapt the
other linkage chemistries to provide positively charged side chain groups using standard

synthetic methods.
In a particularly preferred embodiment, the positively charged backbone is

a polypeptide having branching groups (also referred to as efficiency groups} comprising
~gly)m-{arge, HIV-TAT or fragments thereof, in which the subscript nl is an integer of
from 0 te 20, more preferably 0 1o 8, still more preferably 2 to 5, and the subscript n2 is
an odd integer of from about 3 fo about 25, more preferably about 7 to abott 17, most
preferably about 7 to about 13. Still further preferred are those embodiments in which the
HIV-TAT fragment has the formula (gly),-RGRDDRRQRRR-{gly), or

(gly),- YGRKKRRQRRR-(gly), wherein the subscripis p and q are each independently an
integer of from 0 to 20 and the fragment is atiached fo the backbone via either the
C-terminus or the N-terminus of the fragment. Preferred HIV-TAT fragments are those
in which the subscripts p and g are cach independently integers of from 0 to 8, morc
preferably 2 to 5.

In another particularly preferred embodiment, the backbone portion is a
polylysine and positively charged branching groups are attached to the lysine side chain
aminoe groups. The polylysine uscd in this pacticularly prefored embodiment can be any
of the commercially availabie polylysines such as, for exampie, polylysine having MW >
70,000, polylysine having MW of 70,000 to 150,000, polylvsine having MW 150,000 to
300,000 and polylysine baving MW > 300,000 (available, for example, from Sigma
Chemical Company, St. Louis, Misscuri, USA}. The appropriate selection of a polylysine
wili depend on the remaining components of the composition and will be sutficient to
provide an overall net positive chatge to the composition and provide a lengih that is
preferably from one to four times the corcbined length of the negatively charged

components. Prefeimed positively charped branching groups or elficicncy groups malude,

14
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for example, --gly-gly-gly-arg-arg-arg-arp-arg-arg-arg {-glysargy) or HIV-TAT.
According io ene embodiment, the degree of saturation of -glysarg, branching groups is
trom about 5§ % ta about 30% (i.e., from about § to about 30 of each 104 lysine residues is
cenjugated to & -ghyaargy). According to a more preferred embodimens, the degree of
seturation of -glysare; branching groups is from about 10% to about 25%.

In aniother embodiment the positively charged backbone is included jn g
multi-component biclogical trensport system, more particularly ote such as s described
m PCT application WO €2/007773 published January 31, 2002, the entire contents of
which are hereby incorporated hercin. That system comprises a non-covalent association
complex thai includes

4) a positively-charged backbone (as described above);

b} a VEGF compound; and

¢} at least one member selected from:

i) a first negativcly-charged backbone having one or more
attached imaging moicties;

il) a sccond negatively-charged backbone having one or more
attached therapeutic moieties

it} al least one member selected from RNA, DNA, ribozymes,
maodified ofigonucleotides and cDNA encoding a selccied
transgene; and

iv) DNA encoding at Teast one persistence factor;

wherein the association complex carries a net positive charge.

Compositions according o this invention may comprise only a positively-
charged backbone containing enhanced cfficiency groups and a VEGE compound. Such
compositions will geperally be in the form of a dry solid such as a powder or the like.
However, the compaositions of the invention may also comprise 2 pharmaceutically or
cosmecentically acceptable carricr. The term “cosmeceutical” as used herein relates to a
cosmetic or acsthetic quality, parameter or atiribute, elc., as contrasted with a
pharmaceutical or clinical quality, parameter or atiribute, respectively. Accordingty, a
cosmecentica: composition is one that can be utilized for purpeses of cosmetic ot

acsthetic eshancement. Cosineceutical purposes are those that are desired and not used

13
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cnzyme substrates, enzyme co

{actors, enzymte inhibftors, ligands {particutarty baprens),
ind the like. Still other useful substances are those labeled with radioactive speciss or

" Te glucoheptonate.

n

trgeling agents

A variety of targeting agents is usefil in the compositions described

berein. Typically, the largeting agents are attached to a negatively-charged backbone as

described for the naging moleties above. The targeting agents can be any clement that

makes it pessible to direct the transfer of a nucleic acid, therapeutic agent or anoiher

component of ihe compasition to 2 parficular site. The targeting agent can be an 10

extracellular iargefing agent, whick allows, for example, a nucleic acid transfer to be

directed towards certain types of cells or certain desired tissues {tumor ceils, Ever cells,

hematopeictic ceils, and the ike). Such an agent can also be an intraceliuiar targeting

agent, allowing a therapeutic agent to be directed towards particular cell compartments

{e.g., mitochondria, nucleus, and the like). 15
The targeting agent or agenis are preferably licked, covalently or non-

covalently, to a negatively-charged backbone according to the invention. According fo a

preferred mode of the invention, the targeting agent is covaiently attached to an

oligonuclizotide that serves as a aegatively-charged backbone component, preferably viaa

linking group. Metheds of atfachisg targeting agenis (as well as other biclogical agents) 26

to nucleic acids are well known io those of skill in the art using, for f:xamp_fe,

heterobifuinctional linking groups (see Pierce Chemical Catzlog). 1n one group of

embodiments, the targeting agent is a fuscgenic peptide for promoting ceflular

transfection, that is o say for favoriag the passage of the coraposition or its various

elements across membrancs, or for helping in the egress from eidosomes or for crossing 25
the nuclear membrane. The targeting agent can also be a cell receptor ligand for a

teceptor that is present at the surface of the cell type, such as, for example, a sugar,

wransferrin, insulin or astalo-arosomucoid protein. Such a ligand may also be one of

intracellular fype, such as 2 nuclear locaticn signal {nls) sequence which promofes the

accumulatior: of transfected DNA within the nucieus. 30

Other targeting agents useful in the context of the Invention, include sugars,

peptides, hormones, vitamins, cvtokines, oligonucleotides, lipids or sequences or fracticns

WO T PCTIUSU3NSS64

derived from these elemenis and which allow specific binding with their corresponding

receptors. Preferably, the targeting apgeals ate sugars andfor peptides such as antibodies

or anfibody fragments, celf receptor ligands or fragmenis thereof,

frazmenis, and the like. More preferably, the targeting agen:s are ligands of growth

factor receptors, of cytokine recepiors, of of cell lectin receprors or of adhesion proiein
receptors, The targeting agent can also be a sugar which makes it possible to target
lecting such us the asialoglycoprotein receptors, or aiternafively an antibody Fab fragment

which maices it possible to target the Fo fragment receptor of iminunoglobulins.

nucleic acids

When included in the compositicns of the prosent inveation, the nucleic
acid can be either a deoxyribonucleic acid or a ribonucieic acid, and can comprise
sequences of natural or artificial origin. More particularly, the nucleic acids used herein
can include genomic DNA, cDNA, mRNA, (RNA, fRNA, hybrid sequences or synthetic
or semi-synthetic sequences. These nucleic acids can be of human, ém‘mai, plant,
bacterial, viral, efc. origin. Additionally, the nucleic acids can be obtaised by any
technique known to those skifled in the art, and in particuiar by the screcning of banks, by
chemical synthesis or by mixed methods including the chemical or enzymatic
madification of sequences obrained by the screening of banks. Siili further, the nucleic
acids can be incorporated into vectors, such as plasmid vectors.

The deoxyribonucteic aoids used in the present invention can be single- or
double-stranded. These deoxyribenucleic acids can aiso code for therapeutic genes,
sequences for regulating transcription or replication, antisense sequences, regions for
binding to other ccl! components, etc. Suitable therapeutic genes are essentiafly any gene
which cedes for a protein preduct baving a therapeutic effect. The protein product thus
encoded may be a proteir, polypeptide, = peptide, or the like. The protein product can, in
somte instances, be homologous with tespect fo the target celi (that is to say a product
which is normally expressed in the target cell when the [atter exhibits no pathology).
Hiis mannet, the use of suitable nucleic acids can increase the expresston of a protein,
making Iz pessible, for example, to overcome an insufficient expression in the cell.
Alternatively, the present invention provides compositions and methaods for the

expression of a protein which is inactive or weakly active due 7o a moditication, or

1%



tn

H)

15

WO G3AT 2049 PCTHUSM3 MRS 04

alternatively of overexpressing the protein. The therapeutic gene may thus code for a
mutant of a cell protein, having increased stability, modified activity, etc. The protein
product may also be heterologous with respect to the target cell. In this case, an
expressed prozein: may, for example, make up or provide ae activity which is deficient in
the cell, enabling it to combat a pathology or to stimulate an immune response.

More particulaily, nucleic acids useful in the present invention are those
that code for enzymes, blood derivatives, hormones, lymphokines, interleukins, -
interferons, TNT, growth factors, neurotransmitters or their precursors or synthetic
enzymes, or trophic factors: BDNF, CNTF, NGF, IGF, GMF, aFGF, bFGF, VEGF, NT3,
NT3, HARP/pleiotrophin; the proteins involved in the metabolism of lipids, of
apolipoprotein-types selected from apolipoproteins A-Y, A-II, A-1V, B, C-1, C-I1, C-1II, D,
E, F, G, H, J and apofa), metabolic enzymes such as, for example, lipoprotein lipase,
hepatic lipase, lecithin cholesterol acyltransferase, 7-a-cholesterol hydroxylase,
phosphatidic acid phosphatase, or lipid transfer proteins such as cholesterol ester transfer
protein and phospholipid transfer protein, a protein for binding HDLs or a receptor
selected from, for example, LDL receptors, chylomicron-remnant receptors and scavenger
receptors, dysirophin or minidystrophin, GAX protein, CFTR protein associated with
mucoviscidosis, tumor-suppressant genes: p33, Rb, RaplA, DCC, k-rev; protein factors
invelved in coagulation: factors VII, VIIL X or the nucleic acids can be those genes
involved in DNA repair, suicide genes {thymidine kinase, cytosine deaminase), genes
encoding thromborodulin, o l-antitrypsin, tissue plasminogen activator, superoxide
disrmutase, elastase, mairix metailoproteinase, and the like.

The therapeutic gones uscful in the present invention can also be an
anfisense sequence or a gene whase expression in the target cell makes it possible to
control the expression of gencs or the transcription of celiular mBNA. Such scquences
can, for cxample, be transeribed in the target celi into complementary RNA of cellniar
mBRNA and thus block their transiation into protein, according to the technique described
in patent EP 140,308. The antisense sequences also tomprise the sequences coding for
ribozymes which are capeble of selectively destroying target RNA {sec EP 321,201).

As indicaied above, the nucleic acid may also contain one or more genes
coding for an antigenic peptide, capable of generating an immune response in humans or

animals. Ii: this particular embodiment, the invention thus makes it possible to produce
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gither vaccines or immunotherapeutic treatments applied t bumans or to animals, in

partic against microorganisims, viruses or cancers. They may in particular be
antigenic peptides specific for Epstein Barr virus, for HIV virus, for hepatitis B virus (see
EP 185,573), for pseudo-rabies virus or alteruztively specific for tumons (sec EP
259,212},

Preferably, the nucleic acid also comprises sequences that allow the
expression of the therapeutic gene and/or of the gene coding for the antigenic peptide in
the desire cell or organ. These can be sequences that are naturally respensible for
expression of the gene considered when these sequences are capable of functioning in the
infected cell. The nucleic acids can also be sequences of different origin {responsible for
the expression of other proteins, or even synthetic proteins). In particular, the nucleic
acids can contain promoter sequences for eukaryotic or viral genes. For example, the
promoter sequences can be those derived from the genome of the cell which it is desired
to infect. Similarly, the promoter sequences can be derived from the genome of a virus,
e.g., the promoters of genes ElA, MLP, CMV, RSV, ete. In addition, thesc expression
sequences may be modified by addition of activation sequences, regulation scquences,
ete.

Moreover, the nucleic acid may also contain, in particular upstream of the
therapeutic gane, a signal sequence which directs the therapeutic product synthesized info
the secretion pathways of the target cell. This signal sequence may be the natural signal
scquence of the therapeutic product, but it may also be any other functional signal

sequence, or an ariificial signal sequence.

DNA encoding at teast one persistence factor
n some embodiments, the composition will also comprise DNA encoding
at least onc persistence factor. Exemplary of such DNA Is the DNA encoding adenoviral

preterminal profein 1 {see, Lieber, et al, Nature Biotechnology 15(13):1383-1387 (1997}

bivlogical agents
A variety of biclogical agents, inctuding both therapeutic and cosmeceutic
agents, are useful in the present invention and are prescit in an cfitctive amount that will

depend on the condition being treated, proplivlactically or otherwise, the route of

799
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adminisiaion, the etficacy of the agent and patien:’s size and susceptibility to the
treatment regimen,

Suitable therapeutic agents that can be altachied lo a negatively charged

WO D3ATHI4Y PONHESHINR G

ramiifenizone, prioxicam and the like: antineoplastic agents such as adriamyein,
eyciophosphamide, actinomycin, bleomycin, daunorubicin, dexorubicin, epirubicin,

mitomycin, rapamycin, methotrexate, fluorouracii, carbeplatin, carmustine {BCNU),

wh

10

Lkt
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backbone can befound in-essentially any ctassof agents, inchiding, for example,
analgesic agents, anti-asthmatic agents, antibiotics, antidepressant agents, anti-diabetic
agents, antifungal agents, antiemetics, sitihypertensives, anti-impotence agents, anti-
inflammatory agents, antineoplastic agents, anti-HIV agents, antiviral agenis, anxiolytic
agents, contraception agents, fertility ageats, antithrombotic agents, pretirombotic agents,
honmenes, vaceines, imnwnosuppressive agents, vitamins and the like.

Suitable cosmeceuiic agents include, for example, epidermal growih factor
(EGF), as well as human growth hormone, antioxidants, and botulinum foxia (BTX).

More particularly, therapeutic agents useful in the present invention
include such analgesics as lidocaine, novocaine, bupivacaine, procaine, tetracaine,
benzacaine, cocaine, mepivacaing, efidecaine, propavacaine rovivacaine, pritocaine and
the iike; anti-asthmatic agents such as azelastine, ketotifen, traxanox, corlicosteroids,
cromelyn, nedocromi, atbuterel, bitolterol mesylate, pirbuterol, salmeterol, terbutyline,
theophyiline and the like; antibictic agents such as neomyein, streptormycin,
chloramphenicol, norfloxacin, ciproflexacin, trimethoprim, sulfamethyloxazole, the p-
lactam antibiotics, tetracycline, and fhe lixc; avtidepressant agents such as nefopam,
oxypertine, intipraming, trazadone and the like; anti-diabetic agents such as biguanidines,
sulfonylureas, and the like; antiemetics and antipsychotics such as chlorpromazine,
fluphenazine, perphenazine, prochlorperazine, promethazine, thiethylperazing,
triflupromazine, haleperidol, scepoiamine, diphenidol, trimethobenzamide, and the like;
aeuromuscular ageats such as atracurium mivacurium, rocurenium, succinylcholine,
doxacurium, tubocurarine, aad botulinum toxin {BTX); antifingal sgenis such as
att:photericin B, nystatin, candicidin, itraconazole, ketoconazole, miconazole,
clotrimazole, fluconazale, ciciopirox, econazole, nafiifine, terbinafine, griseofulvin and
the like; antihypertensive agents such as propanolol, propafencne, oxyprenolol,
nifcdipine, reserpine and the like; anti-impotence sgents such as nitric oxide denors and
the like; anti-mflammatery agents including steroidat anbi-inflammatery agents such as
cotiisone, hydrocortisone, dexamethaseone, prednisolone, prednisone, fiuazacort, and the

like, as weil as noa-steroidal anti-:ffammatory agents such s indemethacin, ibuprofes,

L

1

splatia, etoposide, inteiferons, nhenesterine, taxol {inclhiding analogs and derivatives),
camptothecin and derivatives thereof, vinhlastine, vineristine and the like; anti-HIV
agents {e.¢., antiproteciytics); antiviral agents such as amantadine, methisazone,
idoxuridine, cytarabine, acyclovir, fameiclovir, ganciclovir, foscarnet, sorivudine,
rifluridine, valacyclovir, cidofovir, didanosine, stavudine, zalcitabine, zidovudine,
ribavirin, rimantatine and the like; anxiolytic agents such as dantrolene, dizzepam and the
fike; COX-2 inhibitors; contraception ageats such as progestogen and (he like; anti-
thrombotic agents such as GPIIWIITa inhibitors, tissue plasminogen activators,
streptokinase, urokinase, hepann and the like; prothrombotic agents such as thrombin,
factors V, V1L, VII[ and ke like; hormones such as insalin, grow:h hormone, prolactin,
EGF {epidermal growth factor) and the like; immunosuppressive agents such ag
cyclosporine, azathioprine, mizorabine, FK506, prednisone and the like; angiogenic
agents; vitamins such as A, B, E, K and the like; 3nd\othcr thcr#peutically or medicinally
active agents. See, for example, GOODMAN & GiEvan's THE PHARMACOLOGICAL BASIS

0F THERAPEUTICS, Ninth BEd. Hardman, et al., eds. MeGraw-Hill, (195¢).

Nesativelv-charged backbones having sttached imaging moisties,
wrgeting agents or therapeutic agents

For Imaging moieties, tarpeting agents and therapewtic agents, the
individual compounds are attached to a negatively charged backbone. Typicaily, the
attachnent is via a lnking group used to covaloatly astach the particular agent to the

backbone through functicnal groups present on the agent as wel! as the backbone. A

varicty of Ii groups are useful in this aspect of the invention. See, for example,

e
=3

Hermanson, Bioconjugate Technigues, Academic Press, San Diego, CA {1996); Wong,
S.8., BEd., Chemistry of Protein Conjugation and Cross-Linking, CRC Press, Inc., Boca
Raton, #L. (1991} Senter, et al., J. Org. Chen. 55:2975-78 (19903 and Koncko, et al.,
tfugate Chem. 2:133-127 {19913,

In some embodiments, the therapectic, diagnostic or targeting agents

a0t have an available functional group for alfaching to a linking group, and cun be first
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b A degradable cationic polymer comprising 2 pluralsty
of cationie malecules and at least noe degradebie linker
molecale connecting said cationic molecies in & branched
arrangemenl, wherein said cationic molecules ane selected
from the proup consisting o

{if & ationic compoul

[ E
Ry
/
R—N
A
Tl

wharein

#, is a hydrogen atom, an alkvl or hoiw T gmp al
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. ar aryl o helersaryl group

alkyl or heteroalkyl grougp ol
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2 o I carbon atoms, an ary o7 hetereary] group
weith 5 10 3 atoms, ar ancthee lrmcia i

B is a hydomgen atom, an slkvl or beerealkg ] pooup of
2w W carban aloess, o oary: or hL[Lr(‘d(}l urup
wilh 5 1o 30 atoms, wa ancther Formula 17

CiLp = vationie podyaatine avic and

(i) s cationie pulycarboiicrate,

and whorein s dlegracatile liaker moiceals i repre-
seiled by e Donmusa:

ol
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cne, i 2-aminoeliy amio:, brasched o deadiilc polya-
midoamine (BAMAM), poly(l-lysined (P11, amd chitosan.

4. The degradable catinnie polymier of claim 1, wherein
the linker mulecule is selected from the gowp consisting of
1,3-hutanciiicl diserylate, §4-butanediol diacryvlare, 1.6-
hexanc diacrylale, | Hicthvleoe glycol) diacrylale, poly-
{ethyivre ghyeol) diacrylate, 24-pentancdiol dizerylale,
2-mweiby -pentancdid diacryla S-<limethvl-2,5-hex-
anedin] diacrylale,  lomeih e lrisorylaie, pen-
tacrwthritol tetravcrylate, THilrimeibylaipropane kel
Tate, Bipentacrytheindd pertascrylale, an
least ibrey

Iz

ry-
plyesier with at
dlage vr aueyamide sido groups.

5. The degradabic cation polymer of clain 1, wherein
the molecular weight of 1he palymer is from S(EE a0
[RUCIXCLUND N

6. The depradable cationic polvmer of clzim 5, wherem
the modecular weight af the potymer is from 2000 Da o
2O0AKKY 2.

7.1 degraduble cationic poiymer of ¢laim 1, wherel
the molecular weight of the cativale vampound s from 3G
132 o 10,000 Da

8 Fhe degradablc cationic posymer ol o
the malccular weipki of the linker molesule
iy HILKKD B,

9. The degradable calionic pofymer of claim L, lurther
comprising & biamolecule complexed to the polymer.

o1, wherems
Mo LT a

10. The degradable cationic polymer of claim ¥, wherein
the biomolecule is sclecled from nucleic acid, protein,
peplide, Jipid, and carbohydrate.

11 The degradable cationie polymcr el claim 2, whenoa:
the nucleic acid is selected from the group consistiog of
DNA, single or doubie sirand RN A, niberemie, DNA-RNA
hybridizer, and anisense DNAC

12, A muethad of gere therapy 3 patiom o need of
Ircalment <u finivistering a dhepradablc calonic
palyrmer of clain (1 oo said patient.

Tising,

13 Acmetbed of Iransiueling a cukar yalic cell comprising
contaeling saicd cobl witdh a pulyimer of ciaim 1L,

14, A mutbud ol deliveriog a i i
‘.mnn o ancinilivichial comprsang -\c\r; i
veomposition 0 e degradable o
m 1 s administering the conjagated prymas 16 1he
iodivadual,

slirmie polymer of

b degrad-
el polyenees
camprise dillerent ralies of cationic compunnd o linker
mdeanle

15, A pabvirer U0

v vospiisiog i oplaralin

able cativmie palyaers o claion |owhersio

uralily ul choyrad-
said podyners

16, A nelyoeer lihracy comprisaig ool

absbe catonie polyimers of chaim
cacl conprise o different liaker wslecnls
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[57] ABSTRACT

Polymeric carriers are polypeptides comprising at jeast
one drap-binding domain thet non-covalently binds a2
drug. A peolymeric carrier may be attached to an anti-
body specific for desired target cefls to form Sm-
muzoconjugates that deliver a drug 10 the target cells in
wivo. The carriers are derived from drug->inding prote-
ins and produced through peptide synthesis or recombi-
nan: DNA techoulogy.

18 Cleims, WNo Drawings

5,252,713

1

POLYMERIC CARRIERS FOR NON-COVALENT
DRUG CONJUGATION

DESCRIPTION
Technical Field
The present invention relates to compositions and
methods for making polymeric carriers for pon-cova-
lent binding of drugs. The polymeric carriers are capa-
ble of binding one or multiple drug molecules. The
polymeric carriess are then covatently attached to a
targeting protein, such as an antibody moiecule, thereby
forming an antibody/polymeris carrier/drug conjugate
for targeting to defined populations of cells, such as
cancer ceils.

BACKGROUND OF THE INVENTION

There has been considerable interesi in developing
methods of attaching various diagnostic and therapeutic
agents to targeting proteins suck as antibodies. Recent
efforts include the conjugation of therapeutic agents,
such as cyiotoxic or antineoplastic drugs, to specific
antibodies, such as monoctonal antibodies, 10 produce

conjugates which can selectively target tumor ocefls |

whiie sparing normal tissues.

A large number of different classes of therapeutic
agents have been considered, including beta-, pamma-,
and alpha-emitting radioisotopes; plamt ard bacterial
taxins: and a variety of antineoplastic drugs, including
inlercalating agents, antimetabolites, slkylating agents,
and antibiotics. [t is desirable 1o conjugate chemothera-
peutic drugs to targeting melecules such as antibodies
for the following reasons:

. It has recently been shown that up to 1,00fold
more drug car be delivered to tumor cells when conju-
gated 1o an antigen-specific monecicnal antibody than
is possible by the addition of free drug.

2. Plejotropic drig resistance may arise following
treatment with one of a number of chemotherapeutic
drugs, resufting in indocing resistance o drugs of sev-
eral classes. The mechanism(s} of this re et are not
entirely kncwn, but it is known that ths tance can
be partially overcome by antihody targeting of drugs.

3. Even though current chemotherapeutic drugs are
active against only sosme of the mwjor umor types, the
respodase rate in drug-insensitive fumor types may bu
increased by antibody-mediated delivery

4. Muny dase-limiting tox which are now seen
wath chemotherapeutic druogs can oo reduced by coniu-
ganion 1o an antibody. A decrease in ooy with con-
comitantly at least equal efficacy would provide a supe-
rior produet with a higher therapeutic index.

Te create a coniugate with a therapeuic apent and an
azlihody, the therapentic agent may he ditectly linked
o the antibody through cucleophilic sebstitution of
cenain groups on the artitbody {e.g.. amino, carboxyl,
or sulfhydryl) or the drug may be conjugated to the
antibrudy via a hetero- or homobifunchanal cross-linker.

The lhinking group gencrally & heterabifunctional,
having twe JeTerent functionalities. vne < whick Feacts
with the dreg and the other wish the antthady. Dinking
groups may be small or guite long. For example, a rela-
tvely smiol lnking groap carhonyl dinmsdazale.
Large proteins or polymers, (Cearricrs™ also been
used as lisking proups and offer the advy ¢ af being

2

of whick have molecular weights in excess of SO0
dalions, These carriers generally are derivatlized with
small linking groups to bind drugs. See. for example,
1S, Pat. Nos. 4,699,734 and 4,046,722

Dirug cotjugation to & protein or an antibody target-
ing motecile has genersily been through covalent bind-
ing of fhe drug tc the antibody directly or by covalently
binding the drug molecule to the linking group. (Blair et
at., . Immunol Meth 59:129-44, 1983.) Even when the
drueg is linked (o 2 carrier molecule such as albumin or
dextran, the drug undergoes a modification to allow for
the covalent conjugation of the drug. The drug modifi-
cation often results in the loss of some of the activity of
the drug molecule due to chemical modifications of
some of the functional groups within the drug molecuie.

In the case of some drug molecules, exposure to deri-
vatization conditions may completely inactivate the
drug. For other drug molecules, the derivanization may
not be completely specific for grosps intended for Hink-

" age but may also modify groups importam: for drug

LA

50

2

activity,

Accordingly, there exists a need in the field of grug
conjugation lo be able to attach muitiple drug mole-
cules to the targeling antibody without covalent modifi-
cation of the drug and Joss of drug activity.

SUMMARY OF THE INVENTION

e present invention provides priymeric carriers
comprising at least one drug-binding domain derived,
fronm 4 protein, wherein each drog-binding domain can
non-covztently bind a drug. The polymeric carrier prel-
erably comprises multiple drug-binding domains,
wherein the demains may be the same or different and
therefore may bind the same or different drugs.

The pelymeric carrier may be attached to a iargeting
protein, such as an antibody, that binds to a desired
target site in vivo. The present invention thus provides
targeting  protein/polymegic carrier/drug coniugates
compﬁsinmﬁgﬁmﬁ bound ¢ &
polymeric carrier, wherein said poiymeric carrier com-
prises one of mere drug-binding domains having a drug
non-covalentiy bound thereto, wherein cach of sai
domains is derived from a drug-binding protein. The

5 targeting protein may be covalently bonded to the puly-

meric carcier directly or throsgh a linker molecule.
Pharmaceutical preparations comp: g such a conjn-
gale in an agueous solutien {for in vivo administration
for therapeatic purposes} also are disclosed.

The present invention aise provides methods for
producing polymeric carviers.The carriers are derived
from relatively large molecular weight proteins, and
muy be produced by such methods as pepuide synthesis
or recombinain DN A technology.

A methad for preserving the therapeatic activity of a
drug atso is disclosed, said method comprising non-
covalently binding the drug o a polymeric carrier. The
drug activity Is thus preserved dering subsequent cheni-
jcal reactivns, such as the reactions wsed to attachk the
polymenc carrier 1 a 1argeting protein to form 2 conju-
gate. Drug activity also is preserved in vive after ad-
mintstration of the canjugate to a human or mammatian
hiost,

DETATLF P DESCRIPTION OF THE
INVENTION
Prior fo desaribing (he invention in detail, it is helpiul
10 sl fortl cerdan definitions.

(974
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Polymenc Carrier: By the term “polymeric carrier™
& meant a potymer, such as a polypeptide, comprising
one of more drug-binding domains wherein the domains
are capable of binding a drug through nom-covalent
bonds. The polymieric carriers of the present invention 5
are not naturally occurring, but are derived from natu-
refly occurring proteins. A polym:nc cartrier may com-
prise one of liiple drug-bindi

4

ples of jarge malecular weight proteins that can non-
covalently bind ta certain drug molecules include, but
are not lmited to. riboflavin-binding protein (REP) 1o
anthracyclines. aibumin to certain hipophilic drags such
as anthracyclines, methctrexste, snd cis-platinum; or
one of the other proteins described betow {e.g., in Table

I
Omce the drug-binding domain in such prolcm.s is
identified and ch: rzed (o g, by determi on of

5
ing protein) and o Bock nonspecific interactions be-
tween the drug functional groups and nou-tarpe! ceil
surfaces during in vivo administration of the targeting
proiein conjugaie.

e process of isclating a polymeric carner from a 5
drug-binding, Jarge molecular weight protein begins
with the identification of 2 large protein that can non-
covalent{y bind ke drug of inte-past Exampes-uf such

[
10—45M or less indicates covalent or cxtremely tight
nea-covalent binding.

Daring dialysis, non<aowvalent sund dreg maole-
cules are refeased over iime from the protein and pass
through o dialysis membranc, whereas covaiently
bound drug molecules are retained on the protein. An
equilibnium constant of ab(u' 16388 1ndn,alﬁ non-

covalent binding Al by —2h may—be

through such methods as peptide synthesis or recombi-

nant DNA techrofogy. The domains may then be poly» jit]
merized (o producc & multi-domain polymenc carrier..
A polymeric cartier of the present invention is able to
pon-covalently bind at Jcast one drug through one or
more pon-covalent interaciions or reversibie interac-
tions. 1

Covaleni Bond: A “covalent bond™ is defined as the
forration of & sigmz bond between two organic mole-
cules.

Non-covalent Boad: A “ron-covalent bond™ s meant
10 inctude all interactions other than a covalent bond. 20
Non-covalent bonds include ionic interactions, hydro-
gon bonding, pi-pt bonding, hydrophobic interactions,
and van der Waals interactions.

The present invention addresses the problem of loss
of drug activity due to attachment of drugs 10 various
carriers through covalent bonds. Briefly stated, the
present invention relates 1 & palymeric catrier contain-
ing one or multipie drug-binding domains {wherein
cach drug-bindicg domain non-covalently binds a
drug}, conjugstes comprising a polymeric carrier bound 2
to & targeting protein, and conjugales comprising one ot
mare drug molecules non-covalently bound to a poly-
meric carrier which in turn is bound to a targeting pro-
tziil. The targeting protein is a protein that binds to &
desired target site in vivo, thereby delivering the conju- 15
gate 10 the larget site. Targeting proteins include anti-
bodies, and are described in more detail below. Also
provided by the present invention are conjugates Com-
prising a polymeric carrier as & drug active site protect-
mg group. The polymeric carrier serves (o protect the 4
drug’s active functiona. groups Guring the chemical
reactions vsed to attach the polymeric carrier to a tar-

geting protein. The polymenic carrier alsg protects the
grug aftet in vivo adminiirauion of a drugls)/pCeTyRIET:

w

v
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=
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Tie iRlerac ¢ drug moiety W

W
'olymenc carriers are potymers such as polypepiides

comprising onc or a plurality of drug binding-domains,
which may be produced by such methods &s peptide 50
synthesis procedures or through cloning snd expression
of specific nucleotide sequeaces. The polymeric carmier
preferably contains multiple dgug-binding domains,
wherein the drug-binding domain may be derived from
a large molecuiar weight polymer such as a protein and
then poiymenized. The large protein casn typicaliy bind
non-<cevelently only onc or a few drug molecules. The
polymeric carrier polypeptides may be synthesized as a
single polypeptide chain or as disulfide-bonded peptide
chains o
in another sspect, the present mvention provides a
methoed for producing polymeric cnfn:rs These carn-
ers are prepared by first identifying & protein, generatly
a large molecular weight proteir, that is able o non-
covalentiy bind & particuiar drug of intercst. & drug- 65
bindirg demain is then sclated from the proweic,
wherzn ihe drug-hinding domain is capable of binding
a drug of interest thrisugh nos-covalent means. Exam-

1A
ey

the emuno acid sequerce}, the polymeric carriers may be
produced through & variety of technigues. Such tech-
niques mciude peptide synthesis to produce multiple
copizs of the domain, which may be joined 1o form &
mulu-domain polymeric cerrier. Altemnatively, single o
multiple domsin poiymeric carniers may be produced
througt recombinant DNA technoiogy.

Another aspect of the invention is 8 pharmaceutical
composition which includes & conjugate comprising
one of Taore drug motecules bound 1o & single- or muli-
ple-domain potymeric carrier for prolonged serum haf-
tife end increased effcacy. These slow-release pharma-
ceutical compositions may include a conjugate Compris-
ing 8 drug non-covalent]y bound to & polymeric carrier
which ir lurn may be attached 10 & targeting protein.
Alrermativefy, the conjugate may comprise a polymeric
carnet bound to & targeting protein wherein the drug ss
to be added and con-covalenly bound later, before use.
The non-covalent binding of the drug in the conjugates
of the present invention permits slow release of the drug
from the polymeric carmier in vivo. “Slow release”
mzans that the serum half life of the drug is incressed
compared to free drug. The patient’s tissues are exposed
to the drug for a longer period of time than when free
{i.e., unconjugated) drug is administered, and therapeu-
tic efficacy thus is enhanced.

1t is preferable 1o isclate a drug-binding domain from
2 large molecuiar weight protein to form the conjugates
of the invention because attaching & high molecular
weight protein 10 4 targeting protein may have an ad-
verse effect on the desired biological activity {c.g., the
“targeting” ability) of the targeting protein. For cxam-
ple, attaching the large protein to an antibody may
impair the immunoreactivity and accessibility to tumors
of the resplting 1 xconjugate. This l§ especially
irue H more 1}-an ore high molecular weight prm:m
molectle is attached 10 a targeting protein molecuie.
For example, RBP is a 5G-kilodalton giycoprotein that
binds one mole of drug per mole of provein. Conjugs-
tion of muitiple RBPs per antibody moiccule would
result o & conjugete with & molecular weight nacoept-
able for rapid extravasation and delivery 1o tumor sites.
Accordingly, the use of just the drug-binding domusin of
RBP polymerized 1o give & polymeric carrier with mul-
tiple drug-binding domains would provide for non-
covalent binding and delivery 1o target sites of muitiple
drug molecules per targeting protein, while reducing
the size of the carmiee protein to which the drug mole-
cules &r¢ bound. The iotal molecniar weight of 1he
multi-domein polymenic carrier preferabiy is less than
shout 60,000 daltons,

MNoa-covalent binding of the drug preserves the activ-
ity of the drug, as discusszd above A polymeric carrier
also serves io proteci the active functional grosps on
the drug molecuie by non-covaleatly binding 1o ihe
drug molecile. The enveloping of the drug by the poly-

menic cartier serves (o protect the fuactonat groups of
the drug molecule from any subsequent denvatization
conditions {used to conjugate the carner o the farget-

prodein/drug paics are showo in Table | Thc drugs in
the Table {other than the steroids) are amnti-cancer 10
drugs.

TARLET
PROTEDN DELG
Raywoflavin-Binding Proteis is
anthracycies
Albpha-l-acd glycap rubicin, dsungrebicin,
riher anthise @ lines,
windlastine, o,
zentrone, ARA-C, 20
- [
Srercid-binding protein TestOsIeron s, estragen
derivatives
Estrogen rzosptor Estrogens and derivatives 25
o 3
Altanmr: 1, Caororobicio,
30

Other drug-binding proteins may be identified by
appropriate analytical procedures, includmg Western
blotiing of large proteins or protein fragments and sub-
sequeat incubation with a detectable form of drug. Al-
ternative procedures include combining a drug anc =z 2
protein in a sofution, followed by size exclusicn HPLC
gel Eliration, thin-layer chromarography {TLC) or
otker analytical procedures that can discriminate be-
tween free apd proem-hound drug. Detection of drug
binding can be accomplished by uvsing radiolzbeled, 40
ﬂuorescent or colored drugs and appropeiate detection
ilibrium dialysis with labeled drug may he
ative mathods ring the fluo-
rescence change that o : of certain
drugs {e.g., anthracyclines or acalogs of, which 45
should be fluorescent). In one detection method, dreg
and protein are mixed, and an akiquot af this so)
{not exceeding 59 of the column volume of an HPLC
column, such 25 a Bio-sil TSK-250 7.5 30 cm coiumn}
is toaded oot the HPLC coluvmr. The flow rate is ¢ §
mi/min. The drug bound to protein will elute first, ina
separate peak, followed by free drug, eluting at a posi-
tion characteristic of its molecular weighi. If the drug is
doxorubicin, botha 2 a5 well as a 495-nomr ads
tive pesk wili correspond to the elution positios of the §
protein f intersetion cocuss. The elution peaks for other
érugs will indicate whether drug banding ooours.

Knowledge of the chemical structzre of a pamicular
drug (ie.. whether chemically reactive funciionaf
EIGUPS ave p resentt a]lows one lc predict whetker cave. o0
Tens bi :

Additinnal merbnc< fo— determ
binding is covalent or non-covalent inclu.
the drug with the protein, followed by dr
jecting ahe pratein to denaturing conditions
the drug from che drogbinding protwn dune
procedurzs indieates thal
hound. Usually, a dissociation constant

wn

=3

b

of abou

subjected to denaluring condmc")s 2.2, by gf.? electro-
pharesis on a denaturing (818} g=! ar o a gel filtration
coiumn in the presence of 2 strong densturac: such as
aM guanidimz. Covalentiy bound drog molectles re-
main bound to the denatured protein, whereas non-
covalently bousd drug mofecules are released and mi-
grate separately from the protein on the gel and are not
retained with the protein on the column.

Omce a protein that can aon-cov
nlzr drug of interest is rdentified, the Jrug -birding do-
main is identified and isolated from tke protein by any
suitable means. Protein domains are portions of proteins
having a particelar function or activity {in this case,
non-covalent binding of drug molecules). The presen:
inventtor provides 2 process for producing 8 polymeric
carrier, Comprising the steps of generating peptide frag-
ments of a protein that is capable ol no
bincing a drug and identifying a drug-bindieg pep'}de
fragment, which is a2 peptide fragment contajning a
drug-binding domain capabie of non-covalentiy binding
the drug, for use as the poiymenc carrier.

One method for identifying the drug-binding domain

begins with digesting or partialfy digesiing the protein
with a prodealyvtic enzyme or specific ckemicals to pro-
duce peptide fragments. Examples of usefal proteolytic
enzymes include lys-C-endoprotease, arg-C-endo-
protease, V8 prozease, endoproiidase, tryps:o, and chy-
motrypsin. Examyples of chemicals used for protein di-
gestion include cyvancgen bromide {cleaves at methio-
nine residnesl. hydroxylamine (cleaves the Asn-Gly
bond), dilule scetic acid (cleaves the Asp-Pro boad),
and jodosobenzoic acid {cleaves at ihe trypiophane
restdue}. In some cases, better tesults may be achieved
by denaturing the protein {to unfoid i}, either before ar
attor fragmentation.
The fragrsents may be separatec by such procedurss
as high pressure liquid chromatography (FHPLC) or gel
electrophoresis The smallest peptide ‘ragmen? capable
of drug binding is identified using a suitable drug-bind-
ing analysis proceiuse, such as one of those described
above. Cme such procedure involves SDS-PAGE gel
elecirophoresis to separale prolein fragments, followed
by Western blotting on nitrocellufose, 2ad incubation
with 2 cotored drug like adriamycin. The fragments that
have bound the drug will aprear red Scans 2t 455 om
with a laser densitometer mav thea be used 1o analyze
(quantify} the level of drug tinding.

Profersbiy, the smailesi pepfide fragment capabie of
non-covalent drug binding is used. It may occasionally
e sdwvisable, however, 10 use a Jarger fragment, such as
when the smsllest fragmest has ozly a low-affiniy
drug-binding damain

The amino acid sequence of the pepide fragment
centaining the drug-bindmg domain is elucidaied. The
fizd fragment conts aimng the banding reghon is
reduce:d and
fetd e al, £
2+ S picomoies

Ofcach pepllm
Edman degradat..
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protein sequencer {commercially available from Ap-
pliec Biosystems, Inc.). If the peptide fragment is jonger
than 30 emino acids, it will most likely have to be frag-
mented as shove and the amino acid seqoence patched
1agerher from sequences af averfapping fragments s

Once the amino acid sequence of the desired peptide
fragment has been determined, the polymeric carriers
can be made by either one of two types of synthesis.
The first type of syathesis comprises the preparation of
eech peptide chain with a peptide synthasizer {e.g., i0
commercially available from: Applied Biosystems}. The
second method utilizes recombinant DNA procedures.

Peptide wmides can be made using 4-mecthylbenzhy-
drylamine-derivatized. cross-linked polystyrene-1%
Crvinylbenzene rtesin and peptide acids made using 15
PAM (phenylacetsmidomethyl) resin (Stewart et al.,
“Solii Phase Peptide Synthesis,” Pierce Chemical
Company, Rockford, 111, 1984). The synthesis can be
accomplished either using a commercially svailable
synthesizer, such as the Applied Biosystesns 430A, or 20
manually using the procedure of Merrifieid et al, Bio-
chemistry 21:5020-31, 1982, or Houghten, PNAS
82:5131-35, 1985, The side chain protecting groups are
removed using the Tam-Merrificld low-high HF proce-
dure (Tam et 81, J Am. Chem. Soc 105:6442-55, 1933). 25
The peplide can be extracted with 20% acetic acid.
Iyophilized, and purified by reversed-phase HPLC ona
Vydac C4 Analytical Column using a linear gradient of
100 water to 1009 acetoniirile-0.19% trifluoroacetic
acid in 50 minutes. The peptide is analyzed wsing PTC- 30
amino acid analysis (Heinrikson et al, Anal Biochem.
136:65-74, 1984}, After gas-phase hydrolysis (Meltzer et
ai, Anal Bischem. 160 356-83, L987), sequences are
confirmed using the Edman degradation or last atom
bombardment mass spectroscopy. After synthesis, the ¢
polymeric carriers can be tested for drug binding using
size-exciusion HPLC, as described above, or any of the
other analytical methods listed above

The polymeric carriers of the present invention pref-
erably compnise more than one drug-binding domain. A 40
polypeptide comprising several drug-binding domains
may be synthesized. Alternasively, several of the syn-
thesized drug-binding peptides may be joined together
using mfunctionsl cross-linkers, as described below.

The second synthetic mechanism invoives the deter- 45
mination of 8 DNA sequence which will encode the
desired amino acid sequence (1¢., the amino acid se-
guence of the drug-binding peptide fragment deter-
mincd sbove} Such &8 DNA sequence may be deter-
mined because the genetic code {Le., the three-base 50
sequence or codon it an mRNA which specifies a given
amino acid} is known. A DNA sequence which encodes
the polymeric carrier may be synthesized in vitro by
standard oligenucleotide synthesis procedures. See, for
example, US. Pat. Nos. 4,500,707 and 4668777, The 35
synthetic DNA fragment encoding the polymeric car-
rier is cloned and expressed using recombinani DNA
technology.

When s polymeric carrier containing multiple copies
of & drug-binding comain is desired, a DNA sequence &)
ths! encodes a polypeptide compnsing maltipie copies
of the drug-binding peptide fragment is synthesized.
Alternatjvely, muitiple copies of the oligonucleotide
encoding the domain mayv be ligated together by con-
vennonal procedures {e.g., using the enzyme Ty DNA 65
ligase). The resulting DNA sequence encodes a poiv-
peptide comprising multiple  drug-binding domains.
Such polypeptides are usefil as polymenc carriers that

bind several drug molecules aon-covatently. The DNA
sequences encoding these pelymeric carriers may be
cloned and exp d through recombi DNA tech-
nology.

Many suitable methods for inserting s DMNA sequence
of interest into a microbial host to generale recombinant
microorganisms which produce the polypepiide ea-
coded by the DNA sre known. Microorganisms which
have been used as host cells include, but are not limited
3, prekaryotes, such as gram-neghtive and gram-posi-
tive bacieria, and eukaryotes, such s yeast or mamma-
lian cell lires. In general, the DNA sequence is inserted
in vitro into a vector cepable of replication in certain
host microorganisms. The vector typicaily is derived
from a plasmid or a virus.

A number of cloning vector/host cell systems have
been: developed including vectors suitabie [or trans-
forming the gram-negative bacterium E cofi (Old and
Primrose, Principals of Gene Maniplation, 2d ed. , Univ.
of California Press, (98!, pp. 32-35 and 4647}, gram-
positive bacteria Bocilfus subtilis {O0id and Primrose, pp.
51-53), or eukaryotic microorganisms such as veast
{Old and Primrose, pp. 62-68). "Shuttle vectors,”
which may be transferred (along with the cDNA they
carry) between the host microorganisms, E. cofi and
yeast, have been described by Storms et al., J. Bacreriol-
ogy 14C:T3-82, 1979; and Bianc et al., Mofee. Ger. Genel.
176:335-42, 1979, Shuttle veciors also exist which repli-
cale 1n both £ cofi and B. rubiilis {012 and Primrose, at
p. 53). Vectors derived from bacteriopheges such as
W12 have also been useful in the cloning of foreign
genes {Old and Primrose, Chapter 5).

Known procedures are used for inserting the DNA
into & suitable vector, e.g., homopolymeric tziling,
bluni-end ligation, or by use of linker malecules {Old
end Primrose, at p.92). Microbiai host cells are trans-
formed with the resulting recombinant cioning vectors,
and 1he transformants are screened using conventional
procedures, which vary according to the particular
gene and vector/host system used to identify transfor-
mants containing the desited cloned cDNA.

The cloned DNA sequence generally is transferred to
an appropriate “expression vector,” although certain
vectors that have been developed play the dual roles of
both cloring and expression vectors. An expression
veclor comprises “expression signals.” Le., sequences
such as promotors end operators, which are required
for the transcription of DNA into messenger RNA
(mRNA} This is followed by translation of the mRNA
into protein §.c., the polypeplide encoded by the DNA
sequencey. The expression signals are functional in the
intended host cell. The DNA sequence of interest is
“operably iinked"” to the expression signals by insertion
of the DNA into the vector in & position downsiream
from: the cxpression signals such that the first codon of
the protzin-encoding sequence is in the same reading
frame as an mitiation codon. Examples of some of the
many expression vectors which have been developed
for use in recombinant DNA technology include those
described by Old and Primrose, pp. 104-17; PCT patent
application Publicstion No. W0 B6/00528; U.S. Par
MNas 4569 511 and 4,704, 362; and Bntsh Paternt No.
GR 2.119.504

An appropriate microorganism strain is transformed
with the recombinant eapression vector, then cuitured
in a suitahie grow th medivm under conditions appropri-
ate for peoduction of the desired polyvpeptide. Expres-

sitm weclor syslems may be enginsered so that expres-
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sion of the foreign protein may be regulated by chemi-
cai or temperature induction. Proteins which are se-
creted put of the host cells may be isclated from the
growih media by conventional protein purification pro-
cedures. When the desired protein remars inside the
host cells, the oeils are harvested and then bysed
through procedures which may be mechanical le.g.,
sonication, homogenization, freeze-thawing, nitrcger
compression-decompression, gic.}, chemical {e.g., treat-
ment with detergents such as sodium dodecyl sulfate,
guanidine HCH or NP-40), enzymatic (such as by using
lysozyme), or combinations therecl. The cesired paly-
peptide is then purified from the Iysate using conven-
tional procedures.

The polypeptides produced by cloning and express-
ing DNA sequences encoding one of more drug-bind-
ing domains are used as polymeric carriers. The recom-
binan: ceils may be cultured to produce large quantities
of the polymeric carrier polypeptides, and these carriers
may be attached to various targeting proteins 1o form
conjugates capable of non-covalently binding drug mol-
ecules.

When the amino acid sequence of a drug-binding
protein is known, drug-binding domsins can be isclated
without prior enzymatic or chemical digestion of the
protein. For example, the sequence of chicken ribofla-
vin-binding protein is known (Protein Information Re-
source Protein Sequence Data Bank). In order to search
for a riboflavin-binding domain, 40-amino-acid-long
peptides, averiappizg by 20 amine acids, can be synthe-
sized from the known sequence of this 2i9-residue pro-
tein. The peptides are synthesized as described above,
using manual procedures or & commercially availabie
synthesizer. Each syuthetic peptide can then be tested
for drug binding. By comparison of the sequence of the
cverlapping peptides which bind drugs, those residues
important for drug binding can be identified. A peptide
comprising the drug-binding domain can then be repli-
cated and conjugated to form & polymeric carrier ac-
cording to the procedures described below.

Wher several proleins are known to bind the same or
simitar drugs, it may be possihle to identify the drug-
binding Gomam within each of the proeins hy identify-
ing Nomoiogous aming acid sequences within the prote-
ins. Alternatively, when the aming acid sequence of the
drug-binding domain of one protein that binds 2 drug of
interest is known, s computer search for homologous
sequences may be run o a large protein sequence catz
bank. Additional proteins that may bind the particular
erag of interest thus may be found Through either of
these approaches, drug-binding domains may be identi-
fied without Tunning drup-binding assavs on a large
numher of peptide fragments representing the entire
aming acid sequence of a pratein.

Anothcr process for isolating & polymeric carner
involves cloning the gene which encodes a larpe molec-

glar weight protein that can non-covalently hmd 1o a
drug of interest. Procedures for isofating and ¢loning
DNA sequerces which encode such proteins are
known. Sce, for example, Lawn et al, Nurleic Acids
Research $:6103-14, 1981, m which isodutin: of cDNA
which encodes the human serom albumin {FISAY pro-
tein 15 deseribed.

A cloned gese onooding a drug-bi : Proleit may
be iolated from s recombinunt o TEAniEm
feagmernted u i snGonucieases. 1h
ing pene fagments are subcloned and capa
saatabe hes
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ments of the arug-binding protein. The peptide frag-
ments produced by the various recombinant microo-
ganisms transformed with the subcloned DNA are ana-
Iyzed for drug-binding ability. Recombinant cultures
producing peptide {ragments comprising the drag-bind-
ing domain thus are identified. Cuitivation of the re-
combinant cells produces the pepiide fragment for use
as a polymeric caroer. -

While a single drug-binding domain may be attached
to a targeting protein in certain cases, it is often desir-
able 16 attach more then one drug molecule 1o 2 target-
ing protein. In such cases, the polymeric carrize prefera-
bly comprises more than one drug-binding domair.
Conjugates of such polymeric carsiers and (argering
proteins may be used to deliver multiple drug molecules
1o taget cells, thus enhancing the therapeutic effect
against the target cells.

These polymeric carriers comnprising more thaw ane
drug-binding domair may be derived from the peptides
containing single domains which are produced by any
of the above-described methods. Several drug-binding
domains can be covalently joined together, after refold-
ing, using bifunctional linkers to form polymeric carri-
ers. The linkers are selected o give optimal polymeriza-

S tipn and generally consist of wvasable-length spacer

groups with a chemically reactive group al each end.
The two chemically reactive groups may be the same or
different, and each will react with a functional group on
a peptide fragment, thereby joining peptide fragments
together through the linker.

Among the many pessible chemically reactive groups
that a linker may comprise are amine-reactive groups
such as esters and sulthydryl-reactive groups such as
maieimides. The spacer portion of the linker preferably
is large enough to reduce steric hindrance during rea.-
uon with the peptide fragments, yet small enough so
that the linker molecules vsed 1o form a muolti-domain
polymeric carrier do not significamtly increase the mo-
lecular weight of the carder. The spacer may, for exam-
ple. comprise a chain of from two 10 four methylenc
groups or a single cyclohexane ting,

Many suitable linkers are known, examples of which
include dimethylsubzrimidate, bis-(sulfosuccinimidyl}
suberate, anpd  sclfossccinimidy]  <#%-aztdo-2-nitro-
phenylaming) hexanoate. Other suitable crosslinkers
and the use thereof are described in the Pierce Chemica:
Company 1988 Handbook and General Catalng, pages
222-243. An isolated domain could be polymerzed by
introducing two surface thiols on opposite faces of the
structure {iF it doesn't already have cysteines) and air-
oxidizing.

The resulting multiple drug-hinding domair polby-
meric carriers should not be so large as to adversely
afieey the immunoreactivity or other properties of the
tarpeting protein. Advantageously, the polymeric car-
rier i5 Jess than 80 kilodaltons. When water solebility is
an important characteristic of the resulting targeting-
protoin conjugate, the size of the carrier may have 1o be
further reduced.

‘The 1otal size of the polymeric carrier witl vary ac-
cording 1o such factors as the therapeutic activity of the
particular drug to be used (2.8, whether attackment of
maltiple drug molecules o the carder is desiable), the
susceptimlity of a particular targeting peotein o loss of
wrgeting ability when a high molecular weight poly-
nentide (e, the carrier) is attached thereto, and the size
of the de nding peptide{s) from which the
meric carter b formed. In pne embodiment af th

7
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verntion, s polymeric carrier comprises from two o
twenty, preferably from two 1o about ten, drug-binding
domains. The polymeric carrict preferably has a molec-
ular weight of zbaut 3% xiodaltons or iess.

The drug-binding domeins employed in the present
invention are derived from drug-binding proteins. The
leem “denved from a protein” as used herein is not
lumuted to actual physical isolation from & protein. The
process of producirg he potvoenic carriers of the in-
vention generally begins with identification of a drug-
binding domzin within 2 protein. Once the domair is
characierized fe.g., by detcrmination of the aminc scid
sequence}, multiple copies of the domain may be pro-
duced by synthetic methods tha! inctude peptide syn-
thesis and recombinant DN A technology.

in addition, the polymeric carriers may comprise
drug-binding domains that are modifications of the do-
mains found in the parent protein. These modifications
include, among others, charpes in the amino acid se-
quence (e.g., to achicve tighter drug binding) or incor-
poration of additionai peplides that confer desirabie
properties such as improved water soluhility on the
pelymeric carrier. Thus, domains “derived from a pro-
tein” may be produced by towaly syomihetic means,
rather than being solated from the parent protein, and
may not be identical 1o the drug-binding domain found
in the parent protein. The polymeric carriers are pro-
duced using information oblaired through identifying
eand characterizing drug-binding domains within the
pArEnt Proteins.

The choice of a particular polypeptide for use 85 a
palymeric carrier may be influrnced by several faciors.
Stability of the non-cevalent drug binding 10 the drug-
binding domasm is one suck factor. When a conjugate of
the invention is to be inciuded in & water-soiutle phar-
maceubical composition, the water solubility of ihe pol-
ymeric carrier compenent of the conjugate is consic
ered. The polymeric carrier may comprise amino acid
sequences extranecns 1o the actual drug-binding do-
main. Certain aming acid residues may be added at the
termint of the domain-containing peptide, wherein the
amino acid residues comprise chemically reactive
groups that wili react with ene of the sbove-described
bifunctional cross-linkers. Alternatively, amino acid
sequences may be added to the drug-binding domain in
order 10 achieve the secondary structure required for &
pariicular desirable bicicgical property. Vanous aming
&cid sequences may be added during peptide synzhesis
or DNA synthesis 10 the peptide fragment origically
derived from the drug binding protein. These amino
acid sequences may be chosen (o increase the water
sclubility of the resulting polymeric carrier, for exam-
pie. Such seguences may be chosen based on knowledge
of the sequences thai confer hvdrophilicity on other
known proteins, for exemple

In some cases, it may be desirable to prepare conju-
getes of the preseat invention that comprise mare than
onc 1ype of drug. This is especialiy advantageous when
two or more drugs have a synergistic therapettic effect
on the target cells. Administration of more than ons
type of drug is desitable ic the treatment of certain
discases such as cancer, especialiy in view of the hetero-
geneous ceil poputations fcund within some temors.

Thus, a pelymeric carrier of the prescnt invention
may comprise two or more different types of drug-bind-
ing domains. The domains are rach salated from differ-
ent large moleculan weight proeins, then are joined 1
form a polymicos carrier. using the provedures de-
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scribed above Altemnatively, a particular drug-binding
domain may be capahle of tiading more than one type
of drug Polymeric carriers comprising multiple copies
of such a domain muy be incubated witk the different
drugs (¢ tind two or more different types of drugs to
the polymeric carrier.

Any suitable procedure may be used for non-cova-
iently binding a drug of interest to the polymeric car-
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37 1w 4kilodaiton pancarcinoma ghvcoprotein: and
OVED to an as ye: unidentified tumoc-associated anti-
geo.

A variety of procedurcs may be used 10 ainach ihe
polymeric carrier to a targeting protein, such as an
antibody. Both the polymeric carrier and the 1argeting
protein are potypeptides which comtain a variety of
functicna! groups, e.g., carboxylic acid {COOH) or free

fier im genecal, &n excess of 1he Arog 5 incubated wiin
the carrier in a buffered aqueous solution to bind the
drug to the carmer.

A polymeric carrier of the present invention, having
onc of core drug molecules bound thersto, is adminis-
teredd to0 2 human or mammalian host for therapeutic
purposes. These polymeric carriers sre useful as slow-
reiease dnig delivery sysiems.

Altematively, the polymenc cartiers produced by
the above-described procedures may be mttached to
tergeting proteins. The targeting protein serves to de-
liver the conjugate ta a specific cellular or tissue target
site when administered in vivo, The targeting is prefera-
bly accomplished by immare selectivity throggh an-
tigen/antibody interactions.

Suitable targeting proteins inciude, bot are not lim-
ite€ to, antibodies and antibody fragments; serum prote-
ins; enrymes, peptide hormones; and biologic response
modifiers. Among the suitable biologic resporse modifi-
ers which may be used are lymphokines such as mter-
leukins {e.g.. IL-1, -2, -3, -4, -5, and -8) or imerferons
{e.g.. aipha, beta, and gamma interferon), erythropoie-
tin, and colony stimulating factors {c.g.. G-CSF, GM-
CSF, and M-CSF} Peptide hormones include melano-
cyie stimulating hormone, follicle stimulating hormone,
luteinizing hormone, and human growth hormone. En-
zymes include Tibrinolytic enzymes such as tissue-type
plasminagen sctivetor, streptokinase, and wrokinase.
Serum proteins incinde heman sersm albumin.

These proteins may be modified; e.g., 1o produce
variants and fragments of the protcins, as long as the
desired biological property {ie, the ability to bind to
the target site) is retained. The proisics mey be modi-
fied by using vsrious genetic engineering Of proicin
eagineenrg technigues. Another type ¢f modification
imvolves chemically modifying targeting proteins to
effect & shift in the isoelectric point of the resulting
“charge modified” protein, as described in co-pending
U.S. patent application Ser. No. 157,273, entitled “Al-
teration of Pharmacckinetics of Proteins by Charge
Modification™ fiied Feb. 17, 1988, The serum haif-iife,
brodistribution, immunogenicity, and other properties
of targeting protcins may be altered by modifying the
charge of the protein.

The antibodies employed as targeting proteirs i the
present invention may be intact antibody molecaies,
fragments thereof, or functionel equivalents therect,
inciuding  genenically engineered variations thercof.
Examples of antibody fragments are F{ab'};, Fab’, Fab,
and Fv fragments, which may be produced by conven-
tional procedures or by genetic or protein engineering.
While polyclonal antibodics msy be employed in the
oresent inventiom, monoclonal ansibodies (MAbs) are
preferted. A number of monocional anribodics that bind
1o a specific type of cell have been developed, including
MAbs specific for tumor-associated antigens in humans.

s Among the many such MAbs that may be used are

anti-TAC or other inrerleukin-2 receptor antibodies,
9.2.27 and NR-ML-OS 1o the 250 b.hdai‘on heman
s Twewnatcd protecglvcan, LU0 1o ke

amine {—NH) groups, whkich are available for reaction
with a suitable Functional group to covalenly Sind the
polymens cartier to ike largeting protein. For example.
reaction with a water-soiuble carbodiimide coup
reagent may be used to form bonds besw a free
AmIne grodp on one reactant species and a COOH
group o7 the other reactant species.

Alternatively. the antibody and/or polymeric carrier
may be denvatized to expose or attach additional reac-
tive functional groups. The derivatization may involve
attachment of any of a number of linker malecuies, such
as those available from Pierce Chemicsl Company.
Rockford, TlI. (see Pierce 1988 Generai Cztalog, pp.
121-250). Adternatively, derivatization may in
chemical treatment of the antibady, epg. oxida
cleavage of vicinal hydroxyls on thz sugar moiery ¢

ghvcoprotzin antibody with periodate to gererate free 2

aldehyde groups. The free aldehyvde proups on the 2n6-
body may be reacted with free amine groups on the
palymeric carrier to form the desired hond. See U.S.
Pat. No. 4,671,958, Procedures for generatinn of free
sulfbivdryi groups on antibedies zmub[ :
are 2ls0 known. See U.S. Pat. No. 4,659,235 Y
cedures and linker molecules for attachment of s
compiuds to proteins sach as anibodics are .
See, for example, US. Pat. Nos. 4,671,958 4,414,
4,046,722, 4,699, 784; and 4,630,338,

A po!ymenc carrier/drug conjugate ar a targeling
protein/polymeric carrier/drug conjugaie of the pres-
ent mvention may be administered for therapewtic par-
DOSES e & human oF mammaliarn host b), ar itable
mezns. The conj % -
nously, intraarterially, or peritonzal
with the choice being determined by s
Jocation of the target site(s; within the body
age will vary sccording o such factors as the type of
drug in the conjugate, the number of drug molecules
atiached to the polymeric carrier. and the specificity of

. A physicizn skilled n the Geld o
which this invention pertains wiit be able to determine
the proper dosage of a given conjugaie.

The conjugates of the present inveniina may be vd-
ministered in the form of a suitable pharmacestics!
composition. In one embodiment of the invention, a
pharmaceutical composition comprises an agueous solu-
Ger containing a targeting protein/polymesic carrier/-
jugate or other cosjugai= of the fav
¢ embodiment, the pharmaceuticat
sition is in sotlc {e.g., freeze-dried) form., to be ©
in an aqueots solution pri
Fhe pharmaceutical prepa m may adcizionaily con-
iain conventional stabii excipients, and the like.
The preparation is injected intn z pattent for therapeutic
—mrpos.es

factors as th
v. The dos-

conjugaies cape
a polymeric carrier tha: is
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o gradient of 1% per minute from water plus (0.3
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lon zre ofiered by way of ilustration of the invention
and act by way of limitation.

EXAMPLE 1
Synthiesis of an Adramycin-Binding Felymeric Carrier

in this examople, the drug adnamycin (ie., doxorubi-
cin} is hownd to polymeric carricrs dedved from

sriboflavin-binding prote (ERBPI Ribofavin
ncing protein is used as the source of the potyoeric
rrier because this compound is known to non-cova-
iently bind adriamycin. Other antkracycline drugs may
be used in place of or in adéition t¢ adriamyci in the
following procedures. The sequence of CREP is known
(Protein Infurmation Resource Data Bank, release 14
{1987)). The sequence of CRBP contains $ arginines and
7 methinnines, Thus, the proteolytic eazyme arg-C-
enceprotease and the chemical peptide digestion agent
cvanogen bromide are used initiaily to generate frag-
ments for testing of drug (adnamycin) binding. Other
chemical cleavage methods or proteases could alsc be
used. For cleavage of the peptide at Arg residues, the
fragments are %6, 20, 7, 5, 37 and 97 a2mino acid residues
long. For -1‘:inninc cleavage, the amino acid frag-
ments are 23, 122, 7, 4. 17, §, 17 and 25 residues long.
The CRBP proLein cystines are reduced for one day
at 37° C. in 6M guoanidine hydrochloride at pH 8.5 in
1M iris buffer with a 100-fold excess of dithiothreitol
(D'TT) to protein cysteines The cysteines may be car-

o boaymethylated with a 5-fold excess of wodoacetic acid

e DTT thiols for one hour at 37° C. The protein is
microdialyzed apainst water, or an appropriate buffer
for digestion. For cyanogen bromide digestion, 200 ug
protein is dissclved in 400 ui of 70% formic acid con-
taining 1 moles of cyanogen bromide per moje methi-
ontne, and reacted in the dark, under nitrcgen for 24
honrs at 377 C. After digestion, the mixture is diluted
if-foid m:h water, {yophiized, run over a 'w.dac C-4
S 0.4 25 omw reversed-phase column. Elution is with a
trifluo-
roacetic acid {FFAY 1o 100% acetonitrile pios G119
TFA.

Alernatively, 200 ug reduced {or reduced and car-
boxymethylated) CRBP protein is dissolved i 0.1M
sodium bicarbonate, pH R.C. and digested with 10 ng
suhmazxillaris protease {an arg-C-endoprotease} for 14
hours. The fragments are perified as above

The purificd protein fragments (oblained by either
chemical or eazymatc digestion) arc incubated in .38
phosphate o7 0.0M hepes buffer at pH 7.0 for 1 hour
with a 1003-fold excess adriamycin and then eluted
aver arn wppropriate gel-filtration caiumn. The pc;:mde
pek I8 checked spectro-photometnicaliv for eivsion
peaks at 280 nm and 495 um to detect buund adrian
v1a. Thus procedure can be repeated with uther pep:
fragments or other digestion product Fragments ynti
tght hinding fragment {preferably Kd approximatciy
I&ss (ha:i or squal to T oM, as mezsured by equitibrium
or a fluprescence or spectrophotometric titra-
Jiscovered.

Smaller versions {ie, subfragmerts) of the peptide
fragment may be synthesized by solid-pl

wihodoblogy, as ment 3
e hinding domain, which will tigh
adramydin.

Alteroative: s
dues i fength
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alogy (described above) from the kaowsn CRBP se-
guence. These peptides can be tested for adriamycin
binding as above.

The poiymerization of the migimal leagth peptides
retaining tight binding to adriamycin is achieved using
bifunctional cross-linking reagents. The choice of cross-
linking reagent depends on the amino acid composition
of the adriamycin-binding domain. If the adriamycin-
binding domain comains 2 or more lysine residues, for
example, polymerization may be achieved using amine-
reactive, bifunctional cross-linking reagenis, such as
bis{sulfosuccimidy!)  suberate.  PolymeSzation  is
achieved after binding of the drug binding domain to
adriamycin. A 100-fold excess of the drug is incubated
with ihe peptide in a buffered solution, as described
sbove. A 1.1M solution of peptide /adrizmycin, isolated
by sizeexclusion chromatography, then is mixed with
n equimolsr solution of bis(sulfosuccimidyl) suberate
st pH 2.0-%.0 in 205M hepes buffer. Aliquots are with-
drawo periodically for analysis. The aliquots are run on
2 20% SDS gel or over a size-exclusion column 1o moni-
tar the extent of polymerization. A distribution of poly-
mer length sesults when the conditions are oplimized
for a particular length poiymer. Advantageously, the

polymeric carnier comprises less than 20 copies of the »

drug-binding domain. The resulting polymerized poly-
meric carrier having edrizmycin bound thereto can be
purified as necessary by size-exclusion HPLC.

The polymeric carrier bound 1o adriamycin is at-
tached to the tergeting protein by 8 similar cross-linking
procedure. The procedure may vary sccording to the
type of targeting protein wsed. One of the methods
described above for attaching carriers to targeting pro-
teins to form conjugates of the tnvention {e.g., through
the use of bifunctional cross-linkers) may be used

EXAMPLE 2

Isolating a DNA Sequeace Which Encodes a
Polymeric Carrier

A gene encoding human serum albumin is Cloned ina
plasmié vecter wsing the procedures of Lawn et al.
(Nucleic Acids Research, %6101 -14. i981). Human
serumm albumin {HSA}specific DNA s isolated by di-
gesting the recombinant vector with the restriction
enzyme Pst [ Samples of the HSA-specific cDNA are
subjected to further digestion with several different
restriction enzymes in separate reaction mixtures, The
resulting DNA fragmenis are separated by electropho-
Tesis on agsrose gels, purified from the gel. and sub-
cloned into plesmid expression vectors comprising reg-
ufstory signals functional in E. eoli cells, sach as the trp
promater-opersior. £ colf HBIO! cells are transformed
with the resulting plasmids and cultured to produce the
HSA proiein fragments encoded by the HSA gene frag-
ments. These protein fragments are purified from sam-
ples of each culture by a standard procedure, such as
immunoprecipitation, follcwed by SDS polyacrylamide
gel elecctrophoresis. See Kessler, J  /mmunology
117:1432-90, 1976; and Laemmh. Nomere 277:680-85,
1970

Each protein fragment is agelyzed 1o determine its
ability to bind = drug of interest by oae of the proce-
dures described above. For example, the drug adrnamy-
cin #s combined with each protein fregmen: and the
samples are each analyzed to detect free versus protein-
bound drug. Cme method of analysis invaives subjecting
the protein fragment samples (either purified or in the
form of the £ colf cell lysates) to electrapharesis on an

I
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SDS-potyacrylamide gel. The fragments (separated
according to molecular weight} are transferred from the
gl to a nitrocelluiose sheet in accordance with the
fnowr “Western blot” technique. A solution containing
sdriamycin ts contacted with the nitroceliiulose shect.
After wasking the nitrocellulose sheet to remove nor-
bound drug, the poelypeptide bands which bind the drug
wiil appear red, the color imparted by adnamycin. The
culture(s} found to produce a relatively small protein
fragment with sufficient affinity for the drug are cul-
tured to produce the polymeric carrier {ie., the HSA
protcin fragment} on & lerger scale. Alternatively, the
amino acid sequence of the peptide fragment may be
determined, and the fragment may be produced by
peplide synthesis procedures.

When a polymeric carrier comprising muitiple drug-
hinding domains is desired, muitiple copies of the pep-
tide fragment produced above may be joined together
using a bifunctional cross-linker. A number of different
cross-linkers nray be used, depending on the amino acid
soquence of the peptides to be joined. The linker may be
chosen from those described in the Pierce Chemical
Company Catalog, as discussed above. One cross-link-
ing procedure is presented in Example 1.

An aiternative method for producing the polymenc
carnier involves determining the amino acid sequence of
the peptide fragment. synthesizing & DNA sequence
that encodes a polypeptide comprising at least one copy
of the peptide fragment, expressing the DNA sequence
in recombinant host cells (thereby producing the poly-
peptide), and purifying the polypeptide from the recom-
binant cells for usc as & polymernic carnzr. The DXINA
sequence may encode & polymeric CATrier COMPRSINg
multiple drug-binding domains. Alternatively, multiple
copies of a single drug-binding peptide fragmen: pro-
duced by the recombirant cells may be purified and
enzymatically Hgated together to form muiti-domain
polymeric carriers.

EXAMPLE 3

Preparation of a Polymeric-Carrier-Antibody
Corjegate

A polymeric carrier such as one produced as de-
scribed in Example 1 or 2 is covalently bound 1o an
entibody as [ollows. This is an alternative procedure 1o
the methods for forming conjugates described in Exam-
ple 1.

The polymeric carrier is conjugated to 8 monocional
antibody through a thioether linkage The polymeric
carrier is first reacted with succinimidyl 4-{N-
majeimido-methyijcyclohexane- 1-carboaylate {SMCC
at 2 molar ratio of 1:10 {carrierlinker). Excess heterobi-
funchional linker reagent is removed from dervatized
polymeric carner by gei filtration. The antibody s
treated with 23 mM dithio-threitol {DTT) in 0.0IM
phosphaie-huffered saline (PBS). pH 7.5, and excess
DTT is removed by gel fillration. The derivatized poly-
meric carrier and the reduced antibody components are
mined and mcubated at room temperasture for 15+
minutes.

The conjugation reaction mixtures are then fraction-
eicd by FPLC gel fittration on & TSK 3900 column at
0% ml/min 10 separate the immunocoajugate from un-
conugaled gatibody and unreacted dervatized carrier.

H a drug were no! bound to the polymens carrier
prior e the step ol congugation ta the aznithody, the
resuilng immenocon)ugate is mised with the drogin 2
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buffered solution, whereby the drug becomes associated
with the polymeric carrier. Non-bound drug is removed
by gel filration or diaiysis. The thas-produced coniu-
gate of the present inveniion may be administered to a
patient bearing a target site to which the antibody binds,
wherein the target sile is to be treated with the drug.
The antibody may be a monoclonal antibody that binds
to a tumer, and the drug is an anti-cancer drug.

EXAMPLE 4

Polymernc Carriers Isolated from HSA

The full-iength prcr-lcm buman secum albumin (HSA)
is purifed from buman blood plasina or from recombi-
nant cefls by known procedures. See, for example, U8,
Pat. Nos. 4,684,723, and Lawn et al., Nucfeic Acids Re-
search, Wol, %, No 22, 1981, The protein is subjected to
digestion with a proteclytic enzyme to generate poly-
peptide fragmenis which are separated by electrophore-
sis {e.g., on an SDS-polyacryiamide gel). The ability of
each pelypeptide fragment 1o bind a particular drug of
interest is analyzed by procedures which detect protein-
bound drug versus free drug. such as those described in
Examples 1 and 2. The drug is a drug that the parent
protein binds non-covalently (see Table I).

Drug-binding polypeptide fragments suitable lor use
as polymeric carrizrs thus are idemified. I desired,
smaller peptide fragments may be generated by enzy-
matic or chemical cieavage of the thus-identified drug-
binding polypeptide fragment. The drug-binding assay
is repeated on the smaller fragments to identify the
smallest peptide fragmentl comprising a drog-binding
domain. The amino acid sequence of each carrier is
determined using the standard Edman degradation pro-
cess, as described above. Onge the amino z2cid sequence
is determined, the carriers are synthesized as nesded
using a commerci availabie pepuide synihesizer.
Muti-domsin polym carcices may be produced by
joining maultiple copies of the peptide together using
bifunctional linkers.

Alternatively, a DNA sequence which encodes the
desired amino 2cid sequence (preferably muitipie copies
thereof} is synthesized in vitro. The synthesiced DNA
SEQUEnCE is inserted into an appropriale cipTesSiOn vec-
tor and appropriate host cells arc transformed with the
recombinant vector. Fhe ceils are subjecied to an ap-
propriste screening process to identify recombinant
cells producing the carner polypeptide of interest. For
example, lysates of samples of the cultures may be sub-
jected to gel electrophoresis to identify thase producing
2 polypeptide of the size expected for the carrier poly-
peptide. Further analysis may involve one of the ahowve-
described drug-hinding assays

A recombinant microkial strain producing the desired
carrier polypeptide 15 cubiured on a larger scale to pro-
duce the carrier potypeptide as needed

EXAMPLL S

Pharmaceutical Compositios Compr
Carner and Drug

Polymeric

A single- or mulu-dommain version of the polymeric
carrier derived from RBP is reacted with doxorubicin
and for other anthracyclines as described in Example 1.
Einbound drog is removed by gel Altration. Carrice-
batnd drug is then lyophilized with a typical additine
such as factose. Upon reconstitution to form an aquecas
solun the compositen s administered 0 patents
with s Bniproved tumor de y Har
faxicity eorpared o adminisits «F the free drupd
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are expected to be achieved, thersby allowicg higher
dose levels s weii as adrmimstration to patients who are
no tonger eligibic for treatment with adiamyain be-
cause of cumulative carciac toxi The slow release
of the crug from the polymeric carrier also maintains
higher serum concentrations for longer periods of time

From the foregoing, it will be appreciated that, al-
though specific embodiments of the invention have
beer described herein for porpases of illustration, vari-
ous modifications may be made to the invention without
departing from the spifit and scope of the nvention.

We clamm:

1. A 1argeting protein/polymeric carrier/drug conju-
gate comprising a targeting protein covalently bound to
a polymeric carrier that comprises a drug-binding do-
main derived from a drug-binding protein, and a drug
non-covalentiy bound to the polymeric carrier, wherein
the polymeric carrier does rot comprise an entire drug-
pinding protein, but is derived from a drug-binding
domain of said drug-binding protein, wherein the mo-
lecular weight of the polymeric carrier is less than abouat
60,000 daltons, and wherein said drug is an anti-cancer
anthracycline antibiotic, cis-platinom, methotrexate,
vinblastine, mitoxantrone, ARA-C, 6-mercaptopurine,
f-mercaptegnanosine, mitomycin C or a steroid.

2, A targeting protein/polymeric carrier/drug conju-
gate comprising a targeting protein covalently bound to
4 polymeric carrier, and a drug non-covalently bound
to the polymeric carrier, wherein the polymeric carnier
comprises from 2 to about 20 drug-binding domains
derived from drug-binding protein;

whersin the polymeric carrier does not comprise an
-binding protein, bat is derived from

dreg-binding domains of said drug-binding pro-
teinfsh, and the motecutar weight of the polymeric
carrier is iess than about 60,000 daltons.

3. The conjugate of claim 1 or 2 wherein the drug is
selected from the group consisting of an anti-cancer
anthracycline antibiotic, cis-platinum, and methotrex-
ate, and the drug-binding pretein is an aibumin,

4. The eanjugzte of claim 1 or 2 wherein the drug is
a sterpid and the drug-binding protein is a steroid-bing-
ing proleis.

5. The conjogate of claim 4 wherein the drug is an
estrogen of derivative thereof and the drug-binding
protein is a5 estrogen recepior.

6. The conjugate of claim 1 or T wherein the drug s
selected i the group consisting of an anti-cancer
anthracyveline  antibiotic, vinblastine, mitoxantrone,
ARA-C, é-mercaptopurine, f-mercaplogaanosine, and
miwmycin C, and the drug binding protein is ¢-i-acid
goveoprotein

7. The conjugate of claim 1 or 2 whereir the drug is
a0 anti-cancer anthracyeline antibiotic, and the drug-
hinding prodein s riboflavin-binding protein.

8 The conjugate of cluim 2 wherein the polymeric
carrics cemprises from 2 o about 10 dreg-binding do-
mains.

9. The conjugate of claim 2 wherein the drug-bindizg
domains are joined throsgh hifunctional cross-linkers

kU The conjugute of clain: 2 wherein the polvmeric
catrter has from 2w showt 2 anti-cancer drugs bound
thetens,

11 The conjugate of clam | o1 2 wherein the polv-
meris caerisr comprises a peprsds that increases the
I e polyvinernic carrier.

awater sainduisy o
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12 The cenjugate of clam 1 or 2 wherein said targes-
ing protemn is selected from the group consisting of
antibodies, serum proteins, harmanes, enzymes. bio-
logic response madifiers, and fragments thereo
13 The conjugate of claim 12 wherein said targering
pratein s a monocional antibody or a fragment thereof.
4. The conjugate of ciaim 13 wherein said mono-

26

15. A siopw-release pharmacectical composition hav-
ing therapeatic use comprisitg a conjugate of claim 4 m
an aguecus solution.

14. The conjugate of claim 3 wherein the anti-cancer
anthracycline antibiotic is doxorubicin or danncrabicin.

iT7. The conjugate of claim 6 wherein the anncancer
sathreac yeline anfibiotic is doxorubicin or datnsrebicin,

18 The conjugate of clsim T wherzin the anti-cancer

2 1 ihod 1, i £ o
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES
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Bogota, D.C.,
Abogado
EMILIO FERRERO
ASUNTO Radicacion 06-98638
Tramite 011
Evento 378
Actuacion 519
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Patente de Invencion .| Patente de Modelo de Utilidad |
Via Nacionai L
Via PCT (fase nacional) t_j Cap.| L] Cap. |l

No. Solicitud Internacional PCT/US2005/006931
Fecha de Presentacidn Internacional 03 Marzo 2005

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripeidn: Folios 106 a 211 29 Septiembre 2006
Reivindicaciones: Folios 212 a 242 29 Septiembre 2006
Dibujos: Folios 243 a 259 249 Septiembre 2008
Prioridad: US 60.550.014 03 Marzo 2004

2. Objeto de la invencion

Titulo de la solicitud: “composiciones y métodos para diagnostico tépico y transporte
terapéutico”

El problema planteado en esta solicitud consiste en la necesidad de sistema de
transporte de sustancias proteicas, antigenos y acidos nucléicos. los cuales tienen
dificuitad para pasar la barrera transdérmica.

Para resolver este problema técnico la solicitud en estudic proporciona
composiciones y kits que comprenden una proteina bioldgicamente activa que
excluye insulina. toxina botulinica , VEGF, y fragmentos de anticuerpos y un portador
que comprende una estructura polimérica que tienen unos grupos ramificados
adheridos cargados positivamente y que estan presentes en una cantidad efectiva
para el suministro transdermico, en donde la asociacion entre el portador y Ia
proteina bioldgicamente activa es no covalente.

El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP) AG1K 38/17; AB1K 47/48

EPrmer Arlicuic 45- Expediente 06-98635



%05

3. Excepcibn a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de las reivindicaciones 68 a 84, 93 a 99, 140 a 177 y 184 a 191que se
refiere a un metodo de tratamiento, no es patentable de acuerdo con el Art citado,

4. De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

- El capitulo reivindicatorio no es conciso porque contiene un excesivo numero de
reivindicaciones (191), lo cual hace dificil definir cual es el objeto que se busca
proteger. Asimismo, muchas de ellas reivindican materia de forma repetitiva la
cual no se diferencia entre si y esto no permite definir ni detimitar el objeto de
invencion.

- Las reivindicaciones 4, 5 y 6 reclaman la misma materia contenida en la
reividindicacion 2 por tal razon se sugiere eliminarlas.

- Las composiciones reclamadas en todo el capitulo reivindicatorio no se
encuentran adecuadamente caracterizadas puesto que una composicion debe
caracterizarse por todos y cada uno de sus componentes y proporciones, asi
mismo definir inequivocamente dichos componentes pues llevaria a reclamar un
numero infinito de composiciones. Es asi, que se debe definir el tipo de proteina,
antigeno, o componente no protéico que sirve como agente activo mediante el
uso de sus secuencias especificas, ya que no puede definirse solo por su peso
molecular ya que existen en la naturaleza toda serie de moléculas con dicho peso
molecular.

- Las rewvindicaciones 11a13,15a 17 21a25 26a29 37a39,41a43 47 a 50,
52 a 55, 69, 65, 86, 102 a 104, 106 a 108, 112 a 115, 117 a 120 y 130 tienen Ia
expresion “aproximadamente” la cual es imprecisa y no permite distinguir la
invencion del estado de la técnica. De igual manera estas expresiones ocasionan
que se presenten multiples posibilidades de composicion. Se sugiere sustituir
dichas expresiones o por un término preciso o un rango concreto.

- Las composiciones de las reivindicaciones 3, 7 y 34 estan caracterizadas por un
resultado a alcanzar, puesto que hacen referencia a que dichas composiciones
provee mayor suministro transdérmico. Lo anterior no es valido ya que la
reivindicacion incluiria no sélo la solucién propuesta por el solicitante, sino todas
las alternativas presentes o futuras que lleguen a ese resultado. Se sugiere
reemplazario por las caracteristicas esenciales, estructurales o funcionales, que
contribuyen a la obtencidon de ese efecto

- Las rewindicaciones 8, 35, 63, 89, 91, 133, 135, 137. 138, 181. 182 no
caracterizan adecuadamente la composicion y el kit reclamados puesto que estas
incluyen como caracteristica técnica esencial la funcion 5 uso de dicha
composicion o kit.

- No hay coherencia entre lo reclamado en el capitulo descriptivo y lo divulgado en
el capitulo reivindicatorio. ya que, la reivindicacién 2 y dependientes hacen
especial énfasis en que la proteina biolégicamente activa excluye la toxina
botulinica y los ejemplos 5 a 8 hacen referencia a composiciones que contienen

Primer Articulo 45- Expediente 08-98638

&

)



306

como componente activo principal la toxina botulinica, se requiere al solicitante
aclarar dicha inconsistencia.

Las reivindicaciones 60, 87 y 131 que hacen referencia a una composicion de
lanzamiento controlada deben ser eliminadas del capitulo reivindicatorio ya que nc
se encuentran soportadas en el capitulo descriptivo.

La rewvindicacién 180 hacen referencia a agentes de imagen denominados Cy3.
Cy3.5, Cyb, Cy5.5. Cy7, Cy7.5, Oregon green 488. Oregon green 500, Oregon
green 514, proteina fluorescente Green 6-FAM, Texas Red, Hex, TET y HAMRA,
los cuales corresponden a una marca registrada y por tanto no definen al
producto. Se sugiere aclarar cuales son las caracteristicas del producto en
cuestion.

l.as reivindicaciones 1, 33, 61, 100, 178 contienen las expresiones “cantidad
efectiva para el suministro trasdérmico”, “aplicador habitual”. “placa de unas
protésica’, las cuales no permiten distinguir la invenciéon del estado de la técnica.
Se sugiere sustituir dichas expresiones por terminos precisos.

Las expresiones “proteina bioldgicamente activa’. “estructura polimerica”.
‘polipeptido cargado positivamente” . “proteina terapeutica que se presentan en
las reivindicaciones no definen el tipo de compuesto, su estructura o su
naturaleza. Se sugiere definir la proteina y el polipéptido reclamado por sus
secuencias.

Para las reivindicaciones 24, 25,30 a 32, 50 a 58,65, 115a 123 y 134 se deben
establecer las secuencias HIVTAT y Antennapedia PTD o las secuencias de los
fragmentos reclamados. Asimismo, se deben definir los subindices de Ia
secuencia (Gly) (Arg) por aquellos que se encuentran soportados dentro del
capitulo descriptivo.

Se suglere definir claramente las estructuras o la naturaleza de los compuestos
que hacen referencia a "porcion formadora de imagen”y “agente objetivo” dentro
de las composiciones reclamadas, ya que estos terminos son relativos, ambiguos,
y no permiten hacer una comparacion con el estado de la técnica.

Para la reivindicacion 100 y sus dependientes se debe definir inequivocamente
cual es el antigeno que se encuentra en la composicion, ya que solo se enuncia
que estan excluidos insulina, toxina botulinica , VEGF, y fragmentos de
anticuerpos y existen infinitas posibilidades de antigenos dentro del estado de Ia
téecnica.

Las reivindicaciones 178 a 183 que hacen referencia a una composicién que
comprende una porcion formadora de imagen |, un agente objetivo y un portador
no son coherentes con lo divulgado en el capitulo descriptivo. ya que en este
dltimo se hace referencia a composiciones que ademas de contener estos tres
componentes, contienen un agente bioldgico activo; portal razén, se sugiere al
solicitante caracterizar adecuadamente dichas composiciones de acuerdo a lo
divulgado en el capitulo descriptivo.
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5. Unidad de invencién (Art 25 D 486)

La presente invencién se refiere a composiciones que comprenden un agente activo
y un portador que comprende una estructura polimérica que tienen unos grupos
ramificados adheridos cargados positivamente.

El concepto inventivo Unico de la presente solicitud es. por tanto un portador que
comprende una estructura polimérica que tienen unos grupos ramificados adheridos
cargados positivamente.

La busqueda ha revelado que el concepto inventivo Unico es conocido. ya que el
documento D1 (folio 297, pagina 12, linea 16 a 25) divulga un vehiculo que
comprende una estructura polimerica que tienen unos grupos ramificados unidos
cargados positivamente, en donde la asociacion entre el vehiculo y el agente activo
es no covalente.

Como dicho concepto inventivo Unico es conocido por ello, no se cumple el requisito
de unidad invencion.

Debido a que tampoco se encuentran otras caracteristicas que puedan considerarse
como elementos técnicos particulares, no hay unidad de invencion.

For lo tanto, existen los siguientes grupos de invenciones:

Grupo 1: Reivindicaciones 1 a 32 y 61 a 66 relativas a una composicidén y un kit que
comprende una proteina biologicamente activa y un portador que comprende una
estructura polimérica que tienen unos grupos ramificados adheridos cargados
positivamente y que estan presentes en una cantidad efectiva para el suministro
transdérnuco, en donde la asociacion entre el portador y la proteina biologicamente
activa es no covalente.

Grupo 2: reivindicaciones 33 a 60 y 85 a 92 relativas a una composicion y un kit que
comprende un agente bioldgicamente activo sin proteina sin acido nucléico y un
portador que comprende una estructura polimerica que tienen unos grupos
ramificados adheridos cargados positivamente y que estan presentes en una
cantidad efectiva para el suministro transdérmico, en donde la asociacion entre el
portador y la proteina biologicamente activa es no covalente

Grupo 3: rewvindicaciones 100 a 139 relativas a una composicion y un kit que
comprende un antigeno adecuado para la inmunizacion y un portador que cormprende
una estructura polimérica que tienen unos grupos ramificados adheridos cargados
positivamente y que estan presentes en una cantidad efectiva para el suministro
transdeérmico, en donde la asociacion entre el portador y la proteina bioldgicamente
activa es no covalente.

Grupo_6: reivindicaciones 178 a 183 relativas a una composicion y un kit que
comprende una porcion formadora de imagen y un agente objetivo y un portador gue
comprende una estructura polimernica que tienen unos grupos ramificados adheridos
cargados positivamente y que estan presentes en una cantidad efectiva para el
suministro transdérmico, en donde la asociacion entre el portador y la proteina
bioldgicamente activa es no covalente.

NOTA: Es importante mencionar que la materia reclamada en la presente solicitud
(totalidad de los grupos inventivos mencionados). ya se encuentra contenida en las
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solicitudes colombianas 06-98637 y 06-98643 radicadas por el mismo solicitante en
la misma fecha de presentacion de la presente. Por lo tanto se sugiere al solicitante
escoger una de las tres solicitudes para seguir con el tramite correspondiente.

Para el presente concepto técnico se hara el analisis de patentabilidad de los grupos
inventivos 1y 2.

6. Determinacion del Estado de la Tecnica

El Estado de la Técnica se determind con base en la fecha de presentacion de la
solicitud de prioridad (03 Marzo 2004) y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

Iitem . Documento | Titulo Fecha de
Publicacion

D1 | WO003/072049  nductionofhairgrownwith g, o oo 9003
b . vascular endotelial grown factor
Controllably degradable
polymeric biomolecule or drug
carrier and method of
_synthesizing said carrier
Polymeric carriers for non-
covalent drug conjugation

| ‘:
D2  US2003/0215395 | 20 Noviembre 2003

D3 | US5252713 ; 12 Octubre1993

D1 (folios 297 a 299) divulga composiciones y kits que comprenden la combinacion de un
agente proteico (VEGF) y un vehiculo comprende una estructura positivamente cargada que
tienen unos grupos ramificados unidos positivamente, en donde la asociacion entre el
vehiculo y la proteina bioldgicamente activa es no covalente
URL:http://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODQCA&!=0&adjacent=tr
ue&locale=en_gb&FT=D&date=20030904&CC=WO&NR=03072049A2&KC=A2

D2 (folio 300) divulga polimeros cationicos utiles como vehiculos de agentes bioldgicamente
activos como son, proteinas, acidos nucléicos . ribozimas. etc.

URL:http.//worldwide. espacenet.com/publicationDetails/hiblio?DB=EFPODQC&I|=0&adjacent=tr
ue&locale=en_gb&FT=D&date=20031120&CC=US&NR=2003215395A1&KC=A1

D3 (folio 301 a 303) divulga portadores polimeros de tipo polipeptido que se unen de forma no
covalente con agentes activos (farmacos) y sirven como agentes antigénicos par blancos
farmacologicos.

URL hitp:/iworidwide espacenet.com/publicationDetaiis/biblio?DB=EFPODQOC&!=0&adjacent=1tr
ue&locale=en_gb&FT=D&date=19931012&CC=US&NR=5252713A&KC=A

7. Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)

Grupo Inventivo 1.

La reivindicaciéon 1 consiste en una composicion que comprende una proteina
biologicamente activa y un portador que comprende una estructura polimérica que

tienen unos grupos ramificados adheridos cargados positivamente y que estan
presentes en unha cantidad efectiva para el suministro transdérmico, en donde la
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asociacion entre el portador y la proteina biologicamente activa es no covalente.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Tecnrica
 _ Caracteristicasesenciales DI
_Composicon __ Composicion o
‘ Proteina biolégicamente activa
' Proteina biologicamente activa (factor de crecimiento vascular endotelial —
‘ : VEGF)

- un portador unido de manera no covalente al
! agente activo

L - gue comprende una estructura polimérica
que tienen unos grupes ramificados
adheridos cargades positivamente

- al agente activo
- una estructura positivamente cargada
(polilisina o polletilencimina) que tienen
unos grupos ramificados unidos
. cargados positivamente (HIVTAT).

Las caracteristicas esenciales de la composicidon de la reivindicacion 1 habian side
divulgadas previamente en D1, el cual da a conocer una composicion que
comprenden la combinacion de manera no covalente de un agente proteico.
denominado factor de crecimiento vascular endotelal - VEGF (folio 297, pagina 11
linea 25 a 30}y un vehiculo que comprende una estructura positivamente cargada
seleccionada de una cadena de aminoacidos (lisina. glicina, arginina, ornitina, etc )
(Folio 297, pagina 13. linea 4 a 8) ¢ un componente no peptidilo como
polietilencimina (folio 297, pagina 12, linea 23 a 25). Dicha estructura cargada
positivamente a su vez tiene ramificaciones positivamente cargadas que
comprenden uniones (Gly) (Arg) o HIVTAT (folio 298, pagina 14, linea 11 a 21).

De igual manera D1 hace referencia a la presencia de otro tipo de acidos nucléicos
(folio 298 pagina 19, linea 11 a 15), agentes bioldgicos (folio 299, pagina 21. lineall
a 33; pagina 22, linea 5 a 9) y marcadores (folio 298, pagina 18. linea 26 a 33).
Dentro de los agentes biologicos que pueden estar dentro de dichas composiciones
se encuentran componentes no proteicos tales como agentes antifungicos (folio 299,
pagina 22, linea 25 a 27) y dentro de los acidos nucléicos se encuentran peptidos
antigénicos para virus como el HIV y el virus de rabia (folio 299, pagina 21, linea 2 a
5).

En consecuencia, la reivindicacion 1 no es nueva, segun lo divulgado en el
documento D1,

Las reivindicaciones dependientes 7 a 32 y 61 a 66 no mencionan alguna
caracteristica que haga nueva a la composicion de la reivindicacion 1, por lo cual se
considera gue no son nuevas.

Grupo Inventivo 2.

La reivindicacion 33 consiste en una composicion que comprende un agente
bioldgicamente activo no nucledtido, no proteina y un portador que comprende una
estructura polimérica que tienen unos grupos ramificados adheridos cargados
positivamente y que estan presentes en una cantidad efectiva para el suministro
transdeérmico, en donde la asociacion entre el portador y la proteina bioldgicamente
activa es no covalente.
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Comparacion de las caracteristicas técnicas esenciales. con las del Estado de la Técnica:

. Caracteristicas esenciales D2 N ‘ D3

| Composicion ; Composicién . Composicion

agente bllo'loglcamente 'acttvo ' Lipidos o carbohidratos Antl|o|ot|co‘s

' No nucledtido, no proteina ‘ - anticancerigenos.

i un portador unido de manera :
no covalente al agente activo

1’ Portador polimerico

' cationico (polilisina o : Un portador polimerico de
- gue comprende una I T , - , . ‘
g ) A polietilenoimina) que tienen ° tipo polipeptido con uniones
1 estructura polimérica que | Sy SR
tienen unos grupos I unos grupos ramificados 1 cationicas
| g | unidos cargados i (esteroides - albumina)

ramificados adheridos . positivament
i cargados positivamente P

Frente a D2

Las caracteristicas esenciales de la composicidon de la reivindicacion 33 habian sido
divulgadas previamente en D2, el cual da a conocer un portador polimerico cationico
que se une de manera no covalente por sus terminaciones cationicas a un agente
biolégico (folio 300, abstract; pagina 13, reivindicaciones 1y 9) seleccionado entre
lipidos, carbohidratos y péptidos (folio 300, pagina 13. reivindicacion 10).

Dicho portador polimerico puede escogerse de una cadena de polietilenimina (Pl) o
polilisinas (PLL) (folio 300, pagina 13, reivindicacion 3).

En consecuencia, la reivindicacion 33 no es nueva, segun lo divulgado en el
documento D1.

[.as reivindicaciones dependientes 34 a 49y 89 no mencionan alguna caracteristica
que haga nueva a la composicion de la reivindicacion 1, por lo cual se considera que
no son nuevas.

Frente g D3

Las caracteristicas esenciales de la composicion de la reivindicacion 33 habian sido
divulgadas previamente en D3, el cual da a conocer conjugado que comprende un
portador polimerico y un agente biologico de tipo farmaco (folio 303, columna 17,
ejemplo 5; folio 303, reivindicacion 1). Dicho portador comprende diferentes puentes
o dominios remificados de unién proteica y estan conformados esencialmente por
polipeptido (folio 301, columna 3, linea 48 a 60; folio 302, columna 11, linea 20 a 30)
los cuales se unen a estructuras como albumina y esteroides (folio 301, columna 5,
linea 10 a 30).

En consecuencia, la reivindicacién 33 no es nueva, segdn lo divulgado en el
documento D1,

Las reivindicaciones dependientes 34 a 39 no mencionan alguna caracteristica que

haga nueva a la composicion de la reivindicacion 33, por lo cual se considera que no
s$on nuevas.
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8. Conclusién

LLos requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

! 'Requisiio que

Item ' Documento Reivindicaciones afectadas

\ A ) ) ) . afecta

D1 WO003/072049 | 1,7a32y61a66  Novedad

D2 US2003/0215395 | ~ 33a49y89 ~ Novedad
D3 USH252713  33a39 | ~ Novedad

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica gue debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en elnumeral 5.2, literal e). del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijaciéon en lista, de fecha

Elaborado por: Ana Delia Pinzén Garci%
Revisado Por: Jacqueline Alfonso » }

Aprobade por: José Luis Salazar L.opez
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