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RAGH FUSION PROTEINS

Thig ,,qr‘ie:atm;) clamms priority to United States provigiomal application for

patent number 60/943, 994, filed June 14, 2007, the entire contents of which are

FIELD OF THE INVENTION

The presend nveation rolates genorally to advanced ghy

wation ond products
{AGET) and more specifically to cortain fusion proteins that comprise the receptor
for advanced ghyeation end products ("RAGE™)L Fusion proteing of the invention
bind 10 AGE and other RAGE higands (e.g., S100 and HMGB1} and compositions

compristag fusion proteins of the wvention may be used for the treatment of diseases.

53

BACKGROUND

Advanced glycation end products (AGE) are the result of nonenzymatic
sivestion and oxidation of protems, They appear under stress refated circomstances
weluding in sutoimmune cotnective tissue discases, and may o in inflamed tissue
due to the oxidation or the myeloperoxidase pathway, AGE have beon maplicated in
a umber of disbetes related complications.  For example, the characteriatic structural
changes of disbetie nophropathy, thickened glomerylar bagement mernbrane and

GE, leading to

glomendosclerosis and interstitial fibrosis. Prolonged mfusion of nondiabetiv o
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AGE has led to the development of sirodar morphologienl changes and

sigmifloant proteinuria. AGE inhibitors such as aminoguanidine have been shown to
prevent diabotic neplropathy 1o disbetic animal models and were recently shown to
do the same w one clinical trial on disbetic patients. Also, AGY are g well validated
therapeutic target for disbetic retinopathy. Extensive diabetic naurine and rat studies

have demonstrated the benefit of inhibiting AGE formation in treating this disease.

Atherosclernsis s significantly accelerated in digbetic patients and is
associated with greater risk of cardiovascular and corebrovascolar mortality. Animal
and Iniman studies Bave suggested that AGE play o significant role in the formation
and progression of atherosclerotic lesions, Inereased AGE acowmidation in the
diabetiv vascular tissues has been associated with changes in endothelial cell,

macrophage, and smooth musele cell function,
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AGE interact with cell surface receptors on monoeytes, macrophages,
endothelial cells of the microvasculatge, smooth muscle cells, mesengisl cells, and
aewrons. The vreceptor for advanced ghycation end products (RAGE] 18 a member of
the immunpglobulin superfiamily of coll surface receptors. RAGE s made up of three
extracciiular immunoglobulin-like domaing, & transmembrane domain, and a
eytoplasmic domain that s fovolved 1o signaling, RAGE binds waaltiple ligands in
addition to AGE including S100/calgranuding, ampheternyHMGOGB L, and anyloid
fibrids, RAGE aots through a signal cascade ivolving NFE-xKB. RAGE expression i
up-reguiated in the presence of RAGE Hgands and is elevated in joinis of subjects

with rheumatoid arthnitis (RA L
RAUE hag a secveted isoform lacking a travsmembrane domain calied soluble

RAGE RAGE). Admimstration of sSRAGE has been shown o restore wound

s
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Goova, ot all 2001 Am. A Pathol 159, 3’13—525} andd suppress dinbetic
atherosclerosis (Park, et al. {1998 Nar Med 409% 3131 Fusion proteins
consisting of a RAGE Hgand binding element and an immmumoglobulin element are
DO4/016229 A2 (Wyeth, Madison, M1} and US Patent App.

Publication 2006/8057679 A {OKeete, T, etal.)

’?9‘

There exists a need for novel methods of treatment of AGE-mediated discases
such as diseases that are associgied with an elevated amount of AGE. This need and

others are met by the present invention

SUMMARY OF THE INVE

The present invention provides materials and methods for the treatment of
diseases associated with an elevated amount of AGE. In one smbodiment, the present
invention provides a fosion protein comprising af least one polvpeptide comprising:

{a} a first amino avid sequence at least 95% identical to 3 mammalian receptor tor
advanced ghyeation end product {RAGE] ligand binding domain, the first amine acld
sequence capable of binding a RAGE higand; and {(b) a second amine acid seguence at

feast 95% identical t a human heavy chaln immumoglobulin 1gGd constant domain or

&

g

a fragment thereot], wherein the first amune acid seguence comprises at least one

e

mutation velative to g wild type RAGE figand binding domatn. In one embodiment of

the invention, a fusion pretein of the invention may further comprise a Hnker

sequanee between the first amino ackd sequence and the second amino acid sequence.

o]
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b some embodiments, the RAGE ligand binding domain may be from a mammalian

. ~

RAGE, for cxample, a lmman RAGE. A suitable manymalian RAGE Hgand binding

domain may compnse aming acids 1344 of SEQ 1D NO: 6 or amine acids 24-344 of

SEQ D NO &, In one embodiment, a fuston protein of the invention may comprise

at amnno acid sequence selected from the group consisting of SEQ D NO: 2, SEQ ID

MORE, SEQ ID NG, and SEQ ID NOS., In one embodiment, an isoisted fusion
otein of the inrvention comprises SEQ D NO® or SEQ ID NOE, In another

en‘ibndimen‘i, an wsolated Rasion protein of the invention consists of SEQ 1D NOua

>,,

\

SEQ B NOGIR, In some emboediments of the tovention, Rsion proteing of the
mvention may further comprise a linker between the RAGE amino aeld sequense and
the Iotrd amine acid sequence. The present mvention also contemplates nucleie acid
molecules {e.g., DNA or RNA molecules) encoding the fusion proteins of the
invention as well as host cells expressing the nucleic acid molecules encoding the
fusion proteins of the invention.

The present invention further provides for a phanmacesticad composition

comprising 8 fusion protein of the invention and a pharmaceutivally svcepiable
§ 24 B a4 3

ciptent or difwent,

The present invention provides methods of treating diseases mediated by
AGE. Such disvases invlude any disease characterized by an increased aroount of
AGE in a subject, for example, 8 mammal such as a human. Methods of freating an
AGE-mediated disease comprise administering to a subject having an AGE-mediated
disvasy « therapeutically effective mpount of a pharmaceutical composition
comprising a fosion protein of the invention.  Examples of discases that can be treated
by the methods of the invention include, but are noet limited to, diabetic nephropathy,
rheumatord arthritts, and autoimmune diseases such as dermatitis, glomenuionephribis,
nmftiple selerosis, vveitis ophthalmia, antoinumune pulimonary winflammation, insudin
dependent diabetes mellitus, autolmmune inflammatory eve, systemie lapus
ervthematosas, insulin resistance, rheumatoid arthritis, diabetic retinopathy, and
scleroderma Any fusion protein of the invention may be used in the practics of the
methods of the invention. In one embodimuenyt, methods of the invention way be
praciiced using a fosion protein comprising SEQ 1D NOWo or SEG 1D NGHE. In
another embodiment, methods of the Invention may be practiced using & fusion

protein that consists of SECQ D NO6 or SEQ ID NOR.

N

Lod
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trmrial

I another enabodiment of the nvention, the present invention provides

%

methods of lowering the lovels of Hgand bound by RAGE in a mammal {e.g., a

B

yuman i need thereef. Such methods may comprise administering to the mammal a

RAGE hipand-lowering amount of a fusion protein of the invention.

in other envbodiments, the invertion provides for g recombinant expression

vector comprising the DNA sequences of the invention; a host cell fransformed,

g

transduced, or transtected with the vector; and a process for producing a fu
protein, which comprises culturing & host cell transformed, tramsduced or traustocted
with a nueleic acid encoding g fusion protein of the mvention under conditions

oy

suitable to offect expression of the fusion protein.

~

The mvention further provides compositions comprising the present fusion
protein or fragments thereol In some enshodinents, the mvention includes
compositions comprising the present fusion protein or fragments thereof to which a
radioisotope, chelator, toxin, fluorochrome, brotin, peptide epitopes such as hig-tags,
mye-tags, or sugars are divectly or indirectly sttached, Other embodiments of the
imvention include the present fusion protein fused with another protein for the
purposes of altering the biological halfiife or function and glycosylation variants of

the fusinn protein

These and other aspects of the present invention will become evident upon

reference o the following detatled deseription

BRIEF DESCRIPTION OF THE DRAWINGS

Figure | is a bar graph showing the effects of an exemplary RAGE-Ig fusion

Docy

protein on lenkostasis in a streptozotocin-induced diabetic mouse madel

Piguves JA-ZD are bar graphs showing the effects of an exemplary RAGE-Ig
fusion protein on retinal vascudar pormeability in various reting lsvers in a

streptozotocin-induced diabetic mouse model.

Figure 3 i3 a bar graph showing the effects of an exemplary RAGE-Tg fusion
proten on the miration of vetingl proteins in a streptorotocin-induced dirbetic mouse

mndal,
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{0018} Figure 4 s a bar graph showing the effects of an exemplary RAGE-1g fosion
profein on the retinal expression of OAM in a streptorotocin-induced diabetic mouse

moded,

{0019 Figare 3A1s & bar graph showing the effects of an exenaplary RAGE-Iy fusion

profein on the number of avellular capillaries observed per square mm of retinal tssue
wn digbetic wice after 10 months of dinbetes. Figure SB is a bar graph showing the
effects of an wremplary RAGE-1g fusion protein on the number of perigyie

1000 capillary colls obsorved in dinbetic nuce after 10 months of diabetes.

LG20H Figure © 13 & bar graph showing the effects of an exermplary RAGE-Ig fusion
protein on the 30% response to touch threshold in diabetic mice after 1 months of
diabetes.

100211 Figure 7 provides a How chart showing the experimentsl protocol of Example
3.

100221 Figure § s o Hoe graph showing the effecty of an exemplary RAGE-Ig fusion

protein on test animal weights in a type-1 collagen induced arthuitis mouse model.

T35 Frgure 915 a bar graph showing the effects of an exeroplary RAGE-Ig fusion
pretein on the ncudence of arthrits in a tvpe-1i collagen mduced arthritis mouse

model,

(02

"-)
LA-

Figare 1818 a bar graph showing the effects of an exemplary RAGE-{g fusion

£

pmt.sin on the onset of arthnitis in a type-Il collagen indueed wthritls mowse model

{O25] Figurs 11 iy a line graph showing the effects of an exemplary RAGE-Ig fusion

protein on ncidence of arthritis as g function of tme 1n a type-H collagen induoced

{00261 Fignre 12 is a Hne graph showing the effvcts of an exemplary RAGE-1g fusion
profein on the severity of artheitis as a fonchion of time in 8 type-11 collagen induced
arthritis mouse maodsl.

{0277 Figurs 13 iy a line graph showing the effects of an exemplary RAGE-Ip fusion

protein on the number of arthritic paws observed as a function of tme ina type-il

collagen induced arthritis mouse model,

A
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Yigures 14A- 1410 are photomicrographs showing the effects of an exemplary
RAGE-Ig fusion protein on joint morphology as a fonction of increasing amounts of

the fusion protein in & type-il collagen induced arthritis mouse model,

Figure 13 18 o bar graph showing the effects of an exemplary RAGE-Ig fusion

predein on syoovitis {hlack barsy and pannus {grey bars) 1o o type-1l collapen induved

arthritis monse model

Figure 16 1s 2 bar graph showing the effects of an exenmplary RAGE-Ig fusion

£a

profein on margingl croston {hlack bars) and architectural changes {grey bars) nna

s

type-1 collagen induced arthritis wionse wodel.

Figare 17 iz a bar graph showing the effects of an exemplary RAGE-Ig fusion

-

protein on overall histologieal arthritis score in a type-IT enllagen induced arthritis

Figure 18 1s a bar graph showing the effects of an exenmplary RAGE-Ig fusion

prodein on joint matnix protem loss moa type-Ii collagen induced arthritis mouse

Figores 194-190 are photomicrographs of toluwidine blue stained sections

showing the effects of an exemplary RAGE-Ig fusion protein on joint mairix protein

e

na type-l collagen wnduced arthritis mouse model,

o
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PRETATLUED DESCRITPION OF THE INVENTION
Definitions

As used herein the terns "receptor for advanced glyeation end prodect” or
RAGE refer to protews having amino acid sequences that are substantially sinilar to
the native mammalian RAGE amine sad sequences and function 10 Mind one or more
RAGE Ligands in a Hgand-receptor specific manner. The terms “advanced ghveation

end product” and “AGE” refer o a heterogeneous group of molecules formed from

the nonengymatic reaction of reducing sugars with free amino groups of proteins,

a

fipids, and mocleio acids as deseribed asbove,

As used herein, 3 "RAGE ligand binding domain™ or “RAGE-LBD refers to
sy mammalian RAGE pretein or any portion of & mammahian RAGE protein that
refains the ability to bind 2 RAGE lpand in a ligand-receptor specific manner,

Specifically, without mitation, a RAGE ligand hinding domain inclodes g
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polypeptide having one or more extoacellolar domains of a transmembrane RAGE

profein. With referernce to Table 6, a suitable RAGE-LBIY may comprise at least

aming acids 1-8%, or amino acids 24-99, or amine acids 1-208, or aming acids 24208,

or amsine acids 1-3481, or amino acids 24-301, or amune acids 12344, or amino actds
344 o REG IDNOS.

The torm "isolated,” ax used 1 the context of this specification to define the
purity of the fuston gprotein, means that the profein is substantiaily free of other
proteins with which # is associated doring production, imeluding without imitation
suhstantially free of other proteins present during expression of the fusion protein
cell enlture medivm, For example, an isolated protein of the fnvention may comprise

Lo 359%, 20-25%, 15-20%, 10-159, 5-10%, 1-5% or loss than about 2% by mass of

N

profein contarminants residual of production processes. Compositions comprising
isolated protems of the tnvention, howsver, can contain other proteins added as
stabilizers, carriers, excipionts or co-therapeutics.

ad heredn, “proten™ and “polvpeptide” are interchangeable,

'/7
—t
ﬁ
&

%
Eanad
[y
&

erein “treating” a disease or disorder refers o improving af

l‘.

sign o svinptom of the subjeet’s disease or disarder,

The term "nucleie acid" refors to polvoucieotides such as deoxyribonucleic
acwd {IINAY, and, where appropriate, ribonucleie acid (RNA)Y, The term should also
be understoad to include, ax oguivalents, analogs of either RNA or DNA made from
icleotide analogs, and, as appitcable to the embodiment being desertbed, single:

sensi or antisense) and double-stranded polynucleotides.

-

The term "or” iz used herein fo meay, and s used hterchangeably with, the

torm "andfor,” unless context clearly ndicaies otherwise.

The term "pervcent 1dentical” refery to sequence wentity between two amino
acid sequences or between two nucleotide sequences. Percent identity can be
determined by comparing 8 position in cach scquence which may be aligned for
purpeses of comparison. Expresston as a percentage of identity refers to a function of
the number of Wdentical amdne acids or nucleic acids at positions shaved by the
compared sequences. Various alignment algorithms anddor programs mav be used,

including FASTA, BLAST, or ENTREZ, FASTA and BLAST are available a8 a4 part

of the GUG sequence analysis package {University of Wisconsin, Madison, Wi, and

0
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can be used with, o.g., default settings, ENTREX is available through the National

Center for Bilotechnology Information, National Library of Medicing, National

Institntes of Health, Bethesda, Md. In one embodiment, the percent identity of two

sequenices can be determined by the QUG program with a gap weight of |, e, vach
¢

arming acld gap s welghted as i it were g single amoe actd or nucleotide mismatch

betwien the Bwo sequences.

Sciuence identity may be determined by comparing a roforence sgquencs or a
subsequence of the refersuce sequence to 8 test sequence {o.g., a nucleotide sequence,

an amine acid sequence, ¢} The reference sequence and the test sequence wre
aptimally aligned over an arbifrary number of restdues termed 8 comparison window.
In order to obtain optimal alignment, additions or deletions, such as gaps, may be
introduced iinto the tost sequence. The percent segoonce wdentity 13 determined by

: the mumtber of positions at which the same residue s present in both

-
okt
e

i
L
%
]
et
bt
1
P
ok
1
P
foss
jv1
st
b,
e

b3

sequences and dividing the number of matelnog positions by the total length of the

o5

sequenees in the comapatison window and multiplying by 100 o give the percentage.

b

H

i addition to the number of roatching posttions, the nwnber and size of gaps is also

constdered in caloulating the percentage sequence identity,

.‘

.

sgquency identity 18 typically determined using compuder programs. &

he BLAST {(Basie Local Alignment Search Tool} program

z

representative program is

pubhicly accessible at the National Center for Biotechnology Information (INCBILL

httpefhwwew nebindmoh.gov/). Thiy program compares segments in a test sequence

h

to sequences i a database to determine the statistical signmificance of the matches,

then wdentifies and reports only those matches that are more significant than g

o3
%)

oo

threshold lovel. & suitable version of the BLAST program is one that allows paps, for

example, version 2.X {Allschud, et al,, Nucleie Acids Res 25(1713389.402 18974

w
Poocd
o5
D
%

Additional suitable programs for identifying ;‘mtcx us with sequence identity &

inttisted BLAST, Fhang, ¢ al, Nuocleie Aads Res 20(1 71 3986-90, 1998} and PSI-
BLAST (Position-Speaific Herated BLAST, Altschul, et al., Nucleie Acids Res

ISOTRA3BG-E02Z, 1997y The programs are publicly available at the NCBI web site

somd

listed above and may be used with the defanlt settings in order to determine seguense

identity according to the wmvention.

Fusion Proteins
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The present invention provides an isolated fusion protein comprising at least
ong polypeptide comprising: {8} a first amino acid sequence at loast 0%, S1%;, B1%,
3%, G484, 5%, D006, B7%, 8%, or 99% identical to & mammalian receptor for
advanced glyveation end product (RAGE) ligand binding domain, the st amino acd
seguencs capable of binding & RAGE Hpand; and (&) a second aming acid sequence at

foast 0%, BI%, D2%, 93%, 84%, 95%, 6%, 97%, 98%, or 99% identical to a human

heavy cham inmunoglobudin IgG4 constant domain or a fragment thereof, wherein
the first aminoe acid seguonce comprises at least one nudation, ov at least two
mutations, or at least three mutations, or 1-4 mutations, or I-10 mutations relative to a
wild type RAGE ligand binding domain. Examples of mutations that may be maden
the fivst amino acid sequence are those that increase the stability of the fusion protein,
for example, by making the RAGE hgand binding domain more resistant to
proteniyiic degradation, such as those that make the fusion protein more resistant to

furin-like proteases. Suitable fragments of the second amine acid sequence nelude

~

fragments that retain the ability to increase the serum halfhife

o~

- of the fusion proteins of

which they are part relative to the serum half life of the same first amine acid
sequence alone, Preferably the first amine acid sequence and the second aming acid
sequence are derived from human RAGE lgand binding domain and human 1gG4.
Fuston proteing of the mvention may comprise One of more aning actd
segences in addition to a RAGE ligand binding domain and an Igh4 constant
domain of fragment thereof. For example, a {uston protein of the invention may
comprise a lnker sequence which may be wserted between the RAGE Higand binding
domain and the Ig@ sequence. Faston proteins of the invention may comprise oue of
maore tag sequences, for example, purification 1ag sequences such as 6-Histidines,
Fasion proteing of the invention may comprise ong or more epitopes recognized by
commercially available antibedies, for exsnple, camye (EQKLISEEDL, SEQ 1D NO:
9} and hemagglutinin {YFYDVPDY A, SEQ 1D NO10} dertved from an epitope {ag

Huenea hemagglutinin profen.

Any mammalian RAGE protein known to those of skill in the art may be used
i the practive of the present inwverntion. Preferably the extracellutar domain of the
RAGE proten will be used to identify a higand binding domain that can be mutated
and used as the Hrst aniine scid sequence of the fusion protein. Suitable example of

manunatian RAGE proteins inclode, but are not imdted to, primate, human (e.g.,

9
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{zenBank sccossion no. NP Q01127 and NP 751947, murine {o.u., GenBank

aceession no. NP3 1431}, camoe {e.g., GenBank accossion o, AAQRIZST), ¢

P
josd

{e.8., GenBank accession no. NP S4578E), feline, bovine {e.g., GenBank accession
no. AAIZ2E), ovine, equine and poreine (o g GenBank accession no. AAQT3Z283)

RAGE domains.

Haae PAGE amino said sequences comprising one or more changes o

¥

modifications with respect to the wild type sequence raay be used in the prosemt

.

invention. Such changes or modifications include, but are net hnvited 1o, point
mutations, deletions from the Nferminal, delettons from the C-terminal, internat
deletions, and combinations thereof. Anyv change or modification may be introduced
mto 8 RAGE sequence for use in the present invention so long as the resulting protein
retaing biclogical activity, v.g., the abidity to bind one or more RAGE Hgands, The
fusion proteins of the inveotion also mchude those with or without endogenous
slycosviation patterns, inchuding without limitation, fuston proteins o which the fust
armine acid sequence iz devived from a mamunalian RAGE Hgand binding domain

I
with or witheut associated native-pattern glyensvlation of the binding domain,

{00507 Any suttable 1gG Fo reglon mayv be used in the practice of the invention,

preferably, from an lgG4 molecule, for example, amino acid residues 149473 of
GenBank secession no. AAHISHES, An IgG region for use in the present invention
=N

TE
o

may be an 1G4 Feregion and may comprise oug or more of the CH2 and O

regions of the Intd moletule,

0511 Examplos of suitabie fusion proteins are provided in the following tables.
TOU52) Table 1 provides the nucleotide seguence of & human RAGE-1gG4 Fe fusion

14
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(0053 Table 1) Human RAGE-1gG4 Fo Fusion Ge
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{06R] Bold text is the amino acid sequence for the RAGE signal sequence, normal
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are sites of the point mutations introduced inte the vartant hRAGE, doubie underling

text 18 the amnoe acid sequence for the peptide hinker, and underlined toxt is the amino
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! sequence for 1pGe Fe region.

HEXPRE

SION OF RAGE FUSION PROTEINS

Fusion protaing of the invention may be produced in any proteln expression

o

systent kv to those skilled in the art, for example, eudaryotic expression systems,
bacterial expressien systems, and viral expression systems. A varlety of host-
gxpression vector systems may be utilized o express the fusion protein of the
invention. Such host systems represent veldeles i which the fusion proteins of the
mvention mway be produced and from which they may be subsequently purified. Such
systems include, but are not Hmited to micreorganisms such as bacteria, veast, insect
cedly, or plant cells. RAGE expressed in yeast or mammalian oxpression systems,
&.g., COS-7 cells, may be similar or shightly different in molecular weight and

glyeosylation pattern than the nattve molecules, depending upoy the expression

Ay

systent. Bapression of RAGE DNAs in bacteria such as B, coli provides non-

givcosylated molevules. Different glveosylation pattesns may be obtained using

baculovival expression systems in inseet cells. Functicnal mutant analogs of
mamnmabian RAGE having tnactivated N-glyeosylation sites can be produced by

oligonucientide synthesis and Hgation or by site-specific mutagenesis techniques.
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i

et

These analog proteins can be produced in a homogeneous, reduced-carhohydrate form

in goodd vield asing veast expression systems,

Nugcleic acid molecules encoding fusion proteins of the invention may be

(f+
=
CA..-.

obtained, and the mucleotide sequence of the polynucleotides determined, by any

method known in the art. In viow of the teachings horem and the known RAGE

polypeptide sequences angd thelr identified or identifiable Hpand Wading ¢

X

the known sequences for heavy chain {gG constant domaing, nucleotide segquences
(34 3 - = L5 e 3 - e - vy S Nt - T v . 3
encoding these polypeptides can be determined using methods well known mthe art,

3

1.2, the nuclentide codons known to encode the particular smine acids may he
assembled ut such @ way to generate a nuclete actd that encodes the fusion protetn of

the invention. Nucleotide codons may be selected based upon the expression svstom

used, for example, by selecting codons that corvespond to more abundant tRNA

molecules present in the expression system, a higher level of fusion protein may be
exprossed. Such a polvbucicotide encoding the fusion protein may be assembled fom
chemteally synthesized oligonucicotides {e.g. as desoeribed in Kudmeier ot Al
e X3

Biotechuigues 17:242{1984), which, briefly, involves the synthesis of overlapping

oligonuclentides confaining portions of the sequence encoding the fuston profel,

annealing and Hgating of those ologonucloetides, and then amplification of the Hgated
oligonuclestides by polymerase chain reaction(s) {PCRY.

o~

Recombinant exprossion of a fusion protein of the invention {including other

1

molecules comprising or alternatively consisting of fusion prowin fragments or
varignts thereof) may require construction of an expression vector{s) containing g

polynucieotide that encodes the fusion protein. Onee a polynucteotide encoding the
fusion protetn of the invention has been obtained, the vector{s} tor the praduction of

the fusion protent may be produced by recombinant DNA technology using

tochoigues well known io the art. Such expression vectors containing RAGE-F

coding sequences may also contain appropriate transoriptional and transiational
controd signals/sequences, for example, ribosome binding sites (i.¢., Kozak

sequences), intermal vibosome entey sitey (QRES), and polyadonylation sites el

Nucleto acid molecudes encoding fosion proteins of the tnvention may be

fransterred o manunalian cells utibiving replication-defoctive retroviral vectors {e.

C“G
X

vectors derved from Moloney murine leskemia vives (MLVY or HIV)Y and

pseudotypad with vesteular stomatitis viros G protein {VSV-G) to stably uwert single

IR
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copies of nucloie scid molecules encoding the fusion protein of the invention into

dividing cells, Retroviral vectors deliver genes coded as RNA that, after entering the

cell, are reverse transeribed to DNA and integrated stahly into the genome of the host
cell, Multiple gene msertions in a single cell mayv increaze the expression and

seevetion of the fuston profein. Mudtiple rounds of infection may also inergase the

R

ntnber of gene copies integrated and thus the ameunt of expressed fusion protein.

B

The mtegrated genel(s) encoding the fusion protein are maimtained in the cells through
t" & oo

o0

cell division by virtue of thety presence in the genomae,

In some embodiments, the present ipvention provides a stablo cell lne that

“

expresses fusion proteins of the invention. One suitable method for the rapid

generation of stable, high protein expressing mammalian cell lines is using the
GPEx™ expression system {{zala Biotech, a asiness noit of Catalent Pharma
Solutions, Middieton, WL, Bleck, Gregory T., Bioprocessingjownal.com
September/October 2005 p1-7). Such a method may entsil producing a replication
defective, pseudotyped retroviral vector based on MMLYV and transducing
mammalian cells (for example, CHO cells) with the vector. The vector may infegrate

uite the gonome of the cells therely prodocing 3 stable eell ine.

PURIFICATION OF ISOLATED FUSION PROTEIN

Isolated fosion proteins of the mvention may be prepared by culturing suitable

kFe
e

hostfvector systenis (o express the recombinant translation products of the present

DNA sequences, which are then purified frony colinre media or cell extracts nsing

3

techniques well known in the art

For example, supernatants from systens which seerefe recombinant protein
into culure media can be frst concentrated using # commerciatly available protein

concentration filter, for example, an Anucon or Mitlipore Pellicon ultra filtration wmit.

Following the concentration step, the concenirate can be applied to a suitable

purification matrix. For example, a suttable affingty matrix can comprise, for
example, an AGE or lectin or Protein A or Protein G or antibody molecule hownd o &

suitable support. Alematively, an anjon exchange resin can be employed, for

example, a matrix or substrate having pendant disthylaminosthyl (DEAE) groups.

oo

he matrices can be acrylamide, agavose, dextran, cellulose or other types commonly

employed in protein purification. Alternatively, a cation exchange step van be

X

o
B
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emaployed. Suttable cation exchangers include varions inseluble mattices comprising

sulfopropy! or carboxymethyl groups. Sulfopropyl groups are preferred.

Recombinant protein produced i bacterial culture is usaally isolated by indfial
extraction from cell pellets, followed by one or more concentration, salting-out,

R

agquenus on exchange or size exchiston chromatography steps. Finally, high
erfeananee Hauid chromatography (HPLCY can be emploved for final purification
steps, Microbial cells emaploved in expression of recombinant manunalian RAGE can
be disrupted by any copventent method, meluding freezethaw oycling, soreation,

mechanical disruption, or use of cell bysing agents.

Fermentation of veast which cxpresses the fusion protein of the invention as a
seereted protetn greatly stoplifies purification. Secreted recombinant protein

resuiling from a large-svale fernmentation can be purified by methods analogous to
those disclosed by Urdal et ol {J. Clromatog, 296:171, 19843, This reforence
deseribes two soguential, roversed-phase HPLO steps {or purification of reconthinant

human GMUOSE on & prepavative HPLEC columin,

PHARMACEUTICAL COMPOSITIONS

Fusion proteins of the invention may be formulated in & manner suttable for
admintsiration o a subject in need thereof, e.g., may be formmlated as phanmaceatical
compositions. Compositions of the Invention may comprise one or movs
pharmaccuticailv-acceptable carrier, excipiont or diluent. As used herein
“vharmaceuticalby-acceptable carrier™ nchudes any and all soivents, dispersion media,
coatings, antitbacterial and antifungal sgents, isotonie and absorption delaying agents,
and the hike that sre physwologically compatible. In one embodunent, the carrier 18
suitable for parenters] administration. A carrier may be suttable for administration
it the central nervous system {e.g., ntraspinally or infracerebrally). Alternatively,
the carrier can be suitabde for niravenous, suboataneoas, miraperitoneal or
intranuscular adminisiration. In another ambodiment, the carrier 18 sudtable for oral
administrafion. Pharmacestically-acceptable carriers inchude steride aquesus solutions
or dispersions and sterile powders for the extemporaneous preparation of sterile
mjevtable solutions or dispersion, The use of such media and agents for
pharmaceutically active sobstances ts well known inthe art. Except insofar as any

conventicnal media or agent is incompatible with the fusion proteins of the invention,

20
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[O080)

use thereod i the phanmacentical compositions of the invention is contemplated.

Supplementary active compounds can also be incorporated into the compositions.

i

Suitable carvters are typically sontoxic 1o recipients at the dosages and

conventrations employed. Ordinarily, the prepavation of pharmaceutical compositions
of the mvention entatls combining the fusion protein of the invention with one or
more of bufhers, antioxidants such as ascorbie acid, low molecular weight fless thay
about 10 residues) polypeptides, proteins, amino acids, carbobydrates including
glucose, trehalose, sucrose or dextring, chelating agents such ax BDTA, glutathione

and other stahilizers and exciplents. Neutral buffered saline or saline mixed with

conspecific serum albumin are exemplary appropriate diluents

ERAPEUTIC ADMINISTRATION QF FUSION PROTEINS OF THE INVENTION

The present invention contemplaies the adminisiration of the fusion proteins of
the mvention in the form of @ pharmaceutical composition comprising the fusion

protein of the invention and a pharmaceutically geceptable dituent ar carrier to

sunbiect {(e.g., @ mamnal particulardy 2 homan) in need thereot The present invention

aise provides amethod fo ting human disease with such compositions.
gise provides amethod {for treating human disease with such compositions

Typically, methods of the invention will comprise adnimistering a
pharmaceutical composition conywising a pharmaceutically effective amowtt of
fusion protein of the invention. The pharmaceutically effective amonnt exaploved
may vary according to factors such as the disease state, age, sex, and weight of the

individual.

A pharmacentically effective amowunt of a fusion protein of the wvention may
be fromr abeart 1 pg fusion protein'! ke body weight of subject to about 330 myg fusion
proteiny’ 1 kg body weight of subject, or from about 1 g fuston protein/] kg body

weight of sabyect to i 300 mp fusion proteiny 1 kg body weight of subleet, or

o

from about 100 pg fusion proteiny'l kg body weight of subject o about 300 my fusion

TS

proteind 1 kg body weight of subject, or from about T mg fusion proteind'l kg body

1

weight of subject to about 500 mg fusion protemy’ 1 kg body weight of subject, or
from about 10 my fusion protemnd] kg body weight of subject to about 308 myg fusion

r kY

profeiny’ 1 kg body weaighs of subject, or from about 108 mg fusion proteny’l kg body

ot

wizight of subject to shout 500 my fusion proteiny’ | kg hody weight of sulbdeet, or

from about 100 yg fusion proteind! kg body weight of subject to about 23 myg fosion

¥
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N

proteind | kg body weight of subject, or from abent 1 mg fusion proteind] kg E‘mdy

&

&

werght of subject to abowt 25 mg fusion profemy’

Lol

{

g body wetght of subject, or from
about 3 mg fusion proteindl kg body weight of subjeet to about 25 mg fusion protein?
I kg body waight of suhject, or from about 10 mg fusion protein/! kg body weight of
subject to about 25 myg fusion proteny’ 1 kg body weight of subject, or from about 15

my fusion protein/! kg body weight of subject to about 23 myg fuston proteind | kg

tod

body weight of subject, or frova about 100 g fusion protein’! kg body weight of

_

subiect to about 10 mg fusion proteind 1 kg body weight of subject, or from about

mg fusion proteny' kg body weight of sulyect to about 10 my fusion protein/ | kg

body weight of subdect, or from about 2.5 mg fusion protein/t kg body weight of

subiect to about 10 my fusion protetn | kg body weight of subject, or from about 3

myg fusion wmoteiny'l kg body weight of subject to about 10 g fusion proteind 1 kg

boddy weight of subjedt, or from about 7.5 myg fusion protein/! kg body weight of
subiodt o about ) mg fsion proteny’ 1 kg body weight of subject.

in spme embodiments, a phamaceatically effective amount of a fuston protein

of the tnvention may be 0.5 mg fuston proten/ kg body weaight of subject, 1 mg

i . S

fusion proteny’] kg body weight of subject, 2 myg fuston protein/l kg body weight of

»

subject, 3 mg fuston protein’] kg body weight of subiect, 4 my fusion proteind/! kg

body weight of subject;, 3 mg fusion proteinvl kg body weight of subyect, & mg futon

protet body weight of subject, 7 mg on proteii'l ke body wetpht of subject,
protein’] kg body weight of subject, 7 mg fuston proteind! kg body weight of subject,

§ myr fusion proteind? kg body weight of subject, 9 mg fusion protein/t kg bady

weight of subject, orl0 mg husion protein'l kg body weight of subject.

A unit dosage form refers to physically disorete units suited ax unitary dosages

for the manuatian subjects {0 be treated) ecach undt containing a predetormined

Fan

guantity of the fusion protein of the invention calenlated to produce the desired
therapentic otfect in assostation with the reguired pharmaceutioad carrter. A unit
dosage form of g fuston protein of the invention may be from abowt Tmyg to about
1060 mg, from about 25 mg to about 1000 mg, from about 50 mg to abowr 1000 mg,
from about 100 myg to shout 100 mg. from abowt 230 myg to about 1000 mg, from

about 560 myg to sbout 1000 my, from about 100 mg to about 300 my, from about 200

myg o abont 300 myg, from about 300 to about 500 myg, or from about 400 mig to about

SO0 mg & unit doze of a fusion proten of the bivention may be about 100 mg, 200

myg, 300 mg, 400 my, 300G mg, 600 myg, or 700 mu.

5 e
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Compositions of the invention may comprise fusion proteins of the invention
at & {ovel of from showt 8.1 wih to showt 20 wi¥G, frovy about .1 wi%h 1o abow 18
wite, from abont 8.1 wite to shout 16 wibe, from shout 81 wide to about 14 wils,
fromy shout 0.1 wits to shout 12 w9, from about 4.1 wi¥s o aboot 10 wit, om
gt .1 wis 1o about 8 wids, from abont 41 wi to abont & wivd, fom about 8.1
wi%% to about 4 wi¥e, from about 8.1 wits to about 2 wite, from about 4.1 withy to
ahout 1w, from about 0.1 wih to about 0.9 wils, from about 0.1 wihh o about 0.8
wite, from bt 01 wids to about 0.7 wits, from about .1 wits o about 1.6 wibs,
from ahout 8.1 wits to about 8.5 wi%, from ghowt 8.1 wi¥d to about .4 wi¥, fom

about 01wty 1o about §.3 wits, or from about 8.1 st to about (.2 wid of the totdd

Wiy ;’if of the Q{H"”Q"O‘ﬂfi\‘ﬁ

Pharnaceutical composttions of the invention may comprise one or mors

4

fusion proteins of the invention st a level of from about 1 wi%s to about 20 widy, fron

»

about 1 witds to about 18 wi%, from ghout T wit to sbout 16 wiSe, Hom abogl 1 wils
to about 14 wids, from about 1 wide to about 12 wit¥s, from about | wits to ghout 10
wity, from about 1wt to about 9 wits, from ahout 1wt 1o about § wids, from
about D widh to ghout 7 wits, rom about 1wt 1o abowt § with, fromabout T wibd o
about & wi¥s, from abowt 1 wide 1o shout 4 wids, from ghout 1wt o abouwt 3 wits, or
from about 1 wi% to about T wils of the total weight of the composition.
Pharmaceutival compositions of the invention may comprise ong of more fasion
proteins of the invention at & leved of about 6.1 wit, about 0.2 wide, sbout §.3 widh,
about O wi®h, abous 8.5 wite, about 0.6 with, abaut 8.7 wie, ahout Q.8 widg, showt

0.9 wite, about | wils, about 2 wite, about 3 wiSe, about 4 wils, about 3 wids, about &

O o

wite, about 7 wide, about 8 wids, or about & wih based on the total weight of the

o

OIIPOSIEION.

Diosage rogimens may be adinsted to provide the eptimum therapeutic

¥
f

response. Vor example, a single bolog may be administered, several divided doses
iy be administered over time or the dose may be proportionally redoced or
increased as indicated by the exigencies of the therapeutic sitastion. I is especially
advantageous to fonmulate parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Compositions of the tnvention nay be

i

formulated and administered by mtravenous, intramuscular, or subcutaneous

T
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ffection. b some embodiments, compositions of the Invention may be administered

H{8R] In some embodintents @ dosuge regimen may entail administering repeat

Py
doses, for example, administeoring & weekly dose. Treatment regimens may entail a

o~ ki

woekly dose for one pertod of time (for example, for four weeks) followed by a less

freguent “maintenance” dosage regimen {for example, one monthly or once

Pe]

himonthlyh Dosage regitaens may be adjusted to achiove the desived therapeutic

&

QuicoOmes.

TG Methods of the invention include methods for suppressing AGH-dependent
mfianumatory responses tn bumans comprising admunisterng an effective amount of a

pharmaceutical composition comprising one ov more fusion protein of the invention.

10093 Methods of the invention include methods of inhibtting AGE-mediated
biological activity comprising administering a pharmaceutizal composition
comprising one or more fusion proteins of the invention. As discussed above, AGE
fas boen iz“npiicﬂ ed in a variety of diseases or conditions such as mutoinmumune
diseases, Auwloimmune disorders discases or vonditions that may be treated,
amelorated, detected, diagnosed, prognosed or monitored using the fusion profein of
the imvention nelude but are not Himited o dermuatitis, glomervlonephritis, multiple
sclerosis, vveitis ophthalna, autotmmune pulmonary inflammation, insubin
dependent diabetes mellitus, antotmmume inflammatory eve, systamic lupus
erythematosus, wsulin resistance, rheumatowd arthrilts, diabetic retinopathy, and
sciernderma,

(081} Other disorders that may he treated or prevented with the methods ofthe
vention may be characterized generally as including any disorder in which an
atfected cell exhibits elevated expression of RAGE or of onte or move RAGE Hgands,
or any disorder that s treatable (Lo, one or more symptoms may be oliminated o
ametiorated) by a decrease in RAGE function. For example, RAGE function can be
decreascd by admimstration of an agent that disrupts the intergetion between RAGE
and a RAGE Hgand.

[0003] The increased expression of RAGE ix assoviated with several pathological

states, such as diabetic vasculopathy, nephropathy, retinopathy, neuwropathy, and other

disorders, ieluding Alzheimer's discase and immune/inflammatory reactions of blood



{

gewees,
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093]

R

vessel walls, RAGE Hgands are prodoced w tissue alfected with many inflammatory
disorders, inwluding arthritis {such as rheumatoid arthritis). Depositions of amyloid in
fnssues cuuse & variety of toxic effects on cells and are characteristic of diseases
termed amyioidoses. RAGE buds to beta-sheet Bibrillar matertal, soach as that found
i amyvloid-beta peptide, Abeta, amyhin, serum annvlod A and prion-derived peptides,
RAGE ixalso expressed at wereased levels in tissues having amylotd structares,
Accordingly, RAGE v invelved in amvloid disorders, The RAGE-amvinid interaction

i3 thought to result i oxidative siress leading to neoronal degeneration.

A variety of RAGE ligands, and particularly those of the ST/ calpranulin and
Amphoterin {HMGB) families ave produced m inflamed tissues. This observation is
true both for acute inflammation, such as that seen in response to a Hpopolysacchande
challenge {as m sepsis) and for chronie mlammation, such as that seen in various
forms of wtlwius, wleerative colitis, mflanmmatory bowel disease, ete. Cardiovascular
discases, and particalarly those antsing frown atherosclerotic plagues, ave also thought
o have a substantial mflammatory component. Such diseuses inchude vuclasive

thrombotic and embolic disvases, such as angina, fragile plague disorder and embohe

stroke, respectively, Tumor cells also svince an increased expression of a RAGE
Hgand, particulardy amphoterin, indicating that cancers are also a RAGE related

- o

distrder, Furthermore, the oxidative effects and other aspects of chronie

inflammation may have a confributory effect to the genesis of certain tumors.

AGE are a therapeutic target fur rheumatowd arthritis and other inllamumatory
dizeases.

Accordingly, the RAGE- related disorders that may be treated with an

¥

inventive compositions tncluds, in addifion to the aotoimmune disorders discussed

above: amyvieidoses {such as Alzheimer's disease), Croha's disease, acute

W

mflammatory discases {such as sepsis), shock {o.g., septic shoek, hemorthagic shock),
cardiovascular diseases (8.g., atherosclerosis, stroke, fragile plagque disorder, angina
and restenosis), diabetes {and particalaly cardiovascular diseases in digbeties),
complications of diabetes, prionrelated disorders, cancers, vasculitis and other

vascuditis synedromes suech as necrotizing vasculitides, nephropathies, retinopathies,

snd newropaties.
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160961 The following examples are provided for sllustrative purposes ondy, and are in

no way intended to Hmit the scope of the prosent invention,

EXAMPLES

HECY SN EHCe were ;".sf:r‘i‘i:mn ad with a fuston

profein comprising extraceliudar domains of mouse RAGE {ammo acid residues 1~

342} fused to the hinge, CH2 and CH3 domains of the mouse [gG2a heavy chain FO

region. The construct was expressed m CHO cells using the OGPEX™ expression

“he segquence of the mouse RAGE sequence used is provided in the

1

following table,

.\_.c‘:\i‘)\\.u

o
g

.
*
N
*

A
e
N

<

4y

where RAGE signad peptide » plain underline, RAGE extraceliular domain = no underling,

Mouse IgG2a hinge region = dophle wnderhine, Mouse [gG2a CHY region = dash underiine,

gl

and Mouse 1gGRa CUH3 region = wavy andeding,

D

EXAMPLE ]

{00991 Effect of RAGE fuston proteins of the invention on streptozotocin induced

diahetes in nnce.

101601 Streptozetocin indoced disbetes in mice is an art recognived maedet for
dishetes induced retingd changes (see Obrosova IG, Drel VR, Kumagest AK, Seabo €
P

acher P, Stevens MJ. Early disbetes-induced biochemical changes in the reting:

trwei

comparizon of rat and mouse models. Diabetologia. 2006 Octr 4901002325333

L0 The present experiment involved 3 treatment groups containing 15 C37BL/6
nyice per group: 1) non-diabetic control; 2) diabetic control containing mice treated

with streptorotocin at $3mgkg on 3 consecutive days before the study starts to induce

diabetes; 3} streptoestocin treated mice that also received 10 pg/day mRAGE-

RES



WO 2008/157378 PCT/US2008/066956

ipGlako injected 1P, 3 injections/week) 4} streptorotocin freated mice that also

o

recetved 10 pgdday mBAGE-1gG2aFe myented 1P, 3 injectionsiwesk; and 5)

rd

sireptozetocin treated mitce that also received 300 pgdday mRAGE-IpG2aF ¢ injected

%

i Diuring the study, the wice were assessed for body weight, blood glucose,

o
v

fg\

2

Iycohemoglobin {GHD), albummuria, and tactile sensitivily as measure of sensory

o

nerve funetion. The mice were sacrificed at the end of the study and assessed for

Ed

-

retinal vascular permeability using a fluorescent probe, leukocyte adherence to retinal
capillaries, and NF-xB-repulated protein expression ({COX-2, HOAM, iNOS).
(02 Results From Two Month Long Study

{1

<

ps

03

Cmmani
=z
b
*(‘:’
W
oo,
sonel

Tects of RAGE-Ig fusion protein on the development of diabetes-
induced alierations in retinal physiology and metabolism in CS7TBUST mice were
studied. The fusion protem was admnustered intraperitoneally at 3 ditferent
concentrations {10 pg, 100ug, and 300 ug) three times per week. No adverse effects

N

of any dose of drug on body weight gain or overall health of the diabetic mive was
seen. Nontasted blood glocose fovels were 1535 £24 mg/d! (mean 280, 3538 3§, 417
+36, 376 436, and 370 £53 in the Non-diabetic control, Diabetic contral, Diabetic +

H pg RAGE-Ig fusion protein, Diabetic + 100 pg RAGE-Ig fusion protein, and

Diabetic + 300 yg RAGE-Ig fosion protein groups, respectively.

{0104} Parameters related {o retinopathy measured in the short-tevm studies were (1}
feukostasis, {2 permeability of endogenous albwmin from refinal vessels, {3) nitration

of retinal pmteins, arigd {4} expression of retinal ICAM and CONCZ.
{01057 1. Leukostasis

106] Methods: At 2 months of dizbetes, blood was removed from the vasculature of
anesthetized animals by complete perfosion with PBS via a hewt catheter, Antmals
then were parfused with fluorescein-coupled Concanavalin A lectin (20 ye/ml in PBS;

¥

Yroos

Vector Laboratories, Bwlingame, CAY as described proviensly {see Joussen ¢f

M

al.,
FASER J 2004 Sep i 812)1450-2), Flat-mounted retinas were imaged via
uorescence microscopy, and the nureber of leukocytes adherent to the vaseular wall

was counted.

(01071 Resulis: A significant invrease in leukostasis was demonsirated in mice that

had been disbetic tor 2 months compared to the nondisheties (P < .03}, Loukostasis

[
.3
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was not inlibited in any of the groups treated with the RAGE-Ig fusion protein {see

Figure 1)
2. Vascular permeandity

Methods: At 2 months of digbetes, eves were ervosectioned (10 wm), fixed in

wethano! for 10 min, and washed 4x in PBS. Each section was incobated in sheep

anti-mouse serum albunin {Abcam, Cambridge MA: ABSR40; 12000 dilution) for 2
hrs. Adler washing, sections were incubated in FT I -abeled secondary antibody {AB
743 110080 ditution) for ¥ min. Under fluorescence microscopy, the average
amount of fluorescence was determined in 3 different sites for sach of 4 retinal layvers

{inner plexitorm layer, inner nuclear laver, outer ploxifonm layer, outer nuclear laver

e

The amount of fluorescence iy cach site was the average of 10 random measurements,
and the amount of fluorescence in cach retina! laver was the gverage of fluorescence

in each of the 3 different sites within that laver,

il

Results:

Diabetes resulbted in 8 significant moerease fivthe fhuorescence m the

nonvascular rebina {ie, due to albumin leaking out of the vessels) o each of the 4

)

retinal lavers studied. The resudts are shown in Figawe 2 {ZA inner plextform layer,
3B inner nuclear layer, 20 outer plexiform Iayer, 20 outer nuclear layver). To gssess
athuamin m the mmer and outer nuclear layers, we intentionally medasured in the thin

space between nuclel, se these numbers might not be as strong as those from the

plexiform layers, where there were no nucler to impair our measurements.
3. Nitration of retinal proteins

Methods: At 2 months of diabates, rotinas were 1solated and homogenized.
Dot-blots were made, blotting SO pg protein horsogenate from each anmimal onto
nitrocellulose membrane, Mombranes were blocked with wmlk (598}, washed, and
nmunostained using anti-nitrotyrosine (Upstate Biotechnology, ne. #05.233; 1500

ditution} for 2 hrs, and then stained with secondary antibody (Bio-Rad goat snii-

mouse IpG-HRP conjugate; 11000 dilution) for 1 hour. After extensive washing,

X

imnunnstaining detected by the antibody wag visualized by enhanced
chemiluminescence (ECL, Sama Cruz Bintechnology, Santa Cruz, CA)

&

fmmimostain-dependent chemifuminescence wag recording on film, and the density of
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the immunestained dots quantitated. Results are expressed as a poreentt of values

detected in the nondiabetic controls.

SRS Results:
19115] Resolts are shown in Figwre 3. Retinal homogenates from diabetic mice

showed the expected ncrease in nitration of proteins, The therapy inhibited this post-
transiational vaodification in a dose-dependent manner, Nitration of profeins is

regarded to b a parameter of both oxidative and witrative stress.

10116} 4. Expression of retinal ICAM and COXA2
10117 Methods: Retinas were tsolated and sonicated, and the supernatant nsed ag

whole retinal extract. Samples {50 pp) were fractionated by SDS-PAGE,
clectroblotied to mitroceilucose membrane, and membranes blocked w Tris-buifered
saling contadning 0.02% Tween 20 and 3% nonfat midk, Antibodies for ITAM-1
{1:200 dilution; Santa Cruz Biotechnology) and COX-2 were applied, foliowed by
secondary antibody for 1 hoor, After washing, results were visualized by snhanced

chemitlominescence.
[O1IR] Results:

{01193 Results are shown in Figure 4. Sinee HCAM- 1 expression on sndothelial colls

plays a eniticad vole in adhesion of white blood cells 1 the vessel wall (feukostasis),

we measwred the effect of diabetes and the therapy on expression of -KCAM-1 in
retina. Two months of diabetes did result in 2 stgnificant increase in expression of
retinal ICAM-1. Administration of the RAGE-{g fuston protein resulted in a dose-

dependent decrease in expression of the JCAM, and the highest dose significantly

]

udnbited this expression
R Expression of an immunostained band consistent with the molecular weight

for COX-2 did not mcrease in diabetes and did not change i animals getting the

therapy {not shown}.

pramany
f
[
foud
Py

Torees

The endpomts use in this short texm study of the effects of the RAGE-{g
fusion protoin were selected because all have been found to be assocated with the

development of the carly (degenerative) stages of dizbetic retinopathy, ig, various

therapies that have been found to inhibit diabetes-induced degeneration of retinal
capitiariey alse have mhulated these defects,
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{0124 {nhibition of RAGE did inluldt abnormalities refated to vasculor pormeability
and ratralive stress i the retina. Nitrative stress also s reganded as ¢ marker of
oxidative stross. The RAGE inhibtor, however, did not inhibit abnormalities relited

o levkostasis,

EXAMPLE 2
(01231 Effect of RAGH fusion proteins of the invention on long-term streptozotocin
induged diabetes in mige.
{0124} Strepiozatocin induced diabetes in mice 15 an @t recognized model for

diabetes induced retinal changes {(see Obrosova IG, Drel VR, Bumagst AX, Szabo C,

(‘/
P
b
-
ey
ooy
o)
P

Pacher P, Stevens M1, Early dizbetes-induced biochenucal changes i the

-

comparison of rat and mouse models. Diabermdogia, 2006 Got 400103252533

]
ot
%]
pr 4]
tanaal

The long torm studies involved § treatment groups vontiindng 35 CSTBL/G

mive per group: 1) non-diabetic control; 23 diabetic control containing mice treated

-

with streptozotosin at 43mp/ke on 5 consecutive days belfore the study starts to indoce
digbetes; 3} stroptozotocin troated mice that also received 10 pe/day eRAGE-
fg32aFe injected 1P, 3 injections/week; 4) streptozotocin troated mice that also

el 3

recetved 100 ng/day mRAGE-1gG2aFe imjected 1P, 3 injoctionsfweek; and 5}

streptozotocin treated mice that alse recetved 300 pp/day mRAGE-1p(2aFe tjectad

iP, 3 injechionsiweck.

13126] During the study, the mice were assessed for body weight, blood glucose,
glyeohemoglobin {GHD), albuminuria, and tactile sensitivity as measure of sensory
nerve function. The mice were sacrificed at the end of the study and assessed for
guantitative histopathology and neurodegeneration m the retina.

0127 Parameters refated to retinopathy measured in the long-torm study were {1}
aceliular capillanies, {2} perieyvte ghosts, and (3} ganglion cells. As amarker of
peripheral newropathy, sensitvvity of the paw to light touch was also measured in the
{ong-term study.

[012%] Dighetes-iaduced retinal histopathology

{0134} After 10 mos of diabetes, eves were fixed in formahn, and one retina from

each animal was isolafed, washed inrunning water overnight, and digested for 2 hes in

crude trypsio solution as we have reported previously., The retinal vasculature was
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F0130]

(0131}

™

isolated by pently distodging neural cellx with a “brash™ made from a single hair,

When totally cleaned of neoral cells, the isclated vasculature was Taid out on a glass

noroscope shide, dried ovenmight, stained with hematoxylin and pertodie acid—
Schaff| dehdrated and coverslipped. Degenerate (aeclinlary capillaries were
guantitated in 67 field mreas corresponding to the midereting (200X magnification) in
amasked manner. Accliular capillaries were Wontified as capillary-sized vessel tubes

§
{

having no puclel aywhere along thelr fength, and were reported per square

itlimeter of rotinal area, Periovie ghosts were estimated o revalence of
mithinwter of retingl area.  Pericyte ghosts were estimated from the prevalence of

oo

iv

protruding “bumps™ in the capillary basement membranes from which pericytes had

&

disappeared. At least 1,000 capillary cells {endothelial cells and pericytesy m 3 field

areas in the nud-reting (400X magnification) i & masked manner were examined.

Chosts on any already aceltular vessel were excluded.
To stady the offecty of digbetes on retinal nourodegeneration, cells m the

ganglion cell layver were counted. Formalin-fixed eves were embedded in paraffing
sectioned sagittally through the reting, gotng through the ophic nerve, and stained with
hematoxyliveeosin, The number of cells 1 the ganglion cell layer were vounted in

3 T |
A

two areas {mid-reting and posterior reting adjacent to aptic nerve} on both sides of the

,-f.-

optic nerve, Comparable areas from both sides of the optic nerve were averaged, and

cxpressed per unit length

Resuits, As expected base on previous work, long-term diabetes resulted i g
sipnificant inerease in the nwmber of degenerate, acellular capillaries inn the reting

")

{Figure 3A). All doses of the RAGE-Ig fusion protein significantly inhibited this

3
o

capiliary degeneration, withowt having any effect en the severity of hyperglyeenia,
Digbetes also tended o increase pericyte degeneration {pericvie ghosts), but the
results did not achieve statistical significance {Figure SBY. We previously have foaend
periovie loss to be much more ditficult to detect in diabetic C37BY6 mice compared
ter diabetic vags or larger species, and we now regard it as an wireliable parameter of
vascular disease i this model. Perhaps ¢ @ vesult of the fattare to deteot stpnificant

N ~

vericyte loss in control dishetics, we did not detect any effect of the RAGE-Ig fusion

Yyes

protein on pericyie loss in those miee

Diabetes did not induce & decresse in the number of cells in the retinad
ganglion cell layer (e, nenrodegeneration) w these CS7BY6 mice. This finding was

&

consistent with a prioy study of this mouse model. In the shsence of an effect of
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diabotes on the retinal newodegeneration, we are unable to assess whether or not the

inhibitor would have had an effect on the negrodepeneration,

{0133 Sensttivity to lght touch {a marker of peripheral nowropathy).
{01343 Pantents with diabetc nevropathy maay exhibit a variety of aberrand sensations

cduding spontaneons pain, pam evoked by light touch and hvperalgesia. There is
accumulating date that diabetie rodents reproduce this hvperalgesia, and develop a

tactile allodynia. bt rodents, this s measured as the paw tactile response threshold,

ROERY Methods: Mice (8 mos disbetes) were transferred to a testing cage with a wire

C‘

3

mesh bottony awd allowed to acclimatize for 10 o 153 min. Von Frey filaments were
wsed o determmine the SU% mechargcal withdeawal threshold for fool withdrawal

series of filaments with loganithunically increasing stiffhess, starting with one that had

5

a buckling weight of U6 g, were apphed in seguence to the plantar surface of the nght

e

i

hind paw with a pressure that caused the filament to buckle. Lifting of the paw was
recorded a8 & posttive response and g Hpghter flament was chosen for the next
measuremnent. I there way no vesponse afler § scconds, the next heaviest fillament
was used afterwards. This mothod was continved until fowr measurements had been
npade atier an initial change in the behavior or until five consecutive negative {6 gy or
four consecutive positive (0.4 g responses had occurred. The resulling sequence of

poaitive and negative scores was used to valenlate the 50% withdrawal response

[136] Results: Diabetes sipnificantly inereased the sensitivity of the paw to hight
touch, meaning that # requived a fower amount of pressure for diabetic animals to
withdraw thelr paw than did nondiabetic antmals (Figore 68} This diabetes-induced
defect was significantly inhibited st cach dose of the sRAGE-Ig fusion protan.

-

fusion protein were

,.,,
c-/
]
]

rreed

Retinopatlyy: The studies condocted using the RAGE-1g

conducted for 2 durations of diabetes: (1) long-term {10 mo) studies to assess the

eifect of the therapy on long-term histopathology of diahetic retinopathy that develop

£

y mice, and {23 2-3 o studies to assess phyvsiologic and molecular effects of the
therapy that presumably underlie the effects on long-term histopathology, The
phvsiolegic and molecular endpoints studied with respect to effects of the RAGE -1z
fusion protein were selected because all have been found 1n other studies to he

wsociated with (and likely causally related to) the developmuent of the early

[
]



TR v R
{0138}

-

P

oo
Lk

WO 2008/157378

01401

>

PSS

+

e

s

PCT/US2008/066956

{degenerative} stages of diabetic retinopathy. All three doses of the therapy cleardy
and sigmificantly inhibited the digbetes-induced degeneration of the retinal
vasculature, Likewise, all three doses of the drug seemed to inhihit also digbetes-

induced increase in retinal permenbility in thewe mice, T

,,, ]

chinteal sigrafic

cance, because the early (nonproliferative} stages of digbetic
retinopathy still ave defined based om vascular pathology {vascular nonperfusion and
degeneration, and increased permeability).

~

1o offect of the therapy on the measured molecular and physiologic

o

7

ey

eudpoints in retinas from dighetic mice was mixed. Inhibition of RAGE did inhibit

.

o

abnormalities refated to mitrative stress, a macker of oadative stress in the retina. The
RAGE inhibitor, however, did not inhibit abronmalities related (o leukostasis, The
fack of effect of the therapy on leukostasis is surprising in that snother group vecently
veported that their sRAGE did ilubit the inerease in leukostasis in diagbetes. Evidence
that we have generated since the strt of our studies using the RAGE-Ig fusion protein

{Digbetes §T1387-93, 2008}, however, indicates that effects of a drug therapy on

N

retinal leukostasis in diabotes does w predict the effect ot the therapy o the
degeneration of retinal capiilaries in diabetes. Thus, the fack of the therapy on retinal
leukostasis in no way diminishes the significance of the observed effecta of the drag.

2

Surprisingly, there appeared to be a dose effect of the drug with respect to
t’ixpresaim of BOAM-1 and nitration of proteins i retings from the dighetic snimals,
whereas this dose effect was not apparent on retinal capillary permeability and
degeneration. This would seam o saggest that neither ICAM nor nitvation ave
involved in the retinal vascular defects in diabetes, although we have data using
ICAM-1 knockoat antmals that argues against this conclusion,
it is clear that the drug did get to the reting, did exert bivlogic effects, and did

demonstrate a significant ability of the drug to inhibit at least the early vascole

festons of diabetic retinopathy.

Sensory newopathy: It has been postnlated by others that advanced glyeation
endproducts {AGEs) and interaction of these AGEs with RAGE induee nxidative

strass, upreguiate WE-KB and various NF-kB-medismted proinflammatory genes in the

1

nerves, ant exageerate nourclogical dysfunction, inchuding altered pain sensation.

The present data Iy consistent with evidence that RAGE-mediated signaling

fad
Lk
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contributes to the development of at least some aspects of diabetic newopathy, and

provides evidence that the sSRAGE-Ig fusion proteny inhubits this process in long-term

EXAMPLE 3

431 Evaluation of a RAGE-1g fusion protein using the Type I Collagen-Induced

Arthaitis Mouse Model.

i Immunization of sosceptible straing of mice with type I collagen, the major

component of joint cartilage, induces a progressive, inflammatory aetheitis {Wooley e
al. Jowrnal of Experimental Medicine 1981 1534688700}, Collagen induced arthritis

o

{CTAY s characterized clinically by eryvthoma and edema, with affected paw width

i

noreases of typivally 100%. A clintcal scoring index has been developed to assess
disease progression to joint distorbion and spondyiitis {Wooley, Methods fn
Enzymology 1988, 162:361.373 ) Histopathology of affected joints reveais synavitis,
pannns formation, and cartilage and bone erosion, which may also be represented by
an index. hmmunological laboratory findings include high antibody levels to type I

collagen, and hypergammaglobulinemia. This model 13 now svell extablished for

o

testing of immmunotherapentic approaches o joint disease {Staines ot al, Brivish

Jowrnal of Rhewmnatology 1994; 33{91798-807), and has been succesafully emploved

for the study of both bislogical and pharmacologieal agents for the treatment of

theumatoid athritts {RA) (Wooley et al. drehritis Riewm 1993, 36:1305-1314, and

Waondoy ot all Jowrnad of Imunedogy 19930 151:6602-6607 ).

1441 Aattagonism of the RAGE receptor is recognived as a potential therapeutio

target in RA. Blockade of RAGE in mice with collagen-induced-arthritis resulted in
the suppression of the clinical and histologic evidence of arthritts, and disesse
amelioration was associated with a reduction w the levels of THFa, 1L, and matnix
metalioproteinases MMP-3, MMP-Q and MMP-13 in arthritic paw tisaue {Hofimam e
al. Gentes fmmun 2002; 3031:123-135). This indicates that the collagen induced

arthrifis ts sensitive to RAGE targeted therapy.

This experiment will evaluate the infloence of RAGE-Ig fosion protetn on
CIA at three doses administered from the tme of immunization with type I collagen.

3, ™ -7
‘*ﬂ ix shownn figure .

fas
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Forty DBA Lacd mice 8-10 weeks of age were obtained from Jackson Labs,

~

facility for a mintmum of 10 days prior to experimentation.

and acchmuatized i the
Al aninals welghed >10 grams at the start of the experiment. Mice wars divided inte

one of four treafment groups: 1) 100 ul stertde PBS by Lp. injection daily; 2) 100

o

sterile PBY coutaining RAGE-{g fusion protews at 10pg by Lp. tnjection daiby; 3} 100

Lo

pl sterile PBS containing RAGE-{g fusion protein at 100 ug by Ly injection datly;

o

and 43 100 ul sterile PBS containing RAGE-Ig fusion protein at 300 pg by ip

mjection datly.
Three days afier the initial dosing, all mice were injected with 108 pg boving
type H collagen in Preund's complete adjuvant {(FCA) intradermally at the base of the

tail, Mice were monitored by daily examination for the onset of disease, which wy

’:;"'/

.,
Q,,

recorded. Mice were welghed weekly, and overall health status noted.  Arthritis

’I

affected animals were clinically asseesed five times per week until ten weeks after
mnmunization, and paw measurements were made three times per week, Mice
withowd signs of arthrifis ton weeks atter immunization were considered disease

negative.
RESULTS

Overall Health and Toxaeity, No acute toxie episodes oeowrred during the
trial, and all andmals survived the deration of the experimagt. The treatment was well
tolevated, and no adverse stgns such as fur matiing or irritabion were observed, The
mouse weights {Figore XY indicate minor changes in weight over the course of the
triad, which s typieal due to transtent weight loss i mndividual animals eorresponding
to the onset of disease. None of these variations between the groups reached

statistieal stgnificanc

o

Incidence and Onset of Arthritis. The terreinal incidence of collagen artiwiys

)

o

the trial s shown in Figure ¥, The control mice reached 100% onset, which 1 not
wrsual i classic vollagen arthritls model, where the typieal incidence ranges from
RO%4-100%. Mice treated with 10 g day RAGE reached an wicidence of 80%, which
was not & significant reduction in incidence. Mice treated with 100 pg day RAGE
exhibited a 60% incidence of arthritls, which was significantly lower than the contred

group {p<L05). Surprising the inadence of arthritis in mice treated with 300 ug

RAGE wax 100%, and thuy sumilar to the controd mu{i‘r‘;{f

"
[
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The wean {and SEM) of the day of discase onset is shown in Figure 18

.y
o
mmmd
{9721
et
L]

[R—

Disease onset was typical in the control group, with & mean day with the first
appearance of artheilis of 38.6. Discase cnset in mive treated with gither 10 pg or 100
g RAGE was nominally delaved 1o 42,3, which did not achieved statistizal
sigmifleance. However, disease onset was significantly delayed (p<0.05) In mice
treated with RAGE a1 300 gg. Therefore, although mice st the high dose did not

exhibit a reduction in dizease incidence, the time to the development of clinically

overt arthritis was markedly increased,

101521 The modulation of the onset of disease by RAGE wreatiment may be readily

p).s.

assessed by the plot of dissase incidence over time (Figure 11). The typical rapid

disease onset characteristio of CLA is observed in the contrel group, while mice
reated with RAGE at either 10 pg or 100 gy resulted in o delay of disease omset and &
fower termingl incidence of artheitis. For approximately eight weeks, mice treated

with 3 ug RAGE developed disease in a similar pattern, but g series of lute arthyitic

siimals resulted in a high disease incidence but delaved disease onset.

ey,
L)
s
LA
Lk
hemnad

{¥sease Severity and Progression. Analysis of the cumrelative joint score in

~\ o

ireated and control animals revealed significant effects of RAGE therapy on the

i

everity of collagensinduced arthnitis (Figure 121 Control mice developed the typical

chronie progressing disease, with a marked increase in the cumulative arthntis index.
Iy comdrast, mace treated with RAGE at any dose exhibited a munked decrease in the

arthritis seore. The difference hetween the conirol and treated groups achieved ahigh

>

3

evel of statistical signtficance (p=<(L001) from Day 43 post immurdzation, and this
difference was muaintained theroughout the tial. Although RAGE therapy of 100
ugfday achioved the lowest arthritis cumulative score, there were no significant

differences between the RAGE groups with respect to the arthritis score, suggesting

that g “threshold” etfect was achieved, rather than @ classic dose dependant effect.

”1
-
P!
.

4
Z
o
Rammad
.
P
5
o
et
o
2

analysis on the influence of RAGE therapy on the nuwmber of arthritic
paws {Figure 13) does show a significant effect on the progression of the disease.
Again, a significant mfluence was observed on the nunber of involved paws from

Day 43 on, The level of significance vaned from p=0.001 to p<0.025, which may
s %

y«h

reflect that the influence of RAGE was more pronounced upon disease severity thas

ved

arthritis progression; however, the maximun number of tnvolved paws (40} is more

=

restricted than the maximum cunndative disease score (1280} Again, there were no
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significant variations between the RAGE treated groups, although the 100 ug RAGE

fa=

3
?

aroup did exhibit the Inghest level of retardation of wtheitis

et
pasah
oo
¢
sy

results suggest that administration of RAGE protein exerted & marked
effect apon collagen-induced avthnitis when administered using a prophylactic
protecel. There were no overt toxic effects of RAGE injection st any dose, and the
treatment appeared to be very well tolerated, The overall disesse meidence was
significartly reduced i mice receiving 100 g daily, and a delay of dissase onset was
abserved in mice treated with 300 pg/day. Hewever, the most obvious indication of
chimeal activity was observed in the reduction of disease score and anthritic paw
count, where o wide separation between RAGE freated mice and control animaly was

Ietected from Day 43 post immunization. At this point, control animals underwent

#

‘«r

the typical progression of severe artheitis, while RAGE treatment at all doses retarded

the disease progression.

Histopathological assessment: Limbs from all mice were rernoved at the
completion of the clintcal assessment stody, and stored in neutral buffered formadin
solotion, Joints were decaleibied for 18 davs i 10% formue aod, dehydrated, and
embedded in paratfin blocks., Sections were cut along a longitudinal axis, mounted

and stained with either hematoxyviin and cosin or Tohudine Blue, Specimens were oud
o approximately the mid Bine, and then sagital central swples monnted fin
svalvation. This allowed a consistent geographic evaliation. Five to ten samples
were mounted {usually 4 ~ ¢ samples per shide). After staining, the shdes were
permanently bonded with coveralips. A minumum of 3 separate sections per specumen
were evaluated i a hlinded fashion, with the evaluator unaware of the group
assignment. O front Hoebs, all elbow, wrist, and metacarpal joints were scored,

while all konee, ankle, and motatarsal joints wore scored on the rear paws. Digits were

bec

ant evaluated, since the sechioning procedure chiminates most PIP joinis. Slides were

24

eealuated for the presence of syaovitis, pannas formution, margnal erosions,
architeetural changes {mostly subluxation), and destruction. An everall scorg, based
wi these collective pounts, was then assigned to cach section. The scoring system was

~

hased as follows:

Synovitis was judged by the thickness of the synovial membrane, and scoved
ay follows:  for loss than 3 cells thick: 1 for 3 - 5 cells thick; 2 for 6 - 10 celis thick; 3

¥

for 18~ 20 cells thick; and 4 for 20 - 30 cells thick.

Ll
o
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#} Pannus formation was scored as follews: € for no pannus formation; 1 for
pannus attachment; 3 for
and 4 for joint space Blled by panius

mieroviilus present; 2 for clear

marked pannus attachment;

10159 Marginal erostons were scored as follows: 0 for no erosions visible; 1 for
minor indontation in area of capsular attachiment; 2 for clear crosions of cartilage; 3
for erosions extend wito sebehondral bone; and 4 £or mggor evosion of bone and
cartilage.

({60 Ay

Architectural changes were scoved as follows: i

{3 for normal foint architecture;
i for cdematous changes; 2 for mmor subluxation of articulating surfuces: 3 for major
subluxation of articelating surfaces; 4

mnminy
o
o
pos
L)
r
v

4 for complete fibrosis and collagen bridgin
The overall seore reflocts: O for classical nonmal joint appesrance; 1 for minor

changes; conststent with remissions may be chintcally normal; 2 for definm
ntlammatory artheitis

3 major wnflammatory, erosive disease; and 4 for destructive,
erosive arthritis,

[a162] Cartilage an

d Bone Matrix degradation. Serial sections wers stained for

cartilage matvix componends using the histochemical stain Tohuidine Blue. The
tohuding blpe se

heles

eetions were evaduated for proteoglvean losa
articular surface was compared to

The staning at the

stannng at the growth plate, and was scored as
sllows: § for No proteoghyean loss; Normal Tolwidine Blue staining; 1 for Minor
proteogivean loss; Some loss of staining from the
Moderate prote

superficial cartifage; 2 for
coglvean &

toss; Weak staining of superficial cartilage: 3 for Signaficand
proteogiyean foss; Mo Toluidine Blue staining of superficial cartifageiand 4 for Major
proteogivean loss; No Toluldine Blue staining of deep cartilage
{0163} RESULTS
101647 Histologieal Findings of Collagen-induced wrthritis. Sections were asse
{'

or the inflanmmatory and erosive

arthnitis {Fig

: paramcters of discase. The appearance of the
e 14} reveals typreal inthaumatory crosive dise

time point m the contral (PBS troated) group, with the typica

al arthritie features of
synovial hypertrophy and hyperplasta, with marked pannus attachment and marginal

ase pathelogy for this

[R5

timent with the RAGE-{g fusion protein

at 1 pgiml (Figure 148) resulted
in moderste changes in the inflanamatory and erosive parametors, with an overall

3
2]
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improvement in the appoarance of erostons and disrupted cartilage surfaces.

Treatment with the RAGE-Ig fuston proteim at 100 pe/mlb (Fignre 1O resulted ina

reduction w pannus formation and erostons compared with the control, and the overall

N

difference was quite marked. However, administration of the RAGE-{g fusion protein

N

than the pathology seen in the saline control, ot was nevertheless quite severe, with
synovial hyvpertrophy and hvperplasia, with marked pennus attachment and marginal

SIOSIONS,

[0106] Analysis of the inflarmatory scores (Figure 15) revested a reduction in the

inflanymation i mice treated with the RAGE-Ig fusion protein at all doses when
compared with control {saline-treated) sunmals. However the synovitis was
significantly reduced (p<0.03) only in the 100 pg/ml group, and the pannus formation
showed similar reductions o scove {p<0.03}). The reductions w the itiammatory
disease parameters observed using the RAGE-g fusion protein at etther 10 pg/imi or

300ugml failed to reach statistical significapee

Assesament of changes in the erosive features {erosions and changes in joint
architecture} of collagen-induced arthritis showed a singlar pattern of effects. A
stgficant reduction {(p<(.01} in joint erosions was observed betwoen the group
wreated with the RAGE-Iy fusion protein at 100 ug/ml when compared with condrol
{salinc-treated) antmals (Figove 16), while the reductions observed in mive treated
with the RAGE-{g fuston protein at 10 gg/mi ad 300 pg/ml did not reach

significance.

1681 The combination of the histopathological parameters into an overall

histologicsl arthritis score (Figure 17) reflected the findings of the individuoal
pathelogy parameters, Sigmfv" wit differences between the control {saline} treated

animals and mice treated with the RAGE-Ig fusion protetn at 100 pg/mi {(p<.02}

were observed, and the overall score in mice treated at H} pgfmi just achioved
significancy {p=0.03), while no significant reductions 1w the overall disease scores

were observed using the RAGE-Ig fusion protein at 300 ppml.

e

9 The Toluidine Blue stained sections were examined to deteroine whether the

RAGE-Ig fusion protein influenced the loss of matnix proteins from the arthritic joint,

en
The data (shown in Figures 18 and 19) sugpest that the RAGE-1g fusion protein did

Do

39
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protect sgainst profecglyvean foss, but this effect was only statistically significant
{3051 ot the 100 gefmd dose. The PBS control group exhibits major loss of
cartilage matrix {proteoglycans and collagens), and a marked loss of staining at the

proximal cartilage surface 1s scen in mice treated with the RAGE-Ig fusion protein at

300 pe/ml In contrast, there s good preservation of the mateix protein with

administration of the RAGE-Ig fusion protein at 10 ggdmi or 100 gg/ml

The histological findings confirm the chinteal data that wdicate that treatment
of collagen-induced arthritis with the RAGE-Ig fusion protein resulted in an effect on
the ncidence and severity of the discase. The histological parameters reached high of
levels statistical significance in mice treated with 100 py/ml, and achieved statistical
stgntficance on the overall pathology w mice treated with 10 pg/ml. RAGE-Ip fusion
pretein at 100 pgiml achioved good preservation of the joint structure, and a
stgntficant reduction of all the parameters of arthritis nader evaluation. The overall
impression 18 that the RAGE-Ig fusion protein blocked the erosive phase of arthritis,
since the degres ofinflammatory changes was less influenved than the secondary
diseaso pararseters. Mice treated with the RAGE-Ig fusion protetr at 300 pgiml were
not protected o the same degree as the lower doses, again raising the possibility of a
suppressive response to this level of pretein admindstration. Overall, these findingy are
uy agreernent with the clinieal observations made in the study, and demonstrate that

the RAG

o

ssion protein can exert an anti- arthritic effect.

While the invention has been desoribed in detat], and with reference 0 specific
embodiments thereot, it will be apparent to one of ordinary skall in the art that various
changes and modifications can be made therein without departing from the spivitand

.

O hereot and sug ey and ny gations may b acticed witn the seope
cope thereof and such changes and modifications may be practived within the scop

o

of the appended clatmy. All patents and publications heredn are incorporated by

reference fo the same extent as 1 cach individual publication was specifically and

~ - 0y

tndividoally indicated to be incorporated by reference in their ontirety,
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What is olaimed 18

3

An isolated fusion protein comprising at least one polypeptide comprising:

tdned

{a} & first amine aold segquence at least 98% identical o 8 masnmalian receptor for sdvanced
gi yoation end product {RAGE} hgand binding domain, the first amine acid seyguence capable
“binding & RAGE ligand; and
{b} a second amine acid sequence at least 93% identical to o humaean heavy chain
mnmunoglobulin 1pG4 constant domain or & fragment thereg
wherewn the first amine acid sequence comprises at least one mutation relative o a

wild type RAGE Higand binding domain,

2. The 1solated fusion protein according to claim 1, wherein the mammalian RAGE

Hgand binding domain is from & human RAGE.

3

The solated Tusion protein aocording to claim 1, wherein the fivst amino sad

seguencs comprises amine acids 12344 o SEQ D NG: &,

4 The isolated fusion protein according to claim 1, wherein the St amine acid

sequence comprises an amino acid sequence selected from the group consisting of amine

acids 1-99, amine acids 24-99, amino amds 1-208, amino acids 24-208, wnine acids 1-301,
aming geids 242301, amino acids 1344, or amino acids 24-344 of SEQ 1D NOw@,
A The isolated fusion pmtain according to claim 1, wherein the fusion protein comprises

an amino acid sequence selected from the group consisting of SEC T NO: 2, SEG B NOwd,

SEQ I NOs6, and SEQ D NOR,

~

5. The isolated fusion protein according to claim 1, wherem the fusion protein comprises

the amine aoid sequence of SEQ 1D NOw.

7. The isolated fusion protein according to claim 1, wherein the amino acid sequence of

the fosion protein consists of SEQ IDNO6.

41
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1

8. The isclated fusion protels according to claim 1, further comprising a Hnker between

the first amine acid sequence and the second amine acid sequence.

9. An isolated nucleie acid encoding & fusion protein comprising at least one polypeptide

<

{a} a first amino acid sequence at least 93% identical to & mammahan receptor for advanced
A &

glveation end product {RAGE ) Hgand binding domain, the first amino acid sequenee capable

&S

of binding a RAGE figand; and

5

{h} a second amine acid sequence at loast 95% identical to o buman heavy chain

immunogiobulin [pG4 constant domain or 8 fragment thereo! wherein the Brst anune acid

sequence comprises af least one mutation relative to a wild type RAGE Hyand Winding

o

Gorrasis.

0. An isolated nucleie acid according o claim 9, wherein the mammalian RAGE hgand

binding domai is from o human RAGE.

Fi. An isclated sucleic acid according to claim 9, wherein the fivst aming scid sequence

comprises anuno acids 1344 of SEQ ID RO 0.

12, Anisolated nuclete actd according to claim 9, wherein the first amine acid seguence
comprises an amino acid sequence selected from the group conaisting of anino acids 99,

arnino acids 24-89, amino acids 1-208, amine acids 24-208, amino acids 1-301, amino axds

24201, awine acids 1344, or amino scids 24-344 of SEQ 1D NGO,

{3, Anisolated nucleie acid according to claim 9, wherein the fusion protetn comprises an
amino actd sequence selected fromm the group consisting of SEQ {0 NO: 2, SEQ 1D N4,

SEC D NO:6, and SEQ 1D NOR

oo

4, Axn isolated nucleie acid according to claim 9, wherein the fusion protein compris

SEQ 1D NOW.

E<N
8%
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i

L

An isolated nucleie aoid according to olaim 9, wherein the fusion pretein has an

amino acid sequence that consisty of SEQ 1D Nx6.

16, A isolated nuclete acid according to olaim 9, further comprising a seguence encoding

3

a linker between the Hrst amifno actd sequence and the second amino acid seguence.

170 Arecombinant host coll comprising the nucketv aad of claim 9,
I8, A pharmaceutical composition comprising the isolated fusion protews of clan T and g

vharmaceuticatly acceptable carmer.

19, A pharmaceuntical composifion comprising the solated fusion protein of olaim 7 and a

vhanmaceutically acceptable carrier.

20

. A method of reating an AGE-mediated disease, comprising:

adninistering © & mammal having an AGE-mediated disease a therapentically

~

sffective aumwount of the pharmaceutical composition of elaim 18,

21 A method sccording to olabm 20, wherein the disease 15 diabetic nephropathy.
22 A method secording to claim 20, wherein the disgase is theamatoid arthritis,
23, Amethod secording to claim 20, whorein the disease s an sutoimumune discase.
24, A methed according to elaim 2, wherein the disease i selected from the growp

consisting of dermy

o

ntis, glomerulonephritis, moltiple selevosis, wyeitis ophthahoma,

agtoiraune pubmonary inflanmmatien, insulin dependent diabetes mellitns, autoimmune
inflarnmatory eye, systemic Topus ervthematosus, insulin resistance, theumatoid arthritis

diabetic retinopathy, and scleroderma.

A
T4
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25, A method aceording tor clains 20, wherein the fusion protein comprises the amineo scid

seguence of SEQ {1 NO:6.

26, A method according to olaim 20, wherein the amine acid sequence of the fusion

profein-consists of SEQ D NG

N

27 A method of lowering the levels of ligand bownd by RAGE in & mammal in need
thereo? which comprises adonnistering o the mamimal & RAGE Hgand-lowering amount of a
e

fusion protein according to claim 1
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