(12) STANDARD PATENT (11) Application No. AU 2008265983 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
RAGE fusion proteins

International Patent Classification(s)
CO07K 14/00 (2006.01)

Application No: 2008265983 (22) Date of Filing:  2008.06.13
WIPO No:  WO08/157378

Priority Data

Number (32) Date (33) Country
60/943,994 2007.06.14 us
Publication Date: 2008.12.24

Accepted Journal Date: 2013.06.20

Applicant(s)
Galactica Pharmaceuticals, Inc.

Inventor(s)
Bleck, Gregory T.;Hilbert, David M.

Agent / Attorney
Davies Collison Cave, Level 14 255 Elizabeth Street, Sydney, NSW, 2000

Related Art
US 2006/0078562 A1 (MJALLI et al)
WO 2006/036922 A2 (CENTOCOR, INC)




wO 20087157378 A3 |1 000 00O

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
24 December 2008 (24.12.2008)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

PO O B

(10) International Publication Number

WO 2008/157378 A3

(51

2D

(22)
(25)
(26)

(30)

(71)

(72)
(75

(74

International Patent Classification:

CO7K 14/00 (2006.01)

International Application Number:
PCT/US2008/066956

International Filing Date: 13 June 2008 (13.06.2008)

Filing Language: English

Publication Language: English

Priority Data:

60/943,994 14 June 2007 (14.06.2007)  US

Applicant (for all designated States except US): GALAC-
TICA PHARMACEUTICALS [US/US]; 905 Exeter
Crest, Villanova, PA 19085 (US).

Inventors; and

Inventors/Applicants (for US only): BLECK, Gregory,
T. [US/US]; 1251 Gil’s Way, Cross Plains, WI 53528 (US).
HILBERT, David, M. [US/US]; 8501 Meadowlark Lane,
Bethesda, MD 20817 (US).

Agents: CARROLL, Lawrence, J. et al.; Connolly Bove
Lodge & Hutz LLP, 1875 Eye Street Nw, Suite 1100, Wash-
ington, DC 20006 (US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

(88)

with international search report

with sequence listing part of description published sepa-
rately in electronic form and available upon request from
the International Bureau

Date of publication of the international search report:
26 February 2009

(54) Title: PAGE FUSION PROTEINS

. P<O0B
g &
£

g

[

< ‘!5_.

Leukostasis {leuk

5 >
C < XN,
Tiabates 0 + + * ¥

sRAGE {ug) ¢ it
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WO 2008/157378 PCT/US2008/066956

RAGE FUSHIN PROTEINS

(0001 This application claims priority to United States provisional application for
patent mubher 60/943, 994, filed June 14, 2007, the entire contents of which are

specifically meorporated herein by refervoce.

FIELD OF THE INVENTION

021 The present invention relates generally to advanced glveation end products
: 3 i 2 B i
UAGET) and more specifically to certain fusion proteins that comprise the receptor

S N

for advanced glveation end products (“"RAGE™). Fusion proteins of the invention

-

bind tix AGE and other RAGY ligands (e.g., S100 and HMGB1} and compositions

comprising {fusion proteins of the invention may be used for the treatment of diseases.

BACKGROUND

{O003] Advanced glyeation end products (AGE) are the result of nonenzymatic
giveation and exidation of protains, They appear under stress related circumstanses
cluding in autoinnmune commective tissue diseases, and may form in inflamed tissue
due to the oxidation or the myeloperoxidase pathway., AGE have beon mmplicated in
a mumber of diabetes related complications.  For example, the characteristic structural
changes of diabetic nephropathy, thickened glomerular hasement membrane and
muesangial expanston, are accompanied by accumuplation of AGE, leading to
alomeniiosclerosis and interstitial fibrosis. Prolonged nfusion of nondiabetic raty
with AGE has led to the development of similar morphologieal changes and
significant proteinuria. AGE inhibitors such as aminoguamiding have been shown to
prevent diabotic nephropathy w diabetic animal models and were recently shown to
do the same inn one clinical trial on disbetic patients. Alse, AGE are ¢ well validated

therapeutic target for diabetic retinopathy, Extensive diabetic naurine and rat studies

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

Atherosclerosts is significantly accelerated in diabetic patients and is
assoctated with greater risk of cardiovascular and cerebrovascuiar mortality. Animal
and Invran studies have suggested that AGE play a significant role in the formation
and progression of atherosclerotie fesions, nereased AGE accwmudation in the
diabetiv vascular tissues has been associated with changes in endothelial cell,

0

macrophage, and smooth muscie cell fanction,

pand,
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[0005] AGE interact with cell surface receptors on monocytes, macrophages,
endothelial cells of the micro vasculature, smooth muscle cells, mesengial cells, and
neurons. The receptor for advanced glycation end products (RAGE) is a member of
the immunoglobulin superfamily of cell surface receptors. RAGE is made up of three
extracellular immunoglobulin-like domains, a transmembrane domain, and a
cytoplasmic domain that is involved in signaling. RAGE binds multiple ligands in
addition to AGE including S100/calgranulins, amphoteri/HMGB 1 , and amyloid
fibrils. RAGE acts through a signal cascade involving NF-kB. RAGE expression is
up-regulated in the presence of RAGE ligands and is elevated in joints of subjects
with rheumatoid arthritis (RA).

[0006] RAGE has a secreted isoform lacking a transmembrane domain called soluble
RAGE (sRAGE). Administration of SRAGE has been shown to restore wound
healing (Goova, et al. (2001) Am. J. Pathol. 159, 513-525) and suppress diabetic
atherosclerosis (Park, et al. ( 1998) Nar Med. 4(9): 1025-31 ). Fusion proteins
consisting of a RAGE ligand binding element and an immunoglobulin element are
discussed in WO 2004/016229 A2 (Wyeth, Madison, NJ) and US Patent App.
Publication 2006/0057679 Al (O'Keefe, T. et al.).

[0007] There exists a need for novel methods of treatment of AGE-mediated diseases,
such as diseases that are associated with an elevated amount of AGE. This need and
others are met by the present invention.

SUMMARY OF THE INVENTION

[0008] The present invention provides materials and methods for the treatment of
diseases associated with an elevated amount of AGE. In one embodiment, the present
invention provides a fusion protein comprising at least one polypeptide comprising:
(a) a first amino acid sequence at least 95% identical to a mammalian receptor for
advanced glycation end product (RAGE) ligand binding domain, the first amino acid
sequence capable of binding a RAGE ligand; and (b) a second amino acid sequence
at least 95% identical to a human heavy chain immunoglobulin IgG4 constant
domain or a fragment thereof; wherein the first amino acid sequence comprises at
least one mutation relative to a wild type RAGE ligand binding domain.

[0008a]  In another aspect, the invention provides an isolated fusion protein comprising
at least one polypeptide comprising:

(a) a first amino acid sequence comprising an amino acid sequence selected from the

2
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group consisting of amino acids 1-301, amino acids 24-301, amino acids 1-344, or
amino acids 24-344 of SEQ ID NO:6; and
(b) a second amino acid sequence at least 95% identical to a human heavy chain
immunoglobulin IgG4 constant domain or a fragment thereof.

[0008b]  In a further aspect, the invention provides an isolated nucleic acid encoding a
fusion protein comprising at least one polypeptide comprising:
(a) a first amino acid sequence comprising an amino acid sequence selected from the
group consisting of amino acids 1-301, amino acids 24-301, amino acids 1-344, or
amino acids 24-344 of SEQ ID NO:6; and
(b) a second amino acid sequence at least 95% identical to a human heavy chain
immunoglobulin IgG4 constant domain or a fragment thereof.

[0008c]  In one embodiment of the invention, a fusion protein of the invention may
further comprise a linker sequence between the first amino acid sequence and the

second amino acid sequence.

2a
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(0009

~

tn some embodiments, the RAGE ligand binding domain may be from a mammalian
RAGE, for exampie, a mman RAGE. A suitable manunatian RAGE ligand binding
domain may comprise amine acids 1-344 of SEQ D NO: 6 or smine acids 24-344 of
SEQ D NG &, In one embodiment, a fusion protein of the invention may comprise
ann amine acid sequence selected from the group consisting of SEQ IDNO: 2, SEQ 1D
NG, SEQ ID NOG, and SEQ ID NO:S. In one embodiment, an isolated fusion
protein of the invention comprises SEQ 1D NO:Ww or SEQ ID NO:E. In another
erabodiment, an solated fusion protein of the invention consists of SEQ 1D NOG:Gor
SEQ ID NOGR, In some embodiments of the vention, fision proteing of the
mvention may further comprise a linker between the RAGE amino avid sequence and
the g4 amino acid sequence. The present mvention also contemplates nuclere acid
maolecules {e.g., DNA or RNA molecules) encoding the fusion proteins of the
invention as well as host cells expressing the mucleie acid moleaudes encoding the

fusion proteins of the invention.

The present invention further provides for a phanmaceatical composition
comprising a fusion protein of the invention and & phanmaceutically acceptable

exeipiont or diluent.

The present wvention provides methods of treating diseases madiated by
AGE. Such diseases ielude any disease characterized by an increased amount of
AGE in a subject, for example, 2 mammal such as a human. Methods of treating an
AGE-mediated disease comprise administering to a subject having an AGE-mediated
disvase a therapentically effective amount of a pharmaceutical composition
comprising a fusion protein of the invention. Examples of discases that can be freatsd

by the methods of the invention fnclude, but are net limited o, diabetic nephropathy,

rheumatold arthritts, and auwtotmmune diseases such as dermatitis, gj(:»me:mi(.smphritis\

nmitiple sclerasis, nveitis ophthalimia, antoimmune pulimonary wflammation, insudin
dependent diabetes meilitus, auntotmmune inflammatory eye, systemic lapus
ervthematosus, insulin reststance, rhewnatoid arthritis, diabetic retinopathy, and
scleroderma. Any fusion protein of the invention may be used in the practice of the
metheds of the invention. In one embuodiment, methods of the invention may be
practiced using a {fusion protein comprising SEQ 1D NO6 or SEQ 1D NO:8. In

another embodiment, methods of the invention may be practiced using a fusion

proten that conststs of SEQ D NO:6 or SEQ ID NO:S,

ya
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100111 fis another embodiment of the wvention, the present invention provides
methods of towering the lovels of Higand bound by RAGE in a mammal {e.g., a
huoman} in need thereef. Such methods may comprise administering to the mammal a

RAQGE hgand-lowering amount of a fusion protein of the invention.

1012 in other embodinsents, the invention provides for & recombinant expression
vector comprising the DNA sequences of the invention; a host cell transformed,
transduced, or transfected with the vector: and a process for praducing a fusion
protein, which comprises culturing a host cell transformed, transduced or trausfocted
with a nuecleic acid encoding g fusion protein of the mvention under condifions

suitable to offect expression of the fusion protein,

013 The mvention further provides compositions comprising the present fusion
srotein or fragments thereofl In some embodinients, the invention inclades

3

composttions comprising the present fusion protein or fragments thereof to whicha
radivisotope, chelator, toxan, flucrochrome, biotin, peptide gpitopes such as his-tags,
mye-tags, or sugars are directly or indivectly attached. Other embodiments of the
mvention inchude the present fusion protein fosed with another protein for the
purposes of attering the biologieal half-life or function and ghyvcosyiation variants of
the fusion protein.

3

(00141 These and other aspects of the present invention will bevome evident upon

reference to the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

{0015} Figure 1 is a bar graph showing the effects of an exemplary RAGE-Ig fusion

protent on lenkostasis in a streptozotocin-induced diabetic mouse model.

{00161 Figures 2A-2D are bar graphs showing the effects of an exemplary RAGE-Ig
fusion protein on retinal vascudar permeability in various retinal lavers ina
streptozotocin-induced diabetic mouse model.

(0017 Figure 3 18 a bar graph showing the effects of an exemplary RAGE-Tg fusion

protein on the niration of retinal proteins in a streptorotocin-induced dizbetic mouse

model.
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{001%] Figure 4 isa bar graph showing the etfects of an exemplary RAGE-Ig fusion
protein on the retinal expression of OAM in a streptorotocin-induced diabetic mouss
model.

{0019 Figure 3A is a bar graph showing the effects of an exemplary RAGE-Ip fusion

protein on the number of acvellolar capillasies observed per square nun of retinal tissue
i digbetic wice after 10 months of diabetes. Figure SB is a bar graph showing the

N

effects of an exemplary RAGE-Ig fusion protein on the mumber of pericyte ghosts pex

&

1000 capiliary cells observed in diabetic mice after 10 months of diabetes.

1O020 Figure 6 13 & bar graph showing the effects of an exemplary RAGE-Ig fusion

protein on the 30% response to touch threshold in diabetic mice after 10 months of

diabetes
100211 Figure 7 provides a Hlow chart showing the expertmental profocol of Example
3
(00221 Figure 8 is @ hne graph showing the effeets of an exemplary RAGE-Ig fusion
protein on tost animal weights in a type-1 collagen induced arthritis mouse maodel.
(U035 Figwve 915 a bar graph showing the effects of an exemplary RAGE-Ig fusion
pretein on the incidence of arthritis in a type-if collagen induced arthritis mouse
model.
(00243 Figare 1018 a bar graph showing the effects of an exemplary RAGE-{g fusion
proteint o the vaset of arthutis in a type-I1 collagen indueced arthnitis mouse model.
{00257 Figure 11 i3 a line graph showing the effects of an exemplary RAGE-{g fusion
protein on icidence of arthritis as g function of tme in a type-U collagen induced
3 B S o - 3
arthrifiz mouse modeal.
{00261 Figure 12 s a Hae graph showing the effects of an exemplary RAGE
protein on the severity of arthritis as a function of time in a type-11 collagen induced
arthritis mouse madel.
0277 Figure 13 i3 a line graph showing the effects of an exemplary RAGE-{z fusion

protein on the number of arthritic paws observed as a function of time in a type-il

collagen induced arthritis monse model.

W
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100287 Fignres 144-140 are photomicrographs showing the effects of an exemplary
RAGE-Ig fusion protein on joint morphology as a function of increasing amounts of

the fusion protein in a type-11 collagen induced arthritis mouse modet.

028 Figure 13 s a bar graph showing the effects of an exemplary RAGE-fg fusion

pretein on syonovitls {dlack bars) and pannos (grey bars) in a type-1l collagen mdueed

arthritis moeuse model,

0301 Figure 1618 a bar graph showing the effects of an exenplary RAGE-Ig fusion
profemn on marginal crosion {black bars) and archutectural changes {grey bars) tna

X

type-1 collagen induced arthritiz mouse model,

P
Sar
[
Sroca

—

Figure 17 is a bar graph showing the effects of an exemplary RAGE-1g fusion

protein on overall istologieal arthritis score in a type-I1 collagen induced arthritis

mouysc inodel.
00327 Figure 18 1s a bar graph showing the effects of an exemplary RAGE-Ig fusion

profein on jeint matrix protein loss i a type-1bcollagen induced arthrisis mouse

.n

modet

<
Peon)
2
Lad
[¥9)

Figures 19A-19D are photonuicrographs of tolwidine blue stained sections

showing the offects of an exemplary RAGE-Ig fuston protein on joint matrix profein

foss in a type-11 collagen induced arthritis mouse model.

DETAILED DESCRITPION OF THE INVENTIO
100341 Definitions
100351 As used herein the ternas "receptor for advanced glyeation end product”™ or

RAGE refer to proteins having amino acid sequences that are substantially simfar to
the native mammalian RAGE amino acid sequences and function to bind one or more
RAQGE ligands in a ligand-receptor speeific manner. The terms “advanced glveation
end product”™ and “AGE” refer (o 2 heterogeneous group of molecules formed from
the nonenxymatic reaction of reducing sugars with free amino groups of proteins,
fipids, and mucleie acids as deseribed above.

EERI As used herein, a "RAGE higand binding domain™ or "RAGE-LBD” refers to

any mammalian RAGE protein or any portion of & mammahian RAGE protein that

vetaing the ability to bind 2 RAGE ligand i a higand-receptor specific manner,

Spevificativ, without limitation, a RAGE Hgand binding domain inclades a

&
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polvpeptide having one or more extracellular domains of a transmembrane RAGE
vrotein. With reference to Table 6, a suitable RAGE-LBI¥ may comprise at least
amning acids 1-99, or amine acids 24-99, or amino acids 1-208, or aming acids 24208,
or amine acids =301, or amino acids 24-381, or anune acids 12344, or amino acids

24-344 of SEQ (DNO:6,

o
=
(957
~

The term "isolated, as used in the context of this spectfication to define the
purity of the fusion protein, means that the protein is substantiaily free of other
proteins with swhich i 18 associated daring production, meluding without Iimitation
substantiafly free of other proteings present doring expression of the fusion protein in ¢
celf cultwre medium. For example, an isolated protein of the invention may comprise
1- 25%%, 20-25%%, 15-20%, 10-15%, 5-10%, 1-5% or loss than about 2% by mass of
profein contaminants residual of production processes. Compositions comprising
isolated proteims of the invention, however, can contain other proteins added as

stabilizers, carriers, excipients or co-therapeutics.

{O03&] As ased heredn, “protein” and “polypeptide™ are interchangeabls.
0039 Asused herein “weating” a disease-or disorder refers to improving at least vne

*

sign or symptom of the subject’s disease or disorder.

[0040] The term "nucleie acid” refers to polynucleotides such as deoxyribonucleie
acid {DNAY, and, where appropriate, ribonucleic acid {RNAY The term should also
be understoad to inchude, ax equivalents, analogs of either RNA or DNA made from
nucleotide analogs, and, as applicable to the embodiment being desenbed, single

{sense or antisense) and doublesstranded polynucleotides.

2

00417 The term "or" 1s used herein to mean, and s used interchangeably with, the
torm "andfor,” unless context clearly indicates otherwise
{00421 The term "percent identical” refers to sequence wdentity between two amino

acid seguences or between two nucleotide sequences. Percent identity can be
determined by comparing a position in each scguence which may be aligned for
purposes of comparison. Expression as a percentage of identity refers to a function of
the mumber of identical amine acids or nucleic acids at positions shared by the
compared sequences. Various alignment algorithms andior programs may be used,
including FASTA, BLAST, or ENTREZ. FASTA and BLAST are available as u part

of sthe GUG sequence analysas package {University of Wisconsin, Madison, Wis), and
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can be used with, e.g., default settings. ENTREZ 1s available through the National
Center for Blotechnology Information, National Library of Medicine, National
Institntes of Health, Bethesda, Md. In one embodiment, the percent identity of two
sequences can be determined by the GCG program with & gap weight of 1, ez, sach
amine acid gap s weighted as it were a single aminoe acid or nucleotide mismatch

between the fwo 3 FCQUONCLS.

{0043} Scyuence dentity may be detenmined by comparing a reference segquence or &
subsequence of the reference sequence to a test sequence {e.g., a nuclectide seguence,

an amine acid sequence, ete.). The reference sequence and the test sequenee are
aptimally aligned over an arbitrary number of residues termed a comparizon window.
fn order o obtain optimal alignment, additions or deletions, such as gaps, may be
ntrodoced into the test sequence. The percent sequence identity is determined by
determining the mumber of positions at which the same residue is present in both
sequenees and dividing the menber of matehing 'pos.‘itim s by the total length of the
sequences in the comparison window and multiplying by 100 to give the percentage.
fn addition to the number of watching posttions, the nunber and size of gaps s also

considered in caleulating the percentage sequence identity.
13044} Sequency identity iy typically determined using computer programs. A
representative program is the BLAST (Basie Local Alignment Search Tool} program

publicly accessible at the National Center for Biotechnology Information {(NCBI,

swvw pebialmonih.gov?). This program compares segments in a test sequence
to sequenees i & database to determine the statistical sigmificance of the matches,

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

hreshold fevel. & suitable version of the BLAST program is one that allows gaps, for

0D

example, varsion 2.X {(Alischud, et al,, Nucleie Acids Res 25(1713389-402, 1%

R

Additional suitable programs for identifying proteins with sequence identity o the
protefns of the invention include, but are not limited to, PHLBLAST {Pattern Hit
Initiated BLAST, Zhang, et al, Nucleic Acids Res 26(17):3086-90, 1498} and PSI-
BLAST (Positton-Specitic fterated BLAST, Altschud, et al., Nucleic Acids Res
2S{17R3389-402, 1997). The programs are publicly available at the NCBI web site
iisted above and may be used with the defanlt settings in order to determine sequence
identity according to the invention.

(4S5 Fusion Proteins

&
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{0046} The present invention provides an isofated fusion protein comprising at least
one polypeptide comprising: () a {irst amino acid sequence at feast 90%;, G195, B2%,
B3, 949, B5%, D60, 87%, 8%, or 99% dentical to 3 mammalian receptor for
advanced glycation end product (RAGE} ligand binding domain, the fivst amino acid
seguency capable of binding &8 RAGE ligand; and (b} 2 sceond aming acid sequence at

cast Q0% 1%, 92%, 93%, 9a%, 93%, 96%, B7%, 98%, or 99% identical to a human
hieavy chain inmunoglobudin [gG4 constant domain or a fagment thereof, wherein
the first anino acid seguence comprises at least one mutation, or at least twao
mutations, or at least three muwtations, or 1-4 mutations, or {10 mutations relative to a
wild type RAGE figand binding domain. Examples of mutations that may be made in
the first amino acid sequence are those that increase the stability of the fusion protein,
for example, by making the RAGE ligand binding domain more resistant to
proteciyiic degradation, such as those that make the fusion protein more resistant to
furin-like proteases. Suitable fragments of the second aminoe actd sequence inctude
fragments that retain the ability to increase the seram halfthife of the fusion proteins of
which they are part relative to the serum half Hife of the same first amine acid

sequence alone. Preferably the first amine acid sequence and the second aming acid

sequence are devived from human RAGE Heand binding domain and huwman {pG4.

(00477 Fuston proteins of the invention may cComprise one or more amine actd
seguences i addition to @ RAGE ligand binding domain and an IgG4 constant
domain or fragment thereof. For example, a fusion protein of the invention may
comprise a linker sequence which may be inserted between the RAGE Higand binding
domain and the IpG sequence. Foston proteins of the invention may comprise oue of

more tag sequiences, forexample, purtfication tag sequences such as 6-Histidines,

Faston proteing of the invention may comprise one or more epitopes recognized by
commercialiy available antibedies, for example, c-mye (EQRLISEEDIL, SEQ D NO:
9} and hemagglutinin (YPYDVPDYA, SEQ 1D NO: 10} dertved from an epitope tag

of the mflucnza hemagglutinin protein.

(00481 Any mammalian RAGE protein known to those of skill in the art may be used
it the practice of the present mvention. Preferably the extraceilular domain of the
RAGE protens will be used to identify a ligand binding domain that can be mutated
and used as the first amine acid seqaence of the fusion protein. Suitable exaniple of

mammalian RAGE proteins inclede, bt are not himited to, primate, human {e.g

s

9
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{0050}

GenBank gecesston no, NP Q02T and NP 751947, murine {e.g., GenBank

accession no. NP_U31451), canine (e g, GenBank accession no. AAQRIZOT), rat

s

{e.g., GenBank accession no. NP 445788), feline, bovine {e.g.

ATy

. GenBank accession

‘AJ

no. AAI20128), evine, equine and porcine (e.g., GenBank aceession no. AAQ732R:

RAQGE domains.

RAGE amino acid sequences comprising one or more changes oy
modifications with respect to the wild type sequence may be used in the present
invention. Such changes or modifications inchude, but are not lmited to, point
mutations, deletions froam the Neterminal, deletions from the C-torminal, internal
deletions, and combinations thereot. Any change or modification may b mtroduced
mto a RAGE sequence for use in the present invention so long as the resulting protein
retaing biclogical activity, e.g., the ability to bind one or more RAGE ligands, The
fusion proteins of the invention also include those with or without endogenous
alycosviation patterns, including without linvitation, fusion proteins in which the first
amine acid sequence 18 derived from a manunalian RAGE Bgand binding domain

with or without assoctated native-pattern glyensvlation of the binding domain,

Any suitable 1gG Fe reglon may be used in the practice of the invention,

preferably, from an 1gG4 molecnle, for example, amino acid residues 149-473 of

GenBank gocesston no. AAH2S98S. An [g region for use in the present invention
may e an 1G9 Fe region and may comprise one or more of the CH2 and CH3

regions of the 1gG4 molecuale,
Examplos of suitable tusion proteins are provided in the foliowing tahles.

P
§

Table 1 provides the nucleotide sequence of & human RAGE-1gG4 Fe fusion

Protein gene seguence.

10
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able 1) Homan RAGE-1gG4 Fe Fusion Gen

Sequence (SEQ 1D NGOty

ATEECAGCCCERRAACAGCACYTEGAGRCTGEETECTGETCCTCAGTCTGPEGGCOECAGTAGTAGSTACTCA

NN R
et AGLE

DT

o
SARNCLE

PPN

SOAL

CODNCTPON

ARl L

AN AN NN N
ST ITETC

SN NPT
GATTITX

ACCARAGTCCAROTS

NN

ARV

N

“ - \
GAAGCTAGARN

SOTETGAAL

r-r\ SNt

YN

ESNE

e QCCOOOE
SQUASAGTIOCCA

N ~ ey £ '\rr:vv & e NEVENARTIONCY N 3 o
TR NROGTYED X HACCOTEACOTEPEANS

NNV N
AT HF 1T Y

WeNsvp
RLOINE

A

AR

GOONACCOAT
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{0055] Table 20 Amine acid sequence of a lniman RAG

E-IgG4Fce fusion protein {SEQ

LVLSLWGAY VGAQK

PRNISY

\’,r(j;'r-\

TR ANTT NIATT TR
FAGTLSWHLT

TV SWNSGAL

HERPORTYUDR

PRSP

N NTL

NG RL

s the amine acid sequence for the RAGE signal sequence, normal

text is the amino acid sequence for human RAGE, and underlined text ix the amine

acid seguence for leGd Fereg

~

D

oot

Tahle 3: Human RAGE-Linker-IgG4 Fe Fusion Gene Sequence (SEQ
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for the peptide linker, and single underfined text 1s the coding sequence for 1G4 Fo
reIon.

t

Table 4: Amine acid sequence of a human RAGE-LUisker-1gG4Fc fusion

wrotein {SEQ ID NOw«4).
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10060 Bedd text 1s the amine actd sequence for the RAGE signal sequence, normal
text 1s the ampe acid sequence for human RAGE, double underiine text s the amino

acid sequence for the peptide linker, and single undetlined text i3 the amino acid

sequence for G4 Fo region
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nant-1pGd Fo Foasion Gene Sequence {SEQ D
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100627 Bold text s the coding seguence for the RAGE

the coding sequence for raman RAGE vartand, bold wavy underhine lettors are sites of

the point mntations introduced nto the variant hARAGE

¢ coding sequence for IgG4 Fe region.
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{0065} Table 7: Human RAGE
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100677 able 8 Amine acid soquence of human RAGE varfant-Linker-1gG4 Fe (SEQ
D NGO

1 MAAGTAVGAW V'LVLS LK%GAV

RPN
CEPRY

BN WS fw RS

DY

{00681 Bold fext is the amino acd sequence for the RAGE signal sequence, normal
text s the aminoe acid sequence for human RAGE varant, bold wavy underline fetters
are sites of the point mutations introduced inte the variant hRAGE, doubie underline

text 18 the amine acid sequence for the peptide hinker, and underlined text is the amino

acid sequence for pGd Ko region.

EXPRESSION OF RAGE FUSION PROTEINS

{369 Fusion proteins of the invention may be produced in any protein expressioy
system knowy to those skilled in the art, for example, eukaryotic expression systems,
bacterial expressicn systems, md viral expression systems. & variety of host-
expression vector systems may be utilized to express the fusion protein of the
nvention. Such host systems represent velneles iy which the fusion proteins of the
myvention may be produced and from which they may be subsequently purified, Such
systems inchude, but are not limited to microorganisms such as bacteria, yeast, insect
celly, or plant cells. RAGE expressed in yeast or mammalian expression systems,

-« COS-7 cells, may be similar or slightly different in molecular weight and
gi yeosylation pattern than the native molecules, depending upon the expression

systen, Expression of RAGE DNAs in bacteria such as E. coli provides non-

ghyeosylated molecules. Different glveosylation patterns may be obtained using

baculoviral expression systems in insect cells. Functional mutant analogs of
mammalian RAGE having inactivated N-glyeosylation sites can be produced by

oligonucleatide synthesis and Hgation or by site-specific mutagenesis techniques.

17
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These analog proteins can be produced in 2 homogeneous, reduced-carbohyvdrate form

in good vield asing yeast expression systems.

Nucleic acid molecules encoding fuston proteins of the invention may be
obtained, and the nucleotide sequence of the polynucicotides determined, by any
method known in the ant. In view of the teachings herein and the known RAGE
polypeptide sequences angd thelr identified or identifiable Hgand binding cloments, and
the known sequences for heavy chain {gG constant domaing, nucleotide sequences
encoding these pf.)i.ype;.)ti_dcs can be determined using methods well koown in the art,
1o, the nuclentide codons known to encode the particular amine actds may be
assembled wy such a way to generate a nucleic actd that encodes the fusion protein of
the inventinn, Nucleotide codons may be selected based upon the expression system
used, for example, by selecting codons that correspond to more abundant tRNA
molecules present in the expression systemy, a higher level of fusion protein may be

expressed. Such a polvnucicotide encoding the fusion protein nay be assembled from
chemnically synthesized oligonucieotides (e.g. as desceribed in Kutmewer et Al
Biotechiigues 17:242{1994), which, briefly, invelves the synthesis of overlapping
oligonuclentides contaimng portions of the sequence encoding the fusion proten,
annealing and Hegating of those elogonucloctides, and then amplification of the Hgated
oligonuclectides by polymerase chain reaction(s) (PCR).

Recombinant expression of a fusion protein of the invention (including other
molecules comprising or alternatively consisting of tusion prowin fragments or
vartants thereof} may requite construction of an expression vector{s) containing &
polynucleotide that encodes the fusion protem. Oncee a polynucteotide encoding the
fusion protein of the invention has been obtained, the vector{s) for the producticn of
the fuston protem may be produced by recombinant DNA technology using
technigues well known o the art. Such expression vectors containing RAGE-Fe
coding sequences may alse contain appropriate transeriptional and transtational
control signals/sequences, for example, ribosome binding sttes {(i.c., Kozak

equences), intemal ribosome entey sttes (IRES), and polyvadenylation sites et

Nuclete acid molecules encoding foston proteing of the invention may be

transferred to mammalian vells utitizing replication-defective retrovival vectors {e.g.,
veetors dertved from Moloney srurine lenkemia vires (MLVY or HIVY and

pseudotyped with vesteular stomatitis viras G protetn {VSV-() to stably fnsert single

IR
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copics of nucleie acid molecnies encoding the fuston protein of the invention into

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

v

cell, are reverse transeribed to DNA and integrated stably into the genome of the host

el Multiple gene insertions in a single cell may increase the expression and
secvetion of the fusion protein. Mudtiple roands of infection may also inorease the
number of gene copies integrated and thus the amount of expressed fusion protein.
The integrated gene(s) encoding the fusion protein are maintained in the cells through
eell division by virtue of thetr presence in the genome,

In some evsbodiments, the present invention provides a stable cell line that
exprosses fusion proteins of the invention. One suitable method for the rapid
generation of stable, high protein expressing mammmnalian cell lines is using the
GPEX™ expression system {Gala Biotech, a business vnit of Catalent Pharms
Solutions, Middleton, WL, Bleck, Gregory T., Bioprocessingjownal.com
September/Ocetober 2005 p1-7). Such a method may entail producing a replication
defective, pseudotypad retrovival vector based on MMLY and transducing
mammalian cells (for example, CHO cells) with the vector. The vector may integrate

e the genome of the velly thereby producing 8 stable celi bine.

PURIFICATION OF ISOLATED FUSION PROTEIN

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

7
b

host/vector systems to express the recombinant translation products of the present

v

DNA sequences, which are then purified from cultore media or cell extracts using

techiiques well known in the art.

For example, supernatants from systenmy which secrete recombinant protein
into cultare media van be first concentrated using a commercially available protein
concentration {ilter, for example, an Amicon or Millipore Pellicon ultra filtration unit.
Following the concentration step, the concentrate can be applied to a suitable
purification nuatrix. For example, a sultable affinity matrix can comprise, for
example, an AGE or lectin or Protein A or Protein G or antibody molecule hownd o &
suitable support. Alfermnatively, an anion exchange resin can be employed, for
exarmple, a matnix or substrate having peadant diethyvlaminosthyl (DEAE) groups.
The matrices can be acrylamide, agavose, dextran, cellulose or other types commonly

employed io protein purification. Alternatively, # cation exchange step can be
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employed. Suitable cation exchangers include vanous msoiuble matrices comprising

salfopropy! or carboxyvmethyl groups. Sulfoprapyl groups are preferred.

Recombinant protein produced in bacterial culture is usaally isolated by inttial
extraction from cell pellets, followed by one or more concentration, saliing-out,
agquenus on exchange or size exchusion chromatography steps. Finally, high
purformanee Hguid chromatography (HPLC) can be emploved for final purification
steps. Microbial cells employed in expression of recombinant mammatian RAGE can

be disrupted by any convenient method, including freeze-thaw cycling, someation,

mechanical disraption, or use of cell tysing agents.

Fermentation of veast which expresses the fusion protein of the invention as a
secreted proten greatly simplifies purification. Secreted recombinant protein

o

fermentation can be purified by methods analogous to

resuiting from a large-sgale
those disclosed by Urdal et all (I, Chromateg. 296:171, 1984}, This reference
deseribes two sequential, reversed-phase HPLO steps for purification of recombinam

human GMOSE on a preparative HPLC columin,

PHARMACEUTICAL COMPOSITIONS

Fusion proteins of the invention may be formulated in & manner suttable for
adminsstration to a subject m need thereof, e.g., may be formulated as pharmaceutical
compositions. Compositions of the invention may comprise one or more
pharmuaceutically-acceptable carrier, exciptent or diluent. As used herein

“vharmaceuticaliv-acceptable carrier™ includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonie and absorption delaying agents,
and the hike that are physologically compatible. In one emboediment, the carrier is
suttable for parenteral administration. A carner may be suitable for administration
mto the central nervous system {e.g., intraspinally or intracerebrally). Alternatively
the carrier can be spitable for mtravenous, sabeataneons, imtraperitoneal or
intramuscular administration.  In another embodiment, the carrier 18 suitable for oral
administration. Pharmacesticallv-acceptable carriers include stertle aquesus solutions
or dispersions and sterile powders for the extemporancous preparation of sterile
micrtable sointions or dispersion, The use of such media and agents for
pharmaceatically active sobstances is well known in the art. Exeept tnsofar as any

conventienal media or agent s incompatible with the fusion proteins of the Invention,

20
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{30791 Suitable carriers are typically nontoxic to recipients at the dosages andd
concentrattons employed. Ordinarily, the prepavation of phanmaceutical compositions
of the mvention entails combinung the fusion protein of the invention with one or
nrore of butfers, antioxidants such as ascorbie acid, low molecular weight {lesy than
about 10 residues) polypeptides, proteins, aming acids, carbohydrates including
glucose, trehalose, sucrose or dextrins, chelating agents such as EDTA glotathione
and other stahilizers and excipients. Neutral buffered saline or saline mixed with

conspecific serum atbumin are exemplary appropriate dilnents,

THERAPEUTIC ADMINISTRATION OF FUSION PROTEINS OF THE INVENTION

[OO8G] The present invention contemplates the administration of the fusion proteins of
the invention s the form of a pharmaceutical composition comprising the fusion

protein of the invention and a pharmaceutically scceptable diluent or cartier to a
subject (e g, @ manunal particalarly 2 haman) inneed thereof, The present invention

X

alse provides a method for treating human disease with such compositions.

(G081 Typieally, methods of the mvention will comprise adwmunstering a
pharmaceutical composition comprising a pharmaceutically effective amount of &
fusion protein of the ivention. The pharmaceutically effective amoant employved
may vary according to factors such as the disease state, age, sex, and weight of the

ndividual.

<
<
[
350
[

A pharmacentically effective amount of a fusion protein of the invention may
be from abeut 1 g fusion proteind! kg body weight of subject to about 300 myg fusion
profemnd T kg body wcig‘)_t of subject, or from about 10 g fasion protein’] kg body

veight of suabject to it 500 my fusion protein’ 1 kg body weight of subjeet, or

from ahout 100 pg fusion protein'l kg body weight of subject to about 300 mg fusion

protein’ 1 kg body weight of subject, or from about 1 wg tusion proteind't kg body

weight of subject to about S0 mg fusion protemy 1 kg body weight of subjeet, or

<

from about 10 myg fusion protend] Kg body weight of subject to about 300 myg fusion

"

3

protein’ 1 kg body weight of subjeet, or from about 100 myg fusion protein/] kg body

wiight of sulject to ghout 300 my fusion protein’ 1 kg body weight of subieet, or

from about 100 ug fusion proten’l kg body weight of subject to about 25 myg fusion

21
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proteny’ | kg body weight of subject, or from about 1 mg fuston proteindl kg body
werght of subject to about 25 mg fusion proteind’ T kg body weight of subject, or from
about 3 mg fusion proteindl kg body weight of subject to about 25 mg fuston protein/

iy

I kg body weight of subject, or from about 10 myg fusion protein/! kg body weight of

&

X

subiect to abont 23 myg fusion proteny’ 1 kg body weight of sabject, or from abowt 15
mz fusion proteind/ kg body weight of subject to about 25 my fuston proteind 1 ke
body weight of subject, or from about 100 g fusion prowein/l kg body weight of
subiert s about 10 mg fusion protemn’ 1 kg body weight of subject, or from about 1

myg fusion proteindl kg body weight of subject to about 10 myg fusion proteind | kg

R

1t

body waight of subtject, or from about 2.5 mg fusion proteind! kg body weight of
subject to about 10 mg fusion protein? | kg body weight of subject, ov from about 3

mg fusion poteny't kg body weight of subject to about 10 my fusion proteind 1 kg

=

X

body weight of subject, or from abeut 7.5 mg fusion protein/! kg body weight of

N

subroct to about 10 mg fusion proteny' 1 kg body weight of subject.

In some embodiments, a pharmacentically effective amount of a fusion protein
of the tnvention may be 0.5 myg fusion protein/ kg body weight of subject, 1 mg
fusion proteny'l kg body weight of subject, 2 myg fosion protein/! kg body weight of

o

subject, 3 mg fusion proteind't kg body weight of subiect. 4 mg fusion protein/t kg

Ees

N

body weight of subject, 3 mg fusion proteinl kg body weight of subjecy, § mg fwton
proteind] kg body weight of subject, 7 mg fusion proteid'l kg body weight of subject,
& my fusion proteind Kg hody weight of subject, 9 mg fusion protein/t kg body

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

A unit dosage form refers to physically discrete units suited ax unitary dosages
for the mammalian subjects {0 be treated; each umit containing a predetermined
quantity of the fusion protein of the invention caleulated {o produce the desived
therapentic effect in assostation with the reguired pharmaceutical carrier. 4 unit
dosage form of a fusion protein of the invention may be from about Tmg to about
1000 mg, from abeut 25 mg to about 1000 mg, from abowt 50 mg to about 1000 mg,
from about 100 mg to about 1000 mg, from about 250 myg to about 1000 mg, from
about SO0 mg to about 1000 myg, from about 100 mg to abont 300 my, from about 200
mg o abent 340 mg, from about 300 to about 500 myg, or from about 400 myp to about
SO0 mg. & unit dose of a fusion protein of the invention may be aboat 100 mg, 200

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

AN
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Compositions of the invention may comprise fusion proteins of the invention
at alovel of from about 9.1 wi®s to abowt 20 wi%, from about .1 wi% to abowt 18
wite, from about 8.1 wibs to about 16 wit%e, from about 8.1 wi¥s to about 14 wis,
from about 0.1 wity 1o sbout 12 wido, from about (.1 witds to about 10 wills, from
ahont 0.1 Wi to about § wids, from about 0.1 wils to about 6 wild, from sbout 8.1

’

to about 4 wis, from about .1 witdb fo about 2 wi¥, from about 0.1 wit to

04

Wi
abont 1 witt, from about 8.1 wits to about 8.9 wibe, from about 0.1 with toabout O.8
wito, from abomut (L1 wido to about (.7 wide, from about 81 wide o about 1.6 wids,
from about 9.1 wib% to shout 8.5 wi¥s, from about Q.1 wi¥s to about .4 wi¥g, from

S

about 61 with 1o about 8.3 wids, or from about 9.1 witti to about 4.2 wits of the totad

weight of the composition.

Pharmacestical compositions of the invention may comprise one or more
fusion proteins of the invention st a fevel of from abouat T wi%s to about 20 wids, from
about 1wt to about 18 wi%, from about T wi% to sbout 16 wide, from about 1 wils
to about 14 wits, from about 1 wi% to about 12 wit%e, from about | wids to about 10
vy, front about 1 wits to about 9 wibs, from about 1 wi%s 1o about §wids, from
about 1 wi% to ghout 7 wit¥s, from about 1wt 1o about 6 wil, fromabowt T wi to
about & witts, from about | wids 1o about 4 wids, from about 1 wit¥h 1o about 3 with, oy
from about 1 wit% to about 2 wils of the total weight of the composition.
Pharmaceutical compositions of the mvention may comprise ong or more fusion
proteins of the nvention at & level of about 0.1 wi%s, about 2 wt%, about 8.3 witds,
about 0.8 wit¥h, abous 0.5 wite, aboot 0.6 wiSh, about 0.7 wih, about G.8 witg, ahout
0.8 wilty, about 1 wits, about 2 wiSh, aboul 3 wide, about 4 wi%, about 5 wids, aboat ¢
wito, about 7 wido, about S wit¥, or about © wit¥h based on the total weight of the

composition.

,.,,4

Josage rogimens may be adjusted to provide the optimum therapeutic
response. For example, a single bolus may be administered, several divided doses
may be administered over time or the dose may be proportionally reduced or
increased as indicated by the exigencies of the therapentic sitaation. It is especially
advantageous to formudate parenteral compositions in dosage unit form for case of

administration and wniformity of dosage. Compositions of the tnvention may be

formulated and administered by intravenous, intramuscular, or suboutancous
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mfection. I some embodiments, composttions of the Invention may be administered

1

subcutancously or intramuscularly.

In some ermbaodiments a dosage regimen may entail administering repeat

doses, for example, administering & weekly dose. Treatment regimens may entail a
weekly dose for one pertod of time {for example, for four weeks) followed by a less
froguent “maintenance” dosage regimen {for example, one monthly or once
himonthly) Dosage regimens may be adjusted to achieve the desired therapeutic

QUICOMES.

Methods of the myvention mclude methods for suppressmg AGE-dependent
milamumatory responses in hwmans comprising admunistering an effective amount of a

pharmaceatical composition comprising one ov more fusion protein of the mvention.

Muethods of the mvention include methods of inhibiting AGE-mediated
biological activity comprising administering & pharmaceutical composition
comprising ope or more fusion proteins of the invention.  As discussed above, AGE
fras been implicated in a variety of discases or condittons such as moimmune
diseases, Auwtoimmune disorders discases or conditions that may be treated,
amelforated, detected, diagnosed, prognosed or monitored using the fusion protein of
the myention inelude but are not Hmited to dermuatitis, glomerulonephritis, multiple
sclerosis, gveitis ophthalmia, autoimmune pulmonary inflammation, insulin
dependent diabetes mellitus, astolmmme inflammatory eve, systemic lapus
erythematosus, insulm resistance, rheumatod arthritis, diabetic retinopathy, and

scieroderma.

Other disorders that may he treated or prevented with the methods of the

mvention may be characterired generally as weluding any diserder 1 which an

Py

affected cell exhibits elevated expression of RAGE or of one or more RAGE ligands,

or any disorder that is treatable (Lo, one or more symptoms may be eliminated oy

ameliorated) by a decrease in RAGE fonction. For example, RAGE fumction can be

decreased by admirstration of an agent that disrupts the interaction between RAGE

and 8 RAGE ligand.

1

The incrcased expression of RAGE iy assoeiated with several pathological
states, such as diabetic vasculopathy, nephropathy, retinopathy, neuropathy, and other

%

disorders, icluding Alzheimer’s disease and immune/inflammatory reactions of bioed
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essel walls, RAGRE ligands are prodoced m tissue affected with many inflammatory
disorders, invluding arthritis (such as rheumatoid arthritis). Depositions of amyvioid in
tissues cause 3 variety of toxic effects on cells and ave charactenstic of discases
termed amyloidoses. RAGE binds to beta-sheet fibrillar material, sach as that found
in amyloid-beta peptide, Abeta, amylin, serum amyloid A and prion-derived peptides.

RAGE is also expressed at wereased levels in tissues baving amyloid stractares.

Accurdingly, RAGE iy involved in amyloid disorders. The RAGE-amyloid interaction

15 thought to result in oxidative stress leading to nesronal degeneration.

{093 A vartety of RAGE ligands, and particudarly those of the S10Fcalgranulin and
Amphoterin {HMGB) families ave produced m inflamed tissues. This observation s
trie both for acute inflammation, such as that seen in response to a lipopolysacchande
chatlenge {as m sepsis) and for chronie mlammation, sach as that seen in various
forms of arthribs, nleerative colitis, mflammatory bowel disease, ete. Cardiovascular
diseases, and particelarly those artsing from atherosclerotic pi;;xques, ave also thought
1o have a substantial inflammatory compouent. Such diseases include ouelusive,
thrombaotic and embolic diseases, such as angina, fragile plague disorder and embolic
stroke, respectively, Tumor cells also evince an increased expression of a RAGE
Hgand, particulardy amphoterin, indicating that cancers are also a RAGE-related
disorder. Fustharmore, the oxidative effects and other aspects of chronie

wflammation may have a contributory effect to the genesis of certain tumeors.

100947 AGE are a therapeutic target for rheumatord arthritis and other inflammatory
diseases
{0095) Accordingly, the RAGE-related disorders that may be treated with an

N

mventive compositions melude, i addifion to the aatoimmune disorders discussed
above: amyieidases {such as Alzheimer's disease), Crohn's disease, acute
mflammatory discases (such as sepsis), shock {o.g., septic shoek, hemorthagic shock),
cardiovaseular diseases (e.g., atherosclerosis, stroke, fragife plague disorder, angina
and restenosis), diabetes {and particularly cardiovascular diseases in digbetios),
complications of diabetes, prionerelated disorders, cancers, vaseulitis and other
vasculitis syadromes such as necrotizing vasculitides, neplyopathies, retinopathies,

and newopatides.

13
R
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The following examples are provided for fHustrative purposes ondy, and a

[R5

no way intended to hmit the scope of the present invention,

EXAMPLES

in the llowing examples, experiments in mice were performed with a fusion
profein comprising €

23 fuse

3432

extraceliular domains of mouse RAGE (amino acid restdues 1-

d b the hinge, CH2 and CH3 domains of the mouse {gG2a heavy chamn FC

region. The construct was expressed i CHO cells using the GPEXT™ expression

eyry

system. The seguence of the mouse RAGE sequence used 1s provided in the
following table.

where RAGE signad peptide =

Mouse TeG2

and Mouse 1gG«

[0S

[00100]

[0100]

pia:in underline. RAGE exiraceltular domain = no underline,
Ya hinge region = ¢

 CH3 region = wavy undedline,

"(\ﬂ = 0‘.21

underline,

EXAMPLE 1

Effect of RAGE fuston proteins of the invention on sireptozotocin induced

dlabetes in ouce,

Streptozotocin induced diabetes in mice is an art recognized maodel for
diabetes induced retinal changes (see Obrosova IG, Drel V

Pacher P, Stevens MJ. Early diabetes-induced blochemical

VR, Kumagat AX, Szabo )

changes in the retina:

compariaon of rat and mouse models. Diahetologia. 2006 Oct: 491032

[ T i B
32533

The present expeniment mvolved S treatment groups containing 15 CS7BL/6

mice per wroup: 1) non-diabetic control; 2} diabetic control containing mice treated

with streptozotocin at $5mgkg on 3 conseoutive days before the stady starts to induce

diabetes; 3} streptozotocin treated mive that also received 10 py/day mRAGE-

20
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IpG2ake ,if,}jectﬁ:d P, 3 injections/week, 4) streptorotocin treated mive that also

recetved HHY pedday oRAGE-1gGlalFc injected 1P, 3 injectionsdweek; and 5)

7

streptozotocin treated mice that alse received 300 ug/day mRAGE-IgG2al e injected

1

P, 3 injectionsiweek.

ghi, blood giucose,

$101) Diuring the study, the mice were assessed for body wet

g

&

tvechemoglobin {GHB), albummuria, and tactile sensitivity as measure of sensory
nerve function. The mice were sacrificed at the end of the study and assessed for
retinal vascular penmeability using a fhuorescent probe, leukocyte adberenee to retinal
capiliaries, and NF-xB-regulated protein expression {COX-2, ICAM, iNOS).

S

(01021 Results From Two Month Long Study

[a1e3 The effects of RAGE-Ig fusion protein on the development of digbetes-

()

induced alterations in retinal physiology and metabolism in CSTRIGE mice were
studied. The fusion protein was admimstered intraperitoneally at 3 difforent
concentrations {10 pg, 100ug, and 300 pg) three times per week, No adverse effects
of any dose of drug on body weight gain or overall health of the disbetic mice was
seen. Nonfasted blood glocose levels were 155 24 mg/dl (mean £80), 3538 43§, 417
+36, 376 638, and 370 453 in the Nondiabetic control, Diabetic control, Diabetic +
10 pg RAGE-{g fusion protein, Diabetic + 100 pg RAGE-fg fusion protein, and

Diabetic + 300 pug RAGE-Ig fasia protein groups, respectively.

{01043 Parameters related to retinopathy measured in the shori-term studies were (1}
feukostasis, {23 penmeability of endogenous albuwmin from retinal vessels, (3) nitration

of retinal proteins, and {4} expression of retinal ICAM and COX-2
{0105} . Leukostasis.

{0106} Methods: At 2 months of diabetes, blood was removed from the vasculature of
anesthetized animals by complete perfusion with PBS via a heart catheter. Ammals
then were perfused with fluorescein-coupled Concanavalin A lectin (20 pe/ml in PBS;
Yector Laboratories, Burhingame, CAY as desceribed previonsly (sve Joussen et al,

FASER J. 2004 Sepi8(12):1450-2). Flat-mounted retinas were imaged via

flucrescence microscopy, and the muuber of feukocytes adherent to the vascalar wall

was counted.

(01077 Resulis: A significant increase in lenkostasis was demoustrated in mice that

Sonndd

¥ -

had been diabetic for 2 months compared to the nondiabetics {P < (.03). Loukostasis

2
~3
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was not inhibited in any of the groups treated with the RAGE-Ig fusion protein {see
Figwe 1)

2. Vascular permeability

Methods: At 2 months of diabetes, eves were ervoesectioned (10 wm), fixed in
wethanol for 10 nun, and washed 4x in PBS. Each section was incobated in sheep
anti~-mouse seram atbumin {Abcam, Cambridge MA; ABS940; 1:2006 ditution) for 2
hes, Afler washang, sections were incubated in FTIC-fabeled secondary antibody (AR
6743; 111008 ditution) for 90 min. Under fluorescence microscopy, the average
amount of hworescence was determined in 3 different sites for each of 4 retinal layers
{inner plexiform layer, inner nuclear layer, outer plexiform layer, outer nuclear layer).
The amoeunt of fluorescence in cach site was the average of 10 random measurements,
and the amount of fluorescence in cach retinal laver was the average of fluorescence

in each of the 3 different sites within that layer.
Results:

Diabetes resulted in g significant mcrease in the fluorescence i the
nonvaseular refina {ie, due to albumin leaking oot of the vessels) i each of the &

Ve

retinal lavers studied. The resudts are shown in Figare 2 {24 inmer plexiform layer,
2B inmer nuciear layer, 2C outer plexiform layer, 2D ouwter nuclear layer). To assess
athamin m the immer and outer noclear layers, we infentionally measured in the thin
space betwoen nuclel, so these numbers might not be as strong as those from the

plexiform lavers, where there were no nucles o impair our measurements.
3. Nitration of retinal proteins

Methods: At 2 months of diabetes, retinas were tsolated and homogenized.

Dot-blots were made, blotting SO pg protein homogenate from each animal onto
nitrocellulase membrane. Membranes were blocked with milk (8%}, washed, and
fomunostained using anti-nitrotyrosine (Upstate Biotechuology, el #05.233; 1506

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

mouse [gG-HRP corjugate; 11000 dilution) for 1 howr. After extensive washing,

X

immunostaining detected by the antibody was visualized by enhanced

chemiluminescence (ECL, Santa Crue Biotechnology, Santa Cruz, CA).

Immunostain-dependent chenuifuminescence was recording on film, and the density of
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the mmunostained dots quantitated. Results are expressed as a percent of valaes

detected in the nondiabetic controls.

HEEE] Results:
10115] Resalis ave shown in Figwre 3. Retinal homogenates from diabetic mice

showed the expected increase in nitration of proteing. The therapy inhibited this post-

transiational modification in a dose-dependent manner. Nitration of proteins is

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

101167 4. Expression of retinal ICAM and COX-2

3
P

0117 Mothods: Retinas were tsolated and sonicated, and the supernatant nsed as
whole retinal extract. Samples (50 pg) were fractionated by SDS-PAGE,
electroblotted to nitrocellucose membrane, and membranes blocked i Tris-buffered
saline containing 0.02% Tween 20 and 3% nonfat mitk. Antibodies for KIAM-
{1:200 dilution; Santa Cruz Biotechnology) and COX-2 were applied, followed by

secondary auttbody for  hoor, After washing, results were visualized by enhanced

chemiuminescence.

[O1IRY Results:

e
U
oo
N2
-y
~
t’;
,...\.

e shown in Figure 4. Since ICAM-1 expression on endothehal cells
plavs a critical role in adhesion of white blood cells to the vessel wall (leukostasis),
we measwred the effect of diabetes and the therapy on expression of I[CAM-1 i
retina. Two months of diabetes did result in a significant increase in expression of
retinal ICAM-1. Administration of the RAGE-Ig fusion protein resulted in a dose-
dependent decrease 1o expression of the ICAM, and the highest dose significantly

indubited this oxpreasion

f0120] Expression of an immuanostained band consistent with the molecular wesght
for COX-2 did not merease in diabetes and did not change in animals getting the

therapy {(not shown).

panan
vl
It
-3
e

The sndpomts use in this short tern study of the effects of the RAGE- g
fusion protein were selected because all have been found to be associated with the

development of the early {degenerative) stages of diabetic retinopathy, ig, vartous

therapies that have been found to inhibit diabetes-induced degeneration of retinal

capiliaries also have inhibited these defects,
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{01221 {ohibition of RAGE did inhibit ubnormalitics refated to vascular permeability
and wifrative stress i the retina, Nitrative stress also s regarded as @ marker of
oxidative stress. The RAGE inhibitor, however, did not inhibit abnormalities related

to feukostasis.

EXAMPLE 2

=
<
yoca
[
L

Eifect of RAGE fusion proteins of the invention on long-tenm streptozotocin
induced digbetes in mige.
{0124 Strepiozotocin induced diabetes in miice 18 an art recognized model for

digbetes induced retinal changes (see Obrosova IG, Drel VR, Kamagal AKX, Szabo C,

Pacher P, Stevens MI. Burly diabetes-induced biochemical changes in the retina:

comparison of rat and mouse models. Digbetologia. 2006 Oct 49(103:2525-33 )
{01251 The fong term stadies involved § treatment groups containing 25 CSTBL/G

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

N

os; 3y streprozotocin treated mice that also recetved 10 gy/day aRAGE-
IgG2aFe wjected 1P, 3 imjections/week; 4) streptozotocin treated mice that also
received 100 ng/day mRAGE-1gG2aF¢ injected P, 3 injectionsiweek; and §)

¥

streptozotocin treated mice that also recetved 300 pp/day mRAGE-Ip(G2aFe injected

7./

1P, 3 injoctions/week

10126] During the study, the mice were assessed for body weight, blood glucose,
glycohemoglobin (GHb), 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 in the retina.

{01277 Parameters refated to retinopathy measured in the long-term study were {1)
acellulay capillaries, {2} perteyte ghosts, and (3 ganghion eclls. As a marker of
peripheral nawvopathy, seasitivity of the paw to hight touch was also measured in the

fong-term study.

[012%] Dighetes-mnituced retinal histopathology
{0128 After 19 mos of diabetes, eyes were fixed in formalin, and one reting from

each antmal was isolated, washed in running water overnight, and digested for 2 hrs in

crude trypsin solution as we have reported previously, The retinal vasculatire was

s
P
=
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[0130)

(0131

$

isolated by gently dislodging neural cells with a “brash”™ made from a single hair,
When totally oleaned of nenral cells, the isolated vasculature was faid oot on a glass
nncroscope shide, dried overnighs, staimed with hematoxylig and periodic acid-
Schiff] dehydrated and coverslipped. Degenerate (acellular) capillavies were

~

quantitated in 6-7 fiold areas corresponding (o the mid-retina {200X 'n'laigniﬁcaﬁ.ion} m

a masked manner. Acellular capillaries were identified as capillarv-sized vessel tubes
having ne nuctel anywhere along their fength, and were e‘:pomed per square

mitlimeter of vetinal area. Pericyte ghosts were estimated from the prevalence of

oS

protruding “bumps™ in the capillary basement membranes from which pericytes had
disappearad. At least 1,008 capiliary cells {endothelial cells and pericviesy i 3 field
arcas in the mid-reting (400X magnification) in & masked manner were examined.

Chosts on any already acellular vessel were excluded.

To study the eoffects of digbetes on retinal neuradegeneration, ceils i the
ganglion cell laver were counted. Formalin-fixed eves were embedded in parafiin,
sectioned sagittally through the reting, going through the optic nerve, and stained with
h.s:matx‘;x}f‘i’i_z‘l«eosin, The namber of cells u the ganglion cell laver were vounted in

wi areas {mid-retina and posterior retina adjacent to optic nerve) on hoth sides of thy
oplic nerve. Comparable areas from both sides of the optic nerve were averaged, and

1

cxpressed per unit length.

Results. As expected base on previows work, long-term diabetes resulted 1 8
significant inerease  the nwmber of degenerate, acellular capiltlaries in the reting
{Figure SA). Al doses of the RAGE-Ig fusion protein significantly inhibited this
capillary degeneration, without having any effect on the severity of hyperglycentia.
Diabetes also tended to increase pericyte degeneration {pericvie ghosts), but the
results did not achieve statistical significance (Figure SBY. We previously have foand
pericvie foss 1o be much more ditficult to detect in diabetic C57Bl6 mice compared
tos diabetic vats or larger species, and we now regard it as ary unreliable parameter of
vascular disease ay this model. Perhaps ¢ a vesalt of the fatlure to deteot stpmificant
pericvte oss in control diabetios, we did not detect any effect of the RAGE-Ig fusion
protein on pericyte losy in these mice

Diabetes did not induce a decrease in the number of cells in the retinal
ganglion cell Tayer (e, nearedegencration) w these CS7BE6 mice. This finding was

consistent with a prioy study of this mouse model. In the absence of an effect of
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(0134

diabetes on the retinal newrodegeneration, we are unable to assess whether or not the

inhibitor woudd have had an effect on the nearodegensration.

Lo

o light touch {8 marker of peripheral newwropathy).

Patients with diabetic neuropathy may exhibit & variety of aberrant sensations
nciuding spontaneous pain, pam evoked by light touch and hyvperalgesia. There ig
sccumudating date that diabetie vodents reproduce this hvperalgesia, and develop a

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

Methods: Mice (8 mos diabetes) were transferred to a testing cage with a wive
nesh bottom and allowed to acchimatize for 10 to 15 min. Von Frey tilaments were
used to determune the S0% mechameal withdvawal threshold for foot withdrawal.
series of filaments with logarithmically increasing stiffness, starting with one that had
a buckling waight of 0.6 g, were apphied i sequence to the plantar surface of the right
hind paw with a pressure that caused the filament to buckle. Lifting of the paw was

recorded as a positive response and u lighter filament was chosen for the next

measurernent. I there was no response after § seconds, the next heaviest flamoent

was used afterwards, This method was continued until four measurements had been
made afier an initial change in the behavior or until five consecutive negative (6 gy or
four consecutive positive (0.4 g) responses had occurred. The resulting sequence of
pesitive and negative scores was used to calenlate the 50% withdrawal response

threshaold.

Results: Diabetes significantly increased the sensitivity of the paw to light
touch, meaning that # required a fower amount of pressure for diabetic animals to
withdraw their paw than did nondiabetic animals (Figore ). This diabetes-induced
defeet was significantly inhibited at cach dose of the SRAGE-Ig fusion proten,

Retinepathy: The studies condocted using the RAGE-Ig fusion protein were
conducted for 2 durations of diabetes: (1) long-term (10 mao) studies to assess the

effect of the 1‘hempy on long-term histopathology of diabetic retinopathy that develop

(I}

1 miee, and (23 2-3 mo studies to assess physiologic and molecular effects of the
therapy that presumabiy underiie the effects on long-term histopathology. The
physiologic and molecular endpoints studied with regpect to effeets of the RAGE-Iz
fusion protein were selected because all have been found in other studies to he

assoctated with (and likely causally related to) the development of the early

(%
5
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{degenerative) stages of disbetic retinopathy. All three doses of the therapy clearly
and sigmificantly inhibited the diabetes-induced degeneration of the retinal

vasculature, Likewise, all three doses of the drug seemed o inhibit also digbetes-

P

induced increase in retinal permeability in these mice. These findings are of major
clinteal sigrificance, because the early (nonproliferative) stages of diabetic
retinopathy still ave defined based on vascular pathology {vascular nonperfusion and

degeneration, and increased permeability).

,,,,,
-~
s
o
Sz
g
5
ot

The effect of the therapy on the measured mokecular and physiologic
endpoinis in retinas from dighetic mice was mixed. Inhibition of RAGE did inhibit
abnormalities related to nitrative stress, a macker of wadative stress in the reting. The
RAGE inhibiter, however, did not inhubii abnormalibies related to Jeukostasis. The
fack of effoct of the therapy on leukostasis 1s surprising in that another group recently
veported that their sSRAGE did inhibit the inerease in Jeukostasis n diabetes. Evidence
that we have ‘g»:tz‘,aratcﬁ since the start of our studies using the RAGE-1g fusion protein
{Diabetes 7138793, 2008), however, indicates that effects of & drug therapy on
vetinal leukostagis in diabetes does not predict the effect of the therapy on the
degeneration of retinal capiilaries in disbetes. Thas, the fack of the therapy on retinal

leukostasis in no way diminishes the significance of the observed effects of the drug.

(01391 Surprisingly, there appeared to be a dose effeet of the drug with vespect t©o
exprassion of ICAM-1 and nitration of proteins in retinas from the diabetic animals,
whereas this dose effect was not apparent on retinal capillary penmeability and
degeneration. This would seem to suggest that neither ICAM neor niteation &
involved m the retinal vascular defects in diabetes, although we have data using

ICAM-1 kaockoat andmals that argues agamst this conclusion.

{01401 it is clear that the drug did get to the reting, did exent biviogic effects, and did

~

femonstrate a significant ability of the drug to inhibit at least the early vascolay

fesions of diabetie retinopathy.

161411 Sensory neuropathy: It has been postalated by others that advanced glycation
endproducts {AGEs) and interaction of these AGEs with RAGE induce axidative
strass, upregulate NF-kB and vavious NF-kB-mediated preinflammatory genes in the
nerves, and exaggerate nenrological dystunction, inchuding altered pain sensation.

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

|99
(%]
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contributes to the development of at least some aspects of diabetic newropathy, and

provides evidence that the sSRAGE-Ig fusion protein intubits this process it long-term

studies.
EXAMPLE 3
1423 Evaiuation of a RAGE-lg fusion protein using the Type I Collugen-Induced

oo

Arthritis Mouse Madel,

101431 Immunization of susceptible straing of mice with type I collagen, the major

<

aaid?

component of joint cartilage, induces a progressive, inflammatory avtheitis {(Wooley et
al. Jowrndd of Experimenial Medicine 1981 154:688-7003, Collagen induced arthrisis
{CIA) 1s characterized clintcally by ervthema and edema, with affected paw width
increases of typically 100%. A clinical scoring index has been developed to assess
disease progression to joint distorbion and spondyiitis {Wooley, Methods &n
Enzymaology 1988, 162:361-373). Histopathology of affected joints reveals synovilis,
pannas formation, and cartilage and bone erosion, which may also be represented by
an index. Immunological laboratory findings include high antibody levels to type 1T
collagen, and hypergaramaglobulinemia. This model 18 now well established for

hd

testing of imummotherapentic approaches to joint disease (Stanes et al. &

FELINHT

Rhewmatology 1994; 33(9):798-807), and has been successfully emploved

Jovirnal « )
for the study of both biological and pharmacological agents for the treatment of
theumatoid arthntis (RA) (Wooley et al. Axthritis Rheurns 1993, 36:1305-13 14, and

Weoloy et all Jowrnal of Tamunefogy 19931 151:6602-6607 ).

144] Antagonism of the RAGE receptor is recognived as a potential therapeutic

target in RA. Blockade of RAGE in mice with collagen-indnced-arthritis resalted in
the suppression of the clinical and histologic evidence of arthritis, and disease
ametioration was associated with a reduction in the levels of TNFu, T8, and matrix

metalloproteinases MMP-3, MMP-8 and MMP-13 in arthritic paw tisaue {Hofmaom et

=
P
)
Lo
£
<
<
.

al. Genes Hamun 20025 3(33:123-135). This indicates that the collage:

el

arthritis is sensitive to RAGE targeted therapy.

145 This experiment will evaluate the infloence of RAGE-1g fusion protetn on
CIA at three doses administersd from the time of inununization with type H collager
The study design is shown in Figue 7.

LN
e
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Forty DBAS Lacl mice 8-10 weeks of age were obtained from Jacksorn Labs,

~

and acclimatized in the facibity for a minimum of 10 days prior o experimentation.
All animals weighed >16 grams at the start of the experiment. Mice were divided into
one of four freatment groups: 1} 100 ul stenife PBS by Lp. injection daily; 2) 100 ;u.i
sterife PBS coutaining RAGE-{g fusion protein at 10pg by Lp. injection daily; 3) 100
ul sterile PFBS containing RAGE-{g fusion protein at 100 pg by .y ingection daily;
apd 4} 100 ul sterile PBS containing RAGE-{g fusion protein at 300 pg by i.p.

injegction daily.

Three dayy after the initial dosing, all mice were injecterd with 100 g bovine
type i 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 was

ccorded. Mice were welghed weekly, and overall health status noted.  Asthritis
affected animals were clmically assessed five times per week until ten weeks after
amanization, and paw measurements were made three times per week., Mice
without signs of arthritis ten weeks atter immunization were constdered disease

negative.
RESULTS

Overall Health and Toxicity. No acute toxic episodes oecwred during the
trial, and all animals survived the duration of the experimient. The treatment was well
tolerated, and no adverse stgns such as fur matting or iritation were observed, The
mouse weights {Figare 8) indicate minor changes in weight over the course of the
triad, which is typieal due to transient weight loss in individual animals corresponding
to the onset of disease. None of these variations between the groups reached

statistieal st flcance:

Incidence and Onset of Arthritis. The terminal incidence of coliagen arthwitis
in the trial is shown in Figure 9. The control mice reached 100% onset, which 18 not
unusual in classic collagen arthoitis model, where the tvpical incidence ranges from
R0%- 100%. Mice treatod with 10 pg day RAGE veached an wetdence of 80%, which
was not & sigaificant redaction in incidence. Mice treated with 100 pg day RAGE
exhibited a 60% incidence of arthritis, which was significantly lower than the control
group {(p<0.05). Sarprising the inaidence of arthritis mmice treated with 300 ug

RAGE was 100%, and thus simidar 1o the contred incidence.

(93]
L2
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318t The wean {and SEM) of the day of disease onset is shown 1w Figure 10

Disease onset was typical in the control group, with a mean day with the fipst

appearance of arthritis of 38.6. Discase cuset in mice treated with cither 16 pg or 100
g RAGE was nominally delaved to 42,3, which did sot achieved statistical

sigmifteance. However, discase onset was sigmficantly delayed (p<0.035) in mice
treated with RAGE at 300 g, Therefore, although mice at the high dose did nos
exhubit a reduction i disease incidence, the time to the development of clinically

overt arthritis was markedly increased.

3152} The modulation of the onset of disease by RAGE treatment may be readily
assessed by the plot of discase incidence over time (Figare 11). The typical rapid
disease onset characteristic of C1A s observed in the contral group, while mice
treated with RAGE at either 10 gg or 100 gy resulted in a delay of discase onset and a
fower terminal incidence of arthritis. For approximately eight weeks, mice treated
with 3 ng RAGE developed disease in a similar pattern, but a sexies of lste artlyitic

suimals resuited in a high discase incidence but delayed disease anset.

(01533 Disease Severity and Progression. Analysis of the cumalative joint score in

treated and control animals revealed significant effects of RAGE therapy on the
severity of collagen-induced artheitis {(Figure 12} Control muce developed the typical
chronic progressing disease, with a marked increase i the cumulative arthritis index.
i contrast, mice treated with RAGE at any dose exhibited a muwked decrease in the
arthritis score. The difference between the control and treated groups achieved a high
fevel of statistical significance (p<G.001) from Day 43 post inmunization, and this
difference was maintained throughout the trial. Altheugh RAGE therapy of 100
pedday achieved the loswest arthritis caanulative score, there were no sigaificant
ditferences between the RAGE groups with respect to the arthritis score, suggesting

that a “threshold” effect was achieved, rather than a classic dose dependant effect.

s o the influence of RAGE therapy on the number of arthritic
paws {Figure 13) does show a significant effect on the progression of the disease.
Again, a significant influence was observed on the nuwsber of involved paws from
Day 43 on. The level of significance varied from p<Q.001 to p<0.025, which may
reflect that the influence of RAGE was move pronounced upon disease severity than
arthritis progression; however, the maximum number of ivolved paws (40} is more

restricted than the maximom cumulative disease seore (120% Again, there were no
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significant variations between the RAGE treated groups, although the 100 gg RAGE

group did exhibit the Inghest tevel of retardation of wthritis
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«est that adminsstration of RAGE protein exerted ¢ marked
effect apon coi‘sagennind gced arthritis when administered using a prophylactic
protoecel. There were no evert toxic effects of RAGE injection at any dose, and the
treatment appeared to be very well tolerated. The overall disease incidence was

i~ X -

significantly reduced tnmice receiving 100 g daily, and a delay of disease onset was
observed in mice treated with 300 pgdday. However, the most obvious indication of
chimcal activity was observed in the reduction of disease score and arthritic paw
count, where a wide separation between RAGE treated myice and control animals was

detected from Day 43 post immuaization. At this point, control animals underwent

wa

fie {ypical progression of severe arthritis, while RAGE treatment at all doses retarded

the disease progression.

<

{01563 Histopathological assessient: Lunbs from all ioice were removed at the
completion of the clinical assessment study, and stored in neatral buffered formalin

solution. Jownts were decaleified for 18 days i 10% fomue acid, dehydrated, and
embedded in paraffin blocks., Sections were cut along a longitudinal axis, mounted
and stained with either hematoxvlin and eosin or Tohudine Blue. Specimens were cut
o approximately the mid hae, and then sagital contral samples wounted for
avaluation. This allowed a consistent geographic evalnation. Five to fen sanples
were mounted {usually 4 - 6 samples per slide). After staining, the shides were
permanently bonded with coverslips. A minimun of 3 separate sections per specumen
were evaluated tna blinded fashion, with the evaluator unaware of the group
assignment. On front limbs, all elbow, wrist, and metacarpal joints were scored,

while all knee, ankle, and metatarsal joints were scored on the rear paws. Digits were
not evaluated, since the sectioning procedare chiminates most PIP joinis. Slides were
evaiuated for the presence of synovitis, pannos formation, marginal erosions,
wehitectural changes {mostly subluxation), and destruction. An everall score, based
on these collective points, was then assigned o each section. The scoring system was
hased as follows:

(s7y Synevitis was fudged by the thickness of the synovial mewbrane, and scored
as follows: O for less than 3 cells thick; 1 for 3 - 3 cells thick; 2 for 6 - 10 cells thick; 3

for 10~ 20 cells thick; and 4 {or 20 - 30 celils thick.

(SN
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{607

{0161}

{01623

Pannus formation wag scored as follows: O {or no pannus formation; T for
microviilus present; 2 for clear pannus attachments 3 for marked pannus attachmeny;

and 4 for joint space filled by panus.

Marginal erostons were scored as follows: O for no erosions visible; 1 for
minor indentation in arca of capsular attachiment; 2 for clear erosinns of cartilage; 3

for erosions extend to sebehondral bone; and 4 for major erosion of bone and

Avchutectural changes were scoved as follows: § for nomual fointd architectore;
I for edemuatous changes; 2 for mmor subluxation of articulating surfuces: 3 for major

sublaxation of zmicu}:;tting surfaces; 4 for complete fibrosis and collagen bridging.

The overall score retlects: O for classical normal joint appearance; 1 for minor
changes; consistent with remission: may be chintcally normal; 2 for definite
jnflammatory artheitis; 3 magor inflammatory, erosive disease; and 4 for destructive,

erosive arthnits,

Cartilage and Bone Matrix degradation. Serial sections were stained for
cartifage matrix components using the histochemical stain Tohudine Blue, The
tohuidinge blue sections were evatuated for proteogivean losa. The stmning at the
articular surface was compared o staning at the growth plate, and was scored as
follows: §§ for No proteeglyean loss; Normmal Tohwdine Bloe staming; 1 for Minor
proteogivean loss; Some loss of staining from the superficial cartifage; 2 for
Moderate proteoglyean fossy Weak staining of superficial cartilage; 3 for Significant
proteoglyean foss; No Toluidine Blue staining of superficial eartilageiand 4 for Major

oroteogivean loss; No Toluiding Blue staining of deep cartilage.
RESULTSR

Histological Findings of Collagen-induced arthritis. Sections were assessed
for the inflanunatory and erosive parameters of disease. The appearance of the
arthritis {(Figure 14) reveals typical inflammatory crostve disease pathology for this
ime point in the control (PBS treated) group, with the typieal arthritic features of
synovial hypertrophy and hyperplasia, with marked pannus attachment and marginal
LTOSIONS.

Treatment with the RAGE-{g fusion protetn at 18 ugfml {Figure 14B) resudted

i moderate changes in the inflammatory and erosive parametors, with an overall
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improvement in the appoarance of erosions and disrupted cartilage surfaces.
Treatment with the RAGE-Ig fusion protein at 100 pa/mil (Figure 14C) resulted in a

reduction 1w panous fHrmation and erosions compared with the control, and the overall
difference was quite marked. However, admimstration of the RAGE-{g fusion protein

at 300 pe/ml {Figure 141D resulted in arthritis that appeared somewhat fess severe
than the pathology seen in the saline control, but was nevertheless quite severe, with
synovial Rypertrophy and hyperplasta, with marked panous attachment and marginal

SrOSIONS.

(0106} Anadysis of the inflammatory scores (Figure 15) revealed a reduction in the
nflammation m mice wreated with the RAGE-Ig fusion protein at all doses when
compared with control {saline-treated) annmals. However the synovitls was
significantly reduved {(p<0.03) only in the 100 pg/ml group, and the pannus formation
showed similar reductions in seore {p<0.03}. The reductions w the infiammatory
distase paramaters observed using the RAGE-Ig fusion protein at either 10 pg/mi or

300ugml fatted to reach statistical significance,

{0167} Assesament of changes in the crosive features {erosions and changes i joint
architecture} of collagen-induced arthritis showed a singlar pattern of effects. A
stgnificant reduction {p<0.01) in joint erosions was observed between the group
treated with the RAGE-Ty fusion protein at 100 wg/ml when compared with control
{saline-treated) animals (Figure 16), while the reductions observed in mive treated

with the RAGE-{g fusion protein at 10 pg/ml and 300 pg/ml did not reach

significance.

ol
N
o

The combination of the histopathological parameters into an overall
histological arthritis score (Figore 17) reflected the findings of the individoal
pathology parameters, Significant differences between the control {saline} treated
animals and mice treated with the RAGE-Ig fusion protewn at 100 ng/ml {p<.02}
were observad, and the overall score in mice treated at 10 pgiml just achieved
significance {(p=0.08), while no significant reductions 1 the overall disease scores

were observed using the RAGE-Ig fusion protein at 300 gg/ml.

{0169 The Toluidine Blue stained sections were examined to determine whether the

RAGE-1g fuston protemn influenced the loss of matrix proteins from the arthritic joint.

The data (shown in Figures 18 and 19) suggest that the RAGE-1g fusion protein did
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protect against proteoglycan loss, but this effect was only statistically significant
(p<0.05) at the 100 pg/ml 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 is seen in mice treated with the RAGE-Ig fusion protein at
300 pg/ml. In contrast, there is good preservation of the matrix protein with

administration of the RAGE-Ig fusion protein at 10 pg/ml or 100 pg/ml.

[0170] The histological findings confirm the clinical data that indicate that treatment

of collagen-induced arthritis with the RAGE-Ig fusion protein resulted in an effect on
the incidence and severity of the disease. The histological parameters reached high of
levels statistical significance in mice treated with 100 pg/mi, and achieved statistical
significance on the overall pathology in mice treated with 10 ug/ml. RAGE-Ig fusion
protein at 100 pg/ml achieved good preservation of the joint structure, and a
significant reduction of all the parameters of arthritis under evaluation. The overall
impression is that the RAGE-Ig fusion protein blocked the erosive phase of arthritis,
since the degree of inflammatory changes was less influenced than the secondary
disease parameters. Mice treated with the RAGE-Ig fusion protein at 300 pg/ml were
not protected to the same degree as the lower doses, again raising the possibility of a
suppressive response to this level of protein administration. Overall, these findings
are in agreement with the clinical observations made in the study, and demonstrate

that the RAGE-Ig fusion protein can exert an anti- arthritic effect.

[0171] While the invention has been described in detail, and with reference to specific

embodiments thereof, it will be apparent to one of ordinary skill in the art that
various changes and modifications can be made therein without departing from the
spirit and scope thereof and such changes and modifications may be practiced within
the scope of the appended claims. All patents and publications herein are
incorporated by reference to the same extent as if each individual publication was
specifically and individually indicated to be incorporated by reference in their

entirety.

[0172] The reference in this specification to any prior publication (or information

derived from it), or to any matter which is known, is not, and should not be taken as
an acknowledgment or admission or any form of suggestion that that prior
publication (or information derived from it) or known matter forms part of the

common general knowledge in the field of endeavour to which this specification
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relates.

[0173] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word “comprise”, and variations such as “comprises” and
“comprising”, will be understood to imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of any other integer or step or group

of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: \

1. Anisolated fusion protein comprising at least one polypeptide comprising;:

(a) a first amino acid sequence comprising an amino acid sequence selected from the
group consisting of amino acids 1-301, amino acids 24-301, amino acids 1-344, or amino
acids 24-344 of SEQ ID NO:6; and

(b) a second amino acid sequence at least 95% identical to a human heavy chain

immunoglobulin IgG4 constant domain or a fragment thereof.

2. The isolated fusion protein according to claim 1, wherein the first amino acid

sequence comprises amino acids 1-344 of SEQ ID NO:6.

3. The isolated fusion protein according to claim 1 or claim 2, wherein the fusion
protein comprises an amino acid sequence selected from the group consisting of SEQ ID
NO:6, and SEQ ID NO:8.

4.  Theisolated fusion protein according to any one of claims 1 to 3, wherein the fusion

protein comprises the amino acid sequence of SEQ ID NO:6.

5. The isolated fusion protein according to any one of claims 1 to 4, wherein the amino

acid sequence of the fusion protein consists of SEQ ID NO:6.

6. The isolated fusion protein according to any one of claims 1 to S, further comprising

a linker between the first amino acid sequence and the second amino acid sequence.

7. Anisolated nucleic acid encoding a fusion protein comprising at least one
polypeptide comprising;:

(a) a first amino acid sequence comprising an amino acid sequence selected from the
group consisting of amino acids 1-301, amino acids 24-301, amino acids 1-344, or amino
acids 24-344 of SEQ ID NO:6; and

(b) a second amino acid sequence at least 95% identical to a human heavy chain

immunoglobulin IgG4 constant domain or a fragment thereof.

4]
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8.  Anisolated nucleic acid according to claim 7, wherein the first amino acid sequence
comprises amino acids 1-344 of SEQ ID NO:6.

9.  The isolated nucleic acid according to claim 7 or claim 8, wherein the fusion protein
comprises an amino acid sequence selected from the group consisting of SEQ ID NO:6,

and SEQ ID NO:8.

10. The isolated nucleic acid according to any one of claims 7 to 9, wherein the fusion
protein comprises SEQ ID NO:6.

11.  The isolated nucleic acid according to any one of claims 7 to 10, wherein the fusion

protein has an amino acid sequence that consists of SEQ ID NO:6.

12.  Anisolated nucleic acid according to any one of claims 7 to 11, further comprising a
sequence encoding a linker between the first amino acid sequence and the second amino
acid sequence.

13. A recombinant host cell comprising the nucleic acid of any one of claims 7 to 12.

14. A pharmaceutical composition comprising the isolated fusion protein of any one of

claims 1 to 6 and a pharmaceutically acceptable carrier.
15. A method of treating an AGE-mediated disease, comprising;:

administering to a mammal having an AGE-mediated disease a therapeutically
effective amount of the pharmaceutical composition of claim 14.
16. The method according to claim 15, wherein the disease is diabetic nephropathy.
17. The method according to claim 15, wherein the disease is rheumatoid arthritis.

18. The method according to claim 15, wherein the disease is an autoimmune disease.

19. The method according to claim 15, wherein the disease is selected from the group
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consisting of dermatitis, glomerulonephritis, multiple sclerosis, uveitis ophthalmia,
autoimmune pulmonary inflammation, insulin dependent diabetes mellitus, autoimmune
inflammatory eye, systemic lupus erythematosus, insulin resistance, rheumatoid arthritis,

diabetic retinopathy, scleroderma, Alzheimer's disease and diabetes.

20. The method according to any one of claims 15 to 19, wherein the fusion protein

comprises the amino acid sequence of SEQ ID NO:6.

21. The method according to any one of claims 15 to 20, wherein the amino acid

sequence of the fusion protein consists of SEQ ID NO:6.

22. A method of lowering the levels of ligand bound by RAGE in a mammal in need
thereof which comprises administering to the mammal a RAGE ligand-lowering amount of

a fusion protein according to any one of claims 1 to 6.

23. The fusion protein according to any one of claims 1 to 6, the nucleic acid according
to any one of claims 7 to 12, the cell according to claim 13, the composition according to
claim 14, or the method according to any one of claims 15 to 22, substantially as

hereinbefore described with reference to the Examples and/or Figures.
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