
(12) STANDARD PATENT
(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2008265983 B2

(54) Title
RAGE fusion proteins

(51) International Patent Classification(s)
C07K 14/00 (2006.01)

(21) Application No: 2008265983 (22) Date of Filing: 2008.06.13

(87) WIPONo: WO08/157378

(30) Priority Data

(31) Number (32) Date
60/943,994 2007.06.14

(33) Country
US

(43)
(44)

Publication Date: 2008.12.24
Accepted Journal Date: 2013.06.20

(71) Applicant(s)
Galactica Pharmaceuticals, Inc.

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

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

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



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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date 
24 December 2008 (24.12.2008) PCT (10) International Publication Number

WO 2008/157378 A3

w
o 

20
08

/1
57

37
8 A

3 ll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
l

(51) International Patent Classification:
C07K14/00 (2006.01)

(21) International Application Number:
PCT/US2008/066956

(22) International Filing Date: 13 June 2008 (13.06.2008)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/943,994 14 June 2007 (14.06.2007) US

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

(72) Inventors; and
(75) Inventors/Applicants (for US only)·. BLECK, Gregory, 

T. [US/US]; 1251 Gil’s Way, Cross Plains, WI53528 (US). 
HILBERT, David, M. [US/US]; 8501 Meadowlark Lane, 
Bethesda, MD 20817 (US).

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

(54) Title: PAGE FUSION PROTEINS

(81) 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, CH, CM, 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, PC, 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, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available)·. ARIPO (BW, GH, 
CM, 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, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
— with international search report
— with sequence listing part of description published sepa­

rately in electronic form and available upon request from 
the International Bureau

(88) Date of publication of the international search report:
26 February 2009

(57) Abstract: The present invention provides 
novel therapeutics and methods of treatment for 
diseases associated with activation of the advanced 
glycatioK endproducts receptor (RAGE).



WO 2008/157378 PCT/US2008/066956

RAGE FUSION PROTEINS

[0001] This application claims priority to United States provisional, application for

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

specifically incorporated herein by .reference.

FIELD OF THE INVENTION

[0002] The present invention, relates generally to advanced glycation end products

(“AGE”) and more specifically to certain fusion proteins that comprise the receptor 

for advanced glycation end products (“RAGE”). Fusion proteins, of the invention 

bind to AGE and other RAGE ligands (e.g,, S100 and HMGB1) and compositions 

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

BACKGROUND

[0003] Advanced glycation end products (AGE) are the result of nonenzymatic

glycation and oxidation of proteins, 'They appear under stress related circumstances 

including in. autoimmune connective tissue diseases, and may form in inflamed tissue 

due to the oxidation or the myeloperoxidase pathway. AGE have been implicated in 

•a number of diabetes related complications. For example, the characteristic structural 

changes of diabetic nephropathy, thickened glomerular basement membrane and 

.mesangial expansion, are accompanied by-accumulation of AG E, leading to 

glomerulosclerosis and interstitial fibrosis. Prolonged Infusion of nondiabetic rats 

with AGE has led to the development of similar morphological-changes and 

significant proteinuria. AGE inhibitors such as aminoguanidine have been shown to 

prevent diabetic nephropathy in diabetic animal models and were recently shown to 

do the same in one clinical trial on diabetic patients. Also, AGE are a well validated 

therapeutic target for diabetic retinopathy. Extensive diabetic murine and rat studies 

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

[00041 Atherosclerosis is significantly accelerated in diabetic patients and Is

associated with greater risk of cardiovascular and cerebrovascular mortality. Animal 

and human studies have suggested that AGE play a significant role in the formation 

and progression of atherosclerotic lesions. Increased AGE accumulation in the 

diabetic vascular tissues has been associated with changes in endothelial cell, 

macrophage, and smooth muscle cell function.
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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 SlOO/calgranulins, amphoterin/HMGB 1 , and amyloid 

fibrils. RAGE acts through a signal cascade involving NF-κΒ. 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) Nat 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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in some embodiments, the RAGE ligand binding domain may be from a mammalian 

RAGL for example, a human RAGE, A suitable mammalian RAGE ligand binding 

domain may comprise amino acids I -344 of SEQ ID NO: 6 or amino acids 24-344 of 

SEQ ID NO: 6. In one embodiment, a fusion protein of the invention may comprise 

an amino acid sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID 

NO;4, SEQ ID NO:6, and SEQ ID NO: 8. In one embodiment, an isolated fusion 

protein of the invention comprises SEQ ID NO:6 or SEQ ID NO:8. In another 

embodiment, an isolated fusion protein of the invention consists of SEQ ID NO:6 or 

SEQ ID NO:8. In some embodiments of the invention, fusion proteins of the 

invention may further comprise a linker between the RAGE amino acid sequence and 

the lgG4 amino acid sequence. The present invention also contemplates nucleic acid 

molecules (e.g., DNA or RNA molecules) encoding the fusion proteins of the 

invention as well as host cells expressing the nucleic acid molecules encoding the 

fusion proteins of the invention.

[0009] The present invention further provides 'for a pharmaceutical composition

comprising a fusion protein of the.'invention and a pharmaceutically acceptable 

•excipient or diluent,

[0010] The present invention provides methods of .treating diseases mediated by

AGE, Such diseases include any disease characterized by an increased amount of 

AGE in a subject, for example, a mammal such as a human. Methods of treating an 

AGE-mediated disease comprise administering to a subject having an AGE-mediated 

disease a therapeutically effective amount of a pharmaceutical composition 

comprising a fusion protein of the Invention. Examples of diseases that can be treated 

by the methods of the invention include, but are not limited to, diabetic nephropathy , 

.rheumatoid arthritis, and autoimmune diseases such as 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, and 

scleroderma. .Any fusion protein of the invention may be used in the practice of the 

methods of the invention. In one embodiment, methods of the invention may be 

practiced using a fusion protein comprising SEQ ID NO:6 or SEQ ID NO:8. In 

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

protein that consists of SEQ ID NO:6 or SEQ ID NO:8,
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[0011] fa another embodiment of the invention, the present invention provides

methods of lowering the levels of ligand bound by RAGE in a mammal (e.g., a 

human) in need, thereof. Such methods may comprise administering to the mammal a 

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

{003 2] In other embodiments, the invention provides for a recombinant expression

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

transduced, or transfected with the vector; and a process for producing a fusion 

protein,, which comprises culturing a host cell transformed, transduced or transfected 

with, a nucleic, acid encoding a fasioti protein of the invention under conditions 

suitable to effect expression of the fusion protein.

[0013] The invention further provides compositions comprising the present fusion

protein or fragments thereof. In some embodiments, the invention includes 

compositions comprising the present .fusion protein or fragments thereof to which, a 

radioisotope, chelator, toxin, fluorochrome, biotin, peptide epitopes such as his-tags, 

myedags, or sugars are directly or indirectly attached. Other embodiments of the 

invention include foe present fusion protein, fused with another protein for the 

put-poses of'altering the biological half-life or function and glycosylation variants of 

the fusion protein.

[0014 J These and csther aspects of the: present invention, wi 1.1 become evident upon

reference to the following detailed -description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure I is a bar graph showing the effects of an exemplary RAGE-Ig. fusion

protein on loukostasis in a streptozotoein-indueed diabetic mouse model.

[()()16] Figures 2 A-2D are bar graphs showing the effects of an exemplary RAGE-Ig

fusion protein on retinal vascular permeability in various retinal layers in a 

streptozotoein-indueed diabetic mouse model.

[0017] Figure 3 is a bar graph sho wing the effects of an exemplary RAGE-lg fusion

protein, on the nitration of retinal proteins, in a streptozotoein-indueed diabetic mouse 

model.

4
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[0018] Figure 4 is a bar graph showing the effects of an exemplary RAGE-Ig fusion

protein on the retinal expression of ICAM in a streptozotocin-induced diabetic moose 

model.

[0019] Figure 5 A is a bar graph showing the effects of an exemplary RAGE-Ig fusion

protein on the number of acellular capillaries observed per sq uare rnrn. of retinal ti ssue 

in diabetic .mice after 10 months of diabetes. Figure 5B is a bar graph showing the 

effects of an exemplary RAGE-Ig fusion protein on the number of pericyte ghosts per 

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

[0020] Figure 6 is a bar graph showing the effects of an exemplary RAGE-lg fusion

protein on the 50% response to touch threshold in diabetic mice after 10 months of 

diabetes.

[0021] Figure? provides a flow chart showing the experimental protocol of Example

3.

[0022] Figure 8 is a line graph showing the effects of an exemplary RAGE-lg fusion

protein on test animal weights in a type-H collagen induced, arthritis mouse model.

[0023] Figure 9 is a bar graph showing the effects of an exemplary RAGE-lg fusion-

protein on the incidence of arthritis in a type-H collagen induced arthritis mouse 

model.

[0024] Figure 10 is a bar graph showing the effects of an exemplary RAGE-Ig fusion

protein on the onset of arthritis in a type-Π collagen induced arthritis mouse model,

[00251 Figure 11. is a lino graph showing the effects of an exemplary RAGE-lg fusioft

protein on incidence of arthritis as a function of time in a type-H collagen induced 

arthritis mouse model.

[0026] Figure 12 is a line graph showing the effects of an exemplary RAGE-Ig fusion

protein on the severity of arthritis as a function of time in a type-11 collagen induced 

arthritis mouse model.

[0027] Figure 13 is a line graph showing the effects of an exemplary RAGE-Ig fusion

protein on the number of arthritic paws observed as a function of time in a type-11 

collagen induced arthritis mouse model.

5
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[0028] Figures 14A-1.4D are photomicrographs showing the effects of an exemplary

RAGE-lg fusion protein on. joint morphology as a fenction ol im leasing amounts of 

the fosion protein in a type-11 collagen Induced arthritis mouse model.

[0029] Figure 15 is a bar graph showing the effects of an exemplary RAGE-lg fusion

protein on synovitis (black bars) and pannes (grey bars) in a type-Π collagen induced 

arthritis mouse model,

[0030] Figure 16 is a bar graph showing fee effects of an exemplary RAGE-lg fusion

protein, on marginal erosion (black bars) and architectural changes (grey bars) in a 

type-Π collagen induced arthritis mouse model,

[0031J Figure 17 is a bar graph showing the effects of an exemplary RAGE-lg fusion

protein on overall histological arthritis score in a type-Il collagen induced arthritis 

mouse model.

[0032] Figure 18 is a bar graph showing fee effects of an exemplary RAGE-lg -fusion

protein, on joint matrix protein loss in a type-If collagen induced arthritis mouse 

model.

[0033] Figures 19A-19D are photomicrographs of toluidine blue stained sections

showing the effects of an exemplary RAGE-lg fusion protein on joint matrix protein 

loss .in a type-H collagen induced arthritis mouse model.

DETAILED DESCRITPION OF THE INVENTION

[0034] Definitions

[0035] As used herein the terms "receptor for advanced glyeaii.on end product” or

RAGE refer to proteins having amino acid sequences that are substantially similar to 

-the native mammalian RAGE, amino acid sequences and function to bind one or more 

RAGE ligands in a ligand-receptor specific manner. The terms “advanced glyeafion 

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

the nonenxyraatic reaction, of reducing s ugars wi th, free amino groups of proteins, 

lipids, and nucleic acids as described, above,

[0036] As used herein, a “RAGE ligand binding domain” or “RAGE-LBD” refers to

any mammalian RAGE protein or any portion of a mammalian RAGE protein that 

retains fee ability to bind a RAGE ligand in a ligand-receptor specific manner. 

Specifically, without limitation, a. RAGE ligand binding domain includes a

6
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polypeptide having one or more extracellular domains of a transmembrane RAG E 

protein. With reference to Table 6, a suitable RAGE-LBD may comprise at least 

amino acids 1-99, or amino acids 24-99, or amino acids 1-208, or amino acids 24-208, 

or amino acids 1-30.1, or amino adds 24-301, or amino adds 1-344, or amino acids 

24-344 of SEQ IDN'O:6.

[0037] The term ’’isolated,” as used in the context, of this specification to define the

purity of die fusion protein, means that the pro tein is substantially .free of other 

proteins with which it is associated. during production, including without limitation 

substantially free of other proteins present during expression of the fusion protein in a 

cell culture medium. For example, an isolated protein of the invention may comprise 

1- 25%, 20-25%, 15-20%, 10-15%, 5-10%, 1-5% or less than about 2% by mass of 

protein contaminants resid ual of production processes. Compositions comprising 

isolated proteins of the invention, however, can contain other proteins added as 

stabilizers, earners, excipients or co-therapeutics.

[0038] As used herein, “protein” and “polypeptide” are interchangeable.

[0039] As used herein “treating” a disease or disorder refers to improving at least one.

sign or symptom of the subject's disease or disorder,

[0040] The term "nucleic acid" refers to polynneleotides such as deoxyribonucleic

acid (DNA), and, where appropriate, ribonucleic acid.(RNA). The term should also 

be understood to include, as equivalents, analogs of either RNA or DNA made from 

nucleotide analogs, and, as applicable to the embodiment being described, single 

(sense or antisense) and double-stranded polynucleotides,

[0041 ] The term "or" is used herein to mean, and is used interchangeably with, the

term "and/or,” unless context clearly indicates othopvise,

[0042] The tenrs "percent identical” refers to sequence identity between two amino

acid sequences or between two nucleotide sequences. Percent identity can be 

determined by comparing a position in each sequence which may be aligned for 

purposes of comparison. Expression as a percentage of identity refers to a function of 

the number of identical amino acids or nucleic acids at positions shared by the 

compared sequences. Various alignment algorithms and/or programs may he used, 

including PASTA, BLAST, or ENTREZ. FASTA and BLAST are available as a part 

of the GCG sequence analysis package (University of Wisconsin, Madison, Wis.), and
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can be used with, e.g., default settings. ENTREZ is available through the National 

Center for Biotechnology Information, National Library of Medicine, National 

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

sequences can be determined by the GCG program with a gap weight of 1, e.g,, each 

amino acid gap is weighted as if it were a single amino acid or nucleotide mismatch 

between the two sequences.

[0043] Sequence identity may be determined by comparing a reference sequence or a

subsequence of the reference sequence to a test sequence (e.g., a nucleotide sequence, 

an amino acid sequence, etc.). The reference sequence and the test sequence are 

optimally aligned over an arbitrary number of residues termed a comparison window. 

In order to obtain optimal alignment, additions or deletions, such as gaps, may be 

introduced into the test sequence. The percent sequence identify is determined by 

determining the number of positions at which the same residue is present in both 

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

sequences in the comparison window and multiplying by 100 to give the percentage. 

In addition to the number of matching positions, the number and size of gaps is also 

considered in calculating the percentage sequence identity.

[(1044] Sequence identity is 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, 

http://www.ncbi.nhn.nih.gov/). This program compares segments in a test sequence 

to sequences in a database to determine the statistical significance of the matches, 

then identifies and reports only those matches that are more significant than a 

threshold level. A suitable version of the BLAST program is one that allows gaps, for 

example, version 2.X (Altschul, et al., Nucleic Acids Res 23(17):3389-402, 1997). 

Additional suitable programs for identifying proteins with sequence identity to the 

proteins of the Invention include, but are not limited to, PHI-BLAST (Pattern Hit 

Initiated BLAST, Zhang, et al., Nucleic Acids Res 26(17):3986-90, 1998) and PSI- 

BLAST (Position-Specific Iterated 'BLAST, Altschul, et al., Nucleic Acids Res 

25(1.7):3389-402, 1997). The programs are publicly available at the NCBI web site 

listed above and may be used with the default settings in order to determine sequence 

identity according to the invention.

10045] Fusion Proteins

http://www.ncbi.nhn.nih.gov/
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[0046] The present invention provides an isolated fusion protein comprising at least

one polypeptide comprising: (a) a first amino acid sequence at least 90%, 91%, 92%,

0' . 94%, 95%, 96%, 97%, 98%, or 99% 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 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a human 

heavy chain immunoglobulin lgG4 constant domain or a fragment thereof] wherein 

die first amino acid sequence comprises at least one mutation, or at least two 

mutations, or at least three mutations, or 1--4 mutations, or 1--10 mutations relative.to a 

wild type RAGE ligand 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 RAGB ligand binding domain more resistant to 

proteolytic degradation, such as those that make the fusion protein more resistant to 

firrin-fike proteases, Suitable fragments of the second amino acid sequence include 

fragments that retain the ability to increase the serum half-li fe of the fusion proteins of 

which they are part relative to the serum half life of the same first amino acid 

sequence alone. Preferably the first amino acid sequence and the second amino acid 

sequence are derived torn human RAGB ligand binding domain and human lgG4.

[00471 Fusion proteins of the invention may comprise one or more amino acid

sequences'in addition to a, 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 ligand binding 

domain and the IgG sequence. Fusion proteins of the invention may comprise one or 

more tag sequences, for example, purification tag sequences such as 6-Histidines, 

Fusion, proteins of the invention may comprise one or more epitopes recognized by 

commercially available.antibodies, for example, c-myc (BQKtlSEEDL, SEQ ID NO: 

9) and hemagglutinin (YPYDVPDYA, SEQ ID NO: 10) derived from an. epitope tag 

of the influenza hemagglutinin protein.

[0048] Any mammalian RAGE protein known to those of skill in the art may be used

in the practice, of the present invention. Preferably the extracellular domain of the 

RAGE protein will be used to identify a. ligand binding domain that can be mutated 

and used as the first amino acid sequence of the fusion protein. Suitable example of 

mammalian RAGE proteins include, but are not limited to, primate, human (e.g,,

9
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GenBank accession no, NF...001 '127 and NP 751947), murine (e.g., GenBank 

ucce,v.-en no V\ O' bw I). canine <c g. ί jvnlhuik ;n cc^ron n·' ; d^'G, rat

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

no, AA120128), ovine, equine and porcine (e.g.. GenBank accession no. AAQ73283) 

RAGE domains.

[0049] RAGE amino acid sequences comprising one or more changes or

modifications with respect to the wild type sequence may be used in the present 

invention. Such changes or modifications include, but are not limited to, point 

mutations, deletions from the N-terminal, deletions from the C-terminal, internal 

deletions, and combinations thereof Any change or modification maybe introduced 

into a RAGE sequence for use in the present invention so long as the resulting protein 

retains biological 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 

glyeosylation patterns, including without limitation, fusion proteins in which the first 

amino acid sequence is derived from a mammalian RAGE ligand binding domain 

with or without associated native-pattern glyeosylation of the binding domain.

[0050] Any suitable IgG Fc region may be used in the practice of the invention,

preferably, from an IgG4. molecule, tor example, amino acid residues 149-472 of 

GenBank accession no. AAH25985. An IgG region for use in the present invention 

may he an lgG4 Fc region and may comprise one or more of the CH2 and CHS 

regions of the lgG4 molecule,

[0051] Examples of suitable fusion proteins are provided in the following tables,

[0052] Table 1 pro vides the nucleotide sequence of a. human RAGE-lgG4 Fc fusion

protein gene sequence.

10
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[0053] Table 1; Human RAGE-lgG4 Fc Fusion Gene Sequence (SEQ ID NO: I).

ATGGCAGCCGGAACAGCAGTTiiGAGCCTGGGTGCTGGTCCTCAGTCTGTGGGGGGCAGTAGTAGGTGCTGA

AAAGAG'CAGAGCCGGGATTGGGGAGCCAGGSGyGGl/GAAGTGGAAGGGGGCCCCGAAGAAACGAGGCGAGC
GGGTGGAAGGGAAAGTGAAGACAGGCeGGACAGAAGGCyGGAAGGTCCgGTGTegCCAGGGAGGAGGGCCC
TGGGAGAgGGTGGCgGGGGi’GCGTCCGftAG-GGGgCGGgCGgGGgrGCGfXigGTCGGGA’reCAGGAyGAGGii
GAGTTgCCGGyGGGAGGGAATGAAGAGGAA'rGGAAACJGAGAGGAAGTCGArg'TACGGAGyCCGgGyCTAGG
AGXlGgCGGaGAAGCCAGAAAgrGTAGATTC7gCCTCGGAACTCAGGGCTGGTCTGCCeAAj?AAaGGGGQG
AGATGGGGGGGAGAGGGAAGCGAGGGTGGAGGGAvrtGGGAGGGGGCAGGTGGAGGGGAAGGGGGGGGTGCG'
QAAGGAGAAGGGAor ArGSgiGAAGGAAGAGACGAGGaGACAceCGGAGAGwsGGCycTGGAO.AcTGCAG'A' 
GGGAGGTAATGGTGACCCCAGGCCGGGGAGGAGATCCGGGGCCCACCTTGGCCGGOGCTGGAGCGGAGGG
GGTCCGGGAGAGGGGfSGCGGGGGCACAGCeGCCAGCGAGCGCCGTGTGGGGGAGeGTGTGGCTCGGGAGGA
GGTCGAAGTGGGGGGGGAGGCAGAAGGTGGAGCSGGAGCTGGGGGGGGAM’GGGAAGGCGGAGCGGGGAAG
GCGCTGCCGAGCCCTCGCCTCAAA’TGGAG’IGGATGAAGGATGGTGTGGCCTTGCCCCGTCCGCCCAGGGCT
G7GG:TGAGA7CGGCGTG?G?:ATAGGGGCGGAGGGG;GAGGG/'Gi'GG‘AAGAGGTG'rGGGGCCACCGi-G''TCGA,GGGA
GGGGCGGGAGGAAAGCCGGGCGGGGAGGAGGMiCAGGAGCGAAGGAGGGilAGGAiiGGGGGAAGGGGAGGCG
GGGGGGGAGGAGCAGGGGGGAiAACTgrAGGCCTGGGGGGTTCGAGeAAGGGCCGAyGGGTGGGCGGGGTG
GCGCCCTGeGCGAGGAGCRCGGeeGAGAGC^AGCeGCCCTGCXteTGCCGOGTCAAGGACTAGGTCCCCGA
ACCGGTGACtXrtGGCGTGGAACTCAGOCGCCCTGACCAGCGGCGTGCACACCGTCCCGGCTCGCGT'ACAGT
GCTCAGGACyCTAGTCGCGCAGGAGGGTGGyGACGGyGGGCGGGAGCAGG^’TGGGGACGAAGAGGG'AGAGG
TGCA^.GG?AGATCJke<V^CCAa:^CACC^.GGTGgA«2^(^gAGTOgAGTCC^ATAT<?g.TggCC:CATC
CCCArCArGGGGAGGAGCGGAGTGGGTGGGGGGAGGATCAG'T-C^VGG'TGGyCGCGGCAAAAGGCAAGGAGA
GGGGCArGATCyGGGGQAGCCCTGAGGyGACGTGG<;yGgrGGTGGACGTGAGCCAGGAAGAGGCCGAGGTG
CAGgrCAAGGGGTAGG^GGAGGGGGGGGAGGGGGATAArGGGAAGAGAAAGGGGGGGGAGGAGGAG'IG’CAA
gAGCACGTAGGGTGGGC'rCAGCGGCCTCACCGGCCTGCACCAGGACGGGCTGAACGGCAAGGAGGACAAGT

GCAAGGGGGCGAAGA7GGGGCCTGGGGTGCyGGATCGAGA^AAGGATCyGCAAAGCGAAAGGGGAGCGGGGA
GAGCCGGAGGTGTACAGCGyGCCCGGA7CGGAGGAGGAgyrGAGCJG\GAAGCAGGTCAGGGTGAGCTGGCT
GGTG)G^Giggj?GTAGGCCAGGGAGATCGCGG7~GGA.GG ;GGGAGAGCAAyGGGCAGGGGGAGAAGAAGyAGA
AGAGGAGGGCTGGGGyGGyGGACTGCGACGGCyCCTTGYTCCTGTAgAGGAGGGgAACGGTGGACAAGAGC
AGGTGGGAGGAGGGGAA.TGTCyyCTGAyGG?GGGGGATGCATGAGGGTGTGGAGAAGGAGTACAGACAGAA
GAGGGyGTGGCyGGgTGGGGGGAAAgGA

[0054] Bold text is the coding sequence- for the RAGE signal sequence, normal text is

the coding sequence for human RAGE, and underlined text is the coding sequence for 

IgG4 Fc region.
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Ό0551

ID NO:

Fable .2: Amino acid sequence of a

2).

human RAGE- igG4Fe fusion protein (SEQ

&AAGTAVGAW vnvi,snwGAV VGAOE ::-07-r GSPOV7KGKO AP ICR P PGR 0 R 70
iOO.O.rj'TG.RTS/s OFVGSPQGOG PWriSVARVLU EOSLFLPAVG TQOBGIFRCQ 100
ο/φ/ρτιοκετρ SNYRVFVY2.T. PGKPEIVDSA SELTAGVPKK VOTCVGEGSY ISO
PAGTL·· S&HLL· GRRIO/PtiRKG ’/A'·.'· , :s x . i?77:G7.<F7T..gS· GTOiVTPARGG 200
PPAPTROGOE SPGLPRHRAL ETA P T 0707000 EPVALEByOL OA/EPBOOAVA 2 50
PGGTVTLTCS VPAQPSPOTii PTtRGGVPAPT PFSFVTVLFE IGPQDQGTYS 300
GVATRSSHGP QESRAVSIST TEPGEEGP7A SSVGGSGLGT ΑΑΑΑΑΟΤλΟΡ' 350
SVERbAPGGR 27‘SESTAALG COVKATEPOP VTVStOJSGAb ΤΑΟΟΪΪΐΤΡ'ΑΤ 400
7.GS0O7T07G SVOTVOSSSO GTPTVTcwa HKTGOEOOG/OE RVBSKTGPPO 450
P'SOPAPTJFI.tG opS'-foeppe PRDT7AHSRT PGVTCVWDV 5 OO
OOA'730vSVHN 7---/07770.-- NSTTPVVS'.'L TVOAOGGLrKG' FE2R0F72ER 350
GLPSSGEFTt SOAK COPSE:’ QO/O'TASPSQE SKTXWOSIT ΟΟνΚΟϊΎΡΟΡ .- /0 ,A
7AVEWBKN0Q
OOIAEALUAHY' ^’yKS ί.;ζί

VODSOOOFFL
:<

TSAI ‘P’OKOP GGBOG'/POOO

[()0561 Bold text is the amino acid sequence for the RAGE signal sequence, normal

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

acid sequence for IgG4 Fe region.

[0057] Table 3.: Human RAGE-Linker-lgG4 Fc Fusion Gene Sequence ..(SEQ ID

NO:3).

ATOiC-CAGCCOGAACASrtAGTTGGAGCCTGGGTGCTGGTCCTCAGTCTGTGtA'iGGGeAGTAGTAOiGTGC'TO:.
AAAeA7=CACAOCCeOGArPTC3GCGAGOeACTGCTG€TGAAG'7=G=AAAGGCGOC07CCC.AAG-AAA:;C.OCOCCAGC
GGC7X7GAA=7GGAA.OC707A,OCACAGGCC07GAOA=3AAG-CO7'GGr,GAGC/J.o:T:7GTCTCCCCAGGGAGGrtGGGCCC
<Ά K ■' 7X 'Τ k \ , ,c ’ < Τι. ' ' W*O I. ’ < TV” ο: "Ο O" /( "<

GATTTTCCGGTGCOAGGCAATGAAGAGOA.ArGG.AAAGGAGAOCAOGTA'CAAO'AOCCC-AGTCCO'rGTCTACC 
.OOOOT:rC070;0::000\GOOOOOA77AOr7^0'770G07'TO,T0007‘C'r'OOAOOT00000050TO/:T07;i':rOO:CA07'A7,050--7'00070: 
7x070'-rO-7Or7O7'TOAO7!G-GOA7sG0:TACCCTOCA05G-GAO7,CTT:-'.O0.'T0:5OO7'.OTTOOAtrOOOA,OOOO0:0:'::OO7,OO0· 
G?GiT-'AA<2AAGGGAGTAi'CTGTGAAGGAACAGAOCAGGAOACACC=TTGAGACAGGOC7T:TTOACACT'GCAGT 
CGGA&CTAATOG'rGACCCCAGCCCGGiXOAGGAGATCCCOTi,CCC ACOT7O7:OCTGTAGCTTOOGOOOAGGC 
CTTCCCOGACAGOOOOCCT’?OC«2CAOAGCOOOG?2i’OOAGeCOCOTG!i’CTOGGiOOCCTOTGCCTCTGCAGOA 
OO7i00.'7OiO;r7A;G'lO-5G7,0O7AG-OCAGOOOGTGOAGOAGTAOOTC?CTGGTG'-:.0ACOO:7,7iAOOOT0:5OOO7'OTGOO0: 
TCOCTGGOOCAGCCtCTGTCCTOAAATCCOACTGGATGAAGGATOGTGTGOCeTTGCCCCTVCCCOOAAGCGGT 
O7sOCTGOTOCTGOO7O7(O05A7:O(->OGO0.’TOOAOGACX:AO070OVO:O7''AC:A.-OCT'OT-O7!05CA?f:Ai.'C;c:ATTC:C;Ai0OC.O 
OGGGCCCCAGCGOAACAOOGTGCTGTCAGCATCAGOATCATCGAACCAGGCGAGGAGGGGCCAAOTGCAGGCT  
GTOTGGGAGGArGAGCSGGTGGtOOACTGTAGCOGTGaCCGVrAGCGGOXCCGOAAGTgOQGCTTGGAGCAAG 
GGCCCATGGGTCTTCOGGGTGGOGGCCTOG=POCAGGAGCACOTCCQAG2O:CAGA^OGCCa:'71GGx:CTOCCT
G^^AAS^^ T̂TCCCCGA^XGGTGAC^^CGTOGAA^C^^GCgCTGACC^XXXjCgrOSCACA
CCTTCCCGGCTO7!CCTACAGTCCTCACOAGTCTAC7=CCCTCAGCAOCGTGOTCACOG7.GCeO7.=CCAQCAGC 
7AGGG0ACGAAO7A-GOACA0y7GCAOCGTAOA7-OACAOGCCCAGOAAGAOCAOGG7OGOCAA<7AGOG7T;7A 
GTCOGSATOTGGTCCOOCATOeCOATOATGCOCAGeAOCTGAGT'T-CCTGGGGGGGGCATCGGTCTTOCOjQT 
TGC00CCAAAACCGAAGGAGACTCTCATGATC2-CCCGGACCCCTGAGGTCACGT0CGTGG7'i.:GT00ACGT0 
KoCCAGG^SACCrXGAGt̂ TCCAG^^AC.TC^TACQTCSATGO^Tty^GTCCMAATCFcKAC-RCAAA 
OOQ/GOGGOOOGAGOAGTGOAAOOOO/AOO'AOOGTGO-OGTCOGOGTCCO-OACOOOvCTCOjfocAOO&cfoOO 
7GAOCOOOAAGGAGTACAAGTGOAAGOTC7GCAAORPAGGOC7'CCCG7  OOTOOATO jQOAOOOOOATO T'OO 
(;.--A:3--:---A7AO;3 •^/ΛΟΟΟΑ-ΙΟ^ΑΟ.ΟΟΟΑΑΟΟΤΟ":':/AOQ/ ?/;0-QO··· OfA':·'' '/.00 0 7: .Ο(:Ο'/.:7.;.·;;α7.ΟΟ..-· 
2:2227;.2ό22/2;:92): - = //^--^=/^--^---//=-/2=272-72/22/222:222:2:22/22://22:2:22:20^200:2/7-0 
GGCGGCCGGGGGAGOOCTACG.OGAGCOtGGCC'TOCCGTGOTGGAOO-GCGOGCtoCTGCO-TCTOOCTGrAGAGC 
AG7:-. a-goo'./aoa··.:·---0000700.::-0=.7.:ago: =.-gg,:oa :o. 0.0:7/.. :07/q/googooq-oogo, 
GGA?AACGOOT//7AOA0:AGOAOAOOOTGTqCO7'GTOTO7-0:OGOAAATGA ........

(0058] Bold text is the coding sequence for the RAGE signal sequence, normal text is

the coding sequence for human RAGE, double underline text is the coding sequence
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for the peptide linker, and single underlined text is the coding sequence for lgG4 Fc 

region.

[0059] Table 4: Amino acid sequence of a human RAGE~Linker-lgO4Fe luston

protein. (SEQ ID NO:4).

JS&AGTAVGAW
WKLNTGRT.SA
AMNRMGKETK
PAGTLSWHLD
DPRPTFSCSF
PGGTV’TLTCE
CVATKS3HGP
GASTKGPSVE

VLVLSLWGAV
WKVLSPQGGG
SNYRVRVYQI
GKPLVPNEKG
SPGLPRHRAL·
VPAQPSPQIH
QESPAVSISI
PLAPCSRSTS

VGAQNITARI
PSDSVARVIP
PGKPEIVDSA
VSVKEQTRRK
ETAP7QPRVW
RW<DGVPI,Pb
IEPGBEGPTA
ESTAALGCLV

GEPLVLECRG
MGSLFLPAVG
SELTAGVPNK
PETGLFTLQS
EPVPLEEVQL
PPSPVLIDPB
GSVGGSGLGT
KDYPPSPVTV

APKRPPQRLE
1QDFG1FRCQ
VGTCVSEGSY
ELMVTPARGG
WEPEGGAVA
TGPQQQGTYS
I ALACSCSGt
S ν\Π\ί· S:G ALT S yp

SO 
ίο δ 
150 
200 
250
300
350
400

VHTFPAV1Q5 SGLYSL3SW TVPGOELGTK TYTCEVDHKP SNTKVDRRVS 450
SKYGPPCPSC PAPEFLGGPS VFLFPPKPKD TLM.ISRTPEY TCVWDVSQE 500
DPEVQFNWYV DGVEVHNAKT RPPEEQPLOT YRYVSVLTVL EQDULFGKFY 550
KCKVSNKGLP 3SIEKTISKA RGQPREPQVY TLPPSQEEMT KNQVSLTCLV 600
KGFYPSDIAV EWE 3 Nf' jQ p isM NYKT'TPPVLD SDGSFFLYSR LTVDKSRWQS 65 0
GWFSCSVMB SALHNHYTQK SLSLSLGK 678

[0060] Bold text is the amino acid sequence for the RAGE signal sequence, normal

text is the amino acid sequence for human RAG E, double underline text is the amino 

add sequence for the peptide linker, and single underlined text is the amino acid 

sequence for IgG4 Fc region.

WKLNTGRT.SA
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[0061 ] Table 5; Human RAGE variant-lgG4 Fc Fusion Gene Sequence (SEQ ID

NOT).

ATOt^^COt^CAGCAGTTGGAGCCTGUGTOCTGeTCCTCAGTCTOTGGeOiSGCASTAGTAGG'rSCygA.AAAi:

ATCAGAGCCCGGAryGGCGAGCCACXGGTGCTGAAGGGTAAGGGGGgCCCGAAGAAACCAGCCCAGgGGGTGGAA
yGGAAACGGAACAGAGGCC/SGAgAGAAGCG'rGGAAGGGCCGGGCTCCgCAGGGAGGAGGCCGgTGGGACAGGGrG
GeGCOTGTgGTGCGgKACGGg7XCe7^TGCCTTCGGGCTGGCOGGATCCAGGMiGAGGGGATGT'rCCGGTGCGAG
GgAATGAZXAGCJAAgGGAAAGGAGACeAAGygGAACGAGCGAGgggGGGTGg’AGCAeATTGCgGGGAAGgGAGAA
AGGGGKQAGTCTGGCTCGGAACyGACGGCTGGGGrTGGCAATAAGGSXSGGmAgGGGTG'rGAGAGGGAAGC’tAC
GCGGCAGrAJAGTgTGAGgTGGGAgGGGGATGGGAAGGCGGTGGgGCCGAAGGAGAAGGGAGGATgGGGGAAGGAA
GAgAgGAGGAGAGAGCeGGAGAGAGOGCgGGGCACACTGCAGTGGGAGG'rAATGGGGAgeGCAGGGGGGGGAGGA·
GATCCeGGGggGAGGTTGTCgTGGAGgGGGAGCCGAGGGCGTCCCgCXCgeCGGGCCGGGG&CACAGCggCGA’K’
CAGCCCGGTG’TCTGGGAOGC.TGTGCCTCTGGAGGAGGrGCAA'rTGG'-’GGTOGZiGCCAGAAGGTGGAGCACrt’AGGT
ggTGGXOGG.AeCGTAAgCCGaAgXGAXGAAGTg£\OIXCeCAGCCgTCGCC'tAGXATCC,X.XGG.ATGAAGGA'AGO·;
GgGCCCTTGKX?CCTG\AA?CGGAGCCGTGTGg7AXr.rcCGCGC7GtAGAGAGGGgC'TC.AGGACCAGGGAACg'TACAGG
GGOGGGGCGAGCCATGCGAGCCACQCXCCCeAGGAAAGggGTGgTGGOAGGAGCAGCATgAG'CGAAGGAGGCGAG
GAGGGGCGfoXgGGAgGCTGTGgGGGAGGATgAGGGGgGGGAAgTgGAGCggTGGCCGCgGAGACCAAGGGgggA
TCGGycyGGGCCGTGGGGCGGTGCTGCAGGAC/GAGGTGCGAGAGCAC/AGCCGCGGTGGGCTGGGGGGGGAAGGAC
GACyyOCGCGAAGGGGyGAGGGrGTCGGGGAACy’GAGGGGCCC?GACCAGGGgGGGGCAGAGC'yyCCCGGGTGTG-
CGAgAGTCCggAGGAggCTACTggCgGAggAGCGTGGGGAggGGGCgCTCCAGgAGgGTGGGCAGGAAGAgCTAC
AggYGGAACGTAGAAgACAAGggGAGgAAGAggAAGGGGG AGAAGAGACXG ~ ϊ ^^-XAAATAgGGTggggCAGgg
GGATGATGCCCAGGACGTQAGTGGGyGGGGgGAGGAyGAGGC'rrCCGGT? ς < 'AAAAggGAAGGAGACTGTG
AGGAyCTGGGGGAGGGGGGAGGGCAGGyGCGGGGyGGyGC/ACGGGAGGCAs.A^AaGAGGCCGAGGG-GGAGTGGAAG-
l:GGGACG7£GAGCGGGTGGA-GGiraCAGAATGCGAAGACAAAaCCGCGGGAGGAGCAGTTCAACAGCACGTACCGT
GGGGGGAG€GyCCTCXXGGGG‘rGGACf/AGGAGyGGG?GAAGGGCAAGGAG7ACAAGTGGAAGGy;:TCGAACAAA
GGCGyGCGffrGGTCCArCGAG.AAAACGAGCGGGAAAGCGAAAGGGGAGGCGGGAGAGGGAGAGGGGTACA<?CGTG
GGGCCAyGCCAGGAGGAGAGGACCAAGAACGAGG^'CAGGGGGAGGTGCGTGGGGAAAGGGyGGTAGCCCAGCGAG
2J__ vw G v. "X „ ~ V XGGAGAAC/ACC/AA;CG77A?CGyGCGGGAgTCCGAG
GGCYGCy^rClAGCGGrACAGGAGGCGAAGGGGGGAGAAGAGGAGGTGGCAGGAGGGGAAyGGGTGCTGAyGGTCC
OggATOGAgGASGCTgTOgAgASGgAGTAGAgACAGAAGA-GCggCTCCGGGTCTg'rCGGOAAATGA

[0062) Bold text is the coding.sequence for the RAGE signal sequence, normal test is

the coding sequence for human RAGE variant, bold wavy underline letters are sites of 

the point mutations introduced into the variant hRAGE sequence, and underlined text 

is the coding sequence for IgG4 Fc region.
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[0063] Table 6: Amino acid sequence of a human RAGE variant- IgG4Fc fusion

protein (SEQ ID NO:6).

1
51

i-/i
151
'2 01
2 SI
3 01 
3 SI

MAAGTAVGAW
100.,0110:55115
tGlUPNGXETX
PAGTESGBLO
OPEPTESCSE
PGOTVTLTCE
CYATESSHGP
SvFPGAFCSE

VUVASI.WGAV
VKvlllPGGGG 
SfiYsvxyYQr 
GKPLVPNSKG 
SPOT.-PERPAE 
VPAQPSPQIH 
QSSRAVSTSI 
S ‘x ··& S' Γ AA; jO

VGAO.OrVAP'i
PWSVARV1.G'
POKES1VESA 
VS'ZXE-QTRPH 
HT.AP1GPE'"G
WrtKOGVPKEE
lEPGEEGFTA
CLVRPYEFEP

GEP5..'V.i,ECKG
.OGS1150.PAVG
SEiVAGVPGK
PETGLRTLQS
EPYPESEVyE
PPSEVT.TKEE
GSVGGSGLGT
VTVSGXSGAL:

APRKFPQRLE
TQSEG1FEC0
VGTCVSEGSY
ELWTPARGG
WEPEGGAVA
IGEQEQGGYS
LALAASTRGP
TSGVHTEFAV

4 0.: Λ J OS SO J., 's' S :.1 S svvovpsssk GTKTYTCOVU HKFSRVEVOX PVESFYGPFG
4 51 FSGPAPEPGG GPSVEKEPPK EKOT'-G.Gl SRT PEVTCVWGY sgeopevgpo

501 GYVOGYEVIIO AXTKPFEECG NSTVRVVSVL T7LHQDWESG KYY-eiK’'.sx5
551 GLPSSIERT1 SRAKGQPREF QWTLEESQE Km’RSQVSt.T CT.VKGEYPSD
501 lAVEWSSRGy PEMOYKTTFF V LjO.L·? e.iQS F'xj YSRLTYDKSR WQEGUVFSCS
551 VMHEAliiiUHY TQESESGSGG X

[0064] Bold text is the amino acid sequence for the RAGE signal sequence, nonnal

text is the amino acid sequence for human RAGB variant, hold wavy underline letters 

are sites of the point mutations introduced into the variant hRAGE, and underlined 

text is the amino acid-sequence for IgG4 Fe region.
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[0065] Table 7: Human RAGE varianf~Linker-lgG4 Fc Fusion Gene Sequence (SEQ

ID NO:7).

ArCACAGCCGGGAGTGGGGAGGeACTGGyGGTGAAGGGTAAfKiGGGGCGGGAAGAAACGACGGGAGCGSCTGGAA
GGGAAACTGAAGAGAGtXCGGAGAGAAGCG'yGGAAGGyCGG'GyGyGGCCAGGGAGGAGGGGGCTGGGAGAGGGSW
GCGGGGGTCGTTGCCAAGGGCTGCCGGTGGGGGGGGGGGGGGGSGATCGAGGAG'GAGGGGATGTTCGGGTGGGAG
GGAAGGAACAGGAAGGGAAAGGAGACGAAGTCGAAGTACCGAGTGGGTGGCTACCAGAr’r'CGyGQGAAGGCAGAA
AGGGG;AGAGGCGGGCGCGGAACGCAGGGeGGGTGTGGGCAATAAGGGGGGGACA’?GGG:rGGCAGAGGGAAGCGAG
CCTGCAGGGACTCTGAGCTGGCACTTGGATGGGAAGCCCCTGGTGCCGAATGAGAAGGGAGTAGCyGTGAAGGAA
CAGACCAGGAGACACGCTGAGACAGGGC'i’C7rt'CA!Gi\CTGO\GTCGGAGGTAAT'GGTCACCCCAGCCCGO'GGAGG{’\
GATCGGGGTGCGACCTlArrtCCTGGAGCTGCAGClCCAGGGCGGGGGCGACGCCGGGCCTTGCACACAGCCCGCAGG
GAGGCCCGGGGGGGGGASGGGGGGCCGC’rGGAGGAGGGGGAAGXGGGGGTGGAGCCAGAAGGTGGS.GCAGGAGC’?
GCGGGGGGAAGGGTAAGCGGGAGGGGGGAASTCGCTGCCGAGCCCTCTGGTGAAAGCCAGGGG&GGAAGGAGGGT
GGGCCCTGGCCGGTGGGeGCCAGCCGTGTGGGSAGGGGCCCTGAGftAAGGGGCTGAGGACCAGGGAAGCGaGAGC
GGTGGAKXCACCCAGTCCAGGCAGGGGCCCCAG<iAAAGCCGi'GC'TGTGAGCATCAGCAVr'GAyCG.AACC.AGGCGAG
GaGGGGGGAACTGGAGGGa’GI^GGGGGAGGATGGGAASC-T'GGXtAACTCTAGGCCGGGCCGGXAGGGGCKGXSGAAGr
GGGGCyTGGAGCAAGGGGGGAyCCGyCTGGCGGCGGGCGGCCyGGyGCAttGAGCAGGGgCAIAGAGCAGAGCCmtG
GTGGGCTGCCGGGGCAAfXACGAGGGCCCXG^CGGGyCAyGGGgGtoGGTGGAAGTCAG ĝgGGGGjXGAGGgGG
GTGCACACCTGCCCGGGTGTCCTAGAOTCCTCAqGACTGGACTCCCGCAGCAOCGTGOTGACCGTGCCG'TCCAOC
AGCTGGQGCACOAAGAeCTACACCyGCAACGTAOATeACAAGCCCAGCA-ACACGAAGGGGGACAAGAOAgTTGAG
yGCAAATAGGGTCCGGCA^XCGGAyGAAGGCGAGCAGGTGAGyGGCTGGGGGGAGCAyCAgGCyGGGGGGTCCCG
CCAAAAGCCAAGGACAGTCTGATGAyGyCGGGGAGCGCyGA<A;TGAGi;XGGGTgGTGgGGGACGGGAGC?GAGGAA
GACegCtlAGGTCCAGGTCIAACTGGGAgGTGGATGGCOTGGAGG'TGCXrAAyGCCAAGACAAAGeCOGGGGAGGAG
GAGyyGAAGAGCACGri:AGCG7:GyGGTCAGGGTCGTGACCGTCCyGCACCAGGACTGGGTGAAGGGGAAGGAGGAC
ArvArGGAAGGGGGCCAAGAAAGGCGTCGCGyCCTGCATCGAGAAAACCAyGGCCAAAGCCAAAGGGGAGCCCGGA
GAGCCACAGGTQTAGACCCTGCCCCCA'TCCCAOGAgGAOATGACCAAGAACCAGGTCAGeCTGACCTGCCGQGTC 

C-9.A.,;'A 'L>\.A::rAt rA?i'C>L:fi.?CCifJ7\2fU:ZAC3 ACsCC. 1::1:7/-5(^^091-.:-5^5^.0.^:-9(-,,61^59::2-1.1.,(^/-59-.^:--
O€TCCGGTG€TGGAgTC€g^
•QGG^rGTCT TCTCATGqXCCCTGMOCM^QGCTO^^ACAACCACTACACAeAG^GX^CCl^TCCCTgTCT

[0066] Bold text is the coding sequence for the RAGE signal sequence, normal text is

the coding sequence for human RAGE variant, bold wavy underline letters arc sites of 

the point mutations introduced into the variant hRAGE sequence, double underline 

text is the sequence encoding a peptide linker, and underlined text is the coding 

sequence for IgG4 Fc region.
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0067] Table 8; Amino acid sequence of human RAG E variant-Linkcr-IgG4 Fe (SEQ

ID NO:8),

.· KAAGTAVGAW Vr.VX.SI.WGAV VGAQW1 TART. G.CFbVuKO.KG AFKi:pPQ?.L5 
5 Λ WKi-.XTGRT.EA WK VES FQGGG IADSV AEVG P NGSE Pi-, ί’AVG I QDEG IFPCO

101 AMGEEGKSTK SOYEVRvYQr PGYPEIYOGA SEGTAGVRWE VGTCvEEGSY 
15.1 PAGTUSWHW GKPLVPNEXG VGVKEOTR'BH EETCEFTLyS ELGVTPARGG 
.7 0.1 OPEFTESGSE SPGEPFKEAE HTAP10PPOW EFvFGEEVOE WKPEGGAVA 
7 5.1 TGGTVTLTCE VPAQFSPQFE WXXEGvPLPE EPSPVEFLPE IGPQ.OQG'i’YS 
301 CVATKSEEGF QSSXAVSISI iKPGEEGPTA GSVOGSGEGT EAEAGSGSGS 
35':. GAGTKGESVE J’GAPCgRSTS GSTAAl,GGT,V KOYEPEPOry SiFESGAETSG
4 61 ιππτ pa;AjoΑΤίΠΪΕΐΙ;1ΪΕΤΤ2ΐΤΤΕΐΐΕΗΪ^5Ι^τΖτΐΕΕΖ11ΐΐΐΤ^Τ^^
451 SRYGPPCPSG PAPEPGGGPS VELEPPKFKO TEM1SETFEV TGWFVDVEpE 
10 Ί OFEVQEGWYV OGVEVliOAPT K FE SEQET4&T YRWS^l.TVl. HQDOLEGKEY 
551 KCiWSWKGE? SSIERT'; SPA KGGPEPPQl'Y TqPPSQEEITl KGQVS1YTCEV 
501 KGPYPSO1AV SWESEGQPEE ΟΥΥΥΤΡΕνΕΟ SGGSr FE!'SE ETVOKSRWQE 
551 GGVFSCS^'pp EALHNPYTQK .StGEFEGE'............................

0068] Bold text is the amino acid sequence for the RAGE signal sequence, normal

text is the amino acid sequence for human RAGE variant, bold wavy underline letters 

are sites of the point mutations.introduced into the variant hRAGE, double underline 

text is the amino acid sequence for the peptide linker, and underlined text is the amino 

acid sequence for lgG4 Fe region.

EXPRESSION OF RAGE FUSION PROTEINS

1X169] Fusion, proteins of the invention may be produced in any protein expression

system known to those skilled in the art, for example, eukaryotic expression systems, 

bacterial expression systems, and viral expression systems. A variety of host- 

expression vector systems may be utilized to express the fusion protein of the 

invention. Such host systems represent vehicles in which the fusion proteins of the 

in ven tion may be produced and from which they may be subsequently'purified. Such 

systems include, but are not limited to microorganisms such as bacteria, yeast, insect 

cells, or plant cells. RAGE expressed in yeast or mammalian expression systems, 

e.g., COS-7 cells, may be similar or slightly different in molecular weight and 

glycosylation pattern than the native molecules, depending upon the expression 

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

glycosylated molecules. Different glycosylation patterns may be obtained using 

baculoviral expression systems in insect cells. Functional mutant analogs of 

mammalian RAGE having inactivated N-glycosyladon sites can be produced by 

oligonucleotide synthesis and ligation or by site-specific mutagenesis techniques.
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These analog proteins can be produced in a homogeneous, reduced-carbohydrate form 

in good yield using yeast expression. systems.

[0070] Nucleic acid molecules encoding fusion proteins of the invention may be

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

method known in the art. In view of the teachings herein and the known RAGE 

polypeptide sequences and their identified or identifiable ligand binding elements, and 

the known sequences for heavy chain IgG constant domains, nucleotide sequences 

encoding these polypeptides can be determined using methods well known in the art, 

i.e. the nucleotide codons known to encode the particular amino acids may be 

assembled in such a way to generate a nucleic acid that encodes the fusion protein of 

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

used, for example, by selecting codons that correspond to more abundant tR'NA 

molecules present in. the expression system, a higher level of'fusion protein may be 

expressed. Such a polynucleotide encoding the fusion protein may be assembled from 

chemically synthesized oligonucleotides (e,g. as described in, Kutmeier et. Ah, 

Bioteehniques 17:242(1994), which, briefly, involves the synthesis of overlapping 

oligonucleotides containing portions of the sequence encoding the fusion protein, 

annealing and ligating of those ologonucloetides, and then amplification of the ligated 

oligonucleotides by polymerase chain reaction(s) (PCR.).

[(1071 ] Recombinant expression of a fusion protein of the invention (including other

molecules comprising or alternatively consisting of .fusion protein fragments or 

variants thereof) may require construction of an. expression. vector(s) containing a 

polynucleotide that encodes the fusion protein. Once a polynucleotide encoding the 

fusion protein of'the invention has been obtained, the vector(s) for the production of 

the fusion protein may be produced by recombinant DNA technology using 

techniques well known in the art. Such expression vectors containing RAGE-.Fc 

coding sequences may also contain appropriate transcriptional and translational 

control signals/sequences, for example, ribosome binding sites (i.e,, Kozak 

sequences), internal ribosome entry sites (IRES), and polyadenylation sites etc.

[00721 Nucleic acid molecules encoding fusion proteins of the invention may be

transferred to mammalian cells utilizing replication-defective retroviral vectors (e.g., 

vectors derived from. Moloney murine leukemia virus. (ML V) or HIV) and 

pseudotyped with vesicular stomatitis virus G protein. (VSV-G) to stably insert single

18



WO 2008/157378 PCT/US2008/066956

copies of nucleic acid molecules encoding the fusion protein of the invention into 

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

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

cell. Multiple gene insertions in a single ceil may increase the expression and 

secretion of the fusion protein. Multiple rounds of infection may also increase 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 

cell division by virtue of their presence in the genome,

10073] In some embodiments, the present invention, provides a stable cell line that

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

generation of stable, high protein expressing mammalian ceil lines is using the 

GPEx™ expression system (Gala Biotech, a business unit of Catalent Pharma 

Solutions, Middleton,. WL, Bieck, Gregory T.,. Bioproeessingjournal.com 

September/Octoher 2005 pi-7). Such a method may entail producing, a replication, 

defective, pseudotyped retroviral vector based on MMLV and transducing 

mammalian cells (for example, CHO cells) with the vector. The vector may integrate 

into the genome of the cells thereby producing a stable ceil line.

PURIFICATION OF ISOLATED FUSION PROTEIN

(00741 Isolated fusion proteins of the invention may be prepared by culturing suitable

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

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

techniques well known in the art,

(00751 For example, supernatants from systems which secrete recombinant protein

into culture media can be first concentrated using a commercially available protein 

concentration filter, for example, an Amicon or Millipore Pellicon ultra filtration unit 

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

purification matrix. For example, a suitable affinity matrix can comprise, for 

example, an AGE or lectin or Protein A or Protein G or antibody molecule bound to a 

suitable support. Alternatively, an anion exchange resin can be employed, for 

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

‘The matrices can be acrylamide, agarose, dextran, cellulose or other types commonly 

employed in protein purification. Alternatively, a cation exchange step can be
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employed. Suitable cation exchangers include various insoluble matrices comprising 

sulfopropyl or cafboxymethyl groups. Sulfopropyl groups are preferred.

[0076] Recombinant protein produced in bacterial culture is usually isolated by initial

extraction from cell pellets, followed by one or more concentration, salting-out, 

aqueous, ion exchange or size exclusion chromatography steps. Finally, high 

perfotmance liquid chromatography (HPLC) can be employed for final purification 

steps. Microbial cells employed in expression of recombinant mammalian RAGE can 

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

mechanical disruption, or use of cell lysing agents..

[0077] fermentation of yeast which expresses the fusion protein of the invention as a

secreted protein, greatly simplifies purification. Secreted recombinant protein 

resulting from a large-scale fermentation can be purified by methods analogous to 

those disclosed by Urdal et al. (J. Chromatog. 296:171, 1984). This reference 

describes two sequential, reversed-phase HPLC steps for purification of recombinant 

human CMOSF on a preparative HPLC column.

PHARMACEUTICAL COMPOSITIONS

[007.8] Fusion proteins of the invention may be formulated in a manner suitable for

administration to a subject in need, thereof e.g., may be formulated as pharmaceutical 

compositions. Compositions of the invention may comprise one or more 

pharinaceutically-acceptable earner, excipient or diluent. As used herein 

'phannaceuticaily-acceptable carrier” includes any and all solvents, dispersion media, 

coatings, antibacterial and antifungal agents, isotonic, and absorption delaying agents, 

and the like that are physiologically compatible. In one embodiment, the carrier is 

suitable for parenteral administration. A carrier may be suitable for administration 

into the central nervous system (e.g., intraspinally or intracerebrally). Alternatively, 

the carrier can be suitable for intravenous, subcutaneous, intraperitoneal or 

intramuscular administration. In another embodiment, the carrier is suitable for oral 

administration. Pharmaceutically-acceptable carriers Include sterile aqueous solutions 

or dispersions and sterile powders for the extemporaneous preparation of sterile 

injectable solutions or dispersion. The use of such, media and agents for 

pharmaceutically active substances is well known in the art. Except insofar as any 

conventional media or agent is incompatible with the fusion proteins of the invention,
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use thereof In the pharmaceutical compositions of the invention is contemplated. 

Supplementary active compounds can also be incorporated into the compositions.

[0079] Suitable carriers are typically nonioxic to recipients at the dosages and

concentrations employed. Ordinarily, the preparation of pharmaceutical compositions 

of the invention entails combining the fusion protein of the invention with one or 

more of buffers, antioxidants such as ascorbic acid, low molecular weight ( less than 

about 10 residues) polypeptides, proteins, amino acids, carbohydrates including 

glucose, trehalose, sucrose or dextrins, chelating agents such as ED’I'A, glutathione 

and ether stabilizers and excipients. Neutral buffered saline or saline mixed with 

couspeeific serum albumin are exemplary appropriate diluents.

THERAPEUTIC ADMINISTRATION OF FUSION PROTEINS OF THE INVENTION

[0080] The present invention contemplates the administration of the fusion proteins of

the in vention in the form of a pharmaceutical composition comprising the fusion 

protein of the invention and a pharmaceutically acceptable, diluent or carrier to a 

subject (e.g., a mammal particularly a human) in need thereof, The present invention 

also provides a method, lor treating human disease wi th such compositions,

[0081 J Typically, methods of the invention wi ll comprise administering a

pharmaceutical composition comprising a pharmaceutically effective amount of a 

fusion protein of the invention. The pharmaceutically effective amount employed 

.may vary according to factors such as the disease state, age. sex, and weight of the 

individual.

[0082] A. pharmaceutically effective amount of a fusion protein of the invention may

be from about 1 pg fusion protein/l kg body weight of subject to about 500 mg fusion 

protein/ 1 kg body weight of subject, or from about 10 gg fusion protein/1 kg body 

weight of subject to about 500 mg fusion protein/1 kg body weight of subject, or 

from about 100 pg fusion protein/l kg body weight of subject to about 500 mg fusion 

protein/ 1 kg body weight of subject, or from, about 1 mg fusion protein/.! kg body 

weight of subject to about 500 mg fusion protein/1 kg body weight of subject, or 

from about 10 mg fusion protein/l kg body weight of subject to about 500 mg fusion 

protein/ 1. kg body weight of subject, or from about 100 mg fusion protein/l kg body 

weight of subject to about 500 mg fusion protein/1 kg body weight of subject, or 

from about 100 pg fusion protein/l kg body weight of subject to about 25 mg fusion
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protein/1 kg body weight of subject, or from about 1 mg fusion protein/1 kg body 

weight of subject to about 25 mg fusion protein/ 1 kg body weight of subject, or from 

about 5 tug fusion protein/1 kg body weight of subject to about 25 mg fusion protein/

1 kg body weight of subject, or from about 10 mg fusion protein/1 kg body weight of 

subject to about 25 mg fusion protein/' 1 kg body weight of subject, -or from about 15 

mg fusion protein/1 kg body weight of subject to about 25 mg fusion protein/1 kg 

body weight of subject, or from about 100 pg fusion protein/Ί kg body weight of 

subject to about 10 mg fusion protein./1 kg body weight of subject, or from about 1 

mg fusion protein/1 kg body weight of subject to about 10 mg fusion protein/ 1 kg 

body weight of subject, or from, about 2.5 mg fusion protein/1 kg body weight of 

subject to about 10 mg fusion protein/ 1 kg body weight of subject, or from about 5 

mg fusion protein/i kg body weight of subject to about 10 mg fusion protein/ I kg 

body weight of subject, or from about 7.5 mg fusion protein/1 kg body weight of 

subject to about 10 mg. fusion protein./1 kg body weight of subject.

[0083] In some embodiments, a pharmaceutically effective.amount of a fusion protein

of the invention may be 0,5 mg fusion protein/1 kg body weight of subject, 1 mg 

fusion protein/1 kg body weight of subject, 2 mg fusion protein/1. kg body weight of 

subject, 3 mg fusion protein/1 kg body weight of subject, 4 mg fusion protein/1 kg 

body weight of subject, 5 mg fusion protein/1 kg body weight of-subject, 6 mg fusion 

protein/1 kg body weight of subject, 7 mg fusion protein/1 kg body weight of subject, 

8 mg fusion protein/1 kg body weight of subject, 9 mg fusion protein/1 kg body 

weight of subject, or 10 tag fusion protein/1 kg body weight of subject.

[0084] A unit dosage form refers to physically discrete units suited as unitary dosages

for the mammalian subjects to be treated; each unit containing a predetermined 

quantity of the fusion protein, of the invention calculated to produce the desired 

therapeutic effect in association with the required pharmaceutical carrier. A unit 

dosage form of a fusion protein of the invention may be from about Img to about 

1000 mg, from about 25 mg to about 1.000 mg, from about 50 mg to about 1000 mg, 

from about 100 mg to about 1.000 mg, from about 250 mg to about 1000 mg, from 

about 500 mg to about 1000 mg, from about 100 mg to about 500 mg, from about 200 

mg to about 500 mg, from about 300 to about 500 mg, or from about 400 mg to about 

500 mg. A unit dose of a fusion protein of the invention may be about 100 mg, 200 

mg, 300 mg, 400 mg, 500 mg, 600 mg, or 700 mg.
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[0085] Compositions of the invention may comprise fusion proteins of the invention

at a level, of from, about 0.1 wi% to about 20 wt%, from about 0.1 wt% to about 18 

wt%, from about 0,1. wt%-to about 16 wt%, from about 0.1 wt% to about 14 wt%, 

from about 0.1 wt% to about 12 wt%, from about 0.1 wt% to about 10 wt%, from 

about 0.1 wt% to about 8 wt%, from about 0.1 wt% to about 6 wt%, from about 0.1 

wt% to about 4 wt%, from about 0.1 wt% to about 2 wt%, from about 0.1 wt% to 

about 1 wt%, from, about 0.1 wl% to about 0.9 wt%, from about 0.1 wt% to about 0.8 

wt%, from about .0,1 wt% to about 0.7 wt%, from about 0,1 wt% to about 0.6 wt%, 

from about. 0.1 wt% to about 0.5 wt%, from about 0.1 wt% to about. 0.4 wt%. from 

about 0.1 wt% to about 0.3 wt%, or from about 0.1 wt% to about 0.2 wt% of the total 

weight of the composition.

[{)086] Pharmaceutical compositions of the invention may comprise one or more

fusion proteins of the invention at. a level of from about 1 wt% to about 20 wt%, from 

about 1 wt% to about 18 wt%, from about .1 wt% to about 16 wt%, from about 1 wt% 

to about .14 wt%, from about 1 wt% to about 12 wt%, from about 1 wt.% io about 10

from about. 1 wt% to about 9 wt%, from, about 1 wt% to about 8 wi%, from 

about I wt% to about 7 w-t%, from about 1 wt% to about 6 wt%, from about 1 wi% to 

about 5 wt%, from about 1 wt% to about 4 wt%% from about 1 wt% to about 3 wt%, or 

■from about 1 wt% to about 2 wt% of the total weight of the -composition. 

Pharmaceutical compositions of the invention may comprise one or more fusion 

proteins of the invention at a level, of about 0.1 wi%, about 0.2 wt% , about 0,3 wt%, 

about 0.4 wt.%,'about-0.5 wt%, about. 0.6 wt%, about 0.7 wt%, about 0.8 wt%, about 

0.9 wt%, about I wt%, about 2 wt%, about 3 wt%, about 4 wi%, about 5 wt%, about 6 

wt%, about 7 wt%, about 8 wt%, or about 9 wt% based on the total weight of the 

composition.

[0087] Dosage regimens may be adjusted to provide the optimum therapeutic

response. For example, a single bolus maybe 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 therapeutic situation, it Is especially 

advantageous to formulate parenteral compositions in dosage unit, form for ease of 

administration and uniformity of dosage. Compositions of the invention may be 

formulated and administered by intravenous, intramuscular, or subcutaneous
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injection. In some embodiments, compositions of the invention maybe administered 

subcutaneously or intramuscularly.

[0088] In some embodiments a dosage regimen may email administering repeat

doses, for example, administering a weekly dose. Treatment regimens may entail a 

weekly dose tor one period of time (for example, for four weeks) followed by a less 

frequent ‘^maintenance” dosage regimen (for example, one monthly or once 

bimonthly). Dosage regimens may be adjusted to achieve the desired therapeutic 

outcomes,

[0089] Methods of the invention include methods for suppressing AGE-dependent

inflammatory responses in humans comprising administering an effective amount of a 

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

[0090] Methods of the invention include methods of inhibiting AGE-mediated

biological activity comprising administering a pharmaceutical composi tion 

comprising one or more fusion proteins of the invention. As discussed above, AGE 

has been implicated in a variety of diseases or conditions such as autoimmune 

diseases. Autoimmune disorders diseases or conditions that may be treated, 

ameliorated, detected, diagnosed, prognosed or monitored using the fusion protein of 

the invention include but are not limxtdd to 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, and 

scleroderma,

[00911 Other disorders that may be treated or proven ted with the methods of the

invention may be characterized generally as including any disorder in which an 

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

or any disorder that Is treatable (i.e., one or more symptoms may be eliminated or 

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

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

and a RAGE ligand.

[0092] The increased expression of RAGE is associated with several pathological

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

disorders, including Alzheimer’s disease and immune/lnfiamtnatory reactions of blood
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vessel walls. RAGE ligands are produced in tissue aflected with many inflammatory 

disorders, including arthritis (such as rheumatoid arthritis). Depositions of amyloid in 

tissues cause a variety of toxic effects on cells and are characteristic of diseases 

termed amyioidoses. RAGE binds to beta-sheet fibrillar material, such as that found 

in amyloid-beta peptide, Abeta, amyiin, serum amyloid A and prion-derived peptides, 

SAGE is also expressed at increased levels in tissues having amyloid structures. 

Accordingly, RAGE is involved in amyloid disorders. 'The RAGE-amyloid interaction 

is thought to result in oxidative stress leading to neuronal degeneration.

[0093] A variety of RAGE ligands, and particularly those of the SlOOZcalgranulin and

Amphoterin (HMGB) families are produced, in inflamed tissues. This observation is 

true both for acute inflammation, such as that seen, in response to a lipopolysaccharide 

challenge (as in sepsis) and for chronic inflammation, such as that seen in various 

forms of arthritis, ulcerative colitis, inflammatory bowel disease, etc. Cardiovascular 

diseases, and particularly those arising from, atherosclerotic .-plaques,.are also thought 

to have a substantial inflammatory component. Such diseases include occlusive, 

thrombotic and embolic diseases, such as angina, fragile plaque disorder and embolic 

stroke, respectively. Tumor cells al so evince an increased expression of a RAGE 

ligand, particularly amphoterin, indicating that cancers are also a RAGE-related 

disorder, furthermore, the oxidative effects and other aspects of chronic 

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

[0094] AGE are a.therapeutic target for rheumatoid arthritis and other inflammatory

diseases.

[0095] Accordingly, the RAGE-related disorders that may be treated with an

inventive compositions include, in addition to the autoimmune disorders discussed 

above: amyioidoses (such as Alzheimer’s disease), Crohn’s disease, acute 

inflammatory diseases (such as sepsis), shock (e.g., septic shock, hemorrhagic shock), 

cardiovascular diseases (e.g., atherosclerosis, stroke, fragile plaque disorder, angina 

and restenosis), diabetes (and particularly cardiovascular diseases in diabetics), 

complications of diabetes, prion-related disorders, cancers, vasculitis and other 

vasculitis syndromes such as necrotizing vaseulitides, nephropathies, retinopathies, 

and neuropat hi es.
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[0096] The following examples are provided for illustrative purposes only, and are in

so way i ntended to limi t the scope of the present invention.

EXAMPLES

[0097] in the following examples, experiments in mice were performed with a fusion

protein comprising extracellular domains of mouse RAGE (amino acid residues I- 

342) fused to the hinge, GH2 and CH3 domains of the mouse igG2a heavy chain PC 

region. The construct was expressed in CHO cells using the GP.Ex.™ expression 

system. The sequence of the mouse RAGE sequence used is provided, in the 

following table.

[0098] Table 9 (SEQ ID 140:11) Sequence of mouse RAGE

WWO*- te-teQUlTART GEMEteSCKS WXtMGHTEA, 
WDSVARILFK GSLLLPAGG1 VDEGTFKCRA TGREGVEVKG ISYRVSWQi?

GKPEl VOPAS HL-TAS'/RO GTCVSEGSYP AGGLSGHL.GG KLLIPDGKE? LVRESTRRRP 
ETGLFT1.-R5E TZTVTPTQGGT HET.FSCSFSL GLERE? PUIT APIQLFVRE? GPEEGTQLLV 
EPSGGIVAPG GTvEteTOATS AOPPPQVHWX RDGAPLPttAP SEVLLLEEVG KEDSGGYSGV
ATHPSHGPOE cSPPVSIRVTE TGDEGPAEGS VGESGLGTEA GAEEEGE'TtX...ffyg'pCKqEAP 
ttLLGGESVFX. EEPKIKOVLA TSLSE7VTCV VypVSg»pPD VOISGFVfeifo EVHTAQGQTh 
EKOYRSGuRV VSALPIQKQO WKSOKEfTCK νΚίί.ΎΟΙ.ΡΛΡΐ ΕΚΤΕ SK PEG S YEA RQVVVL R 
αΕΫ22/77Α2...::2ΧΑ2Μυ7υ..2 L,L7. AtefoL .L/LX/eyax. rib ririri XfecZriXLXxI/

where RAGE signal peptide ~ plain underiine, RAGE extracellular domain no underline. 

Mouse lgG2a hinge region ™ double underlhig, Mouse lgG2a CI12 region ~ daslr underline, 

and Mouse lgG2a CH3 region - wavy underline.

EXAMPLE 1

[0099] Effect of RAGE fusion proteins of the invention on streptozotocin induced,

diabetes in mice.

[00100] Streptozotocin induced diabetes in mice is an art recognized model for

diabetes induced retinal, changes (see Ohrosova IG, Drel VR, Kumagai AK, Szabo C, 

Packer P, Stevens MJ. Early diabetes-induced biochemical changes in the retina: 

comparison of rat and mouse models. Dmheio/og/a. 2006 Oct: 49(10):2525-33.)

[0100] The present experiment involved 5 treatment groups containing 15 C57BL/6

mice per group: I ) non-diabetic control; 2) diabetic control containing mice treated 

with streptozotocin at 45mg/kg on 5 consecutive days before the study starts to induce 

diabetes; 3). streptozotocin treated mice that also received 10 pg/day mR AGE-
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IgG2afc injected IP, 3 injections/week: 4) streptozotocin treated mice that also 

received 100 (ug/day m.RAGB-IgG2uFo injected IP, 3 injeetions/week; and 5) 

streptozotocin treated mice that also received 300 pg/day mRAGE-IgG2aFc injected 

IP, 3 injeetions/week.

[0101] During the study, the mice were assessed for body weight, blood glucose,

glycohemoglobin (GHh), albuminuria, and tactile sensitivity as measure of sensory 

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

retinal vascular permeability using a 'fluorescent probe, leukocyte adherence to retinal 

capillaries, and NF-kB-regulated protein expression (COX-2, ICAM, iNOS).

[0102] Results From Two Month tong Study

(0.103] The effects of RAGE-lg fusion protein on the development of diabetes-

induced alterations in retinal physiology and. metabolism in C57B1/6J mice were 

studied. The: fusion protein was administered, intraperitoneally at 3 different 

concentrations (10 pg, iOOpg, and 3.00 p.g) three times per week. No adverse effects 

of any dose of drug on body weight gain or Overall health of the diabetic mice was 

seen. Nonfasted. blood. glucose levels were 155 ±24 rng/dl (mean ±SD), 358 ±38,417 

±36, 376 ±36, .and 370 ±55 in the Non-diabetic control. Diabetic control, Diabetic ±

10 gg RAGE-lg fusion protein. Diabetic ± 100' ug RAGE-lg fusion protein, and 

Diabetic ± 300 pg RAGE-lg fusion protein groups, respectively.

[0104] Parameters related, to retinopathy measured in the short-term studies were (1)

leukostasis, (2) permeability of endogenous albumin from retinal vessels;, (3) nitration 

of retinal proteins, and (4) expression of retinal ICAM and CQX.-2.

[01.05] 1. 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. Animals 

then were perfused with fluorescein-coupled Concanavalin A lectin (20 gg/ml in PBS; 

Vector laboratories, Burlingame, CA) as described previously (see Joussenet al., 

FNEO J. 2004 Sep; 18(12):1450-2), Flat-mounted retinas were imaged via 

fluorescence microscopy,-and the number of leukocytes adherent to the vascular wall 

was counted.

[0107] Results: A significant increase in leukostasis was demonstrated in mice that

had been diabetic for 2 months compared to the nondiabetics (P < 0.05). Leukostasis
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was not inhibited in any of the groups treated with the RAGE-ig fusion protein (see 

Figure 1).

[0108] 2. Vascular permeability

[0109] Methods: At 2 months of diabetes, eyes were cryosectioned (10 gm), fixed in

methanol for 10 min, and washed 4x in PBS. Each section was incubated in sheep 

anti-mouse serum albumin (Abeam, Cambridge MA; ABx'MO; 1:2000 dilution) for 2 

hrs. After washing, sections were incubated in FTIC-labeled secondary antibody (AB 

6743; 1:1.000 dilution) for 90 min. Under fluorescence microscopy, the average 

amount of fluorescence was determined in 3 different sites for each of 4 retinal layers 

(inner plexiform layer, inner nuclear layer, outer plexi.fo.rm layer, outer nuclear layer). 

The amount of fluorescence in each site was the average of .10 random measurements, 

and the amount of fluorescence in each retinal layer was the average of fluorescence 

in· each, of the.. 3 different sites within that layer.

[0.110] Results:

[0111] Diabetes resulted in a significant increase in the fluorescence in the

nonvaseular retina (ie, due to albumin leaking out of the vessels) in each of the 4 

retinal layers studied. The results are shewn in Figure 2 (2A inner plex.itb.rm layer,

2B inner nuclear layer, 2C outer plexiform layer, 2D outer nuclear layer). To assess 

albumin in the inner and outer nuclear layers, we intentionally measured in the thin 

space between nuclei, so these numbers might not be as strong as those from the 

plexiform layers, where there were no nuclei, to impair oar measurements.

[01.12] 3. Nitration of retinal proteins

[0313] Methods: At 2 months of diabetes, retinas were isolated, and homogenized.

Dot-blots were made, blotting 50 pg protein homogenate from each animal onto 

nitrocellulose membrane. Membranes were blocked with milk (5%), washed, and 

immunostained using anti-nitrotyrosine (Upstate Biotechnology, Inc. #05-233: 1:5()0 

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

mouse IgG-HRP conjugate; .1:1000 dilution) for 1 hour. After extensive washing, 

immunostaining detected by the antibody was visualized by enhanced 

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

Immunostain-dependent chemiluminescence was recording on film, and the density of
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the immunostained dots quantitated. Results are expressed as a percent of values 

detected in the nondiabetic controls.

[0114] Results:

[0115] Results are shown in Figure 3, Retinal homogenates from diabetic mice

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

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

regarded to he a parameter of both oxidative and niirative stress.

[0116] 4. Expression of retinal ICAM and COX-2

[0117] Methods; Retinas were isolated and sonicated, and the supernatant used as

whole retinal extract. Samples (50 pg) were fractionated by SDS-PAGE, 

eleciroblotted to nitroeelhicose membrane, and membranes blocked in Trls-buffered 

saline containing 0,02% Tween 20 and 5% nonfat milk. Antibodies for 1CAM-1 

(1:2()0 dilution; Santa Crux Biotechnology) and COX-2 were applied, followed by 

secondary antibody for 1 hour. After washing, results were visualized by enhanced 

chemiluminescence.

[0118] Results:

[0.119] Results are shown in Figure 4, Since ICAM-1. expression on endothelial cells

plays a critical role in. adhesion of white blood cells to foe vessel wall (leukostasis), 

we measured the effect of diabetes and the therapy on expression of 1CAM-1 in 

retina. Two months of diabetes did result in a significant increase in expression of 

retinal ICAM- L Administration of the RAGE-lg fusion protein resulted in a dose- 

dependent decrease in expression of foe ICAM , and the highest dose significantly 

inhibited this expression.

[0120] Expression of an immunostained band consistent, with the molecular weight,

for COX-2 did not increase In diabetes and did not change in animals getting the 

therapy (not shown).

[0121] The endpoints use in this short term study of the effects of the RAGE-lg

fusion protein were selected because al) have been found to he associated with the 

development of the early (degenerati ve) stages of diabetic retinopathy, ie, various 

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

capillaries also have inhibited these defects.
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()122] inhibition of RAGE did inhibit abnormalities .related to vascular permeability

and nitrative stress in the retina. Nitrative stress also is regarded as a marker of 

oxidative stress. The RAGE inhibitor, however, did not inhibit abnormalities related 

to leukostasis.

EXAMPLE 2

[0123] Effect of RAGE fusion proteins of the invention on long-term streptozotocin

induced diabetes in mice.

[0124] Streptozotocin induced diabetes in mice is an art recognized model for

diabetes induced retinal changes (see Obrosova IG, .Drel VR, Kumagai AK, Szabo C, 

Packer P, Stevens MJ, Early diabetes-induced biochemical changes in the retina: 

comparison of rat and mouse models, ftiabetafogia. 2006 Oct: 49(10):2525-33.)

[0125] The long term studies involved. 5 treatment groups containing 25 C57BL/6

mice per group: 1.) non-diabetic control; 2) diabetic control containing mice treated, 

with streptozotocin at 45,mg/kg on 5 consecutive days before the study starts to induce 

diabetes; 3) streptozotocin treated mice that also received 10 gg/day mRAGE- 

IgG2aFc injected IP, 3 injeetions/week; 4) streptozotocin treated mice that also 

received 100 pg/day mRAGE-IgG2aFc injected IP, 3 injeetions/week; and 5) 

streptozotocin treated mice that also received 300 pg/day mRAGB-IgG2aFe injected 

IP, 3 iryeclions/weefc.

[0126] 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 

quantitative histopathology and neurodegeneration. in the retina.

[01.27] Parameters related to retinopathy measured in the .long-term-study were (1)

acellular capillaries, (2) pericyte ghosts, and (3) ganglion cells. As a marker of 

peripheral neuropathy, sensitivity of the paw to light touch was also measured, in the 

long-term study,

[0128] Diabetes-induced retinal histopathology

[0129] After 10 mos of diabetes, eyes were fixed, in formalin, and one retina from

each animal was isolated, washed in running water overnight, and digested tor 2 hrs in 

crude trypsin solution as we have reported previously. The retinal vasculature was
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isolated by gently dislodging neural cells with a “brash” made from a single hair. 

When totally cleaned of neural ceils, the isolated vasculature was laid out on a glass 

microscope slide, dried overnight, stained with hematoxylin and periodic acid— 

Schiff, dehydrated and.coversiipped. Degenerate (acellular) capillaries were 

quantitated in 6-7 field areas corresponding to the mid-retina (200X. magnification) in 

a masked manner. Acellular capillaries were identified as capillary-sized vessel tubes 

having no nuclei anywhere along their length, and were reported per square 

millimeter of retinal area. Pericyte ghosts were estimated from the prevalence of 

protruding “bumps” in the capillary’-basement membranes from which pericytes bad 

disappeared. At least 1,000 capillary cells (endothelial cells and pericytes) in 5 field 

areas in the mid-retina (400X magnification) in a masked manner were examined. 

Ghosts on any already acellular vessel were excluded,

[01301 To study the effects of diabetes on retinal neurodegeneration, ceils in the

ganglion cell layer were counted» Formalin-fixed eyes were embedded in paraffin, 

sectioned sagittally through. the retina, going through the optic nerve, and stained with 

bematoxylia-eosin. The number of cells in the ganglion cell layer were counted in 

two areas (mid-retina and posterior retina adjacent to optic nerve) on both sides of the 

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

expressed per unit length,

[013 l.'j Results, As expected base on previous work, long-term diabetes resulted in a

significant increase In the number of degenerate, acellular capillaries.in the retina 

(Figure 5A). All doses of the RAGE-lg fusion protein significantly inhibited this 

capillary degeneration, without having any effect on the severity of hyperglycemia. 

Diabetes also tended to increase pericyte degeneration (pericyte ghosts), but the 

results did not achieve statistical significance (Figure SB). We previously have found 

pericyte loss to he much more difficult to detect in diabetic 65781/6 mice compared 

to diabetic rats or larger species, and we now regard it as an unreliable parameter of 

vascular disease in this model. Perhaps s a result of the failure to detect significant 

pericyte loss in control diabetics, we did not detect any effect of the RAGL ig fusion 

protein on pericyte loss In these mice.

[0132] Diabetes did not induce a decrease in the number of cells in the retinal

ganglion cell layer (ie, neurodegeneration) in these C57BI/6 mice. This finding was 

consistent with, a prior study of this mouse model, in the absence of an effect of
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diabetes on the retinal neared egeneration, we are unable to assess whether or not the 

inhibitor would have had an effect on the neurodegeneration.

[0133] Sensitivity to light touch (a marker of peripheral neuropathy).

[0134] Patients with, diabetic neuropathy may exhibit a variety of aberrant sensations

including spontaneous pain, pain evoked by light touch and hyperalgesia. There is 

accumulating data that diabetic rodents reproduce this hyperalgesia, and develop a 

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

[0135] Methods: Mice (8 mos diabetes) were transferred to a testing cage with a wire

mesh bottom and allowed to acclimatize for 10 to 15 min. Von Frey filaments were 

used to determine the 50¾ mechanical withdrawal threshold 'for foot withdrawal. A 

series of filaments with logarithmically increasing stiffness, starting with one that had 

a buckling weight, of 0.6 g, were applied in sequence to the plantar surface of the right 

bind paw with, a pressure that caused· the filament to buckle. Lifting of the paw was 

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

.measurement. If there was no response after 5 seconds, the next heaviest filament 

was used afterwards. This method was continued until four measurements had been 

made after an initial change in the behavior or until five consecutive negative (6 g) or 

four consecutive, positive (0.4 g) responses had occurred. The resulting sequence of 

positive and negative scores was used to calculate the 50% withdrawal response 

threshold,

[0136] Results: Diabetes significantly increased the sensitivity of the paw io light

touch, meaning that it required a lower amount of pressure for diabetic animals to 

withdraw their paw than did nondiabetie animals (Figure 6), This diabetes-induced 

defect was Significantly inhibited at'each dose of the sRAGE-Ig fusion protein,

[0137] Retinopathy: The studies conducted using the RAGE-lg fusion protein were

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

effect of the therapy on. long-term histopathology of diabetic reti nopathy that develops 

in mice, and (2) 2-3 mo studies to assess physiologic and molecular effects of the 

therapy that presumably underlie the effects on long-term histopathology. The 

physiologic and molecular endpoints studied with respect to effects of the RAGE-lg 

fusion protein were selected because all have been found in other studies to he 

associated with (and likely causally related to) the development of the early
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(degenerative) stages of diabetic retinopathy. All three doses of the therapy clearly 

and significantly inhibited the diabetes-induced degeneration of the retinal

vasculature. Likewise, all three doses of the drug seemed to inhibit also diabetes-

induced increase in retinal permeability in these mice. These findings are of major 

clinical significance, because the early (nonproliferative) stages of diabetic

retinopathy still are defined based, on vascular pathology (vascular nonperfusion and

degeneration, and increased permeability).

0138] The effect of the therapy on. the measured molecular and physiologic

endpoints in retinas .from diabetic mice was mixed, inhibition of RAGE did inhibit 

abnormalities related to ni trative stress, a marker of oxidative stress in the retina. The 

RAGE inhibitor, however, did not inhibit abnormalities related to leukostasis. The 

lack of effect of the therapy on leukostasis is surprising in that another group recently 

reported that their sRAGE did inhibit the increase in leukostasis in diabetes. Evidence 

that we have generated since the start of our studies using the RAGE-lg fusion protein 

(Diabetes 57; 1387-93, 2008), however, indicates that effects of a drug therapy on. 

retinal leukostasis in diabetes does not predict the effect of the therapy on the 

degeneration of retinal capillaries in diabetes. Thus, the lack of the therapy on retinal 

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

'0139] Surprisingly, there appeared to be a dose effect of the drug wi th respect to

expression of ICAM-1 and nitration of proteins in retinas from the. diabetic animals, 

whereas this dose effect was not apparent on retinal capillary permeability and 

degeneration. This would seem to suggest that neither ICAM nor nitration are 

involved in the retinal vascular defects in diabetes, although we have data using 

ICAM-I knockout animals· that argues against this conclusion,

[0140] It is clear that the drug did get to the retina, did exert biologic effects, and did

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

lesions of diabetic retinopathy.

Sensory neuropathy: it has been postulated by others that advanced glycation 

endproducts (AGEs) and interaction of these AGEs with RAGE induce oxidative 

stress, upregulate NF-kB and various NF-kB-mediated proinflammatory genes in the 

nerves, and exaggerate neurological dysfunction, including altered pain sensation. 

The present data is consistent with evidence that RAGE-mediated signaling
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contributes to the development of at least some aspects of diabetic neuropathy, and 

provides evidence that the sRAGE-ig fusion protein inhibits this process in long-term 

studies.

EXAMPLE 3

[0142] Evaluation of a RAGE-ig fusion protein using the Type Π Collagen-Induced

Arthritis Mouse Model.

[0143] Immunization of susceptible strains of mice with, type II collagen, the major

component of joint cartilage, induces a progressive, inflammatory arthritis (Wooley et 

al. Journal of Fxperimeniat Tfeh/e/ne 1981; 154:688-7(50), Collagen induced arthritis 

(CIA) is characterized clinically by erythema and edema, with affected paw width 

increases of typically 100%. A clinical scoring index has been developed to assess 

disease progression to joint distortion and spondylitis (Wooley, Methods In 

Enrymofogjj 1988; 162:361-373). Histopathology of affected joints reveals synovitis, 

pannus. formation, and cartilage and bone erosion, which may also be represented by 

an index, immunological laboratory findings include high antibody levels to 'type ii 

collagen, and hypergammaglobulinemia. This model is now well established for 

testing .of immunotherapeutic· approaches. to joint disease (Staines et al. Zb-fr&A 

Journal oAR/mww/o/ogyT994; 33(9):798-807), and has been successfully employed 

for the study of both biological and pharmacological agents for the treatment of 

rheumatoid arthritis (RA) (Wooley et.al. Arthritis Rheum 1993; 36:.1305-1314, and 

Wooley et al. Journal (J'JJnmunology 1993 ; 151:6602-6607),

[0144] Antagonism of the RAGE receptor is recognized as a potential therapeutic

target in RA. Blockade of RAGE in mice with eollageh-induced-arthritis resulted in 

the suppression of the clinical and histologic evidence of arthritis, and disease 

amelioration was associated with a reduction in the levels of TNFa, IL-6, and matrix 

metalloproteinases MMP-3, MMP-9 and MMP-13 in arthritic paw tissue (Hofmann of 

al. Genes f/nmun 2002; 3(3):123-135). This indicates that the collagen induced 

arthritis is sensitive to RAGE targeted, therapy.

This experiment, will evaluate the influence of RAGE-ig fusion protein on

CIA at three doses administered from the time of immunization with type 11 collagen. 

The study design is shown in Figure 7.
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[.0146] Forty DB A/l Lad .mice 8-10 weeks of age were obtained from Jackson 'Labs,

and acclimatized in the facility for a minimum of 10 days prior to experimentation.

All animals weighed >16 grams at the start of the experiment. Mice were divided into 

one of four treatment groups: 1) 100 pi sterile PBS by i,p. Injection daily ; 2) 100 gl 

sterile PBS containing RAGE-lg fusion protein at Wag by I.p. injection daily; 3) 100 

μί sterile PBS containing RAGB-Ig fusion protein at 100 pg by b p. injection daily.; 

and 4) 100 pi sterile PBS containing RAGE-lg fusion protein at 300 pg by i.p. 

injection daily.

[0147] Three days after the initial dosing, all mice were injected with 100 pg bovine

type II collagen in Freund's complete adjuvant (FCA) intradermally at the base of the 

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

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

affected animals were clinically assessed five times per week until ten. weeks after 

immunization, and paw measurements were made three times per week. .Mice 

without signs of arthritis ten weeks after immunization were considered disease 

negative.

[0148] RESULTS

[0149] Overall Health and Toxicity. No acute toxic episodes occurred during the

trial, and all animals survived the duration of the experiment. The treatment was well 

tolerated, and no adverse signs such as fur matting or irritation were observed. The 

mo use weights ( Figure 8) indicate minor changes in weight over the course of the 

trial, which is typical due to transient weight loss in individual animals corresponding 

to the onset of disease. None of these variations between the groups reached 

Statistical, signi licence.

[0150] Inci dence and Onset of Arthritis, The terminal incidence of collagen arthritis

in the trial is shown in Figure 9. The control, mice reached 100% onset, which is not 

unusual in. classic collagen arthritis model, where the typical incidence ranges from 

80%-'100%. Mice treated with 10 pg day RAGE reached, an incidence of 80%, which 

was not a significant reduction in. incidence. Mice treated with 100 pg day RAGE 

exhibited a. 60% incidence of arthritis , which was signi ficantly lower than the control 

group (p<O.G5). Surprising the incidence of arthritis in mice treated with 300 pg 

RAGE was 100%, and thus similar to the control, incidence.
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[0151] The mean (and 'SEM) of the day of disease onset i s shown in Figure 10.

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

appearance of arthritis of 38,6. Disease onset in mice treated with either 10 gg or 100 

gg RAGE was nominally delayed to 42,5, which did not achieved statistical 

signifleance. However, disease onset was significantly delayed (p<0.05) in mice 

treated with RAGE at 300 gg. Therefore, although mice at the high dose did not 

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

overt arthritis was markedly 'increased,

[0152] The modulation of the onset of disease by RAGE treatment .may be readily

assessed by the plot of disease incidence over time { Figure 11), The typical rapid 

disease onset characteristic of CIA is observed in the control group, while mice 

treated with RAGE at either 10 gg or 100 gg resulted in a delay of disease onset and a 

lower terminal incidence of arthritis. For approximately eight weeks, mice treated 

with 300 gg RAGE developed disease in a similar pattern, but a series of late arthritic 

animals resulted in a high disease Incidence but delayed disease onset.

[015 3] Disease Severity and Progression, Anal ysi.s of the cumuiati v.e j oint score in

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

severity of collagen-induced arthritis (Figure 12), Control mice developed the typical 

chronic progressing disease, with a marked increase in the cumulative arthritis index, 

in contrast, mice treated with RAGE at any dose exhibited a marked decrease in die 

arthritis score. The difference between the control and treated groups achieved a high 

level of statistical significance (p<0,{)01) from Day 43 post immunization, and this 

difference was maintained throughout the trial. Although RAGE therapy of 100 

gg/day achieved the lowest arthritis cumulative score, there were no significant 

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

that a ‘threshold’ effect was achieved, rather than a classic dose dependant effect.

[0154] The analysis on 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 number of involved, paws from 

Day 43 on. The level of significance varied from p<0.001 to p<0.025, which may 

reflect that the Influence of RAGE was more pronounced upon disease severity than 

arthritis progression: however, the maximum, number of involved paws (40) is more 

restricted than the maximum cumulative disease score (120). Again, there were no
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significant variations between the RAGE treated, groups, although the 100 u.g RAGE 

group did exhibit the highest level of retardation of arthritis.

[0155] The results suggest that administration of RAGE protein exerted a marked

effect upon collagen-induced arthritis when administered using a prophylactic 

protocol. There were no overt toxic effects of RAGE injection at any dose, and the 

treatment appeared to he very well tolerated. The overall disease incidence was 

significantly reduced in mice receiving UK) pg daily, and a delay of disease onset, was 

observed in mice treated with 300 pg/day. However, the most obvious indication of 

clinical, activity was observed in the reduction of disease score and arthritic paw 

count, where a wide separation between RAGE treated mice and control animals was 

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

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

the disease progression.

G
o6] Histopathological assessment: Limbs from all mice were removed at the

completion of the elmicat assessment study, and stored in neutral buffered formalin 

solution. Joints were decalcified for 18 days in 10% formic apid, dehydrated, and 

embedded in paraffin blocks. Sections were cut, along a longitudinal axis, mounted 

and stained with either hematoxylin and eosin or Toluidine Blue. Specimens were cut 

io· approximately the mid line, and then sagital central samples mounted tor 

evaluation. This allowed a consistent geographic evaluation. Five to ten samples 

were mounted (usually 4 - 6 samples per slide). After staining, the slides were 

permanently bonded with coverslips. A minimum of 3 separate sections per specimen 

were evaluated, in a blinded fashion, with the evaluator unaware of the group 

assignment On front limits, 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 procedure eliminates most PIP joints. Slides were 

evaluated for the presence of synovitis, pannus formation, marginal erosions, 

architectural changes (mostly subluxation), and destruction. An overall score, based 

on these collective points, was then, assigned to each section. The scoring system was 

based as follows:

[0157] Syno vitis was judged by the thickness of the synovial membrane, and scored

as follows: 0 tor less than 3 cells thick; I for 3 - 5 cells thick 2 for 6 - 10 cells thick; 3

for 10 - 20 cells thick; and 4 for 20 - 30 cells thick.
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[0158] Pannus formation was scored as follows: 0 for no pannus formation; 1 for

microvillus present; 2 for clear pannas attachment; 3 for marked pannus attachment; 

and 4 tor joint space filled by pannus.

[0159] Marginal erosions were scored as follows: 0 for no erosions visible; 1 for

minor indentation in area of capsular attachment; 2 for clear erosions of cartilage; 3 

for erosions extend into s u bchondral bone; and 4 for major erosion of bone and 

cartilage.

[0160] Architectural changes were scored as follows: 0 for normal joint architecture;

1 for edematous changes; 2 for minor subluxation of articulating surfaces; 3 for major 

subluxation of articulating surfaces; 4 for complete fibrosis and collagen bridging.

[0161] The overall score reflects: 0 for classical normal joint appearance; 1 for minor

changes; consistent with remission; may be clinically normal; 2 for definite 

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

erosive arthritis.

[0162] Cartilage and Bone Matrix degradation. Seri al sections were stained for

cartilage.matrix components using the histochemical stain Toluidine Blue. The 

toluidine bine sections were evaluated for proteoglycan loss. The staining at the. 

articular surface was compared to staining at the growth plate, and was scored as 

follows: 0 for No proteoglycan loss; Normal Toluidine Blue staining; I for Minor 

proteoglycan loss; Some loss-of staining from the superficial cartilage; 2 for 

Moderate proteoglycan loss; Weak staining.of superficial cartilage; 3 for Significant 

proteoglycan loss; No Toluidine- Blue staining of superficial cartilage;and 4 for Major 

proteoglycan loss; No Toluidine Blue staining of deep cartilage.

[0163] RESULTS

[0164] Histological Findings of Collagen-induced arthritis. Sections were assessed

for the inflammatory and erosi ve parameters of disease. The appearance of the 

arthritis (Figure 14) reveals typical inflammatory erosive- disease pathology for this 

time point in the control (PBS treated) group, with the typical -arthritic features of 

synovial hypertrophy and hyperplasia, with marked pannus attachment and marginal 

erosions.

[0165] Treatment with the RAGE-lg fusion protein at 10 gg-''ml (Figure 14B) resulted

in moderate changes in the inflammatory and erosive parameters, with an overall
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improvement in the appearance of erosions and disrupted cartilage surfaces.

Treatment with the RAGE-lg fusion protein at 1.00 gg/ml (Figure 14C) resulted in a 

redaction in pannus formation and erosions compared with the control, and the overall 

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

at 300 gg/fnl (Figure 14D) resulted in arthritis that appeared somewhat less severe 

than the pathology seen in the saline control, but was nevertheless quite severe, with 

synovial hypertrophy and hyperplasia, with marked pannus attachment and marginal 

erosions.

[0166] Analysis of the inflammatory scores (Figure 15) revealed a reduction in the

inflammation in mice treated with the RAGEdg fusion protein at all doses when 

compared with control (saline-treated) animals. However the synovitis was 

significantly reduced (p<0,05) only in the 100 gg/ml group, and the pannus formation 

showed similar reductions in. score (p<0.03). The reductions in the inflammatory 

disease parameters observed using the RAGE-lg fusion protein at either 10 pg/ml or 

300pg/ml failed to reach statistical, significance,

[01.67] Assessment of changes in the erosive features (erosions and changes in joint

architecture) of collagen-induced arthritis showed a similar pattern of effects. A 

significant reduction (p<0.01) in joint erosions was observed between the group 

treated with the RAGE-lg fusion protein at 100 pg/rnl when compared with control 

(saline-treated) animals (Figure 16), while the reductions observed in mice treated 

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

significance.

[0168] The combination of the histopathological parameters into an overall

histological arthritis score (Figure 17) reflected the findings of the individual 

pathology parameters. Significant differences between the control (saline) treated 

animals and mice'treated with the RAGE-lg fusion protein at 100 ugrtul (p<0.02) 

were observed, and the o verall score in mice treated at 10 pg/ml just achieved 

significance (p":0,05), while no significant reductions in the overall disease scores 

were observed using the RAGE-lg fusion protein at 300 pg/mh

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

RAGE-lg fusion protein influenced the loss of matrix proteins from the arthritic joint. 

The data (shown in Figures 1.8 and 19) suggest that the RAGE-lg 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-lg fusion protein at 

300 pg/ml. In contrast, there is good preservation of the matrix protein with 

administration of the RAGE-lg 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-lg 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/ml, and achieved statistical 

significance on the overall pathology in mice treated with 10 pg/ml. RAGE-lg 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-lg 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-lg 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-lg 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

40



HAimi\IniciuOvcn\NRPortbf\DCC\FMT\508336<)_I doc-lW»4/2()l3
20

08
26

59
83

 
21

 M
ay

 2
01

3

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. An isolated 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 IDNO:8.

4. The isolated 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 5, further comprising 

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

7. 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.
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8. An isolated 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. An isolated 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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