|  USE OF OSTEOPROTEGERI N FOR THE TREATMENT AND/ OR PREVENTI ON OF FI BROTI C
DI SEASE FI ELD OF THE | NVENTI ON The present invention is in the field of
fibrotic diseases and connective tissue disorders. Mre specifically, the
invention relates to the use of osteoprotegerin for the treatment and/or
prevention of fibrotic diseases, in particular scleroderma. Conbinations
of ost eoprot egeriUSRIQH @EB]TEGFH%(DG‘E(BERM'H‘QFRaﬂﬂEq’EHhEAtTMENE AND/O&
anti-fibrotic agent such as SARP-1 are alsq e present invention.
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over production of collagen e.g. in the |nternal organs, including the

ki dneys, heart, lungs, stomach and joints. Lung fibrosis is one of the
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50 to 60% of cases of idiopathic interstitial lung disease.

Usual interstitial pneumonia (UIP), a specific histopathologic pattern of interstitial
pneumonia, is the classic pattern found on lung biopsy in IPF. At low magnification, the
tissue appears heterogeneous, with alternating areas of normal lung, interstitial
inflammation, fibrosis, and honeycombing. Interstitial inflammation consists of an
alveolar septal infiltrate of lymphocytes, plasma cells, and histiocytes associated with
hyperplasia of type Il pneumocytes. The fibrotic zones are composed mainly of dense
acellular collagen, although scattered foci of proliferating fibroblasts (fibroblastic foci),
which are the sites of early and active disease, may also be seen, usually in an intra-
alveolar location. Areas of honeycombing are composed of cystic fibrotic airspaces,
frequently lined with bronchiolar epithelium and filled with mucus. Neutrophils may pool
in the mucus. Smooth muscle hyperplasia often occurs in areas of fibrosis and
honeycombing. The subpleural and paraseptal distribution, patchy character, and
temporal heterogeneity are the most helpful features in identifying UIP.

An identical pattern of interstitial inflammation and fibrosis occurs in collagen

vascular disorders (e.g., RA, SLE, progressive systemic sclerosis, mixed connective



and certain drug-induced |ung diseases (e.g., by nitrofurantoin). The
clinical course of IPF is progressive; nedian survival is 4 to 6 yr after

di agnosi s. Prednisone is the usual treatnment in case of |IPF. Response to
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tracts, can produce collagen, |large glycoproteins, and proteoglycans. 3
IV VI, IX, and X); a4-antitrypsin deficiency; storage of exogenous substances, as seen in
iron-overload syndromes (hemochromatosis) and copper storage diseases (Wilson's
disease); accumulation of toxic metabolites (as in tyrosinemia, fructosemia, and
galactosemia); and peroxisomal disorders (Zellweger syndrome). Numerous chemicals
and drugs cause fibrosis, especially alcohol, methotrexate, isoniazid, oxyphenisatin,
methyldopa, chlorpromazine, tolbutamide, and amiodarone. Disturbances of hepatic
circulation (eg, chronic heart failure, Budd-Chiari syndrome, veno-occlusive disease,
portal vein thrombosis) and chronic obstruction to bile flow can lead to fibrosis. Lastly,
congenital hepatic fibrosis is an autosomal recessive malformation.

The normal liver is made up of hepatocytes and sinusoids distributed within an
extracellular matrix composed of collagen (predominantly types I, Ill, and IV) and
noncollagen proteins, including glycoproteins (e.g., fibronectin, laminin) and several
proteoglycans (e.g., heparan sulfate, chondroitin sulfate, dermatan sulfate, hyaluronate).
Fibroblasts, normally found only in the portal tracts, can produce collagen, large

glycoproteins, and proteoglycans.



O her liver cells (particularly hepatocytes and fat-storing Kupffer, and
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Congeni hepatic fibrosis thus presents as portal hypertension wth
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passage of substances from the blood to the hepatocytes. (3) Fibrosis around hepatic
venules and the portal tracts disturbs hepatic blood flow. Venous resistance across the
liver increases from portal vein branches to sinusoids and finally to hepatic veins. All
three routes can be involved.

The fibrous bands that link portal tracts with central veins also promote
anastomotic channels: Arterial blood, bypassing the normal hepatocytes, is shunted to
efferent hepatic veins, which further impairs hepatic function and can accentuate
hepatocellular necrosis. The extent to which these processes are present determines the
magnitude of hepatic dysfunction: e.g., in congenital hepatic fibrosis, large fibrous bands
involve predominantly the portal regions but usually spare the hepatic parenchyma.
Congenital hepatic fibrosis thus presents as portal hypertension with preserved

hepatocellular function.

Scleroderma is a disease of the connective tissue characterized by fibrosis of the

skin and internal organs, leading to organ failure and death (Black et al., 1998, Clements



4 and Furst, 1996). Sclerodernma has a spectrum of manifestations and a

variety of therapeutic inplications. It conprises |localized scleroderng,
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In terms of diagnosis, an important clinical parameter is skin thickening proximal
to the metacarpophalangeal joints. Raynaud’'s phenomenon is a frequent, almost
universal component of scleroderma. It is diagnosed by color changes of the skin upon
cold exposure. Ischemia and skin thickening are symptoms of Raynaud’s disease.

Several underlying biological processes are implicated in the initiation, severity
and progression of the disease and include vascular dysfunction, endothelial cell
activation and damage, leukocyte accumulation, auto-antibody production and crucially,
an uncontrolled fibrotic response which may lead to death (Clements and Furst, 1996).
Fibroblasts have a pivotal role in the pathogenesis of this disease. Primary fibroblasts
obtained from patients with scleroderma exhibit many of the characteristic properties of
the disease seen in vivo, notably increased extracellular matrix synthesis and deposition,
notably of collagen and fibronectin, and altered growth factor and cytokine production
such as of TGF and CTGF (Strehlow and Korn, 1998 and LeRoy, 1974).

There is no curative treatment of scleroderma. Innovative but high-risk therapy

proposed autologous stem cell transplantation (Martini et al., 1999). In particular, there



There is no curative treatnment of scleroderma. Innovative but high-risk

t herapy proposed autol ogous stemcell transplantation (Martini et al.,
1999). In particular, there 5 are currently no treatnents for scl eroderna
targeting the fibrotic process (Wg I ey and Boling, 2000). Identification
of the genes associated with disease risk and scleroderma progression may
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al ., Y908Yys stagasmnfitsernliseass. cysteine-rich TNFR | i ke domains in its

N-term nal portion (Sinonet et al., 1997). OPG has been shown to have a
role in the devel opnment of bone, and mce |acking the OPG gene had an
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st ronby fikreblasts |(&irkenat tet sals nt8®7 arnkdunamnaOPGnis ac481 aamincs acide peoteite @nd

tor which h ' i gnal i ng. ity. OPG,acts by hinding.
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activation and survival. Hunan is nenber of the TNFR famly and is a

oPG
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no direct signaling capacity. OPG acts by binding to its natural ligand osteoprotegerin
ligand (OPGL), which is also known as RANKL (receptor activator of NF-kappaB ligand).
The binding between OPG and OPGL binding prevents OPGL from activating its
cognate receptor RANK, which is the osteoclast receptor vital for osteoclast
differentiation, activation and survival.
Human OPG is member of the TNFR family and is a single-copy gene that
consists of 5 exons and spans 29 kb of the genome (Simonet et al., 1997). Recombinant
OPG exists in monomeric and dimeric forms of apparent molecular weights of 55 and
110 kDa, respectively (Simonet et al.,, 1997). Truncation of the N-terminal domain to
cysteine 185 produces inactivation, presumably by disruption of the SS3 disulfide bond
of the TNFR-like domain, whereas truncation of the C-terminal portion of the protein to
amino acid 194 did not alter biological activity. Thus, the N-terminal TNFR-like domain of
OPG is sufficient to prevent osteoclastogenesis (Simonet et al., 1997).
Overexpression of OPG in transgenic mice leads to profound osteopetrosis
secondary to a near total lack of osteoclasts. Conversely, ablation of the OPG gene
causes severe osteoporosis in mice. Ablation of OPGL or RANK also produces profound

osteopetrosis, indicating the important physiological role of these proteins in regulating



secondary to a near total |ack of osteoclasts. Conversely, ablation of the
OPG gene causes severe osteoporosis in mce. Ablation of OPG or RANK al so
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It is therefore a first object of the invention to use osteoprotegerin for the
preparation of a medicament for the treatment and/or prevention of fibrotic diseases, in
particular of scleroderma. It is a second object of the invention to use a cell expressing
osteoprotegerin, or an expression vector comprising the coding sequence of
osteoprotegerin, for the preparation of a medicament for the treatment and/or prevention
of a fibrotic disease, in particular systemic sclerosis. Pharmaceutical compositions
comprising osteoprotegerin and further anti-fibrotic drugs, such as halofuginone, and
methods of treatment comprising administering osteoprotegerin to the human body are

also within the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 Expression of OPG mRNA in normal (hatched) and diseased (hatched
horizontally) fibroblasts from 6 scleroderma patients determined by gene filter
microarray analysis. The mean expression level is given in (a) and the median is

given in (b).



givenin (b). 7 Fig. 2 Real tinme PCR analysis of OPG nRNA in 9 scl eroderm
patients. For each patient, results are expressed as the ratio of
expression of OPG nRNA in | esional/non-lesional fibroblasts. Fig. 3 OPG
MRNA expression in biopsies taken froml esional and non-lesional skinin 5
scleroderma patients determned by real time PCR Bars denote the nmedi an
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were either completely untreated or pretreated with 10, 20 or 40 ng/ml OPG for
24 h, or with 40 ng OPG + anti OPG neutralising monoclonal antibody (1 ng/mi),
or with anti OPG neutralising monoclonal antibody alone followed by 2 ng/ml
TGFp1 for 24 h. Collagen synthesis was determined by ELISA. Resuits are the

mean of triplicate determinations + S.E.M.

Fig. 6 Effect of OPG transfection on type | collagen o2 synthesis in human primary
fibroblasts (OBHC cells). OBHC cells were transfected with pcDNA3.1/0PG
(OPG) or pcDNA3.1 alone (mock) as described in methods. Collagen in
conditioned medium was measured 24 h after TGFB1 treatment by ELISA.

Results are the mean of triplicate determinations + S.E.M.

Fig. 7A: Effect of OPG on type 1 collagen o 2 promoter activity in mouse embryo
fibroblasts. Mouse embryo fibroblasts (rS3 cells) were transfected with pGL3
vector containing 3.5 kb of collagen 102 promoter linked to luciferase cDNA.
After transfection, cells were transferred to fresh medium and were either
untreated (control) or treated with of halofuginone (107° M) alone (HF); TGFB1 (5
ng/ml) (TGFB1); or TGFB1 (5 ng/ml) + HF (10® M) (HF+TGFB1) for 12 h with



Fig. 7B shows the extent of reporter gene expression under the CTG- pronoter
after incubation with either TG-(3 alone or in conbination with different
anounts of OPG Fig. 8 Reverse transcriptase PCR anal ysis of
osteoprotegerin nRNA after in vitro 8reatnment of |esional and non-| esional
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Fig. 10 Effect of in vivo administration of osteoprotegerin on the development of lung
fibrosis in bleomycin treated mice. A: Extent of fibrosis in the lungs measured 12
days after bleomycin administration. Lungs were stained with trichrome. Results
are expressed as the % of a representative lung lobe affected by fibrosis for each
surviving animal. B: Extent of collagen deposition in the lungs measured 12 days
after bleomycin administration. Hydroxyproline content was measured in a

representative lung lobe taken from each surviving animal.

DESCRIPTION OF THE INVENTION
In accordance with the present invention, DNA gene filter microarray technology
was used to identify differentially expressed genes in skin fibroblasts from fibrotic lesions
obtained from patients with systemic sclerosis (scleroderma) compared to normal skin
fibroblasts from the same patients. One gene, which was consistently down regulated in
the scleroderma fibroblasts, was osteoprotegerin (OPG), also called osteoclastogenesis

inhibitory factor. Abnormal fibroblasts expressed significantly lower levels OPG mRNA



anatom cal site matched control biopsies. OPG protein was al so decreased in
| esi onal fibroblasts conpared to normal fibroblasts isolated fromthe sane
patients. In vitro, OPG is able to decrease TG-(3 nedi ated col | agen
synthesis follow ng transfection of #9ibroblasts with OPG cDNA or foll ow ng
treatment with the reconbinant protein. A further in vitro activity of OPG
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f) A gigxt@f any of (a) to (d) which is encoded by a DNA sequence which

hybridi zes t the conpl enent of the DNA sequence encoding any of (a) to (d)
under nodertede istuirogiata weralifuitbes suppontder biti iphVivosdatanger@n estahlisheds;

g) A nutein of any of (a).to (d) wherein any changes in_the am no acid
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art that in accordance with the present invention, a substance which
sti miME&s rel ease or potentiates the activity of

Therefore, the invention relates to the use of a substance for the manufacture of

a medicament for the treatment and/or prevention of a fibrotic disease, wherein the

substance is selected from the group consisting of:

a) A polypeptide comprising SEQ ID NO: 2 or SEQ ID NO: 4,

b) A polypeptide comprising amino acids 22 to 401 of SEQ ID NO: 2 or SEQ ID NO: 4;

c) A polypeptide comprising one, two, three or four cysteine-rich domains of
osteoprotegerin;

d) A polypeptide comprising amino acids 22 to 194 of SEQ ID NO: 2 or SEQ ID NO: 4;

e) A mutein of any of (a) to (d), wherein the amino acid sequence has at least 40 % or
50 % or 60 % or 70 % or 80 % or 90 % identity to at least one of the sequences in (a)
to (d);

f) A mutein of any of (a) to (d) which is encoded by a DNA sequence which hybridizes t
the complement of the DNA sequence encoding any of (a) to (d) under moderatel
stringent conditions or under highly stringent conditions;

g) A mutein of any of (a) to (d) wherein any changes in the amino acid sequence ar

conservative amino acid substitutions to the amino acid sequences in (a) to (d);



endogenous osteoprotegerin can equally be used for treatnent and/or
prevention of fibrotic disease, in particular of scleroderma. Said
substance nmay be mature osteoprotegerin itself, or any fragnent of
osteoprotegerin binding to OPG and ttereby preventing OPG binding to
RANK, and preventing initiating signaling through RANK. Such a substance
may bie) ea galtaor antisofogy, dused peotein fOPGtionak degvativevaativet frasten or mircutasly
OPGE., and thatt eteé]i S i nteraﬁtion [)revensrs bi nding of OPG. to its receptor
RANK,  TRRIPU4tgEed defuativg banyRf ()9 O% the art will appreciate that any
substance preventing the binding of OPGL to its receptor RANK, or any

ot her agent bl ocking RANK activity or signalling, wll have the sane
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descri at www. ncbi . il m ni i. gov under” AB 008821, as well as by Morinaga
et al bind610IBP GlAraridsthiad tiis ontepatjoro ppdvants dimding af D RGhr tot ity erdaptbaRANEN
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Sinmonet et al. concerns am no acid position 263, which rra'Fy be an aspartic
aci d offibretigidipease, indggiticwiay of pcleradeinanf\agsisbiockingy@H Gl bindingdadRANK
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Sympt tgirr]%inodc o% eesdeI RA%’ISp?oteins to each other, for example, but also any other chemical or

biological inhibitor of signalling through the RANK receptor.

The full length cDNA of human osteoprotegerin has been cloned and is depicted
as SEQ ID NO: 1 of the attached sequence listing. The corresponding amino acid
sequence is given as SEQ ID NO: 2 of the attached sequence listing. The sequences
are described at www.ncbi.nim.nih.gov under AB_008821, as well as by Morinaga et al.
(1998). An isoform or polymorphic form of osteoprotegerin has been described by
Simonet et al. (1997). The cDNA according to Simonet et al. (1997) is depicted as SEQ
ID NO: 3 of the attached sequence listing, and the corresponding amino acid sequence
is given as SEQ ID NO: 4. Both sequences are further available from
www.ncbi.nim.nih.gov under U94332. The only difference between the proteins found by
Morinaga et al. and Simonet et al. concerns amino acid position 263, which may be an
aspartic acid or an alanine, respectively.

The term “osteoprotegerin”, as used herein, relates to any of the substances

considered above in (a) to (h).



The term "fibrotic disease" as used herein relates to diseases involving
fibrosis, which nay e.g. be due to chronic inflamuation or repair and
reorgani zation of tissues. Fibrosis may involve any organ of the human
body, such as e.g. the skin, lung, pancreas, liver or kidney. Therefore,
the invention also relates to treatnent and/or prevention of fibrotic
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system c scleroderma in terns of sim'lar superficial synptons, such as the
appeathaetrebél. sk901)bi opsy under the microscope.
Fibrosis generally involves generation or proliferation of connective tissue, which
replaces functional specialized tissue of a given organ. Therefore, in a preferred

embodiment of the present invention, the fibrotic disease is a connective tissue disease.

In a preferred embodiment, the fibrotic disease is scleroderma.

The term “scleroderma” as used herein relates to a disease also called systemic
sclerosis or systemic scleroderma. These terms are used synonymously within the
present patent application. Systemic sclerosis is a chronic disease of unknown cause,
characterized by diffuse fibrosis; degenerative changes; and vascular abnormalities in
the skin, articular structures, and internal organs (especially the esophagus,
gastrointestinal tract, lung, heart, and kidney, for example). It may be localized, or mixed,
systemic, limited or diffuse.

The term “scleroderma” preferably relates to localized, systemic, limited and
diffuse scleroderma as well as overlap syndromes.

Localized scleroderma primarily affects the skin, but may also affect the

underlying muscles and bones. However, it generally does not affect internal organs.



System c scl eroderma conprises several types of synptons or groups of
synptons, such as CREST, |imted and diffuse. It nay also be referred to as
progressive systemc sclerosis, or famlial progressive system c sclerosis.
Systemi ¢ scleroderma may e.g. affectizthe skin, blood vessels, and/or
internal organs. Wen it affects the skin, it can cause the skin to
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Diffuse Scleroderma comprises skin tightening and also occurs above the wrists
(or elbows). There are several subcategories of diffuse systemic sclerosis, such as
“scleroderma sine scleroderma” where there is internal organ fibrosis, but no skin
tightening; and familial progressive systemic sclerosis, a rare form occurring in families.
Overlap syndromes are referred to if a scleroderma patient also has other
autoimmune disease (such as lupus, rheumatoid arthritis, etc.), as e.g. in diffuse
scleroderma in overlap with lupus. Scleroderma symptoms can also be a part of mixed
connective tissue disease (MCTD), or Undifferentiated Connective Tissue Disease
(UCTD).
The term “osteoprotegerin” as used herein, relates to a protein comprising all, or
a portion of the sequence of SEQ ID NO: 2 or 4 (both human) of the enclosed sequence
listing, as well as to salts, isoforms, muteins, active fractions, functional derivatives and
circularly permutated derivatives thereof. OPG from species other than human, such as
mouse or rat, may be used in accordance with the present invention, as long as there is
a sufficient identity between the proteins as to allow the protein to exhibit its biological

activity, and without eliciting a substantial immune response in a human being.



signal peptide. The signal peptide conprises the N-termnal 21 am no acids
of OPG as defined in SEQID NO 2 or 4, i.e. the mature protein conprises
amno acids 22 to 401 of SEQID NO 2 or 4. The term "osteoprotegerin”, as
used herein, further relates to any ®®ragnent, portion, domain or
sub-domain of SEQID NO 2 or 4 showng the desired activity in
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eukaryotic cells, such as yeast cells or mammalian cells, preferably in
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cells or cell lines. It may further be produced in prokaryotic cells such
as E.etiestin flseliagissasgs, inmPardisulss s¢isedeBa- t o occur in nonomeric and
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carried out in eukaryotic cells, such as yeast cells or mammalian cells, preferably in
CHO cells, HEK cells (human embryonic kidney cells) or in human fibroblast cells or cell
lines. It may further be produced in prokaryotic cells such as E. coli.

Osteoprotegerin has been described to occur in monomeric and dimeric form
(Simonet et al., 1997). Therefore, in accordance with the present invention, OPG may be
a monomer, a dimer or a multimer.

Preferably, osteoprotegerin is glycosyiated at one or more sites. It may also be
unglycosylated, depending on the given needs and the source of production or isolation
of the protein.

The term "salts" herein refers to both salts of carboxyl groups and to acid
addition salts of amino groups of osteoprotegerin molecule or analogs thereof. Salts of a
carboxyl group may be formed by means known in the art and include inorganic salts, for
example, sodium, calcium, ammonium, ferric or zinc salts, and the like, and salts with
organic bases as those formed, for example, with amines, such as triethanolamine,

arginine or lysine, piperidine, procaine and the like. Acid addition salts include, for



14 exanple, salts with mneral acids, such as, for exanple, hydrochloric
acid or sulfuric acid, and salts with organic acids, such as, for exanple,
acetic acid or oxalic acid. O course, any such salts nust retain the

bi ol ogi cal activity of osteoprotegerim relevant to the present invention,
I.e., exert a beneficial effect on fibrotic diseases, in particular

scl er egampie, $aty eiitie monesghl acids,vauchrdss fof exsinguipr diyegschloriceaciclarosiiéuric
used accordl ng to the invention, as long as they are capabl e of |nh| bi téspg
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of th residues o eo o rin ar

di f f efrRnpregdntoindentloneseduegert o bﬁrﬁef@féleéf@ébt on metlordueease@mnnpammr
residues are added to the natural sequence of osteoprotegerin, having

pr ef esdarqd@rma east the same activity as wild type osteoprotegerin or even

having o TYERRCOPEL VBRSOl i BSLRE AT R L o e
OPGL. jRenfyh fé’sf I6ﬁ59%§' 'ﬂlgeWQFee'éla[ﬁtﬂ’éebf‘ inRlsiRG t HiReasar Br ksionoVhd/8Y

t he person skil in the art. Exanples for such assays are | SA type
bi ndlsganayﬁthaMBeaSQr eci p| tation assays or nmeasurenent in any other
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ost eogifferegteaimino Soid rasidueshav aratddietest cax cndoranbrelanyinosacitl Iresidaelsi aret y
of ost eopr ot e%eri n. The acti vi t%/ of a osteoprotegerin nutant can further be
t est eddded ttadhasiaiysalesgauanesdo ﬁsﬁﬁ?@f@%@ﬁﬂf‘eé"a&&%wr@fﬁé@@&iratdﬁaﬁhﬁ‘%ﬁﬁm

For 286096/ g WL Wil Rtehp o BE el bR anERe, pRigi a6 i
Mut ei Bmld)@calcﬁ@tr\ﬂ seOmGledme. rtﬁéﬁﬁéasuné@rﬁy agsaylagude Binging @fsoemqueit!s
by a nucleic acid, such as RNA, which hybridizes to DNA or

whi chnatutaldbgand 2RGbr dssgysifor asseaa@gr@rzmg@ Rict@int wéer@cg@@atarewelmn@wn
e e B e b e JLEBPRS T BN SR U ETELISEIE bhaing
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6. 3’ aad tbe BIALOBY sydted?) Thesel nSieinsoaie prepared Synkn@wk symthesis andiqrétmy]s|te—
k. erected mutagenesis techniques, or any other known technique suitable therefor.

Any such mutein preferably has a sequence of amino acids sufficiently
duplicative of that of mature osteoprotegerin, such as to have at least a substantially
similar activity of osteoprotegerin. The activity of a osteoprotegerin mutant can further be
tested in the assays explained in the examples below. Measuring the amount of collagen
synthesis in fibroblasts treated with OPG may a suitable test for assessing the activity of
osteoprotegerin muteins, for example.

Muteins in accordance with the present invention include proteins encoded by a
nucleic acid, such as DNA or RNA, which hybridizes to DNA or RNA, which encodes
osteoprotegerin, in accordance with the present invention, under stringent conditions.
The term "stringent conditions" refers to hybridization and subsequent washing
conditions, which those of ordinary skill in the art conventionally refer to as "stringent".
See Ausubel et al., Current Protocols in Molecular Biology, supra, Interscience, N.Y.,
§§6.3 and 6.4 (1987, 1992), and Sambrook et al.(Sambrook, J. C., Fritsch, E. F., and
Maniatis, T. (1989) Molecular Cloning: A Laboratory Manual, Cold Spring Harbor

Laboratory Press, Cold Spring Harbor, NY).



Maniatis, T. (1989) Ml ecular Coning: A Laboratory Manual, Cold Spring

Har bor Laboratory Press, Cold Spring Harbor, NY). 15 Wthout |imtation,
exanpl es of stringent conditions include washing conditions 12-20C bel ow
the cal culated Tm of the hybrid underisstudy in, e.g., 2 x SSC and 0.5% SDS
for 5 mnutes, 2 x SSC and 0.1% SDS for 15 m nutes; 0.1 x SSC and 0.5% SDS
at 37C f orWabe60 limitatibas exadplberof stridgénk cBBGiteoms chideShisking &0 niditions
30-60 mnutes. Those of ordinary skill in this art understan at
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mutein preferably has a sequence of amno acids sufficiently duplicative
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synt hepied  AifgdriRediRid oBrEei P hdsed Utobast bad Gobd agens I péf6ididle to use

activity, it ~ can be considered to have substantially simlar activity to
ost eofatranesgthyl amribrisim chlocide (ThéAMe irsteadad SHet Bee Ausubg veupraut ei n has

Fout i ne. exRY niHilat THEBoRFISPRY dif 21 raSuen & SIS okl Sumciently
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Pomol SesTAvRC B TRk of SReONPRRIN. Sl s to 1A%, SABRIIENy Sinieh,py even

has abetteasfiologlk4 astivitieas ostéBprotdgdrgast 70% at | east 80% or, nost
preferably, at |east 90% i denti tP( _or honology thereto. ldentity reflects a
r el at i onshi @neeearynMegsusabigopeliyvl Phntparraiegridnde St capaltitiof gdsicing
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sequences, respectively, over the length of the sequences Dbei ng conpared.
For skeuaiessingidewbethasrany givent matteiaxizas at aasé Sydstrntiadly the samaantivity'as

Al grtePh GRSEE Orefherim orreubde: SHPRITREEIE, soBu i RbeHHE fyen
i ncl uggteipserting "gaps" in either one or both sequences, to enhance the

degree of alignnment. A %identity nmay be
In a preferred embodiment, any such mutein has at least 40% identity or

homology with the sequence of mature osteoprotegerin. More preferably, it has at least
50%, at least 60%, at least 70%, at least 80% or, most preferably, at least 90% identity
or homology thereto.

Identity reflects a relationship between two or more polypeptide sequences or
two or more polynucleotide sequences, determined by comparing the sequences. In
general, identity refers to an exact nucleotide to nucleotide or amino acid to amino acid
correspondence of the two polynucleotides or two polypeptide sequences, respectively,
over the length of the sequences being compared.

For sequences where there is not an exact correspondence, a "% identity” may
be determined. In general, the two sequences to be compared are aligned to give a
maximum correlation between the sequences. This may include inserting "gaps” in either
one or both sequences, to enhance the degree of alignment. A % identity may be
determined over the whole length of each of the sequences being compared (so-called
global alignment), that is particularly suitable for sequences of the same or very similar
length, or over shorter, defined lengths (so-called local alignment), that is more suitable

for sequences of unequal length.



determ ned over the whole |length of each of the sequences bei ng conpared
(so-called global alignnment), that is particularly suitable for sequences
of the same or very simlar length, or over shorter, defined |engths
(so-called local alignnment), that is wore suitable for sequences of
unequal length. 16 Methods for conparing the identity and honol ogy of two
or nore seguettueds ﬁ:re:omparirkgldedenttmanairhomﬁlugsj Dbtwm msmomaeseqmermwmre
avai lable in the WSCO&?‘I n Se ence Anal g3| S Pack ion
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Mut ei ns of ost eoprotegerin, i ch Can be used i'n accordance with the
pres eptogramwldaierrmnlnmtﬂeentlty aodiy simdarity betwasirosequentasiareaalbo rinoavrs bt
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gui dance 'pr esent ed erein ferred changes for mut ei ns in accor dance™w

t he papddASTAVPearson WY & VieD0; Pearsémd@®88as "conservative" substitutions.
Conservative ani no acid substitutions of ost eopr ot egeri n pol ypepti des or

proteins, n¥ySIRE| QARSISYRENGEBUR, WG CABI R URRChiMa&CoTgARGE WM dhe Hiesent
Su" 1 FLVRb, SO hefeRlGo B ngigBe! 1AL a! B Ubf ol ndsheR)

menbers 0 reServ the ol o unction of the no

(G anbbﬁf@hpéﬁ&lﬁg sé@ueﬁc@é Ry shbetututmepépﬂaés advd pd)retolewtiiesf waith acae itds
may al so be e in the above-defined sequences wthout altering their

f unct ratingdurabtaimesr by ene taieordingiyr skibris hie al avithpid dndye iexpsripeentation;

o0 w28 i e doact R b b B oSBT ity Um0, fom o do ot

conf or mat i opyefErrdd: charRfed! fof ni@eirflipsacddrabata it thepiciehs inedfivpestebihat

such deletions and/or “insertions cone wthin the purview of the present

i nvenarerknawrefas dodnservatvey sobginitionaniGenservativg @ampmnaeeid sobstitidipngedf

'n Taglsteoprotegerm polypeptides or proteins, may include synonymous amino acids within a
group which have sufficiently similar physicochemical properties that substitution
between members of the group will preserve the biological function of the molecule
(Grantham, 1974). It is clear that insertions and deletions of amino acids may also be
made in the above-defined sequences without altering their function, particularly if the
insertions or deletions only involve a few amino acids, e.g., under thirty, and preferably
under ten, and do not remove or displace amino acids which are critical to a functional
conformation, e.g., cysteine residues. Proteins and muteins produced by such deletions
and/or insertions come within the purview of the present invention.

Preferably, the synonymous amino acid groups are those defined in Table |I.

More preferably, the synonymous amino acid groups are those defined in Table II; and

most preferably the synonymous amino acid groups are those defined in Table Il



More preferably,

Table 11;

defined in Table III.

t he synonynous am no acid groups are those defined in

and nost preferably the synonynous am no acid groups are those

17 TABLE |

Preferred Groups of Synonynous Am no

Acids Amino Acid Synonynmous Group Ser Ser, Thr, dy, Asn Arg Arg, dn,
Lys, u, Hs Leu lle, Phe, Tyr, Met, Val, Leu Pro Ay, Ala, Thr, Pro Thr
Pro, Ser, AIABLEIly, H's, Gn, Thr Ala dy, Thr, Pro, Ala Val Mt, Tyr,
Lou 11 BeTergd Goubs BiSynarymaus AriBaAGHY. ' Tyr Trp, Met, Pre, 11é.
o heh O SHmRRAGRY L O Sy BT A8 05 G40V
Arg, Lys Asp d @erAsn, Asp Qu Asp, S5 ThksGly@sn H's, Arg, Gu Mt Phe,
Ile, Val, Leu, Met Trp Trp TABLE Il Mre Preferred G oups of Synonynous
Ami no Acids Anmi Ad9Aci d Synonynous GO Clgetyserlu Alig Hi s, Lys, Arg Leu
Leu, lle, Phe, M, Pro Ala, Pro lle, Phe, Tyr, Met, Val, Leu

Pro Gly, Ala, Thr, Pro

Thr Pro, Ser, Ala, Gly, His, GiIn, Thr

Ala Gly, Thr, Pro, Ala

Val Met, Tyr, Phe, lle, Leu, Val

Gly Ala, Thr, Pro, Ser, Gly

lle Met, Tyr, Phe, Val, Leu, lle

Phe Trp, Met, Tyr, lle, Val, Leu, Phe

Tyr Trp, Met, Phe, lle, Val, Leu, Tyr

Cys Ser, Thr, Cys

His Glu, Lys, GIn, Thr, Arg, His

GIn Glu, Lys, Asn, His, Thr, Arg, GIn

Asn GIn, Asp, Ser, Asn

Lys Glu, GIn, His, Arg, Lys

Asp Glu, Asn, Asp

Glu Asp, Lys, Asn, GIn, His, Arg, Glu

Met Phe, lle, Val, Leu, Met

Trp Trp

TABLE Il
More Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group

Ser Ser

Arg His, Lys, Arg

Leu Leu, lle, Phe, Met

Pro Ala, Pro

Thr Thr

Ala Pro, Ala

Val Val, Met, lle



Thr Thr Ala Pro, Ala Val Val, Met, Ile 18 dy Ay Ile lle, Mt, Phe,
Val, Leu Phe Met, Tyr, Ile, Leu, Phe Tyr Phe, Tyr Cys Cys, Ser His Hs,
Gn, Arcg Gn Qu, Gn, Hs Asn Asp, Asn Lys Lys, Arg Asp Asp, Asn Qu
Gu, Gn Met Met, Phe, Ile, Val, Leu 18Trp Trp TABLE Il Most Preferred

G oups of Synonynous Ami no Acids Am no Acid Synonynous G oup Ser Ser Arg
Arg Leu Leu, Il &lyMet Pro Pro Thr Thr G¥a Ala Val Val dy Gy Ile

lle, Met, L Phe Ph T T , S 1 i
© e ?Ie © yr Tyr Qs Oys Ile,el(llet,l_l!’rswe,wgl, Leu

Phe Met, Tyr, lle, Leu, Phe
Tyr Phe, Tyr
Cys Cys, Ser
His His, GIn, Arg
GIn Glu, GIn, His
Asn Asp, Asn
Lys Lys, Arg
Asp Asp, Asn
Glu Glu, GIn
Met Met, Phe, lle, Val, Leu
Trp Trp
TABLE Il
Most Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser
Arg Arg
Leu Leu, lle, Met
Pro Pro
Thr Thr
Ala Ala
Val Val
Gly Gly
lle lle, Met, Leu
Phe Phe
Tyr Tyr
Cys Cys, Ser
His His
GIn GIn
Asn Asn
Lys Lys

Asp Asp



Gn Gn Asn Asn Lys Lys Asp Asp 19 Gu GQu Mt Mt, Ile, Leu Trp Met
Exanpl es of production of am no acid substitutions in proteins which can be
used for obtaining nuteins of osteoprotegerin pol ypeptides or proteins,

for use in the present invention incloude any known net hod steps, such as
presented in US patents 4,959,314, 4,588,585 and 4,737,462, to Mark et al;
5,116,943 to Kot K3uet al., 4,965,195 to KHuen et al; 4,879,111 to Chong et
al; and 5’017’69*ﬁé0 Lee et al; and IyS|R&ﬁsHbs£|tuted protei ns presented
in US patent No. @04 584 (ShaM/et al) fY"fused protein" refers to
a pol ypeptide corp mnglng osteoprotegerinpggr a nutein thereof, fused with
anot her protein, ich, e.g., has an extended residence tine in body
fluids. Fusion proteins conprising all or a functional part of
osteoprotegerin fused to all or a functional part of a protein capable of

nprovi ng tREBPissR RAdUshen o raigo Gicid BEbSHIBIORS i Proteks WAIGh ¢ Beiusathe

or e ol PRl R R or BcBiBsBER: AEBEERICL B sttt foh PSS UM e g
fusi omvehtish q’rﬁblgdét@ynﬁn@\ﬁﬁnﬁeﬁidwstébb anm@etpr@fseﬁfetdempust saent 4f08ELg140

all or part of an inmunoglobulin are preferred. They can be
O ont i 535 poc 8 70T ARS o Wack s BAMAH4 hefacins i enedtn 095,10 Nagen

par 1 €hFDy 3617 % ALY o GRePBoRt A oG SRTEE0! Bk R CeRboar ae "sybslivien

the | BFBBRR!NLNRd 06 Sdien! G404 567 (Shaw@ear o further pr eferred

accor e 1 nventi Preferably, usion'is an Fc fusion.
Cst eopr ot egﬁne temrmnytsledsprbdaethseférs o armlhpepM@t:emprlqmg ppmniprdtegarlrt loe a

| bul f h f he f
di r ecmUTBH teioal, SR Wit AREIEp apelets WHCEh Scan Nas %ggffm%s égeréid%%cest'me
am n°|rf386(ﬂ/ flﬁlﬁ' dFﬁ@dg; éﬁ?ﬁ%}bo‘?ﬁp |§?Hg%rl orféjfuncﬁ' yf‘tc%’lf sequ Ejsl?q\/l

resi dues nker e a trlpep

(G u- fhet Meta)furfc@bnakpanlcﬁ a protanﬁapaﬂﬂemfam;ﬂobm@dﬂe Isueqammeactmtrey ofthey
G u-Phe-d y-A a-d y-Leu-Val -Leu- Gééé; -3 n-Phe- Met introduced between the
Yvo

ost eoprdeeder like é’kﬁhfu@fﬁclé‘ Hedhuman @rdaataweseajaew@éerred according to the
invention. In a preferred embodiment the fused protein comprises an immunoglobulin

(Ig) fusion. Fusion proteins comprising all or part of osteoprotegerin fused to all or part of
an immunoglobulin are highly preferred. They can be monomeric or multimeric, hetero-
or homomultimeric. Advantageously, the fused protein comprises the constant region of
an immunoglobulin, in particular of the Fc portion of the immunoglobulin. Embodiments
in which the immunoglobulin is of the IgG1 or IgG2 isotype are further preferred
according to the invention. Preferably, the fusion is an Fc fusion.

Osteoprotegerin may thus be fused to another protein, polypeptide or the like,
e.g., an immunoglobulin or a fragment thereof. The fusion may be direct, or via a short
linker peptide which can be as short as 1 to 3 amino acid residues in length or longer, for
example, 13 amino acid residues in length. Said linker may be a tripeptide of the
sequence E-F-M (Glu-Phe-Met), for example, or a 13-amino acid linker sequence
comprising Glu-Phe-Gly-Ala-Gly-Leu-Val-Leu-Gly-Gly-GIn-Phe-Met introduced between
the osteoprotegerin sequence and the immunoglobulin sequence.

"Functional derivatives" as used herein cover derivatives of osteoprotegerin, and
their muteins and fused proteins, which may be prepared from the functional groups
which occur as side chains on the residues or the N- or C-terminal groups, by means
known in the art, and are included in the invention as long as they remain

pharmaceutically acceptable, i.e. they do not destroy the activity of the protein which is



"Functional derivatives" as used herein cover derivatives of
osteoprotegerin, and their nuteins and fused proteins, which my be
prepared fromthe functional groups which occur as side chains on the
residues or the N or Ctermnal growps, by nmeans known in the art, and
are included in the invention as long as they remain pharmaceutically
accepaialdast substantiadly sionilasttodibet actyvityhef asteoproyegerin, hengdot roh cahfarhtoxsc
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t oget gups) tdr S-acyl akeeivativés mfl feeonydesdyt ureups niferd exaersie othat. of. sesugar
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r esi difsgomy repitves) Jargned prthvag aigli@Sacti ve fraction has at |east a
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osteoprotegerin.

The invention further relates to the use of a nucleic acid molecule for
manufacture of a medicament for the treatment and/or prevention of scleroderma,
wherein the nucleic acid molecule comprises a nucleic acid sequence encoding a
polypeptide comprising an amino acid sequence selected from the group consisting of:

a) A polypeptide comprising SEQ ID NO: 2 or SEQ ID NO: 4;
b) A polypeptide comprising amino acids 22 to 401 of SEQ ID NO: 2 or SEQ ID NO:

4,

c) A polypeptide comprising one, two, three or four cysteine -rich domains of
osteoprotegerin;
d) A polypeptide comprising amino acids 22 to 194 of SEQ ID NO: 2 or SEQ ID NO:

4,

e) A mutein of any of (a) to (d), wherein the amino acid sequence has at least 40 %
or 50 % or 60 % or 70 % or 80 % or 90 % identity to at least one of the

sequences in (a) to (d);



d) A polypeptide conprising amno acids 22 to 194 of SEQID NO 2 or SEQ ID
NO 4; e) Anutein of any of (a) to (d), wherein the am no acid sequence
has at |least 40 % or 50 % or 60 %or 70 %or 80 %or 90 %identity to at
| east one of the sequences in (a) tai(d); 21 f) Anmutein of any of (a) to
(d) which is encoded by a DNA sequence whi ch hybridizes to the conpl enent

of thd) ndt mgeibNdf sy oiiapte (dodhitd Banaddddaby teo DN seqdence itieh dtyddridizes
stringent conditions or under highl é;\lSt ri ngent conditions;

g) A nutein of
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fibrotic diseases. The invention preferably relates to the use of said
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the invention further relates to the use of a vector conprising sald
nudilerbtic adisdased e diee ifentidne prefendblyt elatesf ta trediusereoft séidr nublkeid racidment
and/or prevention of scleroderma or anot f}_er fibrotic di so&ider Pref erably,
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toﬁ*i?@%rgﬁéé@%démacodi ng sequence of osteoprotegerin. In a further
pr

| rent, the vector is a gene therapy vector. Gene therapy

vectors afeakoomianice twigh atiie prssentf inveeionr e ogtaaprbiegetier imag \eted obe,
such as adenoviral or lentiviral vectors. According to the jnvention,
ostadpindstetrd ita e huraan beodynnnfastrerdddat veetae COTOREAING0ERIT MULKieh a¢ida
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therapy vector. Gene therapy vectors are known in the art, most of them are virally
derived vectors, such as adenoviral or lentiviral vectors.

According to the invention, osteoprotegerin may also be administered to the
human body in form of a cell producing and/or secreting osteoprotegerin. Therefore, the
invention further relates to the use of a cell expressing osteoprotegerin for the
manufacture of a medicament for the treatment and/or prevention of scleroderma or any
other fibrotic disease, i.e. to cell therapy for the treatment and/or prevention of
scleroderma or other fibrotic diseases. The cell may be a naturally producing
osteoprotegerin and/or a transfected cell that produces recombinant osteoprotegerin.
Preferred are cells expressing and secreting high amounts of the protein, such as over-
expressing cells carrying high copy numbers of an expression vector comprising a
nucleic acid molecule encoding osteoprotegerin.

As fibroblasts represent the machinery of fibrosis they are the most suitable cells
for anti-fibrotic and scleroderma therapy. Therefore, preferably, osteoprotegerin
expressing fibroblasts are used in accordance with the present invention.

The invention further relates to a cell comprising a vector comprising a nucleic

acid molecule encoding all or part of osteoprotegerin for the preparation of a



expressing cells carrying high copy nunbers of an expression vector
conprising a nucleic acid nol ecul e encodi ng osteoprotegerin. As
fibroblasts represent the machinery of fibrosis they are the nost suitable
cells for anti-fibrotic and sclerodex2ma therapy. Therefore, preferably,
osteoprotegerin expressing fibroblasts are used in accordance with the
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desired protein. Several conbined treatnents are preferred in accordance

wit h fardhemseduction afthe desiredrpeatefrore, preferably, the nedi canment of the
i nvention further conprises: Interferon, in particular interferon-R A
Tunmor Necrosis Factor (TNF) antagonist, in particular soluble TNFRs, such
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anti-scl eroderma agent An anti-scl eroderna agent selected fromthe group
consi mvlengoofThé’edfofngJrafmablyAﬁE medicarmnens of thed mventiohdarieér bbmpkises;,
proton punp inhibitors, NSAIDs, COX-inhibitors, corticosteroids,
tetracyclire, InjgsfareR F'Waﬂmﬁé'arb%f@fﬂelr%mnﬁwe geranyl geranyl transferase

inhibitors, ro se |n I.hito

i bi tors | Ay NeeBsi ks of NFY 5radan ! ReaedlSiyeh shBIE RS, sucn
prost agl andi NSg @;lggf?aﬁggl('fgp; ) Sdiek 88iuble b75r‘(r|-lgp f);oxi de, angiotensin Il
I nhibitors, anti-oxidant or 'SAPR-1. SARP-1 is a prote| n shown to have a
beneficial ef fARtrther dntbsolercdetns®@agent;such as scl eroderma (W002/ 46225) .
Fragnments, isoforns, active fractions, fused proteipns or functional
derivati ves® ofATSARPLISCIQECARING | BENt n SARRied 6 IPOM nike  ArewP heopsisdingn of
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inhibitors, NSAIDs, COX-inhibitors, corticosteroids, tetracycline,
pentoxifylline, bucillamine, geranylgeranyl transferase inhibitors, rotterlin,
prolyl-4-hydroxlase inhibitors, c-proteinase inhibitors, lysyl-oxidase inhibitors,
relaxin, halofuginone, prostaglandins, prostécyclins, endothelin-1, nitric oxide,
angiotensin Il inhibitors, anti-oxidants, or SAPR-1.
SARP-1 is a protein shown to have a beneficial effect in fibrotic diseases such as
scleroderma (WOQ002/46225). Fragments, isoforms, active fractions, fused
proteins or functional derivatives of SARP-1, as described in WO02/46225, may
also be used in combination with osteoprotegerin, in accordance with the present
invention.
All treatments are intended for simultaneous, sequential or separate use.
Pharmaceutical compositions comprising one or more of the above substances,
together with osteoprotegerin, are within the scope of the present invention.
Although there is presently no cure for scleroderma, several agents or treatments
are presently being used to treat scleroderma symptoms. Such anti-scleroderma agents,

which may be used as combination therapy according to the invention, are summarized



invention. Al treatnents are intended for sinultaneous, sequential or
separate use. Pharnmaceutical conpositions conprising one or nore of the
above substances, together with osteoprotegerin, are within the scope of
the present invention. Al though theresis presently no cure for sclerodernm,
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TNF- Rekcfeibm). The assay contains TNF formulation at varying dilutions of candidate
antagonist, e.g. from 0,1 to 100 times the molar amount of TNF used in the assay, and
controls with no TNF or only antagonist (Tucci et al., 1992).

Sequestering antagonists are the preferred TNF antagonists to be used
according to the present invention. Amongst sequestering antagonists, those
polypeptides that bind TNF with high affinity and possess low immunogenicity are
preferred. Soluble TNF receptor molecules and neutralising antibodies to TNF are
particularly preferred. For example, soluble forms of TNF-RI (p55) and TNF-RII (p75)
are useful in the present invention. Truncated forms of these receptors, comprising the
extracellular domains of the receptors or functional portions thereof, are more
particularly preferred antagonists according to the present invention. Truncated soluble
TNF type-l and type-Il receptors are described in EP914431, for example.

Truncated forms of the TNF receptors are soluble and have been detected in
urine and serum as about 30 kDa or 40 kDa TNF inhibitory binding proteins, which are
called TBPI and TBPII, respectively (Engelmann et al., 1990). The simultaneous,
sequential, or separate use of osteoprotegerin with the TNF antagonist and /or an

Interferon is preferred, according to the invention.



are useful in the present invention. Truncated forns of these receptors,
conprising the extracellular domains of the receptors or functional
portions thereof, are nore particularly preferred antagoni sts according to
the present invention. Truncated soluldle TNF type-l1 and type-11 receptors
are described in EP914431, for exanple. Truncated fornms of the TNF
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TNF-a or TNF-0 may be used in accordance wth the invention. The invention
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phar maceut1 cal CoONposi urt €r conprise an
abovewijtthehkiifhvestidrur t her conponents, and in particular an interferon, a TBP

or a COX . . . " .
The invention further relates to a pharmaceutical composition comprising

osteoprotegerin, optionally together with one or more pharmaceutically acceptable
carriers, diluents or excipients, for the treatment and/or prevention of fibrotic disease, in
particular scleroderma. The pharmaceutical composition may further comprise any of the
above-identified further components, and in particular an interferon, a TBP or a COX
inhibitor.

The pharmaceutical composition according to the invention may also comprise a
vector comprising a nucleic acid molecule according to the invention, or a cell
expressing osteoprotegerin.

The active ingredients of the pharmaceutical, i.e. polypeptides, nucleic acids or
cells according to the invention, or combinations thereof, as well as the combinations of
substances mentioned above, may be administered to an individual in a variety of ways.
The routes of administration include intradermal, transdermal (e.g. in slow release
formulations), intramuscular, intraperitoneal, intravenous, subcutaneous, oral, epidural,
topical, and intranasal routes. Any other therapeutically efficacious route of

administration can be used, for example absorption through epithelial or endothelial



I nhibitor. The pharmaceutical conposition according to the invention may

al so conprise a vector conprising a nucleic acid nolecule according to the
i nvention, or a cell expressing osteoprotegerin. The active ingredients of
t he pharnmaceutical, i.e. polypeptides2s nucleic acids or cells according to
the invention, or conbinations thereof, as well as the conbinations of

subst isEass oenby (gﬁma dherapy wineréie ad INA stetesalle ceresodingli thiedaative ragent is

vari e of. way utes of adm nistration include |ntradernal
_trans@%mwﬁte(r@dgto e SPYRNT dpdhsda B YSRIPEL MATEY Caqﬁeﬁalhfs% g agent to be
Intr Fggﬂa%nd éé’(}&éf’é’(?[?‘ﬁ%%t ﬁgQBUfn ﬁ g‘@Prcﬁé s) S04k Hé’f?'#v%ﬁ bion 2264

I ntran rapeu I Cacl ous

admi nbétéc&hir%"teﬁ@dl t@gaetheeﬁwutﬁ @lthmadmlp@@lns@mtblologtdmw@d:twoagbms slicloras
endot helial 25 tissues or by Efgetr:}ae t herapy wherein a DNA nol ecul e encodi ng

the aphaneacgidinally acceptabie suefastants, exepiats GaImiees, gilugnts and ¥ebieles. whi ch

The.prot o s S e coFmeSeRUERTT caEkinSBRE “Rohadhty Y Syt iery

Wi th @i \wmpa@eé nobfinferfet@ Hitnbfdcirdress supRt §|o¥?dgidf'alaéctlwty of the active
phar maceutical 'y acceptabl e surfactants, excipients; carriers, "diluents and

vehi cingsedight adnef that 1$ oot ddxic pthathedmjttooahw nads:epnublséerads Frtmsaexamrole for
enconpass . an carrier oes hot terf re Wi t effectlv SS of t he
b1 ol oBR SR AdnistEopnn Acfive pr?t?@fﬂ@ﬁ.w oS IR MR GERRR fof
host {0 iMycEBN' |h éﬁl@l@g‘ SlicH 85 &hiin Orde‘%@%% %IU{IQI[I s&RING 160 and Rin 6gers
admnlstr ti1on, eactlve protein(s) e fornmulated in a unit

f or m sélationnj ect | on i n vehicles such as sal i ne, dextrose solution, serum
al bum n and_Ri nger' solution. For parenteral (e.g. |ntravenous

subcut aneousor Pﬁf?%tﬁ[@c(ﬁ ar )”t&%\‘ﬁﬂﬁ@ redhtaneeys %@m@s% 8 eadiyiskaione
formuyat £4 V\Pﬂ)néﬂléa ¢ be FHFRGRT %cﬁ’ ds aeg%'lp gﬁesﬁ’é rée ns;?cgr?a(%hﬁfsﬁo ﬁPYﬁJ?hllis'éd

assocl atron rmaceut | cal acce

wat er powgat imass@l@ét;m&mrsglpﬁarmﬁce@mdamﬁdbbepmlé patertaratahicleget@rvgiery
g. mannitol) or chemcal stability ( . preservatives and buffersg

(The f ealing, adeytiose selution) Angd tgddltt\tﬁﬁrdhay rna@ﬂalnetsmW@éy (erge mannitol

Al so el bbrlite oy i BUREE 0T LnBsSs c it OB B ki by

hal f - hendily tUzedBLRARiGu@s. I N the human body, for exanple |inking the

nol ecul e to pol yet hyl engl ycol, as described in the PCT Patent Application

WO 92/ 13095The bioavailability of the active protein(s) according to the invention can also be
ameliorated by using conjugation procedures which increase the half-life of the molecule
in the human body, for example linking the molecule to polyethylenglycol, as described
in the PCT Patent Application WO 92/13095.

The therapeutically effective amount of the active protein(s) will be a function of
many variables, including the type of receptor, the affinity of the substance according to
the invention to its receptor, any residual cytotoxic activity exhibited thereby, the route of
administration, the clinical condition of the patient.

A "therapeutically effective amount" is such that when administered, the
substance according to the invention results in a beneficial effect on disease
development or progression in vivo. The dosage administered, as single or multiple
doses, to an individual will vary depending upon a variety of factors, including the
pharmacokinetic properties of OPG, the route of administration, patient conditions and
characteristics (sex, age, body weight, health, size), extent of symptoms, concurrent
treatments, frequency of treatment and the effect desired. Adjustment and manipulation

of established dosage ranges are well within the ability of those skilled in the art.



The therapeutically effective anount of the active protein(s) will be a
function of many variables, including the type of receptor, the affinity
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administration is inhalation, in particular if lung fibrosis is involved in the disease. Topical
adminiétration of an expression vector comprising OPG sequences, or of an OPG
polypeptide according to the invention, is a further preferred route of administration, in
particular if there is an involvement of the skin.

The invention further relates to a method for the preparation of a pharmaceutical
composition comprising admixing an effective amount of osteoprotegerin with a
pharmaceutically acceptable carrier, and to a method of treatment and/or prevention of
arthritis comprising administering to a host in need thereof an effective inhibiting amount

of osteoprotegerin.

All references cited herein, including journal articles or abstracts, published or
unpublished U.S. or foreign patent application, issued U.S. or foreign patents or any other
references, are entirely incorporated by reference herein, including all data, tables, figures

and text presented in the cited references. Additionally, the entire contents of the



pol ypeptide according to the invention, is a further preferred route of
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reference to the following examples that are prowded by way of illustration and are not

intended to be limiting of the present invention.

EXAMPLES
Methods

Patient samples

Two mm3 punch biopsies were taken from lesional or non-lesional skin (usually
from forearm skin) of nine age and sex matched patients with diffuse cutaneous
systemic sclerosis (SSc). All patients fulfilled the criteria of the American College of

Rheumatology for the diagnosis of SSc.

Fibroblast cultures.

Fibroblasts were obtained from the biopsies by in vitro culture as previously
described (Abraham et al., 1991). Briefly, biopsies were cut into pieces and placed in
sterile plastic dishes or flasks. After 15 minutes of drying at room temperature the
pieces of biopsy were adherent to the tissue culture plastic and were then cultured in

fibroblast growth medium (FGM) consisting of Dulbecco's modified Eagle's medium
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t hree®di nensional collagen gel cultures. RNA isolation Total RNA was

i sol ated from confluent scleroderma fibroblasts in early passage using
Trizol (Life Technol ogies) according to the manufacturer's protocol. The
final RNA ' resuspended in sterile DEPC treated water at a
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mv KCl anéi %5 61\4 a2), 11 of 10X dNTP m xture (5 mM dGIP, 5nM dCTP and
smv d§tPE§d @850 "Gt 0: 32P- JATP  (3000Gi / ol ,  Amer sham cat. no. PB10204),
0.5 gl DTT (100 MM and 1 | of superscript Il (Life Technol ogies) were
added. The reaction m xture was m xed briefly by

cDNA probe synthesis

Two ug total RNA was mixed with 1.3 pl of cytokine specific primers (R&D
systems cat. no. GAC11) and incubated at 70 C for 2 min a 0.5 ml eppendorf tube. The
tubes were then cooled to 50 °C for 2 min after which time reaction mixture containing 2
ul of 5X reaction buffer (250 mM Tris-HCI pH 8.3, 375 mM KCI and 15 mM MgCly), 1 ul
of 10X dNTP mixture (5 mM dGTP, 5mM dCTP and 5mM dTTP), 3.5 ul of o*?P-dATP
(3000Ci/mmol, Amersham cat. no. PB10204), 0.5 w DTT (100 mM) and 1 ul of
superscript Il (Life Technologies) were added. The reaction mixture was mixed briefly by
pipetting and incubated at 50 C for 25 min. The reaction was stopped by addition of 1 pl
of 0.1 M EDTA pH 8.0 containing 1 mg/ml glycogen). The labeled cDNA was then
purified from un-incorporated deoxynucleotides using a Chromaspin-200 DEPC-H,0
column (Clontech) according to the manufacturer's instructions. ¢cDNA containing
fractions were identified by Czerenkov counting. The peak fraction (normally fraction 2
out of a total of 6 collected) was treated with 0.1 volumes of 1 M NaOH containing 1 mM
EDTA for 20 min at 70 C to hydrolyze the RNA, and then neutralized with an equal
volume of 1 M NaH,PO, containing 2.5 ug of human Cot-1 DNA (Life Technologies) for
20 min at 70 °C. The heat treated neutralized cDNA probe was then added directly to the

hybridization mixture.
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dTTP we fmeasured the pixel intensity of the 384 genes spotted in duplicate on the filter. The

background signal was subtracted and an average pixel intensity for each pair of spots

in the array was generated (= expression level).

Confirmation of microarray results on selected genes by RT-PCR.

One g of total RNA from each patient sample was reverse transcribed using an
oligo dT primer (Promega) in a 20 ul reaction volume containing 5 mM MgCl;, 10 mM
Tris-HCI, 50 mM KCI, 0.1 % Triton X-100, 1 mM each of dATP, dGTP, dCTP, dTTP, 0.5
units recombinant RNasin ribonuclease inhibitor (Promega) and 15 units AMV reverse
transcriptase (Promega). The reaction mixture was incubated at 42 C for 60 min, heated
at 95 C for 5 min then diluted to 200 w with sterile water. Dilutions of the reverse
transcriptase reaction were then subjected to real time PCR analysis on a Tagman (PE
Applied Biosystems 7700) using specific primer pairs designed for osteoprotegerin using
Primer Express software (PE Applied Biosystems) based on the database accession
number given by the gene filter manufacturer: osteoprotegerin-112F 5 CTG CGC GCT
CGT GTT TCT (SEQ ID NO: 5) and osteoprotegerin-185R 5° AAT GAA GGT ACT TTG
GAG GAA ACG (SEQ ID NO: 6). Results were normalized to the expression of the
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kit (Promega).

One hundred ng of gel-purified DNA was digested with restriction enzymes
BamHI and Xhol (Pharmacia), according to the manufacturer's conditions, re-purified as
described above and ligated to BamHI/Xhol digested plasmid pcDNA3.1(+) (Invitrogen)
using T4 DNA ligase (New England Biolabs) according to standard molecular biology
techniques. Ligation products were transformed into E.coli strain TOP 10 F’ (Invitrogen)
by electroporation using a Biorad Gene Pulser. Plasmid DNA was isolated from 5 mi
cultures grown up from the resultant colonies and subjected to automated sequence
analysis on an Applied Biosystems 3700 sequencer using T7 and pcDNA3.1AS primers

(Invitrogen) to confirm the sequence of OPG.

Detection of osteoprotegerin in protein extracts isolated from lesional and normal

dermal fibroblasts.

Low passage lesional and normal fibroblasts from scleroderma patients and

control subjects, cultured as described above were harvested by treatment of the cell
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har veklygerip ¢ figigiAmeesnasn. and seeded at 70% confluence in 48 well cell
culture plates (Falcon) in nmediumcontaining 5 %serum then transferred
to serumfree medium8 h Jlater. After 24 h, mediumwas renoved and

repl aced wighidA eshmegsUm tyse INESId48n in cell culture supernatatants of fibroblasts

treated with recombinant OPG or following transfection of OPG /pcDNA3.1 vector

Collagen synthesis was measured in vitro in cultured human fibroblasts using a
capture ELISA system as described by Shi-wen et al., (Shi-Wen et al., 1997). Briefly,
AG1518 human dermal fibroblasts (purchased from ATCC) were maintained in DMEM
medium containing 5% FCS and 2 mM glutamine (Life Technologies). Cells were
harvested by trypsinization and seeded at 70% confluence in 48 well cell culture plates
(Falcon) in medium containing 5 % serum, then transferred to serum free medium 8 h
later. After 24 h, medium was removed and replaced with fresh serum free medium
containing 50 uM L-ascorbate (Wako Pure Chemical industries) and increasing
concentrations of human recombinant osteoprotegerin (OPG-Fc, purchased from R&D
systems). Sixteen hours later, TGFB1 (PeproTech) was added to the medium to a final
concentration of 2 ng/ml, and after a further 24 h, the medium was recovered,
centrifuged to remove cell debris, diluted, and subjected to ELISA for type | collagen as
described below.

Collagen synthesis was also measured in primary human fibroblasts (OBHC
cells) following transfection with OPG cDNA (pcDNA3.1-OPG) or after mock transfection



containing 50 M L-ascorbate (Wako Pure Chem cal Industries) and increasing
concentrations of human reconbi nant osteoprotegerin (OPG Fc, purchased from
R&D systens). Sixteen hours later, TG-(31 (PeproTech) was added to the
mediumto a final concentration of 22ng/m, and after a further 24 h, the
medi um was recovered, centrifuged to renove cell debris, diluted, and
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humanreaction was stopped with 20% H,SO, mix and plates read at 496 nm on a Victor?

multilabel counter (Wallac). Results were normalized for cell numbers using CyQuant

cell proliferation assay kit (C-7026) from Molecular Probes.

CTGF-SEAP promoter assay

A CTGF-SEAP promoter-reporter plasmid was constructed by PCR performed
with oligonucleotides 5-ATCTCGAGGGCCACTCGTCCCTTGTCC (SEQ ID NO: 9) and
5-ATAAGCTTGGAGTCGCACTGGCTGTCTCC (SEQ ID NO: 10) to amplify the human

CTGF (connective tissue growth factor) gene promoter region (788 bp). The gel-purified

amplification product was sub-cloned into the pSEAP2-basic (Clontech).

NIH 3T3 fibroblasts (ATCC) were seeded into T-75 flasks and co-transfected with
5 ug of CTGF-SEAP and 1 ug of pcDNA3.1 (Invitrogen) plasmids. The cells were
selected on 800 pug/ml of G 418 (Sigma).

Clones with stably integrated CTGF-SEAP promoter-reporter were established,
analyzed clones and the most sensitive one was chosen for cell-based assay

development.



CTGF (connective tissue growh factor) gene pronoter region (788 bp). The
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or were formalin fixed and paraffin embedded for histology. Lung sections were stained

with tri-chrome or picro sirius red for collagen (Bancroft and Stevens) and the extent of

fibrosis/lung was scored.

Semi-quantitative reverse transcriptase PCR analysis of OPG mRNA in

scleroderma patient fibroblasts treated /n vitro with halofuginone.

Lesional and non-lesional fibroblasts were maintained in culture as described
above. Cell monolayers (70% confluent) were treated with halofuginone (10° M)
(Collgard Pharmaceuticals) for 12 h. After the treatment period, cells were harvested and
total RNA was isolated using the Trizol method. One ug of total RNA was then subjected
to reverse transcriptase PCR as described above using PCR primers specific for
osteoprotegerin (OPG 740 F 5 ACG CCT AAC TGG CTT AGT GT (SEQ ID NO: 11) and
OPG 1280R 5 CTG ATT GGA CCT GGT TAC CT SEQ ID NO: 12). After 30 cycles of
PCR, reaction products were run on 1% agarose gels stained with ethidium bromide and
photographed and analysed using Kodak 1D Digital Science software. PCR products
migrating at the predicted molecular weight were then verified to be osteoprotegerin by
direct sequencing of the gel extracted DNA. As a control for genomic DNA

contamination, PCR reactions were performed on reverse transcriptase reaction mixes



to reverse transcriptase PCR as descri bed above using PCR priners specific
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system purchased from Promega. Results are expressed as relative luminescence units

and were normalized to the number of cells/well determined in a parallel experiment

using the Cyquant kit (Molecular Probes).

Example 1: osteoprotegerin mRNA is significantly down regulated in
lesional versus non-lesional fibroblasts

Gene filter microarray analysis was performed on normal and abnormal fibroblast
samples from 6 scleroderma patients. The mean expression level of osteoprotegerin
(OPG) is shown in Fig. 1a and for each patient in Fig. 1b.

The results obtained on the microarrays were further corroborated by real time
PCR analysis of RNA samples isolated from 9 patients using OPG specific PCR primers.
Results are shown in Fig. 2 and are expressed as the fold change in expression level
(lesional divided by non-lesional). In 7 out of the 9 patients tested, OPG was
downregulated at least 2 fold in lesional fibroblasts compared to non-lesional fibroblasts
Isolated from the same patient.

The differences in expression observed between non-lesional and lesional

fibroblasts from the same patient are unlikely to be due differences in the culture



The results obtained on the mcroarrays were further corroborated by real
time PCR analysis of RNA sanples isolated from9 patients using OPG
specific PCR priners. Results are shown in Fig. 2 and are expressed as the
fold change in expression |evel (Ilesisonal divided by non-lesional). In 7
out of the 9 patients tested, OPG was downregulated at least 2 fold in
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am no acid to the sequence published by Sinonet et al. (1997) (see SEQ ID
NO 2 and 4).

Example 3: Cloning of human OPG

In order to characterise OPG activity in vitro and in vivo the full cDNA coding
sequence was cloned by reverse transcriptase PCR using primers based on the
published sequence of OPG, which flanked the predicted start and stop codons.
Sequence analysis of the resultant OPG cDNA clones (in pcDNA3.1) revealed 100%
identity at the nucleotide level to sequence of OPG published by Morinaga et al.,
(Morianga et al., 1998) but differed by 1 amino acid to the sequence published by
Simonet et al. (1997) (see SEQ ID NO: 2 and 4).

Example 4: Effect on OPG type | collagen synthesis in a human dermal
fibroblast cell line

Fibroblasts cultured in the presence of L-ascorbate secrete collagen into the
culture medium allowing collagen detection by ELISA. Human fibroblasts upregulate
collagen synthesis in response to stimulation with the profibrotic cytokine TGFp1. We
therefore tested the effect of recombinant osteoprotegerin (osteoprotegerin-Fc fusion

protein) on TGFB1 induced collagen synthesis in AG1518C fibroblasts. osteoprotegerin



Exanple 4: Effect on OPG type | collagen synthesis in a human der nal
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embryo fibroblasts which had been transfected with a plasmid which contained a
reporter gene cDNA, luciferase, under the control of a 3.5 kb region of the type |
collagen o2 promoter. Stimulation of the collagen promoter in this construct leads to
transcriptional activation of the luciferase gene whose activity can be measured in the
presence of its substrate firefly luciferin by luminescence assay.

Treatment with OPG from 1 ng/ml to 100 ng/ml was able to significantly decrease
the basal level of collagen promoter activity (Figure 7A, control). Following TGFf1
stimulation there was at least a 2 fold increase in collagen promoter activity (Figure 7A,
TGFB1). This could be significantly decreased when the cells were concurrently treated
with OPG at 100 ng/ml (P< 0.05).

The plant alkaloid halofuginone has been reported to be a specific inhibitor of
type | collagen synthesis (Granot et al., 1993). When fibroblasts were treated with low
concentrations of halofuginone (107'® M) we observed a dose dependent decrease in
collagen promoter activity with increasing concentrations of osteoprotegerin (from 1
ng/ml to 100 ng/ml) which was highly significant at the highest dose of OPG tested (100
ng/ml, P< 0.01) (Figure 7A, HF). Halofuginone can inhibit TGFB1 induced collagen
promoter activity (McGaha et al 2002). OPG was also able to potentiate the effects of



with OPG at 100 ng/m (P< 0.05). The plant al kal oi d hal of ugi none has been
reported to be a specific inhibitor of type |I collagen synthesis (G anot
et al., 1993). When fibroblasts were treated with low concentrations of
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Example 7: Expression of OPG mRNA in halofuginone treated scleroderma

patient fibroblasts

~ The mechanism by which halofuginone is able to down regulate collagen
synthesis in fibroblasts has not been fully elucidated. We therefore examined the effect
of halofuginone on the expression of OPG mRNA in paired lesional and non-lesional
fibroblasts from scleroderma patients by reverse transcriptase PCR.

OPG mRNA expression is highly upregulated (at least 3 fold) in both lesional and
non lesional fibroblasts in all samples tested (3 normals and 2 abnormals) when
measured 12 h after treatment with 10° M halofuginone (Figure 8). Interestingly, in gene
filter microarray analysis experiments OPG was one of the most upregulated genes on

treatment of fibroblasts with halofuginone (data not shown).



non | esional fibroblasts in all sanples tested (3 normals and 2 abnornal s)
when neasured 12 h after treatnment with 10-8 M hal of ugi none (Fi gure 8).
Interestingly, in gene filter mcroarray analysis experinents OPG was one
of the nobst upregul ated genes on tremwtnent of fibroblasts with
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dose of OPG fared much better, with a decline in body mass only for the first 5 days of
treafment. This also reflected the low mortality (<10%) in this group.
All surviving mice were sacrificed 12 days after the bleomycin treatment.
Histological analysis of lungs revealed revealed that in the high dose OPG treated
animals there was significantly less lung surface area affected by fibrosis compared to
control animals which had fibrotic lesions covering approx. 70% of the lung surface (Fig.
10A). High dose OPG treated mice also showed significantly less hydroxyproline content
in the lungs (P<0.05) compared to control mice and was comparable to that seen in the
untreated mice (naive group, Fig. 10 B)). Reduced hydroxyproline content was also
observed in the low dose OPG treated mice, although this did not reach statistical
significance due to the small number of survivors left in this group. Hydroxyproline
content is a measure of collagen deposition. The results here indicate that OPG

treatment effectively leads to reduced collagen deposition in the lungs.
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Shi ma N. 35.N&tjak Mva Skevehveake AikiHaithagye d - kKBreit Sal Schosigereadnt Fetgis d¢ and

nechani om Y8R Un (X8I PEt e, BEAOanci o PRaf e oy il et oy
Endocri nol aggihd-3BecttdgSalIRdss 4ectrbMevly. Ndtsre, @79aEadasbance for the

manuf acture of a nmedi canent for the treatnment and/or 5 prevention of a
fi broti c36li¥aswy HyhShigian N hidagakawari e Machiziikid3.e Y anodfn ethal (§888p Identity

i sti f: A pol tide.c i S | D NO, 2 SEQ |  4; b
A pol ypept | dBncias g atim SiGRay fo5larORD) sndsePetiessmh 3P (o
NO 4 10 i 3 g _ LT : ¢
ost eopr ot e;@ﬁé‘g?ﬂ%ﬁ?ﬁ?é@ﬂ%ept I (deg@égﬁjptﬁllsg% ﬁéyidﬁﬁggépggsggwg&%z of SEQ
| D NO 2 orEn&dindlodyo139; 1829A38Br.ein of any of (a) to (d), wherein the

am no acid sequence has at 15 least 90 %identity to at |east one of the
sequences in (a) to (d);



f) Anmutein of any of (a) to (d) which is encoded by a DNA sequence which
hybri di zes to the conpl enent of the DNA sequence encoding any of (a) to
(d) under highly stringent conditions; g) A nmutein of any of (a) to (d)
wherein any changes in the amno acid 20 sequence are conservative am no
acid substitutions to the am no acid sequences in (a) to (d); and h) a
salt, an isoform or splice variant capable of inhibiting progression

and/ or synptons of the fibrotic diseasg, or a fused protein of any of (a)
to (g), wherein the fibrotic disease iS scleroderma; fibrosis of the 25
liver; liver sirrhosis; fibrosis of the kidney; fibrosis of the |ung;

i di opathic pul nonary fibrosis; fibrosis of the skin; Dupuytren's
contracture; keloid; scarring; or fidyrmsiss of the pancreas. 2. A nethod of
treating and/or preventing a fibrotic disease conprising 30 adm nistering
to a subject an effective amount of a substance wherein the substance is

sel ected 4 r OmUs'aeofgr&B&aﬁém@k fd Men@heiu ofA MBdiYARSItiIfelahe @aBment BEA/SEQ | D
NO 2 or SEQ ID NO b) A pol ypeptide conprising am no, acids 22 to 401 of

SEQ I B NO. 2 @revesm Pz tmdlser@e wherginhe Hepencrs eaivpterdiany thegtipup
cysteine-rich dpeBidyorof osteoprotegerin; d) A pol ypeptide conprising
amno acids 22 to 1 of SE(?IDNO 2 or e) A nutein of
any of (a) to (d), %érpélme@ﬁ’@C@m%‘ﬁ‘“&@ﬁ@&%gﬁ’eﬁ&is}%r%wo freast 90 %

identity to at |eag) RnRIREp ﬁdéec &inbMcid)22 ® 40 of SeQADMIDER Br Of any
of (a) to (d) which'is encode by a sequence which hybridizes to the

conpl enent of the DNASE@dRdMeetencoding any of (a) to (d) under highly

stringent conditiong; A10,8)pdbtiddt €bdmplisifdy flir (@ysfetelibh WasHRing aoy
changes in the am n0 acid "sequence are conservative amno acid

substitutions to the B¥PeRIOREPEN: sequences in (a) to (d); and h) a salt, an
| soform o spl i ce dfan! @jpchRAB Fpring BRI dddLPIPELSSSED DT Dr

synptonms of the fibr otsizg %lﬁgafe or fused protein of any of (a)
e) A mutein of any of (a) to (d), wherein the amino acid sequence has at
15 least 90 % identity to at least one of the sequences in (a) to (d);

f) A mutein of any of (a) to (d) which is encoded by a DNA sequence
which hybridizes to the complement of the DNA sequence encoding
any of (a) to (d) under highly stringent conditions;

g) A mutein of any of (a) to (d) wherein any changes in the amino acid

20 sequence are conservative amino acid substitutions to the amino acid
sequences in (a) to (d); and

h) a salt, an isoform, or splice variant capable of inhibiting progression
and/or symptoms of the fibrotic disease, or a fused protein of any of
(a) to (g), wherein the fibrotic disease is scleroderma; fibrosis of the

25 liver; liver sirrhosis; fibrosis of the kidney; fibrosis of the lung;
idiopathic pulmonary fibrosis; fibrosis of the skin; Dupuytren’s

contracture; keloid; scarring; or fibrosis of the pancreas.

2. A method of treating and/or preventing a fibrotic disease comprising
30 administering to a subject an effective amount of a substance wherein the
substance is selected from the group consisting of:
a) A polypeptide comprising SEQ ID NO: 2 or SEQ ID NO: 4;
b) A polypeptide comprising amino acids 22 to 401 of SEQ ID NO: 2 or
SEQ ID NO: 4;



15 to (g), wherein the fibrotic disease is scleroderma; fibrosis of the
liver; liver sirrhosis; fibrosis of the kidney; fibrosis of the |ung;
idiopathic pulnonary fibrosis; fibrosis of the skin; Dupuytren's
contracture; keloid; scarring; or fibrosis of the pancreas. 20 3. Use
according to claim1l1, wherein the substance is a nonomer or diner. 4.

Met hod according to claim2, wherein the substance is a nononer or diner.

5. Use according to any one of the pregeding clains, wherein the substance
is 25 glycosylated at one or nore sites. 6. Method according to any one of
t he preceding clains, wherein the substance is cos | ated at one or nore
sites. 30 7. Use a@ce?rQﬂ')‘Rj’Pi'@)e ERPIERY BHr eYREOIRS ‘gb %Pfai ns, wherein the
fused protein conprisgRs gy@edetmunogl obulin (1g) fu5| on. 8. Method according
to any one of the precedl ng clains, wherein the fused protein conprises an
i munogl obulin (1¢J) ALR9IyRePtide; corprisingaming @ctis <g te 69@Pg§ﬁp7m NBef8in the Ig
fusion is an Fc fusuyEQ@Ndvathod according to claim8, -wherein the Ig
fusion is an Fc fusion. Use according to any one of the Brecedl ng

cl ai mB, wherein the sﬂmgteahfef@nyeéﬁq)rt? hswhereindB’ emyeadich peaupnse Patlkd to

one or more functi On@éasgg@wrden 't&’é‘tleé’é?t%Hé oﬁﬁe%@@u@fsea‘m@)%@ chains on
the am no acid residues. 10 12. od according to any _one of th

precedi ng cl ai ms, hdy@uigin Wearyt%éq)éﬁé‘@ Wr&%@ﬂ%‘é@dd{yq @%Jé‘tseSH%nCr?ol ety

attached to one or ”WI#CHW@FZ@@RJthgrcahhlaﬁaméﬂﬂbpthe DMICSEqURACOBRcAingDr € si de
chains on the amno acid residues. 13. Use according to claim 11, wherein

the moiety is a pol y@nipf €ndo fhiuager highly stringentisppdiiPnsecor ding to clai m 12,

whergpn the noi etygqy s RuRM ¥edrds eaco (@ viierein bay chéiRyeslin hetdisihekeidaci d
nol ecul e for manuf acture of a nedicanent for the treatnent and/or

prevention of a fi br GERdenfiessa sansafrfiive pRiIRgRCIGestiutiongiodhe aminaRdt ul e
conprises a nucleic %%hGer&eeGW(lﬁ?o ?ﬂ%l ng a pol ypeptide corrpri sing an
am no aci d sequence selected from group consisting of: a) A polypeptide
conprising SEQ | D No2 sltpan spyrmpongplica variant sanabIs Rfdnfiibitiag BESFRSSEMNg ani no
acids 22 to 401 of SEQqldPsNAbtofssr tEfdrotic disease, or a fused protein of any of (a)
15 to (g), wherein the fibrotic disease is scleroderma; fibrosis of the liver;
liver sirrhosis; fibrosis of the kidney; fibrosis of the lung; idiopathic
pulmonary fibrosis; fibrosis of the skin; Dupuytren’s contracture; keloid;

scarring; or fibrosis of the pancreas.

20 3. Use according to claim 1, wherein the substance is a monomer or dimer.

4, Method according to claim 2, wherein the substance is a monomer or dimer.

5. Use according to any one of the preceding claims, wherein the substance is
25 glycosylated at one or more sites.

6. Method according to any one of the preceding claims, wherein the substance is

glycosylated at one or more sites.

30 7. Use according to any one of the preceding claims, wherein the fused protein

comprises an immunoglobulin (1g) fusion.

8. Method according to any one of the preceding claims, wherein the fused protein

comprises an immunoglobulin (Ig) fusion.



ID NO 4; 25 c) A polypeptide conprising four cytein-rich domains of
osteoprotegerin; d) A polypeptide conprising amno acids 22 to 194 of SEQ
IDNO 2 or SEQ IDNO 4; e) Anmutein of any of (a) to (d), wherein the
am no aci d sequence has at least 90 %identity to at | east one of the
sequences in (a) to (d); 30 f) Amutein of any of (a) to (d) which is
encoded by a DNA sequence which hybridizes to the conplenent of the native
DNA sequence encoding any of (a) to ) under highly stringent conditions;
45 g) A nutein of any of (a) to (d) wherein any changes in the am no acid
sequence are conservative amno acid substitutions to the amno acid
sequences in (a) to (d); and h) An isoformor splice variant capable of

i nhi bi tigg progeassraifgdREaRs 7, Pher¥iRNke Igfusibn idn Ft fuswini ¢ di sease, or fused
protein of any of (a) to (g), wherein the fibrotic disease is scleroderng;
fibrosis of the liver; liver sirrhosis, fibrosis of the kidney; fibrosis
of the |ypg; Wm&bﬁalrﬁt&werhéieh{%lléfusfdrhé@ﬁlF%f@sfloﬁi he skin;
Dupuytren's contracture; keloid; scarring; or fibrosis of the pancreas. 10
16. M method of treating and/or preventing a fibrotic disease conprising

adm ni st gqi Ngs@ AcdriMETS MY 6hd F tthe pracauiny cRim& WHEleR eheasubstamdeecul e,
wherein the nucleic acid nolecule is selected fromt he.q%;ogfgucon C%tl ng

of : a) A pol ySePPlieRs &dpRH 08F MPIHEAIRENaddC Pexrr Bed fuppt

pol ypepti de C@BRiriaziohg crMdre sidE icASing 8n e 4hoQlcidIE&dLEs.NO. 2 or SEQ I D NO
4; c) A polypeptide conprising four cysteine-rich domains of
osteoprotegerin; d) A polypeptide conprising amno acids 22 to 194 of SEQ

ID NGy 240r %t%é@r&ﬁ? t&an?)oné dfﬂh@'ﬁe&idnr@&lamfs (wheréif thesubsthiedeei n t he

am no aci d sequence has | east %identity to at | east one of the
sequences in @gynpf@g@t)leasft)ongW@t@,qﬁta@hedaﬁwor@for(rgyretfgngtwa\,@fpeﬁs iidhcoded

by a DNA sequgges as one or more side chains on the amino acid residues.

13. Use according to claim 11, wherein the moiety is a polyethylene moiety.

15
14, Method according to claim 12, wherein the moiety is a polyethylene moiety.
15. Use of a nucleic acid molecule for manufacture of a medicament for the
treatment and/or prevention of a fibrotic disease, wherein the nucleic acid
20 molecule comprises a nucleic acid sequence encoding a polypeptide comprising
an amino acid sequence selected from the group consisting of:
a) A polypeptide comprising SEQ ID NO: 2 or SEQ ID NO: 4,
b) A polypeptide comprising amino acids 22 to 401 of SEQ ID NO: 2 or SEQ
ID NO: 4;
25 c) A polypeptide comprising four cytein-rich domains of osteoprotegerin;
d) A polypeptide comprising amino acids 22 to 194 of SEQ ID NO: 2 or SEQ
ID NO: 4;
e) A mutein of any of (a) to (d), wherein the amino acid sequence has at
least 90 % identity to at least one of the sequences in (a) to (d);
30 f) A mutein of any of (a) to (d) which is encoded by a DNA sequence which

hybridizes to the complement of the native DNA sequence encoding any
of (a) to (d) under highly stringent conditions;



whi ch hybridizes to the conplement of the DNA sequence encoding 25 any of
(a) to (d) under highly stringent conditions; g) A nmutein of any of (a) to
(d) wherein any changes in the am no acid sequence are conservative am no
acid substitutions to the am no acid sequences in (a) to (d); and h) a
salt, an isoform or splice variant capable of inhibiting progression 30
and/ or synptons of the fibrotic disease, or a fused protein of any of (a)
to (g), wherein the fibrotic disease i scleroderma; fibrosis of the liver
liver sirrhosis; fibrosis of the kidney;, fibrosis of the lung; idiopathic
pul nonary fibrosis; fibrosis of the skin; Dupuytren's contyracture; kel oid;
scarring; or fi o8 Sutgn Pﬁ@“bé’rﬁd?bé‘%ﬂdwﬁhe@% Xrﬂ)ééh%{lﬂ?ﬁr'aith% YR 1agidm 15,

wherei n the nucl ei ge@sdnde it @RHESVERRBPAMBPBSad suBRtRHS itONthy emting asrOUence.
5 18. Method according to claim 16, wherein the nucleic acid nol ecul e

conprises an expr 82QYhRes BRoi0 @E@TEnce. 19. Use according to claim 17,

wherein the vectr ApegbRMeCor Spited0aant ibablg ofefhibitings prRigrIsedN 4R/80.
Met hod according to claim18 i i

wherein the vector, se

vectof sequence. 23YMPIOESHPf @‘evfgﬁ?t@ﬁdiﬁﬁ?sq’r?(ﬂJE?%*gprgﬂ’t‘JﬂegfE‘Biﬁsﬁégﬁlg%&)agerapy
consi'ating of « 8y A e 2e0 | B MO of SEO [ DNG. 41 b

; i de _conprisin . 1 4;
A pol ypeptg'.J i de corrplsi”'i)‘ioﬁ%’IO E&Pﬁé of eheysidney; tﬁgr%@?"fdf‘e% IdIES’ORrQ@?C pulgionagtq | p )
NQ 4; c) A pol ypepbiodn; B! &FithE skifl Dupiyteisn@oritriabtire] ®emid) Scaifring20r
osteoprotegerin; d) A polypeptide conprising am no acids 22 to 194 of SEQ
ID NO 2 or SEQ | BRI ofihehankrast ei n of any of (a) to (d), wherein the
am nggaci d sequence has at |east 90 %identity to at |east one of the

sequences in (a) to (d); 25 f) A nutein of any of (a) to (d) which i
engoded 59 a B&etg%é@ ing an%i/or preventing a fibroti diseas(e c,)omprisigwg) ! 'S

administering to a subject an effective amount of a nucleic acid molecule, wherein
the nucleic acid molecule is selected from the group consisting of:

a) A polypeptide comprising SEQ ID NO: 2 or SEQ ID NO: 4,

15 b) A polypeptide comprising amino acids 22 to 401 of SEQ ID NO: 2 or
SEQ ID NO: 4;

c) A polypeptide comprising four cysteine-rich domains of
osteoprotegerin;

d) A polypeptide comprising amino acids 22 to 194 of SEQ ID NO: 2 or

20 SEQ ID NO: 4;

e) A mutein of any of (a) to (d), wherein the amino acid sequence has at
least 90 % identity to at least one of the sequences in (a) to (d);

f) A mutein of any of (a) to (d) which is encoded by a DNA sequence
which hybridizes to the complement of the DNA sequence encoding

25 any of (a) to (d) under highly stringent conditions;

g) A mutein of any of (a) to (d) wherein any changes in the amino acid
sequence are conservative amino acid substitutions to the amino acid
sequences in (a) to (d); and

h) a salt, an isoform, or splice variant capable of inhibiting progression

30 and/or symptoms of the fibrotic disease, or a fused protein of any of (a)
to (g), wherein the fibrotic disease is scleroderma; fibrosis of the liver;
liver sirrhosis; fibrosis of the kidney; fibrosis of the lung; idiopathic
pulmonary fibrosis; fibrosis of the skin; Dupuytren’s contracture; keloid,;

scarring; or fibrosis of the pancreas.



whi ch hybridizes to the conpl enent of the DNA sequence encoding any of (a)
to (d) under highly stringent conditions; g) A nutein of any of (a) to (d)
wherein any changes in the am no acid sequence are conservative am no acid
substitutions to the amno acid 30 sequences in (a) to (d); and h) a salt,
an isoform or splice variant capable of inhibiting progression and/or
synptons of the fibrotic disease, or a fused protein of any of (a) to (g),
wherein the fibrotic disease is sclerogerm; fibrosis of the liver; liver
sirrhosis; fibrosis of the kidney; fibrosis of the lung; 47 idiopathic

pul nonary fibrosis; fibrosis of the skin; Dupuytren's contracture; kel oid;
scarring; or dibrosis of the pancreas. 22. Use according to claim15,

wherei n tire nusdechécording to lHAN 51 WBsteini thi Mucki€ elcld mofecd®. cdfpied an

according to claim 16, wherein the nucleic acid is contained wthin a cell.
24. Use accor G*RGSBISN YPEIPhteUehffer ei n the substance is expressed by a cell .
10 25. Method according to claim2, wherein the substance is expressed by a

cell. 26. Use according to claimJ, erejn the substance is praoduced by a
cel | ®hat'8nas M%B%%a@@rgﬁ%‘f'i?é%lcﬁ')“ ﬁédwﬁ‘ﬁ@w t*@ 88@8&8“&%&985‘8%%? ans 27.
Met hod accor digygrds8iofIvattat gequehes.ei n the substance is produced by a cell

that has been genetically nodified to produce said substance. 28. The use
according to any of the preceding clains, wherein the nedicanent further

conpri sesjgan iWdeidcBidiy tof MimSITIWhbRIERESecBegétRithtals a génstrapgtvectose. 20
29. The nethod according to any of the preceding clains, wherein the
treatment f urs®AB®"Sonpri ses adninistering an interferon either

si nulqpaneously, sequentially,. or separately. 25 30. The use according to
claim 28, wherein the interferon is interferon-p. 31. The net hog accordi ng
to clai m3, Wethed Fcedeingrp A58y th Wherein s f’%‘?tgrn§‘iﬂ”e§§‘? isTR SeNE NSI@RYr di ng
to any of the RcRFadhithee! ai ms, wherein the nmedi canent 30 further
conprises a Tunor Necrosis Factor (TNF) antagonist for sinmnultaneous,
sequential, or separate use. 48

21. Use of a vector for inducing and/or enhancing the endogenous production of a

15 polypeptide selected from the group consisting of:

a) A polypeptide comprising SEQ ID NO: 2 or SEQ ID NO: 4;

b) A polypeptide comprising amino acids 22 to 401 of SEQ ID NO: 2 or
SEQ ID NO: 4;

c) A polypeptide comprising four cysteine-rich domains of

20 osteoprotegerin;

d) A polypeptide comprising amino acids 22 to 194 of SEQ ID NO: 2 or
SEQ ID NO: 4;

e) A mutein of any of (a) to (d), wherein the amino acid sequence has at
least 90 % identity to at least one of the sequences in (a) to (d);

25 f) A mutein of any of (a) to (d) which is encoded by a DNA sequence
which hybridizes to the complement of the DNA sequence encoding
any of (a) to (d) under highly stringent conditions;

g) A mutein of any of (a) to (d) wherein any changes in the amino acid
sequence are conservative amino acid substitutions to the amino acid

30 sequences in (a) to (d); and

h) a salt, an isoform, or splice variant capable of inhibiting progression
and/or symptoms of the fibrotic disease, or a fused protein of any of
(a) to (g), wherein the fibrotic disease is scleroderma; fibrosis of the
liver; liver sirrhosis; fibrosis of the kidney; fibrosis of the lung;



33. The nethod according to any of the preceding clains wherein the
treatnent further conprises admnistering a Tunor Necrosis Factor (TNF)
ant agoni st either sinultaneously, sequentially, or separately. 5 34. The
use according to claim 32, wherein the TNF antagonist is TBPlI and/or TBPII
35. The nethod according to claim 33, wherein the TNF antagonist is TBPI
and/or TBPIl. 10 36. The use according to any of the preceding clains,
wherein the nedi canent further conpriges an anti-scleroderma agent for

si mul t aneous, sequential, or separate use. 37. The nmethod according to any
of the preceding clains wherein the treatnent 15 further conprises,

admi ni stering an ant i d@paBIco RMMenagy efiprogist HBrosls Rf| b et | @ﬂpuytrens
sequential ly, or sepagsmirabiire; R8loid] BEarHE§ REANESK BThé Pakdraadn 36, wherein the
anti-scleroderma agent is selected fromthe group consisting of

hal of ugi none, ACE inhibitors, calciumchannel 20 blockers, proton punp

i nhi bi tors, NSAkREcordRYth BRI H1EOKBeremGh ha6lsk LRI sl Sonthinbd amdiald ¢,

pentoxi fylline, bucillam ne, geranyl geranyl transferase inhibitors,
rottePlin, prolyl-4-hydroxlase inhibitors, c-proteinase inhibitors,

lysyl - oxixdase pmdthbd Bidofify tof @AiX] 6] whidFehs tROH LRIEH 41id isRioRBirRemthims cell.
endothelin-1, nitric oxide, angiotensin Il inhibitors, anti-oxidants or
SARP-1. 25 39. The nmethod according to claim 37, wherein the

anti - scl enodenyg R46mingits claff Mewhe@ird theBub&tand i9 eRpressisd 5 4 b4ll. of

hal of ugi none, ACE inhibitors, calcium channel blockers, proton punp

i nhi bitors, NSAIDs, COX-inhibitors, <corticosteroids, tetracycline,

pent ayi f yigl i neyetheEhédordihd!d clSIRT AWHeB8H &y Subdints ANBpRssREE bl alYehi t or s,
rotterlin, prolyl-4-hydroxlase inhibitors, c-proteinase inhibitors,

| ysyl - oxi dase inhibitors, relaxin, prostaglandins, prostacyclins,

endot hel izg: 1, et £dcBroiig Beclaif @] WREBRHI the IsubstBRdDistRbGuced Myl a 8l Bhanhas oOr

SARP- 1. _
been genetically modified to produce said substance.

15 27. Method according to claim 2, wherein the substance is produced by a cell that

has been genetically modified to produce said substance.

28. The use according to any of the preceding claims, wherein the medicament
further comprises an interferon, for simultaneous, sequential, or separate use.
20
29. The method according to any of the preceding claims, wherein the treatment
further comprises administering an interferon either simultaneously, sequentially,

or separately.
25 30. The use according to claim 28, wherein the interferon is interferon-p.
31. The method according to claim 29, wherein the interferon is interferon-p3.
32. The use according to any of the preceding claims, wherein the medicament

30 further comprises a Tumor Necrosis Factor (TNF) antagonist for simultaneous,

sequential, or separate use.
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37.

38.

39.

48

The method according to any of the preceding claims wherein the treatment
further comprises administering a Tumor Necrosis Factor (TNF) antagonist either

simultaneously, sequentially, or separately.
The use according to claim 32, wherein the TNF antagonist is TBP! and/or TBPII.

The method according to claim 33, wherein the TNF antagonist is TBPI and/or
TBPIL.

The use according to any of the preceding claims, wherein the medicament
further comprises an anti-scleroderma agent for simultaneous, sequential, or

separate use.

The method according to any of the preceding claims wherein the treatment
further comprises administering an anti-scleroderma agent either simultaneously,

sequentially, or separately.

The use according to claim 36, wherein the anti-scleroderma agent is selected
from the group consisting of halofuginone, ACE inhibitors, calcium channel
blockers, proton pump inhibitors, NSAIDs, COX-inhibitors, corticosteroids,
tetracycline, pentoxifylline, bucillamine, geranylgeranyl transferase inhibitors,
rotterlin, prolyl-4-hydroxlase inhibitors, c-proteinase inhibitors, lysyl-oxidase
inhibitors, relaxin, prostaglandins, prostacyclins, endothelin-1, nitric oxide,

angiotensin ll inhibitors, anti-oxidants or SARP-1.

The method according to claim 37, wherein the anti-scleroderma agent is
selected from the group consisting of halofuginone, ACE inhibitors, calcium
channel blockers, proton pump inhibitors, NSAIDs, COX-inhibitors,
corticosteroids, tetracycline, pentoxifylline, bucillamine, geranylgeranyl
transferase inhibitors, rotterlin, prolyl-4-hydroxlase inhibitors, c-proteinase
inhibitors, lysyl-oxidase inhibitors, relaxin, prostaglandins, prostacyclins,

endothelin-1, nitric oxide, angiotensin Il inhibitors, anti-oxidants or SARP-1.



