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Fibrosis is a condition relating to an overproductlon of collagen e.g. in
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mucus. Snoot h rruscl e hyperplasia often occurs in areas of fibrosis and
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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
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03/ OS#gr?pov% 4 Pg% Poorggs (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 1V) 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.
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endothelial <cells) also can produce extracellular matrix conponents.

Fat - st oriwQ os@84560 | ocated beneath the sinusoidal endot helCrmpos/moshe space
of Disse, are precursors of fibroblasBs, capable of proliferating and
produci ng an excess of extracellular matrix. The devel opnent of fibrosis
from act i veOtherdivier icefls gpadwularte hepatoaytamard dahstorog KupHer, @asid endoihetigl
particularly necrosis, and inflammtory cells. The . precise factors rel eased
F rom CeHRs@iNanIEn OIS KBIRETIT GFRINYT CRBIPOMEN I A SToRNG: St Ggred
|1 Pl doBREQM 12 $iRls8H@I ehblbfeliunfiPtiespaeb|ot 5i8deaatd BRAHERCGPRIMSSEs,
produce Tnflammatory cytokines. New Tfibroblasts form around necrotic Tiver
cel | scapalsleeasfeprolifierateyn apdt predacihgadm t excessar of ngxtrécdiiuteri smatrix. datheve
fromactive fibr og}_enes_i s and from i npaired degradation of normal or

al t er eavelopmagdef Tinsesist fipmnactivg depotipn f collapes  is shaorsr@ianas af liven ¢l
are jpportant 1,Q.¢ rance: I r lwc
and BB} ISR Ao Bork Sy 18R R RYF A 2RSS 8.

ext enthedfe Il i@SA&: kriown thgt oré oF toRirkds, orf pryduidss bF fipideperxidRare
nore apparent from passive col |l apse an condensati on of preexisting

fi ber bkelyhsipfienaedasarnd gotivated snagropbages predycadaflammatory slyleidgees. New

resul s in gctive deposition of excessjve. connective tissue, which affects
nepa: NS it (rERg) netrat dFEF roalsoairtromsd (lben SHptrans | eReR fohe
resul kearih hm%e&en'ﬁdg' @éri\?e%]ﬁ%ﬂﬁ‘écti\(lé}ibw dHdtid BRd BORCRANSAirdd 888raddtiiPe

ti ssue accUnul ates around the sinusolds ahd obstructs the free assage of

subst nomaal or caitdred tbltagkn. oF atstoniegacelts;t KepfféB)celsbansii endothatid! losblat ae

venul es and the gortal tracts disturbs hepatic bl ood fIwa. Venou

resi strBR@aRicbd et‘H%arqf]C\‘?eP?itME?e'a% 99THnPRRPAI PRS0 al: tdgnatured

The 1 ERIEaERE Ghafoed if IncR TENE eiiIGes fhay moEh iiE e pRsiE or e
anast pistdpatholaystelfisrods tissu@lmay detoniy pasis agparentrfesmepaseipatcotigpss .and

shunted to efferent hepatic veins, which further inpairs hepatic function
and capndersAttanekrreexisdingersl ar necrosis. The extent to which these

B e ool FEHastEbhiesss of PeaufBYddutilation A} bl RS odetve
pr edoatjanlgmbM dffexceesivel carfcding tiisueUadn BfeBR Repditis AgAbhC( PaAPENECENEr

Congeni ~hepatic fibrosis thus presents as portal hypertension wth
pr esefib@sis tmpairsceellulaanutiitien iand resultsr sudepatocelllan sgapbyof 2} Mithin the

COT e L4E BN PR Rk BB BT Gl B RO S s
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



WO 03/ 084560 PCT/ EP03/50080 4 and Furst, 1996). Scleroderma has a spectrum
of manifestations and a variety of therapeutic inplications. It conprises

| ocal i zedweaBmes4sder ma, system c sclerosis, scleroderna-| ipke/EPoysnser s, and
Sine scleroderma (Smith, 2000). Whils# |localized scleroderma is a rare

der mat ol ogi ¢ di sease associated with fibrosis and manifestations limted
to skand byrstetio9®63ciSalesidering hasubt spgctrem of snasdestiatipns aand b evaiiaty 661
i nt er pal an. invol venent and vari at in the extent of skin di se%(ng%

Syst olheaReil oBlcatons Ity qaTIBGESes |qaRigsd. SCIStPreHNa, sERsIPMiS . Re

is al K St i n 's-%?aé/ ' Wal%f 1! ;
scl er(§) ggct?dy%rﬁfb F‘g% aarll-lgsiegg%r&éi gi .Sg]c eré’og't.aar%jnefar[Tfé},S ke i’sozr e S%@bggfg?gl\'/zeecp
t o bescletaderthd s andustderaiatelvgic diveast asqorsated. with flBirosisdirzk asanifesthores
is internal organ involvenent w thout skin cha The maj

mani f bitaditerRkIRT SYUeEYG selerasiaria a mulsystem disegpe it yaniablecrish i) intergad
2R FRENBIETEAE ARRUBH TR A BT O R, SRS Bl e

dysfu _ spasm “col'Ta an rat1on by erma 1

a rar gifliseease limitadl. a Lyhabl e syseinfieneelerbsigP s oxlsht @I dl TRESTS (d2idindsis,
mllion persons. The cause of sclerodernma is unknown. However, the genetic
pr edi Rgysaud'en essphageat aysfundiosy, ne¢letadactylyy delangiestasiaelniSclemegrma-like

col orBofle e R e Sate U0 b i 0P Ao RS A8
r epor frfae 30 WRtERE Arghd imdlbéﬁe%tmﬁb@_tef(m &@gﬁgm (Silman, 1991). In

ternms of diagnosis, an inportant clinical pa ter is skin thickening
proxi mal tThe meajoetasnifesiptiahs g salerpderma. arkhym padticulph ef systeonici sclarosis

frequent, al nost . universal c onent of sclerqdernma. It is diagnosed b

o or Sth HARRIoBfaken BxERTSIVE SOPBSE RANLSIS Gl APGeHBan aCaranaNah oYRIEEN g
are s i b - yeral underlying biological processes
are ing?%@gﬁg%F???ﬁ@%#??%&?ﬁﬁ%bs@sl\eéfi ty and progression of the disease

and i ncl udeSolersddrata dy afrare diseraseonitiotahstabd irvidéncencf apptoximatelg 1¢roasges
| eukocyte accunul ati on, _auto-anti body production and crucially, an ,
unconPeblll llienppetsans: e HeisehPL BCIREgdeERE IBouRkRWN( HawaRrs thAdoenetis |

1996) ] st.s hav pi i 81 S t.hi :

ai seagedesttof k5 yPRAE KBhOmARS BublE, PRICEHENARY cafl, slieTaton of
exhi behdomrYiaPtell R dchiBiottast fuptticn PIneRed is§Stathic s1erdhis eaprolSESIR the Mok,
notably increased extracellular matrix synthesis and deposition, "notably

of cosewrienohithe fAutedrsaune diserses wathea mnsutas HAG snodatitycyitbici feyears of
pr odugtion S&:P as % TIG-(3 and CTGF (Strehl ow and Korn, 1998 and LeRoy,
1974)¢ lagnosis (Siiman, 1T991).

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 TGFB 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.,
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treatnments for scleroderma targeting fhe fibrotic process (Wgley and
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recepV@ﬂOtF%ﬁiagﬁs(Qfdh?rCH‘éj%a%Q al ., 1998, Yasuda et at., 1998), conprising
four cysteine-rich TNFR |i ke domains in its N-term naI portion (Sinonet et
at., 1997). OPG has been shown to have a role in the devel opnment of bone,

and mce I©§ﬂédwotb@@rm©rg@r)e/véi@ﬂrﬁnd@ﬁwémm oy @enabyslecyaokingr seted
skel etal abnormalities (Mn et al., 2000). Osteoprotegerin, which is
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(Simonet et al., 1997). Overexpression of OPGin transgenic mce |leads to
pr of ouaddlmteejggalmgpgpacny 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
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(a) and thdtnedihaiefare 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).
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Effect of OPG transfection on type | collagen a2 synthesis in human primary
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Results are t erreano tr| I ca eterm nations .E.M "Fig. 7A: Effect

of OPG on thgred §|deod>ﬂtagegelmcﬁcata)ﬁm pcnsﬂaoniafinayivérOlﬁmJESErh@a/monomer) and

fibroblasts. Muse enbryo fibraoblas rt S3_cells) were transfect
PGL3 vectdfs éﬂfﬁleé'icnifwgn 315 O k). céﬂcgg%ﬁ fusion RrefRiNe PYTChRERd tg M Rkép

l'uci ferase atsedsetd'?gﬁap?&%ﬁ @co ‘gf)r“(‘ﬁé%ntub gyferred to fresh

medi um and re e her con or trea wi t h of hal of ugi none
(10-10 M alone (HF); TG(31 (5 ng/m) (TGF(31) or TGF31 (5 ng/rﬂ) + HF
(10-8 M (HF+TGF§|31 for 12 h with WD 03/ 084560 PCT/ EPQ3/ 50080

i ncr el iy Effest ohQRGi ohsobrgen sgbiiasie e Al S ebuman ﬁb@h‘ﬂiﬁisnééﬂ I8 cells

triplicate 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 pug/mt),
or with anti OPG neutralising monoclonal antibody alone followed by 2 ng/ml
TGFp1 for 24 h. Collagen synthesis was determined by ELISA. Results 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 pcDNA3.1/0OPG
(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 (nS3 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



determ nations. * denotes P<0.05 and ** denotes P<0.0l1. Fig. 7B shows the
extent of reporter gene expression under the CTGF pronoter after
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fibroblasts. Fig. 9 Effect of in vivo adm nistration of osteoprotegerin on
t he devel opnent of lung fibrosis in bleonycin treated mce. A Change in
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bl eonyci n 2‘3?@:' stration. Results are expressed as a percentage of the
nunber of s per group of 10 animals. Fig. 10 Effect of in vivo

adm ni stration of osteoprotegerin on the devel opnent of lung fibrosis in
bl eonycin treated mce. A Extent of fibrosis in the |lungs nmeasured 12
days Rid.e8 Reeemneitraredniptass rRE Roanalysiygy OfwesteopratiegednwimRNAr iattier oime vitro
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present invention, DNA gene filter mcroarray technology was used to

i dentify diA) &rawn-igsionadxpuféix ek figeekiastsn skin fibroblasts fromfibrotic
| esions obtained frompatients wth system c sclerosis (scleroderns)
conpared to normal skin fibroblasts fromthe sane patients. One gene,

whi chFppsg cemsdtsbE N Wyd @dminhRérdtiahesf oBtedpieteddrer oeeiHER devblopphast 6f IR
osteoprotegerin (OPG, also called osteoclastogenesis inhibitory factor.
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Mortality resulting from bleomycin administration. Results are expressed as a
percentage of the number of deaths per group of 10 animals.

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



I ndicated | ower |evels of OPG nRNA conpared to clinically normal, age, sex
and anatom cal site matched control biopsies. OPG protein was al so
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consisting of: a) A polypeptide conprising S NO b)

A poI fy‘qnepllasie mﬂn@rﬂ@c@ﬂmrﬁoilcamn@str@dtrmthnlh tlie BEQrhbBinisiOL pEotem SE@threr
c) Apolyprcg? conprising one, two, three or four cysteine-rich
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whar SXPTERSIOR O G ity meliftes, Synedis o falaflialdYaltls Bhnughetsoin,

or 80fidropladtyd % identity to at | east one of the sequences in (a) to (d);
A nutein of any of (a) to (d) which is encoded by a DNA sequence which
hybri di zes Theseheén w&ml@atenweoe funbeDsappegieshby Envowi dataiy arf esigblishiedd)

3 e R D TRl R B
S CaueBttn, ARSI YRe PRUMBIA RS L BRI M ihogical
i sof olewel, ftbeddngs coife:steo;brmhegérdmﬁeadm iandmalseresembled thoaetafaraiee, untreated

circularly pernut at ed derivative of any of (a) to (g). It wll be
appr eBe®-ed by the person skilled in the art that in accordance with the

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 30 % 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);



present invention, a substance which stinulates release or potentiates the
activity of endogenous osteoprotegerin can equally be used for treatnent
and/ or prwoantssro of fibrotic disease, in particular of ®ciraprosisrosm. Said
substance may be mature osteoprotegertin itself, or any fragnent of
osteoprotegerin binding to OPG and thereby preventing OPG binding to
RANK, haral spiteareani ingfaray, tfused myotgimgniunctignahdetvatieanctivesiiaetien ouitcanly

may be e.q. an, antibody difected, to . It is known that OPG binds to
OPGL, arﬁgfﬂ?@@t%%“}’ﬂﬁ(‘é‘% Qi?ri‘%l‘?gﬁ)e@%t% bi ndi ng of OPGL to its receptor
RANK. Therefore, the person skilled in the art will appreciate that any

substance preventing the binding of OPA to its receptor RANK, or any
ot her agentlt blilb blei apprealdteddtyi thet person skitedlin ithe arthat inzaacsordencameth the

activity as osteoprotegerin in prevention and/or treatnent. of fibrotic
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RANK, fihrotici risease. ifrudanculaagent sclbfauBrimey GR1/ BabKtdanteer mayi dyre mmatbe
chem cal conpounds interfering with binding of these two proteins to each

ot her 9stegpretegepndisaiiior anyofragnest i osterprotegerd binsing 4gi @RGL aARABhetbYof
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descrbineld tatORGL, rartsl that diisiintegactiom peevertts diddng, of 3P @! 1o s resepior RANK.
et al 998)., An isoform or pol ynorphic far f ,osteopnrqtegerin has been
descr THEtFIB, e Rbrson v Iad In B8 Wil AoPresiale. fas Ay e ik prey S B e
(1997)inl i i | j ofrt c§§@(1s (i1 H&kiviRn

t he c%))lrn lpzh g)ﬁd(lgﬁgﬂ'a%é A%Egc%eg%ﬂgqﬁ@eﬁﬁ'é’ear iéspﬁlglaflﬁgr?; a éE%@é%nf%ﬁﬁskB%?W@ o
sequesigesllimge Willdver thevsamabdativity aas osteepnoteigeninninnprieveotionraret/ogéagaent

Th |y diff b ] h ' f db ' | .
S/ ot et oG8R drvRaRHG CLerIETpReT oA SEBt Plaskis HRCbE NS IRANK
ner oi (2 B Hd0BRL AP eI OFGL RHIRPIAIEI Blachis daokgRaNK

WO 034OBAG6haCluriiér3bhe GiHi8godistid rentibeidies direatetetd RANKofopirstante. oRlrtaer
used herei n enconpasses an enuation, reduction, or partial,

S Ubst 28eTi bIGCKI IRIGL/ANKe RIPEIFIGN BRYCREGHETRICaLESESLIs: FleTeRng with
devel Bi%'gﬁ% of WO tw3 'p?gte?rqs Pc; eég'ﬁ' Oftﬁém&l 89am%‘?é’,%&p§§8tarﬂf 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).



progression of any one or several or all of the synptons of the disease.
The term "fibrotic disease" as used herein relates to di seases involving
fibrosis,wowhiosiseoray e.g. be due to chronic inflamation @CTrEPpas008@Nd
reorgani zation of tissues. Fibrosis tay involve any organ of the human
body, such as e.g. the skin, lung, pancreas, liver or kidney. Therefore,
t he i nvent i The atesin r‘treatreent cand/ont preventiod] s yses, dirretn eicdmpasses any
di seasgs such as livyer cirrhosis, interstitial | jonary fibrosis,
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system ¢ di seases such as rheumatoid arthritis Krein et al., 2001).
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enbodi nt, the fibrotic disease is scleroderma.” The term "sCl eroderma” as
used pestiperativeataxthesions drskasactivs ofibralsissdasysetngs chrdnic deast diailure, in
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WO 03/ 084560 PCT/ EPO3/ 50080 12 Localized scleroderma is relatively mld,

and n#yredeet 8l.a2@@1k o systenmic scleroderma in terms of sinilar superficial
Sympt ons, Sl’:llgpos{’}g gterﬁeergl'f) v vnecseggﬂersalfibp\ c?r' 8:%§i¥er"éﬂgﬁroftc%%nective 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.



m croscope. System c scleroderma conpri ses several types of synptons or
groups of synptons, such as CREST, limted and diffuse. It may al so be
ref erred wo 0a®8845p0 ogr essi ve system c sclerosis, or fam | i @CTmPogsmssi ve
system c sclerosis. Systemc scleroderma may e.g. affect the skin, blood
vessel s, and/or internal organs. Wen it affects the skin, it can cause
t he skocalizedhscldmdermasts mdatialy ynit) dritk neynte retadédto ststmfnicWrEIerdderma in
affects the blood vessgls, it can cause Raynaud' s di sease. nos
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substanti al i mune response in hurran bei ng. WD 03/ 084560 PCT/ EP03/ 50080
13  neck may also be involved.
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.



Preferably, the term"osteoprotegerin” refers to a mature protein | acking
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di meric for%$%§}ﬂn%%éti%g%6§ﬁ&é§?@@%a erS e?t;%ggé??%qggcgwgance VIE\]A% m&p ﬁgqts
pr eseNttermyrealt pertionOBe daycritsed dynBimoret e alli M99 7r Asfragimentreomprising this
Preferably, osteoprotegerin is gl ycosP/I ated at_one or nore sites,

al so ggmauwwrmt%a@t%ma%gi@a @cptyltyiQféaP%gb@T aﬂgitf%t@%oﬁhééefg?ey, a
botn 8eaPell RSy SRy e ceptPERGE LN RILE FAE.PT OBF' S ReRF R

of OSﬁQQﬁfemwﬁmrrsn@bﬁqub%msazaqu SfSEEID NS»I28raf a carboxyl group

may be Tornmed by means known in the art and include inorganic salts, for
exanpl e, sdoi aagordaneeuwithatheomresents ventonr osterprotegesin £a@ breal NRkirakihd

2l b g B R BRI P BRI or B Bt PR By .

Aci d agfidd 80t @ldukaryeiicdidellsf 8lich 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



WO 03/ 084560 PCT/ EP03/50080 14 exanple, salts with m neral acids, such as,
for exanple, hydrochloric acid or sulfuric acid, and salts with organic
aci ds, suwwboasgssbor exanpl e, acetic acid or oxalic acid. @CT/RPOMF®E) any
such salts nust retain the biol ogicali4activity of osteoprotegerin relevant
to the present invention, i.e., exert a beneficial effect on fibrotic

di seaseampie) galts withl anineral| acidsiesueh dss dborexanuples plyideecharic adid af sulfuric
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sequedelerasgerswd.eopr ot egeri n, having preferably at least the same activity
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art. Syaptores of thatsdiseasesays are ELI SA type binding assays,
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technique suitable theretor. Any such nutein preferably has a seguence of
am nodiferest anfifio Gotchtréyidudspbr creidadetsld, tdrabneformabre antisbeapd oesigluasnare
such as to have at | east a subs# anti al | simlar actiyvit

of
ost eopfidedderthg. natEal3equsnGe ef ogtepnre e d@ving Pﬂ?f&ﬁ%g'éfaﬁ'f legst g spare
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for aprAsgicabatthetyact ORG et e.op e apsaredrbynassdgngsthef oindigpobPORG to its
Mut ei ns in accordance with the present invention include proteins encoded
by a natwakligand QP GhuAssaysOrn asserning piatein-praieindinieractigneigse oveligaown

Under DL ERETE SRARET Bhd%e dhc ERafiieS TBr st SEahuf ftBrEE A rEbE bt
hybri gdsgajd, amnRisb-prESBREEEN a988)8, I mEasddnmenSin Ay 6thet karablef syatem&ich
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al ., aarthemlAppte sysles.i hhess swileins Beopspared dpyr khowntsynthesis@ed/ov by site-
23 2liebied hithhenesis enrigles BIER Gingt kiown BIRAARUS siltatle éred " &

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). WO 03/084560

PCT/ EPO3/%W0M3084580 W thout |imtation, exanples of stringeat/EposisioBe ons

i ncl ude washing conditions 12-20C belsow the cal cul ated Tm of the hybrid
under study in, e.g., 2 x SSC and 0.5% SDS for 5 mnutes, 2 x SSC and 0. 1%
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Ausubel , supra._ Any such nmutein pref erablé has a sequence_ of am no acids
B
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capabiixdy Sfgdréysotitie d;fr@bbagem ﬁN)EédTeér‘ofbesA%ré ongeds it he prefeidbleato use

substanti al collagen reduci ng activity, can be considered to have

subst tettaraethyl emmmauunachiwndey(ﬁl\dAé‘étlresipadtcsf@a‘iCnSewAAsSUbel &uﬂra be

det erm ned et her_a iven as at | east substantiall ne
acti vity ashMostadbr BLATB el oRbor e, seirabos it ARl aedigh Suleaing
subj e&&;??t% Cgf that"et Yste ;Br'bt ST 80LERhL Y HHVERLUDbS zcanméfr,eb? &\iEh
at | eas Yol dentity or gy wth the sequence o ma
osteobetbéﬁ@mloglcalk/bcaijaéelsbénpmtegerhas at least 50% at |east 60% at

| east 70% at |east 80%or, nost preferably, at |east 90%id nt|

normi ogy 1 8Pt e2SIbuEiRApY eV £/ GHIEPPITERE s EaPERY i Ofrisebicing
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nucl eeah & tonsidetedtd thaver s@vdtantialpy dintitaraadtivityaol teoprcbtegpnndﬁnue itf carhe
two pol ynucl eotides or two pol ypepti de sequences, respectlvely, over .t he
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bet wegntbipe sequences. This may include inserting "gaps" in either one or
both sequences, to enhance the degree of alignnment. A %ldentlt(y
In a preferred embodiment, any such mutein has at least 40% |dent|ty 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 sawpoons4sery simlar |ength, or over shorter, defiPogdPhemyshns
(so-called local alignnment), that is Wore suitable for sequences of
unequal |ength. WO 03/084560 PCT/ EP03/50080 16 Methods for conparing the
i dentity andetiwods tagycamnparing dne indendity emaehemelegyeof i (or knorensequencesaate
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S Larit p . e h
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1997, ng&‘ﬁsahbl findd1tiee dhedthsingreegree of fsitiarifyCBetatemiwa seiquehoesi Dtaer)
and FASTA (Pearson WR, 1990; Pearson 1988). Miteins of osteoprotegerin,
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Pr ef eandF ABBAJPearson IR 1890; RPeerson d@B88¢ with the present invention are

what are knpown as ["conservative" suhstitutions., Conservative am.pno acid
o Bst i fut i oS ol aRP I GEBH R 8D beiaBed) NI maconuih the Rigsent

SynonynRus: m ' { &l N.aq: gl I ck ufef el | We S M0 ;
physi cocC llllzlrcr)?](: a?ro p'?lgddg?t Ygeé's&% h%(?d 'Q gbgﬁ({?ﬁﬁ?ﬁ o] ﬂﬂ@egwg e rﬁcdrlrt% rrbesreétrt S xf)f é%éetggtr%l%
wil |l porespuedinge sbqotoges als fsubstitutionopeptidesodre polynudéstadashavhic 95ah) .bd t
Is clear that insertions and deletions of am no acids nay also be rmade in

the ariinalsohiameseucne P idnan Sk dni e BReWiQkicHldHe Smerreentatiop.

if th ' ri , We! AN | v, -few am no acids, e.g., under
t hi rtSg/?s{%ﬁ3’%&]81&%?8@%?@%@(@@@%8%@ %/rﬁégﬁ%dno?'%r'%mve or displace am no
aci ds whi chpasferredi dhiztfest for anitelts incaedordansé WitratHeopresend inveditivhearewhat

resi dues. Proteins and nuteins qudu_ced by such deletions and/or
i nser arerOavhEasy eensevaiveusubstiluipnsh £ prssrvatve raning @gid substidiong, of

the SSR5eI8 esgeelliw E&ys&i)ﬁidgsr 89%?otaerines,trrq§)§ ?ncqgécie ré?/g\owm-lc—)%gl aemln'o 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 |
More preferably, the synonymous amino acid groups are those defined in Table Il; and

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



More preferably, the synonynous amino acid groups are those defined in
Table I1; and nost preferably the synonynobus am no acid groups are those
defined iwolahBsed | | . WO 03/ 084560 PCT/ EPO3/ 50080 17 TABICE/EPORs@Berred

G oups of Synonynous Am no Acids Am o Acid Synonynous G oup Ser Ser,
Thr, @y, Asn Arg Arg, dn, Lys, GQu, Hs Leu lle, Phe, Tyr, Met, Val,
Leu Pro GTABREd, Thr, Pro Thr Pro, Ser, Ala, Ay, Hs, Gn, Thr Aa Gy,
Thr, Pro, Phe, Leu, Vall Gy Ala, Thr, Pro, Ser, Qy

e Met, ?L f@fr@d%ww@mwm%w'ao4\@98 Tyr, Ile, Val, Leu, Phe
Tyr Trp, Met, Ph al , Leu Tyr didup ©&ys H's GI u, Lys, dn,
Thr, Arg, Hs @ %(TS!HOEAEM S@ﬁyrﬁ%h’s up Asn G n, Asp, Ser, Asn
Lys Au, An, H SerArg, Lys Asp G u SésnThrA@yG\snAsp, Lys, Asn, dn, H s,
Arg, Gu Mt Phe, Ile, Val, Leu, Met Trp_Trp TABLE Il More Pref erred
G oups of Synony#88s Anino Acids Ani AB.AINaL¥snGHytdiSs Goup Ser Ser Arg

H's, Lys, Arg Leyeu, Ile, Phe, Met |I§r|9heajlf'yr, Iﬁﬁé}, 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 WO 03/084560 PCT/EP0O3/50080 18
Ay dy Ilelle, Met, Phe, Val, Leu Phe Met, Tyr, Ile, Leu, Phe Tyr Phe,
Tyr Cys Qye,03884560di s His, An, Arg An Au, An, Hs AsrCAEP3/A®B80 Lys
Lys, Arg Asp Asp, Asn Qu Gu, Gn Mt Met, Phe, Ile, Val, Leu Trp Trp
TABLE I'll Mst Preferred G oups of Synonynous Am no Acids Am no Acid
Synonynous G oupGlger Ser Arg Arg Leu Gy, Ile, Met Pro Pro Thr Thr Ala
Ala Val val @ ){IeG y llelle, Met, Leu Phﬁel?,hSheT‘};gl,-\__%ru Cys Cys, Ser H's

Hi s lle

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



G@n A@n Asn Asn Lys Lys Asp Asp WO 03/084560 PCT/ EP03/50080 19 Au Qu
Met Met, lie, Leu Trp Met Exanples of production of amno acid

subst i t utworms/o4s6pr ot ei ns whi ch can be used for obtai ni n@CTRPE3/A®SOF

ost eoprot egerin pol ypeptides or proteidns, for use in the present invention
I ncl ude any known nethod steps, such as presented in US patents 4, 959, 314,
4,588,585 and 4, 131,462, to Mark et al; %3lu16, 943 to Kot hs et al .,
4,965,195 to Na et al; 4,879,111 to L and 5,017,691 to Lee
et al; and |ysi m@tubstitut ed proteins ﬁ gﬁt §Uin Us patent No.

4,904, 584 ( Shaw qtpal) The term "fused ein' refers to a pol ypeptide
conprising osteoprotegerin, or a mnutein t ereof, fused with another
protein, which, e.g., has an extended residence tinme in body fluids.

Fusi on prot ei all or a functi part of osteo erin

Mool Db xarpian BLARAGHAD o Aroineraci suOBBluiRoE i hrettis MRy caRbe e
bi ol ogy G c?ﬂtaﬁ?ﬁ%)‘v‘aeﬁt'gfrﬁ gf Pé@%&g@%‘pﬁ?ﬁ\ g&? Xb?éﬁdé@'o‘? gr?fe‘?né ¥ PrﬁgenHWﬁB Hd¥nt

for instance I nv I on napre erre

enbodiriventioh hecllideeshypkadwhmethay steps, soch msupesentad iImMUY palentsi & 960,314,
Fusi on 5prote| ns conprising all or part of osteoprotegerin fused to all or

part 6588985 @nghéI3ddh2 nicaMarkied h’ﬁl,y5 A& ¥ 3 & Kothe et cdn 48690 98nter Namsgn

compr PLab PATLERS ton ey B o SR S 0L BERE Y ok 9 YRR Pl Rl

Fc pOdetemsadGrle%BﬁtédrmJus%é@HtN& AEIRYBARBhaw &falphi ch the i mmunogl obul in

Is of the | | g& 1 sotype are further preferréd according to the
i nvention. Fhetemnabifused protéins weiersmam@gpephdemonmm@@mtmotegem arkeus

be f dt t t. tid the |ik X . .

unGaBNeoe Tused iAo RN bR E Gn f}'@&fﬁ%@%ﬁq}d@&f‘ resjdene, time
hor t '

T 1 elpPrAE AU ELSRE, é*“t@exa%’r%'ﬁé S (@ etiordh par T SHlediidiebBin B

| i nketo aﬁpr@ﬂmdﬂonaépartobf a)brcbﬂem capablencfentprévivig tEerBIImglwtactlvﬁmS of the

exanpl e, or 3-amino acid |linker sequence . conpri
d u- Pﬁ@'@tgleAllbedgas}t litsuinvie hemag pody y ey 'Hsﬁﬂf&mrel mea‘%raaéeafq%@wsew theée

ost eopfRLAGR" I 5 BruRM BRthddimentHE G588 Yoot CERBfiges 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 1gG1 or 1gG2 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
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prevention of scleroderma, wherein the nucleic acid nolecule conprises a
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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 | easto3Ause6 or 50 % or 60 % or 70 % or 80 % or 90 HCirdwas/sdogot o at
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f) Anutein of any of (a) to (d) which is encoded by a DNA sequence which
hybr i d} zés muteint dfeany b l(a)rem(d pivhidreisnencodedOhiA 5 EXNA seguence dvitigh aybridfizes
(a) to (d) under m)deratgrlé stringent conditions or under highly stri n(hgent
condi t i of;thg)Compiareent 8f taaynajive BNA SeaeniRePBFediRAyARNAH g tPn(dhender

arm no_aci (b AEANSE1 Ay GRMRLIEL! g8 et gBHbSbhbithans o the am no

aci d sequences i sof o proteirn or active

fractiggn pom@ein of abg)oft @)(1e) g-fd)fwheﬁéne_amne_;tﬁ@o:geﬁ i dhe amivgi seidwEqUarce e
treatnment and/or prevention of fibrotic diseases. The invention preferably

rel at es consaevalive amingaacidraubiséifulionsi te the@ring agidfsequenses ik & nenid)and/ or

preventi gn of .connective tissue di seases | Lcul ar of

scl er(rh)e '.SPT?{”AE}HB?%%B@'WO{ﬁcﬁ}ﬁ%?r gggrﬂq%%{v@n(?ﬁ%t(é)ost eopr ot e_ge_ri n may
al so be fedmhdi pbALRLLLR Ofa BB ot fHY MeitmRnt eidbr GREPEh oM Hisai d
nucl eic acid nolecule. Therefore, the invention further relates to the use
of fibrotict diseasesr iThiengneaitibn mrefesablyaceldtemitocthie ysa afheaidamuthese vaeidof a

11 UPGIEcIen 46 e TRamELR)alof eyealion Tcanneqiis dssverseein, and -

co kS| r operably linked to all or part of the coding
se uéﬁgge%fﬁ8§¥£§%%@§%gerin. In a further preferred enbodi nent, the vector

is a gendgn tbeoaznceeoith . tienprédemtaiyvertionor ssteaprbtenerin nmake aAsd , bepst
of themare virally derived vectors, such as adenoviral or_ lentiviral

vgc@dmg‘.ismfféﬂ)rt@i g thuroae bﬁ@)ﬁrﬁf‘i 8?1';“ ¥t BopPeIOERIMRATIFAG &AL yeleic acid
N : ' f | ' . .
Cear Bl ClharB st sng A eRE By Bl o P Bl 81 SNSRI Bl Bho.se e

usen@ileid a6l mRIEERE SfoR thesiRPRIFAdaEE Idf Na fragdicamernitefuif et weatrdéntiand/or

medi cament for the treatnment and/or prevention of scleroderma or any other

f i bpreveotidn sefaselerpdermaocot eanothaerfiigtic odiserdert Peaferably, dhe/ vecter ele@ni on
scl er.oder

o R SGRACLoR FBERITR B Poll 58P MRS R, A5 By BbLEBbY
L?g r;dg%ﬁ% gP%}s 4 é@fﬁg. ﬂn aS Egﬁﬁgi bg%#gfrfe‘%! eRldcHimepit e DEcRds L gepkl NY
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
fibrobl aswe mseprsesent the nmachinery of fibrosis they are trhe/RPozs008uit abl e
cells for anti-fibrotic and sclerode2ma therapy. Therefore, preferably,
osteoprotegerin expressing fibroblasts are used in accordance with the
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t r eat iegibe papdugtiast ef theddesired peateihce with the present inventi on.
Therefore, preferably, the nmedi cament of the invention further conprises:
Interferon, in particular interferon-R A Tunor Necrosis Factor (TNF)
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sol ubl e p75 (TBP further anti-scleroderma agent;

anti - mleehode‘fhareﬂgcmtpreidrebtyemei madicdaraegt ofithecimwendion rigrtber comiposegi none,
ACE inhibitors, cal cium channel bl ocker proton punp inhibitors, NSAIDs,
COX- i nhi bi tr dNtesirencspaitish@s integerenyk| i ne, pent oxi fyl line,
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inhibitors, rRgMuBle p5b oTBRIENEor BBW@FVQVIQ“'BFSII) prostacyclins,
endothelln-l nitric oxide, angloten5|n I " inhibitors, antl-OX|dants or

SAPR- 1. SARP- ]Afmtlmermmil-echeradimma Bgehtive a beneficial effect in fi brotic

di seases such as sc| eroderna (WO02/ 46225 Fra rrents i sof orns, active
fractions, Tudtl PHoseerrdesma uRGENbnSL! dedy dTmesthiss  grgyR 1 cogsisting 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 (WO002/46225). 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 subsDanoese0 together with osteoprotegerin, are w tRrCn/EPh&s®8Dpe of
the present invention. Al though theresis presently no cure for sclerodernma,
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t herapy, according to the invention, are summarized WO 03/ 084560
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used 1nh the assay, and controls wth no TNF o nl'y antagoni st (Tucci
al ., aagRanissfudNierintaganistsgare sasilaidertifiedpard evabdtFabyarouenscresning

ant agBhCENGICABAA" il AR (Ao dne ARV /8] PSS TG RUSREAURIE sFelnfies in

posseggd R bmw@pb@j B GdIR, 1‘;&[@%&5 ReE céﬂééﬁ?[gf?lﬁlé'l;atfd#s% %nggl}@@sb@ﬁn

and neutrali sing an are particu y preferred.
exanpkecretionubThef assay ofortndRl TN FS5S)rnauldtidiFaRl Varyprkp) 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 TBPIl, 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,
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abovewitheantiifhvestidrurt her conponents, and in particular an interferon, a TBP

or a X 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
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adm ni stered. For exanple, for parenteral admnistration, the active
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human body, for exanple |inking the nolecule to polyethylenglycol, as
described The tieavaiabiily ohthegstive arptain(ad agzoidogdo 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.
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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
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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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fibroblasts_ jn early passage wusing Trizol (Life Technol ogies) according to
t he manuf amﬁéﬁ_oéﬂﬁﬂot ocol. The final RNA pellet was resuspended in
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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 MgCl,), 1 ul
of 10X dNTP mixture (5 mM dGTP, 5mM dCTP and 5mM dTTP), 3.5 pl of o®’P-dATP
(3000Ci/mmol, Amersham cat. no. PB10204), 0.5 ul DTT (100 mM) and 1 pl 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,PQ, 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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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 pl 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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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 ml
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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medi um
treated with recombinant OPG or following transfection of OPG /pcDNA3.1 vector

Collagen synthesis was measured /n 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
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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 ng of CTGF-SEAP and 1 pg 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.
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fibrosis/lung was scored.

Semi-quantitative reverse transcriptase PCR analysis of OPG mRNA in

scleroderma patient fibroblasts treated in 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
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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
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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 TGF31. 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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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 TGFB1
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
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Incubation with OPG repressed TGFf induced CTGF expression, thus further indicating

an anti-fibrotic activity of OPG.

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).
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dose of OPG fared much better, with a decline in body mass only for the first 5 days of

g

treatment. 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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PCT/ EPO3/ 50080 42 CLAI 1. Use of a substance for the nanufacture of a

nmedi came®®. Yasudanbl. t Shimarbht Nagakawa Nr. Mechizoki S Yanoi ier et ald 1808 idantity
wherein th t ' | ected. f h i st f: A
oo A g e A R AR A S8 B0 B8 Pl
conprising KELRSNIRR BZ v%ﬁcﬁ@ﬁﬁbﬁl}F%itPo@@o@aﬁbg@ﬁ&is'iPdﬁ%. 4, ¢) A

pol ypepti de conprising one, t ree or four cyst&ine -rich domains of
ost eopr ot egendocrird)iogdy 18By p8RO+ B3 Tonpri sing am no 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




| east 40 % or 50 %or 60 %or 70 %or 80 %or 90 %identity to at |east

one of the sequences in (a) to (d); f) A nutein of any of (a) to (d) which
i s encodewolg/osusBINA sequence which hybridizes to the conplCemPnt/somBo t he DNA
sequence encoding any of (a) to (d) 44nder noderately stringent conditions
or under highly stringent conditions;cgisnmutein of any of (a) to (d)
wherein any changes in the amno acid sequence are conservative am no acid
subst it dt i @se of 8 sthetaane fer theirdanufactuemeta madigamentdor the tregtmentand/osr an

isoform f ot £l Wnet i I L wat £ i r

circul arl yb%ggﬂ@c{naéfg%ﬁ%{gw\%%e%a\%g?\évp ggeﬁ]@,i‘rf)ef él}%a% '%é)%.'écifg%é@ﬂ?g@é‘?%ﬁ ng to
claim1l, wwrsistingtdfie fibrotic disease is a connective tissue disease. 3.
Use according tq claim1 or 2, wherein the fibrati | Sease is scleroderna.
4. Use accor cﬁ_)ng* R%Y%ﬁwéBrCQEMiSH@ éggq%nsmé@§%§9$§u stance is a
nmononer or - ¢§) MRl polypegtitle RFFSHGIhdEntitb 88ids Pras e ing SE@i ITNOWIRF GEQ t he
substance is ¢glycosylated at one or nore sites. 6. Use according to any of

the precedi ng clRiN& 4,wherein the fused protein conprises an

Letoradnop'd, o e onlinahth B2 R HrbeTridleliilne Hen qotfhs of

accordi ng to angstebptdiegeirecedi ng cl ai ns, wherein the functional derivative
conprises at | east one noiety attached to one or nore tional groups,
whi ch oocur Gis ARYRRPHIE COMBIRNG REMRAATHS 2R A0 A9t RS %%535%@ 40ESER” Use
according to cl ghfcP.4-Wwherein the noiety is a polyethylene noiety. 10. Use
of a nucleic acid nol écule for manufacture of a medicanent for the
treatment argl/ év mpitain exftarynobfa)latof (Dr whieceinlitbe @vinovdnid sequemnce haglaéi c

acid nol ecul e QnpPLhSES cl eLfg oACI ence. dj . tide
conprising an air:ﬁar%g“baféiodassd;z%gﬁlég /g rggts‘% rf%r@tgﬂgggéggﬁﬁtgggé%gﬁ%ﬁg of :
a) A pol ypepti deneoifthid s¢digndeQin R)MXd)2 or SEQ I D NO 4; b) A pol ypeptide
conprising anming acids 22 to, 401 of SEQ ID NO 2 or SE% I D NO 4; .
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 moderately stringent conditions or 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);
h) a salt or an isoform, fused protein, functional derivative, active fraction or
circularly permutated derivative of any of (a) to (g).

2. Use according to claim 1, wherein the fibrotic disease is a connective tissue

disease.
3. Use according to claim 1 or 2, wherein the fibrotic disease is scleroderma.

4. Use according to any preceding claims, wherein the substance is a monomer or

dimer.

5. Use according to any preceding claims, wherein the substance is glycosylated at

one or more sites.

6. Use according to any of the preceding claims, wherein the fused protein

comprises an immunoglobulin (1g) fusion.



c) A polypeptide conprising one, two, three or four cytein-rich domains of
osteoprotegerin; d) A polypeptide conprising amno acids 22 to 194 of SEQ

I D NO 2 8BQ3&seiNO. 4; e) A nmutein of any of (a) to (d), pemapres/soshe am no
acid sequence has at |least 40 %or 58 %or 60 %or 70 %or 80 %or 90 %
identity to at |least one of the sequences in (a) to (d); f) A nutein of
any of (a) to (d) which is encoded by a DNA sequence which hybridizes to

t he conpl déeaceidingdo slaime wheteiadhada fusiehisan hgfusish- of (a) to (d) under
noderately stringent conditions or under highly stringent conditions; g) A
mutein of any of (a) to (d) wherein any changes in the amno acid sequence
are con8erlWsd aveordingnto acy df thebptadedirigodains whereamtheofuactional siegivatives i n
(a) to (d); h). An isofaqr fused protein or active fraction of any .of (a)
to) (o). | TeonisehatdPort e BRE lachet fp hett B B ardind iy o 2
connect i VeydcuP 85 ®ne®r Fecressideléhaihs BnakE B Ecitifesilaésn 10 or 11, wherein
the fibrotic disease is scleroderma. W 03/084560 PCT/ EP0O3/50080 44 13.

Use according to any of clains 10 to 12, wherein the nucleic acid nolecule

conpri sgs @k SERIAR gg%m%,%eﬁsmﬁa% i sat&oﬁ%@ggeﬁéme o claim 13,

wherein"the vec uence’'i's a gene therapy ve sequence. 15. Use of
a vector for inducing and/or enhancing the endogenous production of a

| i ding to.claiml,i || for the. tion of
Pod) banbhiUadrS et e Fadteie toropBpiBehise b A R G TRR: Bt e eetathet i o
particul aryRgbeiReRIiBn 46 -2 Wbfottf dsderlel WWRERIH Thadndidiichetic nisiédlle

mol ecul e according to any of clainms 10 to 15 for the preparation of a
medi canentCanprisesed NHelgionegid saadge pReOLing PAPIFeptife iwoBIArSINg 38R A48HN0| n

parti cul ara(?&ogg&?or el éeé]tgd frgﬁgtggﬁrguéf%ésigw gfs_si ng a substance accordi ng

toclaim1l manu nmedf canment for the treatnment
and/ or prevem)i ArpafpeptitielmooiprisingdbBQASENO: @ qrBHQ ¢DING: 4cl er oder ma.  18.

Use of a cell At s RS Rt SN adBdhh S 0% LSRG P2 LRt ! de
ID NO: 4;

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

d) A polypeptide comprising amino acids 22 to 194 of SEQ ID NO: 2 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 to the complement of the native DNA sequence encoding any
of (a) to (d) under moderately stringent conditions or 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),

h) An isoform, fused protein or active fraction of any of (a) to (g).

11. Use according to claim 10, wherein the fibrotic disease is a connective tissue

disease.

12. Use according to claim 10 or 11, wherein the fibrotic disease is scleroderma.



according claiml1l to 9 for the manufacture of a nedi canent for the
treatnent and/or prevention of a fibrotic disease, in particular

scl er oderwn.o3a®seThe use according to any of the precedi ng@CtlERosB08Mher ei n
t he nedi canent further conprises an #4nterferon, for sinultaneous,

sequent 8l ys@ afccéﬁﬁﬁgg ab Garlys 8f c%?msT’ﬂ@ tHSE2, a\ﬁﬁ@l"eﬂ*\ e trﬁlcfél@dadl%olé‘ﬂﬂée' n
the interferon is interferon -(3. . The use according to any of the

precedi ng @OMAPHSES am@meﬁsm'hefeﬁ@mseqwme further conprises a Tunor
Necrosis Factor (TNF) antagoni st for simultaneous, sequential, or separate
use. 22. The use according to claim 21, wherein the TNF ant agoni st is TBPI
and/ or TBRUse aceddinhte daim &8 0ehehergtheosexhyr sequehee & 2 gethertbedpgivestor
wherein the nmedi cament further conprises an anti-scl eroderna agent for

si nul t aneotfYSE&Guential , or separate use. WO 03/084560 PCT/ EP03/50080 45
24. The use according to claim25, wherein the anti -scleroderma agent is
selected fromthe group consisting of hal ofugi none, ACE inhibitors,

cal ci umléhidaeerf a m@@kéqfsndtmlag @mdgimthammt endagemops  proguctionhehat or s,

cor {1 005t et B! SIERTHG Y BEmPEN XL b8 orehliEliol Bk Req 88 naAVaper 2!

transferase et Ors prol ase | n

c- pr ot ei naihe tredtiment amd/or bmhhmoﬁaﬁbrotncrdmdzsepmpartlemaxsclerdmrmbugi none,
prost agl andi ns, prostacyclins, endothelin-1, nitric oxide, angiotensin |l
inhibitors, anti-oxidants or SARP-1. 25. Method for treating and/or

pr event gy ge bof BIc@iliconfHrRfRSS nubiRidadil nfdlb&lile HeL 6/ Eny oPQQWd % S

admnistering to a patient 71 n need thereof an effectlve anount of
subst ance % dor thengreparation of aohapieement dornthe 6paﬁnaﬁmlar3d/®bg@wnehow06 h a

phar maceut ekl %isgG5&Rh 3BHRufA'stldtbderma.

17.Use of a cell expressing a substance according to claim 1 to 9 for the
manufacture of a medicament for the treatment and/or prevention of a fibrotic

disease, in particular scleroderma.

18. Use of a cell that has been genetically modified to produce a polypeptide
according claim 1 to 9 for the manufacture of a medicament for the treatment

and/or prevention of a fibrotic disease, in particular scleroderma.

19. The use according to any of the preceding claims, wherein the medicament

further comprises an interferon, for simultaneous, sequential, or separate use.

20. The use according to claim 19, wherein the interferon is interferon -f3.

21. The use according to any of the preceding claims, wherein the medicament
further comprises a Tumor Necrosis Factor (TNF) antagonist for simultaneous,
sequential, or separate use.

22. The use according to claim 21, wherein the TNF antagonist is TBPI and/or TBPII.

23. The use according to any of the preceding claims, wherein the medicament

further comprises an anti-scleroderma agent for simultaneous, sequential, or

separate use.



WO 03/084560 PCT/EP03/50080
45

24. The use according to claim 25, wherein the anti-scleroderma agent is selected

25.

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, halofuginone, prostaglandins, prostacyclins, endothelin-1, nitric

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

Method for treating and/or preventing a fibrotic disease, in particular scleroderma,
comprising administering to a patient in need thereof an effective amount of a
substance according to any of claims 1 to 24, optionally together with a

pharmaceutically acceptable carrier.



