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TEOPROTEGER! N L| GAN@ ACTIVITY FIELD OF THE | NVENTION The present, Htb wvec

|nvent| on ﬂmmﬂmm ‘M\ \;Tprovemants in therapy and prevention of ost ebgotcosﬂy
and ot her

acterized by continued | oss of bone tissue. Mre
specifically, thaspresent invention provides a nethod for down-regul ating
osteoprotegerin ligand (OPA) by enabling the production of antibodies

agai nst OPGA in subjects suffering fromor in danger of suffering from
osteoporosis. The invention also provides for methods of producing nodified

OPGL usef ulwifof o PBRkDRG RS W | dsrRrbRGet MELIBRMD THced PE as such. Al so

enconpassed by the present invention are nucleic acid fragments encodi ng
nodi fied OPG as well as vectors incorporating these nucleic aci d ,’mﬂmﬂmmmmmm

and host cefpts sk cald dnvigs toansfornmed therewi th. The inventio
provides for a method for the identification of OPG anal ogues whi ch «@&bdgo+

useful in the nethod of the invention as well as for conpositions

conpri si ng fpdified OPC.an: COAPEL BNk NUCliRbEoaEhESE £NGPAMG ALl FRCL
anal ogues. FI ELD OF THE | NVENTI ON Osteoporosis is a nmajor and gfow ng

heal th probPERVeWiwiafe osteorprests andecthemidbersas Idhagacsespredin t he

United Statggs %né\ﬂﬁﬁé&aioggr%&ekﬂi}%J@P@%&Onﬁbﬁgdsp@ﬂﬁlcéilﬂrs %H@ nost
comon system ¢ bone disorder in the industrialised part of the | d.
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to be 3.8 bATFiRRAISSD agmindt yOPHL 1984 s“‘Pﬁle§ttSreﬁ¥sﬂ fardggpyfrom or —fn
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provides for methods of producing modified OPGL useful in
this method as well as for the modified OPGL as such. Also
encompassed by the present invention are nucleic acid
fragments encoding modified OPGL as well as vectors
incorporating these nucleic acid fragments and host cells
and cell lines transformed therewith. The invention also
provides for a method for the identification of OPGL
analogues which are useful in the method of the invention as

well as for compositions comprising modified OPGL or

comprising nucleic acids encoding the OPGL analogues.
FIELD OF THE INVENTION

Osteoporosis 1s a major and growing health problem
worldwide. It affects an estimated 75 million people in the
United States of America, Europe and Japan combined. Thus,
it 1is the most common systemic bone disorder in the

industrialised part of the world.

Osteoporosis affects one in four postmenopausal women and a
majority of the elderly, including a substantial number of
men. The cost of osteoporosis in the United States of
America with 15 million affected people was estimated to be

3.8 billion USD annually in 1984. This translates by



Osteoporosis is a system c skeletal disease characterised by IOM/bd%Qang@UQ
and mcro-architectural deterioration of bone tissue, with a consequent ~ -
increase in bone fragility and susceptibility to fractures. Al though all
bones are affected, fractures of the spine, wist and hip are typical and
the nost common. The risk of devel opi ng,osteoporosis increases with age and
is higher in wonen than in nen. Its etiology appears to reside in the
mechani snms under|ying an accentuation of the normal |oss of bone mass,

whi ch f ol 6V RHE o feuSe "PRIAOHER PRI otlc gt 1&P1 1Pndhei 8Gaes with
advanci ng, agg- Reak bone massni §spchi eved at about 35 years of age. After
reaching its peak, bone mass declines throughout |ife due to an inbal ance

i n remddP$EeRPORSASs 1IFo8eSHREINIA rfkedietandddbs st cChtaqterBgedr®Yain their
basi ¢ or gAY Sal{Pha BORGACARNSLSLErOh i fe M NS RIS i@xkaeal bel Bongmtrix
conposed of a variety of proteins and proteoglycans; the principal
conponentt B4Ry typeED | acGORagaRSNTha NRrREsEl EndIUR | hgrdhel ekt pR@el | ul ar
matrix i sshycearanatdyt e (a3 a( O RnoRpne 4 51 copshdwiougly nodel | ed

during growt h and devél opnent and renpdel |l ed t hroughout life in response to

physi cal Hnecfschi dhiacdugral of The IHEH,Wielel i 38 h¥PAERhance of

bone are dg@htier agdtatedmBhocaseesyihi 6h akvekhepery!l usakobeyekisnvol ves
the co-ordinate regul ati on of bone-formng cells (osteoblasts) and

bone- r esorHERF IR I8 oS80 erdstis) N1PhEeT| &PeOBE bORB BB sMERT | 8EFs t he

bal ance aoft 2oneyy HPPH QN tNd dsasier fhl @he @RcBaBLaRESuAlEEEyi AN
mesenchymal stem cells and produce bone matri x during devel gpnent, after

p .
bone i nj BSEeHPticg Bi-theopgsmal fieshHk RPIForMAsIS bohe CRefB4EPYF ng t hat
occurs thfighendpddde. i Oshansl asis dbddesenhi ale fhamvheamt opeieki c
precursors_of the nonocyte-nmacrophage |ineage and resorb bone matrix. An
i mbal ance® VAU Eb A%t and ost eocl ast functions can result in the skel et al
abnornmalities characterised by increased bone nmass (osteopetrosis) ox by

decreased_ baone mass (ost.eoporaqsis). Studie osteopetrosis ip nutant mce
have: ShoviFThoTGeMAT: ‘FoPCCuE el 35 BBEN s D deaar SpREnta= mab AFT I on
and/ or acteawtiingn ilkteadesl, denteamed kepeinesoxptdwyhand ldmef doel yoresult in
severe osteopetrosis (Marks 9 . Nevyertheless, relatively little has so
ar been houbafihte (M8 CBrARPLLIAR: oPOPPRacoRet Uity Bl St 197 o

regul at e @siaancd asit rdeveuapmrentinRekent | lyas howenesnidamd gor.ot ei ns t hat t ake
part in this regul ation have been descri bed and characterized (Si nonet et

al ., 1997; Lacey et al., 1998). These two proteins are osteoprotegerin and
ost eopr otlgey iconlsiigandof Cstreiloprmetldged rxtsaae hbvkr sedretkedonpobed of t he

tumour necy osi éaif‘&éﬁro;ﬁ_ eg?&%%’{ni ap] éyprége¥%£§c?an§)§t€lqgr8;:%%?{ Ly bl ocks
ost eocl astogeness inh a dose dependent manner.” ITansgeni com ce BXpressi ng
ost eopr ot@gmdnendx biebing dygenéradl kagkn ndiwagd neraBorecdensiing the

(ost eopet i i W th a in os c/ S. inj stration
of r econbelr)ér)lc:rlr?tsc)ec}gﬁl z%%r ﬁ""g‘gfé\% nl@pr%gﬁgé}gﬁ%?ar# l'Pcaer &?%%(CE?%S? N aﬁ@?ﬂ %1 "mce and
prot ect s Bga st condineotiehy-msdeltl ed ethhione droghi andatisvéSppmemt et al .,
1997). | it t r [ icle j (kpo ' whi | e
nor mal a?ngfg#%C)e&égép%ggfﬁ ﬁgﬁée?ggétggp%&%@%gggnggagﬁ%gyéfPL%@%ification
(Bucay etcremicallo@8pnalhese observations strongly point to the possibility
t hat osteoprotegerin bl ocks the

The growth, development and maintenance of bone are highly
regulated processes, which at the cellular level involves
the co-ordinate regulation of bone-forming cells
(ostecoblasts) and bone-resorbing cells (osteoclasts). The
level of bone mass reflects the balance of bone formation

and resorption.

Osteoblasts arise from mesenchymal stem cells and produce

bone matrix during development, after bone injury, and



~ ~' ~ ¢ CZJO? 4 differentiation of osteoclasts, the principal T 9 Mok 2002
sol e bone-resorbing cell type, suggesting that it can act as a hunoral

regul at or of bone resorption. Osteoprotegerin is the subject matter of WO
97/23614. It was hypot hesi zed that osteoprotegerin nay exert its effect by
binding to and neutralising a factor that;stimulates osteocl ast

devel opnent, thus inhibiting osteoclast nmaturation (Sinonet et al., 1997).
Osteoprotegerin ligand (OPG) is a novel nenber of the tumour necrosis
factor famdyrBig cyroknaesat hapnexrsmede hlbed htha krefBFahe- bBLAVIAAYT a

sol ubl e formsOPA & Nds-11QSt QISR AW t hraoRi ndhagaabbbnitycof 4
nM In vitro, OPA activates mature osteoclasts and nodul at es ost eocl ast
formati on fREFAWOIRE STa?f oRBr EUICSHS TR CERBNpERsdideagre 8K 1reserhas al so
been denonstg.at gehdhat, OPGL binds to the surface of osteoclast progenitors
in CSF-1-treated bone marrow. The receptor for OPGA on these hematopoeitic
progenitor cells is, however, unknown. Reconbi nant soluble OPG. is a potent
i nducer of MoneresQnPLi QF | HsVd M {daCcNdeloRleoc14898) rundResidd ptign of
OPGL OPGL is synthesised as a type Il transnmenbrane [ﬁrot ei n consisting of
317 ani no a@%ﬂrtesild’ue§h€huﬁﬁﬁ,leg¥‘.l SHPIMNGLI®S oCh3rechRTAESEcC BY
residues (MHd s - bk hBPsBO ostedpdtbdsid | gRMyYt @dctdsdawpant no acid
sequences show that identical amno acid residues are found at 870 of the
honol ogous BE t {BHELOPPRESAPE: ani no aci d sequence contains a short
cytoplasmc domain in the N-term nus foll owed by the putative transnenbrane
regi on between am no acid residues 49 and 69. Based on its honmology to

y
tunour necroHEFHAoCSILPREEIPRES 1R myGany mice_ haves showRt FRak| §&T ar part
of” OPGL hasdgien uegest e betbecLasPr 4SRs dpndnvg demairasioa, Shalikof €gi on
extending fromamno acid residue 70 to 157, and the active |igand noiety
ext endi ng fAOM@RIND dGad F&sidRrEerss Gotnﬁer@?’é?ﬁ?‘ﬂﬁs‘?‘nq‘hénhggfml:}’ osel y
rel ﬁt Ied pr(l':1efglf12115 %ngc?@ve;&@ple@tépp@tb@sid@e(mgm,oai%i();?dgébegltnylggé ne TRAIL
wi t ess that o.i denti cal anmino acid residues. as_al so. ve
recent |y bed A gy it Gtfer Lo xtar POl | HPHRANEE ot Brifet al .|
1997, J. Bifdctdd¥entha?2:ac25180y25dPdgi @il RANKL, raqasipaet | ystyolAnsler son et
al ., 1997,a4VaE)eiL;Lre 390: 175-179. The protein is also known as osteocl ast
di fferenti &9'0on X Sr (ODF). Several N-terminal deletion variants of
muri ne OPGL have been expressed in E. coli and purified. These variants
consi sted amt 0 acjd resi dugs 75-316,. 128-%16, I%?g—3l 6, and 158: 316,
respectively.° Yrhr BRYSRoT1 eSOV AT At hal 8t nitPa (B2 Ehed?” stPtture
based on ciregpillarnidhchaoe Sihest wWh=s,ibeddaadlchersctaddieddo (Bindneéd et
ost eopr ot egeyi n. e inportant, thou i.s that the three variants were
active in it vi t}ggz35§?§eﬂa%’éya2t’aqub,%fg% .esﬁeggﬂoﬁreosttej\?gri%ﬂ? was
studi ed furddteropddtegretrimundneetespsotageénin al femd.t hi s vari ant OPCGL
exists as a trinmer in solution and forns 3:3 conpl exes when incubated with
osteoprotegerin. The binding affinity was found to be 4 nM This vari ant
i nduces si grtfdopanit eigecrieasies & nnblredbdseonezed ocahmbeumofhyyrer calicemt a) in
mce in vivo. Co-.adg@' nitst ration, of (%steggr orIeger.itn Si gnjcfi canEI reduced
this hyper CRICEME FECH fFCEpEPr tamily. Invvitro, osteoprotegerin

blocks osteoclastogenesis in a dose dependent manner. Trans-

genic mice expressing osteoprotegerin exhibit a generalized
increase in bone density (osteopetrosis) associated with a
decrease in osteoclasts. Administration of recombinant
osteoprotegerin produces similar effects in normal mice and
protects against ovariectomy-associated bone loss in rats
(Simonet et al., 1997). In addition, osteoprotegerin-
deficient mice (knock out mice) while normal at birth
develop early onset osteoporosis and arterial calcification
(Bucay et al., 1998). These observations strongly point to

the possibility that osteoprotegerin blocks the



The | ongest variant (am no acid residues 75-316) of OPGL did not bkrdfg 2002
osteoprotegerin and it did not have any biol ogical ac~ivity. t~~ 1~ ~

f nn) ,r ~~—~_6 At the time of construction of the N-term nal deletion
variants the natural cleavage site in OPGL was not known. Expression of
full-length OPG in human 293 fibroblasys resulted in soluble OPG

begi nning at amno residue 139 in the murine protein or at the honol ogous

am no acid residue 140 in the human protein. These expression studies al so
showed t h&tf St iatdr@. afesedteanl Igtom eXdpy essioripal hidranotebbsei s

gl ycosyl A s urprd si jne u contain
three pota%ﬁ% afgglfr&l?cdgg{ﬁl} i%r#ezi '?%s né)c?hg; gﬂégr%tﬁarl?arf]iggﬁd%%nﬁi n. The
concent r atyrgn lofreggtledpr o &gerna Hesdyipdddnandsteemumsegardnds khewn but
t he prot eélﬂ):r@,st S S %%”%obbgég%%%%laa‘:“ vity at a concentration of 1

i f

ng/m . Biological activity o IS a potent osteocl ast

differentiation factor when conb!ned mﬁth CSF- 1. hbither of thesg
conponent § al,qne @06, GARAD) & Of nhRAUSL NG, OSHROER) 3% ﬂag‘,fee@femq atpon from

progenitor cells. G 1s a potent activator of mature osteoclast. Onits
own, OPGefirdtvates kdangiadosteoctadt snewralsisrindore. f@pPterhashabt been

observed 410aflata% an AleRalast gro%%ﬁobﬁ\%%@r Ortgageocmﬁb@am%va'
factor in these experiments. _ The action of OPGL does not seemtod be
speci es resieqtasd Ftmrataenopéingnsd fhdated b3t Bocl ast formation in

cul tures of human peripheral bl ood nononuclear cells. OBJECT OF THE

| NVENTI ON The object of the present invention is to provide novel therapies
agai nst CEfRanmteasdnact gandd (BPGeXcelss Borwedsonprben, ofuckhas

0St eopor OSirpurA ddbddarls ol 8@y 1 FadQy of cytokinds A2 exists in
both a membrane-bound and a soluble form. OPGL binds to
osteoprotegerin with a binding affinity of 4 nM. In vitro,
OPGL activates mature osteoclasts and modulates osteoclast
formation from bone marrow precursors in the presence of
CSF~1. It has also been demonstrated that OPGL binds to the
surface of osteoclast progenitors in CSF-l-treated bone
marrow. The receptor for OPGL on these hematopoeitic
progenitor cells is, however, unknown. Recombinant soluble
OPGL is a potent inducer of bone resorption in vivo (Lacey

et al., 1998).

Description of OPGL

OPGL 1is synthesised as a type II transmembrane protein
consisting of 317 amino acid residues (human, cf. SEQ ID NO:
2) or 316 amino acid residues (murine, cf. SEQ ID NOs: 4 and
6). Alignment of the two amino acid sequences show that
identical amino acid residues are found at 87% of the

homologous positions.

The OPGL amino acid sequence contains a short cytoplasmic
domain in the N-terminus followed by the putative transmem-
brane region between amino acid residues 49 and 69. Based on

its homology to tumour necrosis factor alpha, the
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devel op an autovacci ne against OPG., in order to obtain a novel treatnmemnt
for osteoporosis and for other pathological disorders involving excess bone
resorption. SUMWARY OF THE | NVENTION We find that the above-referenced data
suggests a pat hophysi ol ogical role of OPG. The in vivo evidence is
partially circunstantial or indirect but Es in our opinion convincing
especially in conbination with the direct evidence. Qobserving that
injection into mce of the reconbinant Cterm nal domain of OPGL results in
sever e hyperxtatacatilaliar owarspi afonOpel ntikadi reean y sugggspathophyshbel ogi cal
role. Indir MAENGe CoRBS dAMd e, OSkEORr OfeGes Nsgdedi & RNt £ pike
(knock out %&%e‘ﬁt atlg)zve_n t houg norn%l at bi rteﬁ;g‘?évg?op earﬁ onset
ost eopor osi &inkhiacishowss itdvet Merwvilivy -a amcottien achavebil hdsndPepiahd
neut ral i ses &Gl SR Q05! 2ARPHAST S50 o COEI LMt iR Lhe oSt
| i kely reason for this 1s an increased osteoclast maturation and activation
caused by OPG.. Two ot her pieces of indirect evidence are that both mce
transgenic 4,00 psleopratagenidy At M08 i el 8dcw LRLESEOMPLNZNt ¢
ost eopr ot eger%n dge_vgcpo_p 0 tleopéatrosirp's. Thi s shows t%g{) unnat ur a h?%h
| evel s of arpewiais t Hadusiinds optbkand nBRAFlal ivwidd i tlesef f EbeS | 8ads to
0St eopet r 0S4 fon H&IH éMiﬂ&”Haﬁ&k%éQT@ﬁe%h'%P&@Shbgsaﬁ§@$9@§y'Qeéeggg%eassg

osteocl ast maturation and activation caused by neutralisation of

theref ore seRfyestloaedpdel obhenGN-CHE. 2and vast eapled dgeGE d¥pndsepositi ve
and negat | Vt?l.r,eg‘fb%%gr_sJCOf B?é%?m‘df@r{. dgysl 0@@%@t0’~2r5§§@‘?0ta!n?ég| ¥ank1), ot her

wor ds OPGL -~ pronotes bone resorption

ost eopr ot egersgedmihiddivt s(hglee scesartpta bn. THYS, Natwed aBPOn Ld5057 2oporosi s
OPGL coul d he thought of, as "pat.hogeni ¢ nt " i ch.pr bone
resorption vat pirﬁg?ﬁ% end ?gsé%s%%‘SW%staesopgrgg%%ﬁ%}g\% kgvl\nl%ggggéﬁg%%%?egeri n
can be visudaetsed @D "t herapeuti c agent” which counteracts the

"pat hogeni ¢ agent” through neutralisation of its effects. W hence propose
to down-regul ate osteoclast differentiation/mturation/formation and

ost eocl ast xtdnal i ntetmiough daletveon preddsntonobf muningoddREL chpadl e of

neutralizi 'Q?eque LOELERY spropi ding ;a safe %’%%%H.Ciﬁgésém@%'éﬂ{s
treating/ ane |oraﬁ3ng and/ or preventing ostgoporom $ and ot her @i seases
charact eri zezhdistad efcesyncatteish desriguesesdbptilén défpaléd t87thebrate of
pone for MLl oD 1 sHiide | ddi i0RIGSt 1400 ARSL gRRSEEL:SGRPLant By esent
invention relates to & method for Pn vivo own-regulation o

ost eopr ot egemindn gfndheOPGLytaottvrey haseth am nelircudelruddnghaohsman

bei ng, the nethod conprising effectin resentatign to the ani 'S i mmune
oyst o of ALTTHROPGE CaH §oErr BELP vEP DL DSt SqP PP LRGP Oe
pol ypept i deimporsizbsgqubnegh hies edfatwiiheh thasebeani drramneateedcsdve ha

i mruni zation of. the animal with th G epti de or subsequence t hereof
i nduces pr odfucti G & SANEi 6@”8.‘:8 gga%:ét ?ﬁéeél%?(l pol ypepti de, and/or

The shortest wvariant was studied further. Like tumour
necrosis factor alpha, this variant OPGL exists as a trimer
in solution and forms 3:3 complexes when incubated with
osteoprotegerin. The binding affinity was found to be 4 nM.
This variant induces significant increases in blood ionized
calcium (hypercalcemia) in mice in vivo. Co-administration
of osteoprotegerin significantly reduced this hypercalcemic

effect of OPGL.

The longest variant (amino acid residues 75-316) of OPGL did
not bind to osteoprotegerin and it did not have any

biological activity.



- at | east one OPGL anal ogue wherein is introduced a nodification in hgf 2002
OPGAL. pol ypeptide which has as a result that imunization of the animal with
t he anal ogue i nduces production of antibodi es agai nst the OPG. pol ypepti de.
- 9 ~1t C20J2 9 The nost attractive aspect of this approach is that e.qg.
ost eoporosis can be controlled by periogic but not very frequent

i muni zations, in contrast to a therapeutic approach which invol ves
frequent (e.g. daily) adm nistration of osteoprotegerin or nolecul es having
a bi ndi nttafffienitifpet of PRSI EoUS Tt RBFeW ERtMInali sledeféenedatiat 1-4
annual injgcliens VMatthhx%rl | ATURRHENT G1GRNPOST e, Wehd Bersukfdgh ent to
obtain the desired effect, whereas adm ni stration of osteoprotegerin or

ot her | nHiHitasrsd o TPGEUASTLoRgyhwRGE r ByuinbBadaiddd adibApPRia%Es ons. The
'”Ve”t'(”ké§&¥%é69H§I%%15%1@P@bG@”%E@gHﬁ§nésa%ebhlﬁé Fosyed el g9 agh d
fragments encodi ng a subset of thesé. Al sO inmunogeni c conpositions
conpr|5|rEPQtﬂ?Q%ﬂﬁ(ﬂﬁﬂ&?lﬁrOFhétnﬁéﬁebémaéPEOFEa@ﬁéﬁ?saﬁ%% partdet the

i nvent i 0“140Th§n' Ryentd Bl SPot &l Rt eentoea JBIRRd i8h dqptidyi Hgs@nal ogues
of OPG. as well as a nethod for preparing conposition conprising the OPGL
anal oguesshaashithpt sREUPHY ARG el g tiFor eEPREESEPRalR NGB eopor osi s

and ot herc@ﬂl%queal&aggp&%d zq@ulsnl%xsae%ss@p@ﬁlgl Rl b8Rh Whelgdn 1S
adm ni stered a non- nol ecul e (typically an anti'body) which blocks the

|nteractl%ﬂ?'@@@ﬂ@eﬁpﬁﬁwfp%ﬁﬂﬁqt??qe§c€BF8Ftb%l0%1%*%99%%@a§éPPss1¥XFTAILED

DI SCLOSURER, @meldE tNMENIL ON; Pehéindéheons. In the foll ow ng a nunber of terns
used in the present specification and clains will be defined and expl ai ned

in detail in order to clarify the metes and bounds of the invention. 9 L~
| :: C 200rhkD concentrations of osteoprotegerin in blood and tissues

are not known but the protein has significant biological

activity at a concentration of 1 ng/ml.

Biological activity of OPGL

OPGL is a potent osteoclast differentiation factor when com-
bined with CSF-1. Neither of these components alone are cap-
able of inducing osteoclast differentiation from progenitor

cells.

OPGL is a potent activator of mature osteoclast. On its own,
OPGL activates mature osteoclasts to resorb bone. OPGL has
not been observed to act as an osteoclast growth factor or

osteoclast survival factor in these experiments.

The action of OPGL does not seem to be species restricted as
murine OPGL also induced osteoclast formation in cultures of

human peripheral blood mononuclear cells.
OBJECT OF THE INVENTION
The object of the present invention 1is to provide novel

therapies against conditions characterized by excess bone

resorption, such as osteoporosis. A further object is to



The terns "T-1ynphocyte"” and "T-cell"™ will be used interchangeably tpg DEC 2007

| ynphocytes of thymc origin which are responsible for various cell

medi at ed i nmune responses as well as for hel per activity in the hunoral

i mmune response. Likew se, the ternms "B-|ynphocyte” and "B-cell"” w Il be
used interchangeably for antibody-producifg |ynphocytes. An "OPG

pol ypeptide" is herein intended to denote pol ypeptides having the am no

aci d sequence of the above-di scussed OPGA proteins derived from humans and
mce (or trdgficstas amherelodvatimian R indis il al imridar ofo Bkiedin edi t opes
wi th intacty QRO )y lhedltS 2 oROLYPERLS AES: AU G dr® i BaRfbEogEQHENCE
identical to anal ogues of these two proteins isolated fromother species
are enbracedi Wrdars tievinl VANgo cHR§E§ coeye ar e frRirkan of OPGL which are
prepared in prokaryotic systemare included within the boundaries of the
termas are forns having varyin | ycosyl ation patterns due to the use of
e.g. yeast SSUIMEHET A #ﬁ]h%ﬂﬂ?g@g eukaryotic expression systems. It

shoul d, however, be noted that when using the term"an OPG. pol ypeptide" it
is intended that the pol ypeptide in question is normally non-immunogenic
when presefied f&n€hethatmltheo PasgrRdgrensedt hetd bgor dsR9geHE OPG

pol ypept i deyJ h bl flgQlain ¥1d SofNopsal ogHe afy SwGh e sehdndy of&in
which will not normally "give rise to an I mmune response agal nst OPG of the
animal in RAESHIPAY AHroOpEtagiarégas” 1nd1AACOPERE pbfypRpPHHeCRAREM! has
been subj e%&ﬂzﬂrﬁ:iﬂ@ﬂ%’%éc’la'ltl%bprihna(:}ém%%!a!‘éwﬁe-w§HS_h gh&hagge.can e. g.
be in the formof fusion of an GL pol ypeptide to a suitable fusion
partner (i.¥1dendfange in primary structure exclusively involving C and/or
N-term nal additions of am no ac-d residues) and/or it can be in the form

of insertions and/or deletions and/or substitutions in the OPG
pol ypept i dPRSSEHING defaf setiefptEon ALREC efd BRp&Ls dd by FRIR EaRtare™
derivat i zed EndM0|REH €S ,ofoOPGtLth@iu&@L:lSShoﬁebéké%gfbeﬂﬁﬁliéérﬁﬁé i pRs of
OPGEL. " ~Q~C?00? 11 It should be noted that the yse_as a vaccine in
a human of WXEWIHRR sPdeteedigechlyah? m AT 0941G5duéPLsr hunan
OPG. can be inmagined to produce the desired imunity against OPG.. Such use
of an xeno-anal ogue for inmunization is al so considered part gf t he
i nventi on. Iﬂfgrteé%tme"’r}rﬂ%é’pﬁoﬁ‘@s i’ e OFESBROTEIRFERTIPhE &hTRY t o
mean bot h shicid prpdécdesudl Hicem 2thet 1@vam nthasdl hesmduesit obigepepti des
of from 1140 ]]g:g) am g& aci d resi dues, and pgkggeg}]i des, of nore than 100
am no aci d Y8\ £ R (RES o PE FPRETPEL fir | s PHE ehtRl FERPRETIUde
proteins, ia erdusict itbaal bhbhasobecul &5 cayiadiiRgsati tkeastcone pedypepti de;
when conprising.at | east t pol ypepti des hese y. .f.orm conpl exes, be
Coval ent |y 1 ARSTOPEEORAS- bEe Romsti SREr, s il S N0 peBt, Bt s)
protein cantties glycasylatedased/ ostédplakt edaamctHtororcompd | set prastideti c
groups. The term®"s guence" neans any consecutive stretch of at |least 3
am no aci drs]cacl)lrs,edrv\%é/n%?g evant, of at |east 3 nucleotides, derived directly
froma naturally occurring OPG am no acid sequence or nucleic acid
sequence, ect.i vel ronanLpal oL s Lt pr, nt t in
general i nt@ﬁjge&délé%ed%in%%%ga%?a%b%?éggegivgée g?ePgFa&%%etrmbrﬁ%grilgn e such
as Honp Sapiransge@dni s fdonessteoprotgeriand amst jase ohrjerhgiie whtimal .
However, the dGin,also ﬁ@'@%ﬁfo@eag@f’iﬂ ald QR SB%@g@Ee@Pbg?E.SpﬁHfs’

t hat the | c [ e

since it is 1nportant ndi vidual's i nize cording to t
met hod-of tsh@vwisnvidrtti ownratuwl bolgh shgse bat Pl by ried sganet PG bEdDwi ng

for i muni zgddron, 0f BQGt@Qiﬂf&%Dg‘EEhe_tf?%c%gnﬁeiamu“&938£§%opét§ro§£’£.

i nstance, genetic variants o exists in different human popul ation it

may be necé¥¥Ery Moo aeseldirf Ehafit thifulegehssi AeeaneRde M fF edeP PPl at i ons
in order todeRhletto higak fiigaut ofheranece;lavards ORG, s ea

popul ation. It wll be clear to the skilled person that _. ct DE ~ 2002
12 an ani m@leYtiadHéapresef eBatext is a |iving being which has an i mmune
system It is preferred that the aninal is a vertebrate, such as a nanmal .

in a

We therefore suggest a model in which OPGL and
osteoprotegerin act as positive and negative regulators of

osteoclast development, respectively. In other words OPGL



By the term"in vivo down-regul ation of OPGA activity" is herein nmeanf QF{ 2002
reduction in the living organismof the nunber of interactions between OPG.
and its (unknown) receptor (or between OPGA. and ot her possible biologically
i nportant binding partners for this nolecule). The down-regul ati on can be
obt ai ned by neans of several nechanisnsy; OF these, sinple interference with
the active site in OPA by antibody bi ngi ng i s the nost sinple. However, it
is also within the scope of the present invention that the antibody binding
resul ts i RreeeiRmibase OPEPrBYiae aviehigerosterpgotsdeniasiMudridshigas and

ot her phagogythei&ells). The expression "effecting presentation ... to the
i mune system Is intended to denote that the aninmal's i mmune systemis

subj ected to an i mmunogenic challenge in a controlled manner. As wil |l

appear froguthe; di s€] osie 0ol Qe il Shaldpeige o ot e ERBYRRLSY$t em can
be effected in a nunber of ways of which the nost inportant are vaccination
wi th pol ypepei deategen it mEephartlcd] menqtiese the Pone FeS@PERCNS

adm ni stegggeto sty eatnor aR| i 01858s0NQQY NYoGE8685FIs LE. Nugligkkiaei d
"pharmacci ne" vaccination. The inportant result to achieve is that inmmune
conpet ent BEFPRTEYFLIHE MarfidfalPeaare LHrfeest 8¢ Wi t FherarastigeAgrRtan

i munol ogigakh Y efS@td MtBNNaihe Wheneas Jdas iRf ecizgenide of-8ghhevi ng

this result is of less inportance to the inventive i'dea underlying the
present |ReeHEFbFSatARD O HUS PhiR6§Emi cal |y effective ampunt” has its
usual neaning in the art, i.e. an anmount of an inmmunogen which is capable

of inducing an i nmune response which significantly engages pathogenic

agent s whiiehhEREF ePFRRARBI 66i GaWIrégoulesewiost PR apfmeRddenentia- p ~ f,
?0C. 13 Whesn uid g e ression hhat ot heo&PG: has heen onmedirhiugd” is
herein neant a chem cal nodification of the pol ypeptide which constitutes
the backbdReVérooPELduStdRNa Gttt ERAGIGT capPRe BE dsMt¥atizabfon (e. g.
al kyl ati oppcof eeetkabl) HVEAABGIH &sedaduesahd LiFgiGPchrsamigncesobut as

wi |l be apprecij at)ed fromthe disclosure below, the preferred nodifications
conpri se cHeMgeS /GG Ftingr yaRE/ et BFEVEPTERE PHECWRATRS Iici 8"dequence.
Wien di sceisiséNgdiauhetsl efaice teowakds KPGan idxdssdingeest aad bhaé since
OPGE is a self-t{),rotein in the po;r)lul ation %o be vacci nated, nornal

i ndi vi duaf SSPTPHIRE SRcEECoCdEPRof 2hBuit RePT nﬁ?ﬁi%atr‘ég’ponse agai nst OPGL;
it cannot be excluded, though, that occasional individuals in an ani nal
popul atigp m ght be_abl e t roduce anti bodi es. agai nst tive OPE., e.g. as
Poart of ol o Hinhes aPEet Rt AR QRGO aPEISEal aEHRE: wFhE REPREVEY only be
aut Iot ol eragxter_ttqwr g&lbtésow s, hldwtfoir_t iﬁanmo§ d&ﬁmﬁ—&.@glmdl@di_bhabﬁ@q

anal ogues _derive rom ot her__ani cies _or . froma popul ation_having a
differ entoﬁﬂprpondteergﬁ‘[ﬁe |a&%ar'§‘89§3?t oPEFATEEY by 8ai @2 anfREP2LA "forei gn
T-cel | epitapelingra himesai geihgl,yrgiwoydenepi toppr)sisg acpepttdegwhi ch is
able to bi ned da.an VHC {rgl e%lFIJ e annd. W,ch stinmulates T-cells in an aninal
speci es. Preterred Yorergn T8l 12601 oges TH ' He i AVEAtTon Are "

"prom scuogusinologdidadpes efifeeriepi bopest wf ch bind to a substanti al
fraction of a ri I o] ules_j i Les or
popul at i om0y SuH e o e R PR oA R E " s BaR e B b SERSE 8, 71 e
are known, andvhtiledy haisl [beem diogowdetddi sodehak| ibehowzatioshefll thée noted

that in order f{ the .| asHs;, W S j t resent
invention to t?enq@ta egﬂ:ggy?% as %}&&@gﬁ%?ggtIggnﬁgtf%ﬁdeg%iengp%g%%ﬁl ation as
possi bl e~ it rmdugesnepesdacyionw DE i pssibodéger algdioradi gith®- cePEL epi t opes
in the sane OR s~ | = anal ogue or 2) prepare several OPCL

anal ogues V\helpg_lﬁpeeggﬁdgha gédééhas a different prom scuous epitope
inserted.” It stoulerde nocedE8llscandrguchewbenedpt i6f Frurrddpeer cel |
epitopes al $0 £Aeeupassss Hseul dHPLbey Tabelie SRIGPeR, bota ERLEOPES
which are derived froma self-protein and which only exerts inmmunogenic
behavi our wherfueki $hPfigirRunsarbied $orihavaHowt beithgtpar enaioghe

sel f-protein ijpuesti gRoqdet o eign InhebpelelymioGdie @Rkt opesy (2
foreign TH epitope) is a foreign T cell epitope which binds an MHC O ass
Class |1 nol e®NL&¥PERELEEN be presented on the surface of an antigen
presenting cell (APC) bound to the MHC O ass Il nol ecul e.



A "functional part" of a (bio)nolecule is in the present context int@ritiegl 2002
to nmean the part of the nolecule which is responsible for at |east one of

t he bi ochemi cal or physiol ogical effects exerted by the nolecule. It is

wel I known in the art that nmany enzynes and ot her effector nol ecul es have an
active site which is responsible for the gffects exerted by the nolecule in
question. O her parts of the nolecule may serve a stabilizing or solubility
enhanci ng purpose and can therefore be left out if these purposes are not

of rel evandédd Mmatfe oiaXEiY aseett aPh EnbediapPrrash tife Pradsentd-

i nvention. Jledppsbansechl hs RaSIAhed ByUser 641 AIhCHRKLAEY ASeA

modi fying noiety in OPG (cf. the detail ed discussion below, and in such a
case, the B FHSNABRCLCYShaybECPEF@FEVAAL AasERABE2PRRL EBUPPPTRAGD OPGL
provi des thg islrabihibyvascessafient Nl 81 M dadi pvaniinihastkheiyauabs meani ng
in the art of vaccine technology, i.e. a substance or a conposition of
matter whi GFHEOPIPLREETRRA Ofs EIFLeCad&s a9 ngoht P H i % pefeli it W nvRine
response aggidistaddi&ddninogensfci hervagsi Repebibawhingh i 2)amgyer t hel ess
capabl e of enhancing the i nmune response agai nst the imunogen. O, in

ot her wordsiniegddiong with - 2p0 18MPPEASHEh GeEPREiG¥aRt alidde dees not

provi de an JyFRREcheSPONSIS: ATAITHE del38 rbANERLES, WRGTRABEAM YLK 1 he
i munogen may or may not give rise to an immune response a%alnst t he

i munogen, HOR CheCEbAPRHRIPIME wat PERSH tRhibtimicyef &RELadfFtdeHtY i nduces
an i mmne rESNANSRqAGakNahilheabfRnege N Whigh is stronger than that
i nduced by the i nmunogen al one. "Targeting"” of a nolecule is in the present
context intended to denote the situation where a nol ecul e upon introduction
in the ani me Wrklen2ppaakipbetrenantsaktbyobOLCcghhBbiuds Sssiesdl OrasMid be
preferential | aSSOCiﬁ{,ﬁg with certain cells or cell t¥pe . The effect can
be acconpl i 1 &€ ERIBE Ry ENFAREEDEI iy F'RFEN aPfo S-heHifl ecul e
i n conposi tingiunbaehliict adne diarigelsi nghrr 1y gt flesluahb0Bgi8st be MHecul e of
groups which facilitat eS targeti ng. These issues will he discussed in
detai | bel GWCYe3E RG-St FEAIBF ERed T TRt SStEif SRS PRat a subst ance or
conposition of matter exhibits a general, non-specific inmunostimnmulatory
effect. A nunber of adjuvants and putative adj uvant such, as certain
oyt oki nes) e B b FAEG FELSFPRUEGL B FRERTihe SoSt b he sl | of
usi ng an i Mmugnest bAUOBEL rngs agarnt aiss aafmetNed efse brepagrihgessmpoditiwen | mmune
system neani %% t.hz%t s;:HuI é?g ous_or subsequent i mruni zation with an
i mmunogen iTTdREeS§ 8% gﬁi n???/ T ef fective i mune response conpared
to isolated use of the i mmunogen Preferred enbodi nents of OPG. activitv
down-recrul.ati It is _preferr ha he OPG. _pol ypepti de used .as an
i nmunogen ifﬁtntaﬁgyl‘ret ﬁg oﬁntg Iég?ﬂ%l/en%?%%g?sé %%Dd?finé%t% ectl & Whet ei n at
| east one cisdrgporssps esehtotiert kg sERERs acham @i zeelgienercess nomd he
chances of I.0i t |.i mpor.t r. [ o] Q r e rds
OPGE is gr é%t%f"?p?%@?ri taeecf]t%a?gwga%ﬁ 1%3%&%%(1 %e%'ﬁégt égb?thOCJt c|tu§ngélloes not
(typically an antibody) which blocks the interaction between

OPGL and its receptor on osteoclast cells.

DETAILED DISCLOSURE OF THE INVENTION

Definitions

In the following a number of terms used in the present
specification and claims will be defined and explained in
detail in order to clarify the metes and bounds of the

invention.



- ~JC f: t; z &? 16 exclude the possibility of using such a erde‘gl QEIL‘ 2002
OPA in formulations which further facilitate the breaking of autotolerance
agai nst OPA., e.g, formulations containing adjuvants. It has been shown (in
Dalum1 et al., 1996, J. Inmunol. 157; 4796-4804) that potentially

sel f-reactive B-1ynphocytes recognizingself-proteins are physiologically
present in normal individuals. However, in order for these Bl ynphocytes to
be induced to actually produce antibodies reactive with the rel evant

sel f - pr ot Bids, tewwss st dhckymshowddedd farmm cYToke he” preduki nge T- hekger

| ynphocyt ~, =l S |y thi Yo ot
provi ded ﬁ%%%ﬁa?ﬁ%a%&%ggﬂ ggﬁgﬁgggﬁéga%fdgﬂkg?kr ég%g!ﬁﬁzgﬁ ?%eﬁlrgepi t opes
derived frofoodifols otai neamimrs prekenmedi dyedniigene presepieag aell s
(APCs). Howevels % RLAKLA! 80:80; £} SRty Ofnud A GRRGSS. bloBnsgl f-proteln
(i.e. by |ntrodgu0| ng an i mmunologically signiticant nodification), T-cells
r ecogni zimgkawief, oit8egheanentlitl v ogotelated UporekEcoydilziagusae forei gn

epi tope oAl ARl 35 gﬂit&ioa!)j_l,yp]é@d&@m Ul BHoGRld.. Pol ycl onal

B- | ynphocytes (which are also APCs) ™ capabl e of recogni'sing self-epitopes on

the nodified self-protein also internalise the antigen and subsequently

presents Arhe‘éﬁLeiEﬂﬁyE'eﬁ%hbeepiiéOﬁgﬁéintﬂ%@rﬁed %&ddte*fh%técbbﬁl?ﬁéﬂ- ,
T-1ynphocytes subsequently provide cytokine help to these self-reactive
pol ycl onati® sy haideyg ébe snape ped aprdutieL hridduedeveydireyasedl ycl onal

B-1 ynphocyg@s gr&cd 838t qarfv it t Brdhf hergRt eRid aRE&S Ofof he ARdhfé&d
pol ypeptide, including those which are also present in the native

pol ypept i deerenf sherbbdya cPeRstanddetli ¢aownt hof ¢t mrdittregd Yéth- protein

is induceghtddt comelusivinn 416 Tpbypphocideas kanme tied 4Ridstadsaif the
popul ati on of polycl onal B-I yrrphocy¥ es have recognised an entirely foreign
anti gen, TREIEHESE | ARRELCBAI Yyt héedOgMEsd epi tTRSs) tiWe aPECE®ERF gn to the

host. In iddfated frdm other2apPéclésWaye ambirhediesycapabtermf aiso
cross-reacting wi th non-nodified self-antigens are induced. Several ways of

modi fyi ng* B8 PERIVIS LSS f LafSgert n Gider T Tbt aFFE br RERPFEEDF 10
aut ot ol erprie rdioe iknewstém d:he ididluddanaethas candlivihrddartiibe bRveréi on, the
nodi fication can include that at |east one foreign T-cell epitope is

i nt r oducePThfd Gre- TarMPedavinmevaT Y I ISP I AP BRGEBENINTER ef fect s
tar geti ngc®ftHhersediff keg. Mpkests ot withe @Mdrgaampaasant eqgaegbtic APC),
and/or - at |east one second _noiety_is [ntroduced which stinulates the

i mune syStRARSSARY GWSTERS | dist BFV‘}édt hPPHERBF et §Si BOFRTr bt e Shi ch

opti m zesufiresehlateon Oin tdmsipdilfipegt OREL Dol ypepidaricdothhe thaune
system However ?{11 t hese ngdi fications shoul d be carried out r\"’hi | e

mai nt ai niFY R EfosFantt afUFF BEYT of Sof TR lori i RAT T ERFRAEHES t B @Di t opes i n
OPGE., si nueddmred ltpmhecphemmécagnibei areatetiheInabvter nebeds)) ethes t her eby
enhanced'OPGL polypeptide is a self-protein or is an analogue of such
a self-protein which will not normally give rise to an

immune response against OPGL of the animal in question.

An “OPGL analogue” is an OPGL polypeptide which has been
subjected to changes in its primary structure. Such a change
can e.g. be in the form of fusion of an OPGL polypeptide to
a suitable fusion partner (i.e. a change in primary
structure exclusively involving C- and/or N-terminal
additions of amino acid residues) and/or it can be in the
form of insertions and/or deletions and/or substitutions in
the OPGL polypeptide’s amino acid sequence. Also encompassed
by the term are derivatized OPGL molecules, cf. the

discussion below of modifications of OPGL.
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In one preferred enbodi ment, side groups (in the formof foreign T-c

epi topes or the above-nentioned first, second and third noieties) are
covalently or non-covalently introduced. This is to mean that stretches of
am no acid residues derived from OPG. are derivatized without altering the
primary am no aci d sequence, or at |east ,w thout introducing changes in the
pepti de bonds between the individual am no acids in the chain. An
alternative, and preferred, enbodinent util-ses am no acid substitution
and/ or deletion and/or insertion and/or addition (which nmay be effected by
reconbi nanty \%E:o?mﬁd BY noted th%@ct%e T8el8sMBans o0 nReRh! gehéMQEhSF S
nDdlflcatlons Ich involves | onger stretches of amno acids can give rise
to fusion p@lwemar@elg);ueOﬁe especialing preberréde varsiaguedf ofthpgman
enbodi nent h |Eg%qj 9 49, | s a
met hod for . \A%rl%erggb%a?l&n%g? fs&for ot eldr?s% \t%?el rérén%)g?%(?nlgmvgqh ng‘figgggs of

t he sel f - prOf@ nsSugerusien o4 ﬁnnﬁenownemcmﬁ dean isEynereddPnhas péeq
substi tut ed gﬁgfhékéé;g?%%pqu%ﬂg QHOQHﬁlQﬁ am no aci d sequences) which each
conprise a ?orel nodom nant T-cell epitope, while at the sane tine
mai nt ai ni nng'emetwe ‘Polypeptidey it ricttheePsfsehe c@lferyyr dingiended the

anal ogue. FpLat he, gy pgﬁsetofpémd%ese@t £IMRNGI 0 1101 SNQWEVEE g
sufficient 1f the nodification (be it an insertion, addition, deletion or
substi t uti o¥SiiuRsy rpéégP@thﬂéﬁélgﬁfTieéml &pi tbpe HHY aminpe 3ah@ tinme
preserves a-S4fiaNt| éhd”%ﬁl%fpe%ftlb"é% BeehbrepidipRes100. @GRE@no Howeyer, in

order to obtain naxi mum efficacy of the irmmune response induced, it is
preferred tFRidURs oVerANeIere; atye skt tif 1o dmGendednkPniBrhBEi n t he

modi fied nojeotd s, The, £ ol 4 witngnkar I%'ibﬁlOd@%ﬁieréoﬁlP@lg)% S@”?aééé't?t S
general |y cover ed by the invention: (MODL) sl (OPGLel)

(OPGLe2) n2one RolyRamtprl:sX¥herPepBRY1foq 4t )lemrtyoweﬁepeepeﬂeﬁr are x

B-cel |l epi topes Lo @i FOAY SHRSEAUENCESe Of o $ D @n ity Chi diddependent | ypar e
i dentical or non-identical and which maX contain or not contain foreign
&

si de groupstox GV aetHYeddnkeds, The- RR1¥PEPR1PA{BYetd & DrPEeiPed2® one is
> 1), MODlMEPx, sgzlétré@d'aBHQQE' @i_\ﬁlaméc@w/cbxbew@easrehereéeﬁefyed
B-cel | epltopes sx are X integers > 0 (at least che is > if no
side gr oupsg%ﬁ%p% ntroduced in the OPGLe sequences). Thus, given the gener al
functional restraints on the i nmunogenicity of the constructs, the
invention allows for all kinds of pernmutations of the orj |naI Oﬁ

sequence, amf 49k P fauence gmeans_asyo§9NE§CHHYY i EE{ PoRR the?kin.
Thus, incl udedd B bh@nbn¥ends Odﬂr,arvﬁlelﬁiDG}leﬁbeQnQD@thi didaed Bynaelsston of
parts of th CgP aﬁ? en(ge whi ch_e. exhi bi t adv nse effects in yLyo or
oni ssi on of " it’s EReAr STAEEREYT v M r Ac SAEIEAN Lan P THYE Tl 9F {Eﬂ“ve rise
t o undesi r ethimonidldoGegenteact i ousle i st iehaemedicea subptanivalyfracti on
of B-cell epitopes or even the overall tertiary structure of a protein
which is subjected to nodification as described herein can be achieved in
several wayBhe (reerni s“ slinElly’ tie pnepare paepehyckonakxaninsgenaral rect ed

agai nst OP t seru ar, r use
this anti seqr_eun(rﬁ{eeé]g ta t'6s Q)ereeé{jgner%rlll?%"%‘lli S%%Clgscéhgg? %%SZQET%%%fg;% hst the
nodi fi ed prot@di nss wioed aaei groHduCedi s M és etcusmr sttons rahatoguesst whi ch
react tot Sa ten th er regar ded
as havi ng teh s;r%e%ver%f]%%'grtlg?‘g&é lfuc'ttrlﬁre é%% va%ﬁepgg}slogﬁal o%ues
exhi bi ti ng redulmttied Efusushi bh snym¥ isenicand sspeei fitc)sr dmporvantly with
such an antisar YRAr 6, LOALARd, A5RAvIAY ARG & suhstantiad Jeaction

of the origin epi t opes.
the invention all harbour substantially the same OPGL

allowing for immunization of the animals with the same
immunogen(s). If, for instance, genetic wvariants of OPGL
exists in different human population it may be necessary to
use different immunogens in these different populations in
order to be able to break the autotolerance towards OPGL in

each population. Tt will be clear to the skilled person that



Alternatively, a selection of nonocl onal antibodies reactive with distinct
epi t opes on OPGL can be prepared and used as a test panel. This approadh( 2002
has the advantage of allowi ng 1) an epitope nmapping of OPG and 2) a

mappi ng of the epitopes which are maintained in the anal ogues prepared. O
course, a third approach would be to resplve the 3-di mensional structure of
OPG. or of a biologically active truncate thereof (cf. above) and conpare
this to the resolved three-di mensional structure of the anal ogues prepared.
Thr ee- di ne@hsioedl dir Gdeupsegant beorrtesd] vied abyivheds deelinef whdichy hdpf fracti on
studi es apd NyRuaBectyda OPy: KUr theled nlor mtdonefel ablipgit oid hg tertiary
structure can to sone extent be obtained fromcircular dichroismstudies

- s ~ ~ CVoDDELRLevhiIFThase at Ram@ddant age of nerely requiring the

pol ypeptide in pure form (whereas X-ray diffraction requires the provision
of crystallized pol ypeptide and NVR requires the provision of isotopic

vari ants BY the perypépti déyoi dogpdeedvdapiovi 66 OBekupctavbEwat idn about
the tertiglye st et & Rfuck iGhVeR FRECEM £ng FOMBUAIom Wit iiRL AliMpXeT aY
diffraction and/or NVMR are necessary to obtain tonclusive data since

circul ar @f chntormaatdansodefweeoyvPEEL| addrbe3 autldunee afceptesctor

3-di nensi I’l@?d{l’e ha J [Walc S @ﬂgi(jaj-r tJy UG ment s.

One pref ek??gdaee?inbo i man?m(%f C}t’tﬂ{e&{ g\%&ﬁgggggutkﬁfi S€es ér/rahllsltyir pﬁgg%rgggéﬁt ations

of B-|ynphbeding @sintogas &pr AT s (Moleculer pulThe | dereTradylat ibaasanone

B-cell ephbd o dihiddl 85eREahl SMOsPASIA QRShanIbhs: &f @decan shRpaghi eved in
vari ous ways, e.g. by syrrg]l y preparing fusion pol gggﬁtl des cor_rgrl sing the

st ruct ur et FEPA9 RN SfheFe th i Bhan ackid§ersste 2 1gnd n Bt PBEEEedY he

nodi fi cathomns: gl sediseed hefeidingl At HRRerone +ofi st BesOPGEt5eAUEAEES. It IS
preferred that the nodifications introduced includes at |east qne

dupl i cati¥FPRE 4 BIPEnpHESFRE gt oand/At t Hee i ARF &Ry i BAPEERE hapt en.

As menti opeshBoVEn thendvdlr oglEcobon Ay astavengar Teeglk epddgpeasan be
acconplished by introduction of at |east one. . amno acid insertion,

addi ti on,m%‘élf%%l}}"’lﬂﬁs G Tt RPPERCYBECcoRt$2) - the normal situation will

be the introduction of nore than one change in the am no acid sequence (e.

g. insertion of or substition by a conplete T-cell epi topegO but the

i npor t antTRpaf*PEePRLYh | §TERGH 1P Re PERPEEREALEBGue, - wWidh PhOceE8REShy an
antigen psgsesti ngsCeldtdrARQ) , t¥i lder@itee thse theSUsding 'Yy €i@iune

i mmunodom nant T-cel | eg)i togﬁ bei n% presented in (C:]%‘rclﬂt_%é;[ﬁ of an MCH C ass ||
mol ecul e VR THE 6 f §BBIBFTERe HMPCATThaEMIPPIBRLEC 3am%s acfd fequence
i n approptérairipesi inaAAsr CORPrw SES appruirb Eroaf tiaen disdAsthreededoes whi ch
can al so be fourrlldljrn a foEe%;Ign TH e ito&e t hen - Q#ff%f%goz 21 the
introduct?%‘hh of " TOrEt g% T 8pil{n88 °c& Sﬁgma&?&rﬁel shed D r'ovi di ng the
remai ni ngmamero Etivasy nfo ft hwen ifadr eihgn meyitt dpgolry anmeanseofraaninat acnd
inserti on,. & ddi tli on tdecieetcioorﬁaarrlldnsuhs iat ut i gnhelsn gti hgr (\a/\orgsé.rilt i s not
necessary 10 i HINGTEe 8 SOMNPErd PH g%‘l tOpE“BY Pnsert Fon®or 25tbsTi t uti on
i n order whoidhl fiid | adhénpetposd ofot hergatesent iameddbirane | dbngsipgeferred
t hat the pnunber .of am no .aci d insertJions el.et j,ons,  subst.ituti or
addi 11 ons e g R BG, A8RE! pMiEnaBRASt SV SRR (808 O
15, 16, lifppcBant9,rez®ltand 25 hirger tisonbatsdbsbintutpopsteaddeel bns or

del etionsy, |lyes LHERAPT MDLe RIGGIed ol At hhec Mgl 196,am O 3¢ d
insertions, substitutions, additions or deletions is not”  1n excess of 150,
such as atmmustloni@aldly wdfectdyeamanpst, 88heands athaopregose |mods
especi al l ye p that; th er. of _subs{it ut] i hsertio

del et ons&,/f o%ggg%i{’tgﬂ%nrsﬁl o%sﬁﬁggﬂgxégedogoa%gﬁd ?@9%3‘??1:“2% zti:tro t ee3 nunber
shoul d notnwsidded 30icer vadenlydnghvpie prefert edventdofunber of not nore
than 30. Wth respect to amno acid additions, it should be noted that
these, when the resulting construct is in the formof a fusion pol ypeptide,
i s of t en Tensi ey abiyuumigirari addy 150 e Prigfee ramsdi rérb gt et s w$ud he

| nvent o, Jcliydes, mRAI Gieatlon by, s AN AlnheaskeANgn Lok L gn

i mmunodom nant "T-cel| epitope. It will be understood that the question of
i mune dofnfeice obf i@dpcdanl agpilrepecdegendssenvhhehapigalfseapd es in
questi on.o A% MSedaRRESEM: c LA der Wni LATMYAQHOM RANLR b3 cAR! Yehehiess to

epi topes which in the vaccinated individual/population gives rise to a

si gni fi cahttly rfgnémMespER8e, but it is a well-known fact that a T-cell

epi tope which is i nmmunodom nant in one individual/population is not
necessarily i mmunodom nant in another individual of the sanme species, even
t hough it nmay be capable of binding MHC-11 nolecules in the latter

i ndi vi dual. Hence, for the purposes



- 9f~I1~C1l 0J2 22 of the present invention, an i mune dom nant T-ceJ% FL 200
e J [ ’

epitope is a T-cell epitope which will be effective in providing Tcel

when present in an antigen. Typically, immune dom nant T-cell epitopes has
as an inherent feature that they will substantially always be presented
bound to an MAC Class Il nolecule, irrespective of the pol ypeptide wherein
t hey appear. Another inportant point is the i ssue of MHC restriction of
T-cell epitopes. In general, naturally occurring T-cell epitopes are MHC

restricted, i.e. a certain peptides constituting a T-cell epitope will only
bi nd effectwﬁgﬂ 4192 subset ot S MIC St id 18GUl€$ e fNis n has
the effect thatxll"ﬁg lécasgér tﬁe usE%%¢ one(ggécﬁ%s %?ce ﬁoggf%%%e w | |

result in awvdeigia cmamin@mchﬂmmh gogiify cetfient Péetha molypeptode of the
popul ati on,ang, %%%%QQ't%Qegntthbééiﬁ od dHap ﬂa%tulc?ln ¢an.be; ggcessary

to include nore T-cell epitopes in the sane nolecule, or aPternatlve |y
prepare a Al i econpdFentde phert e iy el a- @heaééﬂéeﬁeﬁﬂk &fe oPGaimriants

which are distios shed-§1omeach %eebP@x tsféelu@%web% the Jlf:lelllae epi t ope
introduced. If the MHC restriction of the T-cells used is conpletel

unknown (f G¥PRERSIGETES | Fremsi st i @lﬁs\%eﬁereheb@&@m natkd aRFAEPriRd a

poorly defingd M GAHROYMke EH%nEééCBEOEh@f pweapg?pgt@ﬁéeﬁlr&oa/@red by
a specific vaccine conposition can be determ ned by neans of the follow ng

fornul a (1I19he Qi&le agiinos achd FeEHaRARY in t he popul ation of responders to
the it'' foreign T-cell epitope present in the vaccine conposition, and n
is the total number of foreign T-cell epitopes in the vaccine conposition.
Thus, a vactisie cehpoFtitth coRLEPRPIRFI:Foretgrietdeel PPERIt opds he¥ing

9 ~ (=~ 2tdr{de2rs%%ordesma%e E&ﬁgeer@p@e ifs the %‘é@.‘fl-gtrbﬁglﬁf 8 tik 7, and
0.6, respectively, would give 1 - 2 x 0.3 x 976 -i.e. 97.6

percent of RIRFEFA at Fon VagFéP?E??caFFV“@lI individuals in the

population do not mount an immune response against OPGL; it
cannot be excluded, though, that occasional individuals in
an animal population might be able to produce antibodies
against native OPGL, e.g. as part of a autoimmune disorder.
At any rate, an animal will normally only be autotolerant
towards its own OPGL, but it cannot be excluded that OPGL
analogues derived from other animal species or from a
population having a different OPGL phenotype would also be

tolerated by said animal.

A “foreign T-cell epitope” (or: “foreign T-lymphocyte
epitope”) is a peptide which is able to bind to an MHC
molecule and which stimulates T-cells in an animal species.
Preferred foreign T-cell epitopes in the invention are
“promiscuous” _epitopes, i.e. epitopes which bind to a
substantial fraction of a particular class of MHC molecules
in an animal species or population. Only a very limited
number of such promiscuous T-cell epitopes are known, and
they will be discussed in detail below. It should be noted
that in order for the immunogens which are used according to
the present invention to be effective in as large a fraction
of an animal population as possible, it may be necessary to

1) insert several foreign T-cell epitopes in the same OPGL



mount an MHC-11 nedi ated response to the vaccine. The above fornmul a does

not apply in situations where a nore or less precise MHC restrictiond DEC 2002
pattern of the peptides used is known. |f, for instance a certain peptide
only binds the human MHC-11 nol ecul es encoded by HLA-DR alleles DR, DR3,
DR5, and DR7, then the use of this peptji,de together with another peptide

whi ch binds the remaining MHC- Il nol ecul es encoded by HLA-DR alleles w |
acconpl i sh 1000 coverage in the population in question. Likew se, if the
second pePtd HRIWNIGE B Indsr ePRF carfd VBRS,! OhELadditlicgnesf whArsipepdfe wil |

not increase JNg GVEr 298: 8Fe Adde ﬂ))f:oﬁ;?{‘_@cxp@@@S%]%b@oﬁ@l SHEQEL OR, Of ¢

popul ati on response purely on MHC restriction T-cell epitopes in the
vacci ne, $hukq akei ortef tHepophatat thn coneeel BE afepridt i E-gatti ne

composi tigg; G DE, 61 s figth e dRlls OF Lhgplol! onbog f gpiubgos(!11)

-wherein ~~ is the sumof frequencies in the population of allelic
hapl ot ypes- @ncedi hgr®4Cvidicac s G tredi Adomnye oprl HfpidieeIn cendl epit opes

inthe v j L els e | f: e owp: HLA 1 oei (DP, DR
and DQ) ; qlﬁﬁi%{raa%??%g,@kigt?t?s 1?1?1?1;1%)88%?3 rkrjlteﬁéa l\ﬁk?crﬁl\%{é é{n% ecu des_gl\l/lvi Il
recogni zeldleted cEprmepitbpeti aimg ek nefartdea hee bafreataivesénar e
listed byylyPeidPP, DR and DQ - then, the individual frequencies of the
different 'listed allelic haplotypes are sunmed for each type, thereby

yi el di ng &, ™forgagn~ T helpeay ~lymphogpbe 2enitapgy’ odeurfRuRiIn héuval ue pl

in formlgidogycesds at 1 reqgnesPondi NJephegpst whaknVdivRis~Cn hdY)
-wherein ~~ is the sumof frequencies in the population of allelic

hapl ot ypeL o diligSMAE mofeculesanfi ¢ hndrarentied Prcéhe eprfape in the
vacci ne angd Mimibférprtgret&nttﬁﬁgi ‘F]:'e'llOf(Abe?_ BokRaweoHAe | @Bt €PFss DR and

DQ . This means that in 1-~I of the population is a frequency of responders
of freslatfametesyl®- -~ ) / (1-~1) . Therefore, fornmula |11 can be
adjusted so as to yield fornula V:

A “functional part” of a (bio)molecule is in the present
context intended to mean the part of the molecule which is
responsible for at 1least one of the biochemical or
physiological effects exerted by the molecule. It is well-~-
known in the art that many enzymes and other effector
molecules have an active site which is responsible for the
effects exerted by the molecule in gquestion. Other parts of
the molecule may serve a stabilizing oxr solubility enhancing
purpose and can therefore be left out if these purposes are
not of relevance in the context of a certain embodiment of
the present invention. For instance it is possible to use
certain cytokines as a modifying moiety in OPGL (cf. the
detailed discussion below), and in such a case, the issue of
stability may be _irrelevant since the coupling to OPGL

provides the stability necessary.

The term “adjuvant” has its usual meaning in the art of vac-
cine technology, i.e. a substance or a composition of matter
which 1s 1) not in itself capable of mounting a specific
immune response against the immunogen of the vaccine, but
which is 2) nevertheless capable of enhancing the immune

response against the immunogen. Or, in other words, wvaccina-



(V) -where the term 1l-fresidual-i_ is set to zero if negative. It shgt#g 2002
noted that fornmula V requires that all epitopes have been hapl ot ype etl
agai nst identical sets of haplotypes. Therefore, when selecting T-cell
epitopes to be introduced in the OPG anal ogue, it is inportant to include
all know edge of the epitopes which is available: 1) The frequency of
responders in the population to each epitope, 2) MHC restriction data, and

3) frequency in the popul ation of the relevant hapl otypes. There exist a
nunber of ngtr Aty dECuPFTHYA " br BRPRE URR® MRieAro¥idCopBs 1MATER P2 active

in alarge JyaRQ Lib@Rnet tRdi MiR)en9f vARc2RL BN SPaT @Ok mAlndgé el
popul ation and these are preferably introduced in the vaccine thereby
reduci ng t HEN&Sd Moor "overly’ e &ige fenBer 18varf fepRARSOPEE2 Anaf offtes in

the same vagg{Udgen,” but™ the 23iAadThEcRAARL$6HOWSLEPLhARBoGER Aggor di ng
to the invention be a naturally occurring human T-cell epitope such as

epi t opes f rSAYAENUNAUSES P el™YIN] HESFROHY FROL D t bpes g p¥eher i a
t oxoi d, | nfyninza svistsnieraghuhtimat {tdcedd Rhef ah@lipagem £oaat i gen.
Over the years a nunber of other prom scuous T-cell epitopes have been
identified. Especially peptides capable of binding a | arge proportion of
HLA- DR nol ectdieerengoded Hymdhaudid fier eat thbAcERiald elegehavenbessied
identified and these are all pqgssible T-cell _epi Eopes to.be introduced in
the OPGL andl SHRLEULAS sOEIdRG HHFRepFeLERLLENYBARI SRETERUCHIYD the
epi t opes diigﬁgsﬁﬂﬂfiarhiﬁm f @lillowi @@pégﬁs:/erzglﬂggéz:%h't%llajl’/a her eibé’rﬁé-ﬂn_ 4
i ncor por at ed, r ef erence _heyein: , razer et al., assigne
o Tho Ui versie) 201 ORI BRCPEe SRR 18 4850 A2t &l So5 Fiathor

| 60: 3363- 3313;s i gayl i aypeetl @he, 1988+ Nahume Icompl8-sh3Q iGhig£z RM et

al ., 1993, J. Exp. d 178:, 27-47; r J.et al. 93, || .74:, 197-203;
and Fal k K‘Bi’“baﬁfP,O%@]ﬁ}/ﬂ TSGRt iﬁosr%a%‘?@- %5 JagI‘Fie MOFRY S e¥er ence
al so deal s aintdoshitAobQf anil +R inggandgetAdd epibwpes dddsicedonnit helse 5
ref erences are I ‘il evant as ca d.iC ate mitgrﬁlse‘pirto es tnge gsed Liln t he
present i nvEHEONE 88 SFRURpiThIEs SRR EACEhaF e o(#rir’c}ﬁ]grmti FEeW t R T hese.
Al ternativelill tee ddpichepedcan detahy lastowicial T-cell epitope which is
capabl e of binding a | arge proportion of MHC Class Il nolecues. In this
context the pan DR epitope peptides (~~PADRE") described in WD 95/07707 and
in the corregpomdiangopapertid exander syseemél mearldIhatl mmsnbsyaice 7&i- 761
(both disclogues are i peorparated by pelerence harein) goe Loleresting
candi dat es For epi topes o be usSed according t &% e pr’esenrtl inventton. It
shoul d be naotedotshatul aeonpstf fefdtec i vemPADREL pepituweds sdesdl pseative t hese
papers car i [haglno @GS dkN cbbeath BPHoREAELT Bhall PECo1Piey ed T+

’ ’ stimulate the immune system. The result of wusing an

immunostimulating agent is an increased “alertness” of the
immune system meaning that simultaneous or subsequent
immunization with an immunogen induces a significantly more
effective immune response compared to isolated use of the
immunogen

Preferred embodiments of OPGL activity down-regulation

It is preferred that the OPGL polypeptide used as an
immunogen in the method of the invention is a modified
molecule wherein at least one change is present in the OPGL
amino acid sequence, since the chances of obtaining the all-
important breaking of autotolerance towards OPGL 1s greatly

facilitated that way. It should be noted that this does not



i nprove stability when adm ni stered. However, the present invention 9 DEC 2097
primarily ains at incorporating the relevant epitopes as part of the "
nodi fied OPG whi ch should then subsequently be broken down enzynmatically
inside the |ysosomal conpartment of APCs to allow subsequent presentation
in the context of an MHC- Il nol ecul e a’l% therefore it is not expedient to

i ncorporate D-amno acids in the epitopes used in the present invention.
One especially preferred PADRE peptide is the one having the am no acid
sequence d&KEhMMLm@\AAOesilahlitrymmbl agiicdl Ispcéf faecnctd/iefisﬂﬁbs@mﬂente ther eof ,
Thi s pi t.op Vi S LhGHLONg
preferre(cjiféi)'LI eeledpr}s'(t)oS’le',lr(]:\gl}\/rt| gﬁrkﬁgﬁ | d %igl?ée%éeartt I\érﬂn% tﬁ%éﬁéh dana ogues
used in tahetcptm/mam@ meghabust SOERLs uperg.pr dairselousompi topesinihy al | ow
for the $1 W e enbodi ments of the invention wherein only one single
nmodi fi ed 'S present ed to the vaccinated animal's i mune system As
menti oned above, the nodification of OPGL can also include the introduction
of a firs i e [ ar t i fi,ed tp

B—Iyrrphocﬂtqp tt}éews g‘ﬁq%e ‘g'rt?h%a]tr rs e(rj?m ét %:%be a specrgtl %r ndi ng
partner f419& 8l0Mphdatytte spEentuelssarfmlef-arﬁacgeweor Bf-aymphoAPCespeci fic

f t th t.
For 1 ot SRS iz R eEVECRRRREL Al C e ARl R AT R o
recept or morrndie Btrynlrprmbyatles or HdvevBRC (eln g. ozrriaafmanf@r nengese) B~
oy e nat! Yihahod 18 S 200N et AN D0 2 DAPLP o B30, A0 RELLAROY [ agTEnt

whi ch spe Iy recogni zes a surface ynphocyt es can
be used a:seaectfwmwmbhetqhe(theleuamaceemfl—@c@tteloan eagpidanae FOf

receptor I a S O t ively any
ot her spe’gér “.{‘g?’csfﬁfg gg§ eﬂﬁ ;B}%%@é&gé q&:[ﬁ%ﬂee?s&’yﬁﬁh%ygﬁ S o%fggill%e not ed
that all theﬁ‘e bxmpipbey yeslar g8iormglly- thi help 209?.n27 ppbetdéds can be
used as S o] n i e

suppl errent to tar ge%ﬁ%t%od?? ggn&% \S{S ?Soetgtf%%(gﬁf% cgrtcgri%r cel |
type in oYRIEORSS a@ﬂreW@danfeﬁﬁan%eblfTWﬂrrerrsesp@@se prespatpdsshble to

i ncrease 4/he &Y el r M fEsRPNSI MaNesgp@d) t hegsddiaine sy shesy byindchydi ng the

above-nment |1 oned second noiety vvhr_c sti rrul ates the | nmune system Typi cal
exanpl es femaidh ofedfpgehpneeses iy @ optlékPreseimn(l fReatysAOEKCBR Ot ei ns or

mol ecul arq GHARG! ofieRin S dRld1135 squfneetllc\éetp%esftésteet Sth:ePte

cytokines to be used accordingto tthe invention are those whi ch
nor mal | y REWFiaY ontke adpaeaals icAcAepicciare compokyatash, tlpen for

i nst ance fergojgrtlezﬁ%yttlta,Ffo}ela;Ht CELPUSID Lol | o) aptnt gelienki 852 (11-2).

i nterleukin , I nterleukin 6), Interleukin
i nterl eukJrrhltll?l(JtYL- 13) monergcleaki rF@QL (‘| LEabyclepaf g?aﬂtWBE?Fét%crophage

col ony st jynilat i fALORHG CEpabial ber &etcb\@ehmnt;hgetene iepgespart of
t he cytoki ne nol ecule may suffice as the second mlfrfteg res ect to the
use of sWh EHR dReeELled %%I}Gv%rﬂt%’t}bs"t’]a?ﬁesn gfnat d?%%ugng% Bel ow.

Accor di nhddd EhBséquent i gnpredichabl ecneatosbogk pr-aieinsepitoptesyl ar
chaperones used as the se\ﬁgnd noi ety can he HSP70, HSP90, HSC70, GRP94
(al so kndWifEEgpadnts FReari PASE 411 VEB98CYBPEChERPEERYSRTY 5700- 19),

and CRT (alvield @iitidrineAheepnabi talkye sbefseeapdit®i pbyyeasnde B-t oxin,
unber of STFCNEREr | al TG vatTR e P UE MNP A T pebPTiR) . OFA
(conpl et Qad?tryeilmﬁhas adj-umaisho cant@ st header ehzeéalste “tH est£ris Tﬂ)Mfﬁedeﬂ'tDE are
interestiégigg%%SIblIkkles dified pof;peptléé, including those which
are also present in the native polypeptide, an antibody
cross~reactive with the non-modified self-protein is
induced. In conclusion, the T-lymphocytes can be led to act
as 1f the population of polyclonal B-lymphocytes have
recognised an entirely foreign antigen, whereas in fact only

the inserted epitope(s) is/are foreign to the host. In this



Al so the possibility of introducing a third mpiety which enhances t+h@ DEC 2002
presentation of the nodified OPG. to the imune systemis an inportant
enbodi ment of the invention. The art has shown several exanples of this

principle. For instance, it is known that the palmtoyl |ipidation anchor
in the Borrelia burgdorferi protein GspA can be utilised so as to provide
sel f-adj uvati ng pol ypeptides (cf. e.g. 96/ 40718) - it seens that the

| i pidated proteins formup mcelle-like structures with a core consisting
of the |ipidayi omtaeitbresp@earabde phecpobypeprddew atidht henragdifiag parts
of the nole _ ¢ i refram resulting in nmultiple presentations
of the anti%ﬁ%?ciﬁﬁgéﬁﬁﬁ:ﬁ%ﬁzg%ﬁagﬁgé, the use of this and rel ated
approaches using different |ipidation anchors (e. g. a nmyristyl group, a
nyristyl gr f eSy - |0 \Y ; 3 -.apchor,
and an hLac%%Wélg ;%{ri e Sgggg Ha ég f%#égsegégﬁﬁ%&?&%ﬁ?gjgfgﬁhé £

i nvention, egpribiablrgaginge atheaprovpsebaned sueh ndwrpi dat itde apchor in a
recombi nantfyn o 0dueed AL pLEID, | 8nd Alinkkngt bal ORlOrNBALe ANC 1T CLy,
requires use of e.g. a natdrally occurring signal sequence as a fusion
partner foringkudsdifdted OPGL pol ypepti de. Another possibility is use of
the C3d fragnment of conplenent factor C3 or C3 itself (cf. Denpsey et al.,
1996, Science 271, 348-350 and Lou & Kohler, 1998, Nature Biotechnol ogy 16,
458-462). An al t¥ ndepse @fsodfpemonf Traelinv®itiops wht cAnarsgueedults in
the preferred prgsgngation of multiple (e.g. at least 2) copies of the

i mportant epitopic regions of OPG to the imune systemis the coval ent
coupl i ng of ~ OPA2T skarsdygudift e Bis tv A i&ttYs ishdmésrdpeeeerbarh Abfectfes. For
instance, polymarsrfanie vsedin€. GodsialiRRNYHLALES18UGH asindexht 8gencf .
e.g. Lees A et al., 1999, Vaccine 12: 11601166; Lees A et al., 1990, J

| munol . 145 35Y9RSBY0DbGeld JBPrAnn88E8/a@Ad mannan are usefu

alternative. |Intagraled®mbrane HLARINS ddieve. §s Eineebhuald OfReEn
bacteria are al so useful conjugation partners. The traditional carrier .
~ ~ 1 ;; 202 29 Holwthates fienh 1a8vuReyREFESTi nfRe/ Menocyani n (KLH), tetanus
toxoi d, di phtherd@ 1%@i dneabfi BV tSLHEM Ak byt Fed BRPACHR LSt &g Pe s
preferred and useful conjugation partners., Certain areas of native OPG
seens to be rmstp]:ﬁﬁecr@ditfl&g‘ @?f‘iﬂ%ﬁ‘ﬁﬁd%dﬂ%%ﬁlf FRIVRRRGAS P Bl s
structural rel atin@qgld gyt . TNF-a and ot her nenbers of the tunour necrosis
factor famly, it is predicted that introductions of T-cell epitopes or

ot her nodifications in areas defined by positions 170-192, 198-218,

221- 236, )25&@13;,0@1285?18.%6,médfﬁcﬁﬂngae%dugunMr%alg:i@‘dl oEQ wﬁiNQs: 4,
6, and 12) w, e .nost |ike to produce the_desired r.es s. These

posi 11 one. MG e o PP RENRH Y EHAE LB P he pondiiig odi B SHEBR ¢ he
human nol ecuytes a&pd tbpesl 98, ORAD, XliGce2 2224 B;- 1 Zbgh &6 e ardod86L3dd ¢f he

am no acid {Hgﬂ%EE'W% %k %%9 EDiNO' ék . q§%§iq§g tions underlying these
chosen areas are a pre§6rv&tioﬁ SP ﬁ%%ﬂ an%npr di cted B-cell epitopes, b)
preservation of tertiary structure etc. At any rate, as discussed above, it

is fairly sy s . i fi e e i ave all
been subj ec edO%% ?%%?ggﬁg?ighbgﬁlﬁggtte ?déﬁg%Sgggi3ghiﬁ¥%$eﬁ¥q$o%§tions.
Si nce the nisteigneffeceéd epboaherems the theveresenionaw ditistn Favohdes
down- 1 egul aficon 1l NYTARCBG L &5, £POREANEN I PLBLERERE Rl Lhe OPCL
pol ypepti de di scussed above is a human pol ypeptide. In this

enmbodi nent ,duqed.s Teggedpal ¢ yngrreftdrated trkachehec huamimoORGL dpsky pepes de has
been modi figd- by SUBSLI Wid ate! €asSt: NG A N1 ACh Gk SRAYRRGR NeREQ I D
NO 2 (or in a polypeptide where Cys-221 in SEQ ID NO 2 has been

subst i t ut ePSAMAFYs éFilpe) agh 4 hsequansgst ognatakeast acitdhoséqdeseederingual or
different langideand, canl Jaingid Sotl g Titepl topeindhes substigufed am no
acid residues are selected fromresidues 257-262, 289-303 and 222-243 in
SEQ | D NO: a&1dphdry &thicogaRénbehi nd such constructs is discussed in detai
in the exanples. 9 ~F ~ 200z 30

An alternative, and preferred, embodiment utilises amino
acid substitution and/or deletion and/or insertion and/or

addition (which may be effected by recombinant means or by



Forrmul ati on of OPG. and nodi fied OPG pol vpepti des When effecting 9 DEC 2002
presentation of the OPG. pol ypeptide or the nodified OPG. pol ypeptide to an
animal's i mune system by nmeans of adm nistration thereof to the animal,

the fornul ation of the pol ypeptide follows the principles generally

acknow edged in the art. Preparation of,yacci nes which contain peptide
sequences as active ingredients is generally well understood in the art, as
exenplified by U S. Patents 4,608, 25|; 4,601, 903; 4,599, 231; 4,599, 230;
4,596, 792neamsl 4f5T@PrAQle advinthrsirpormeedl heateiansoywhetler anvelvdgpical ly,
such vaccy ggge Ar EBE%‘EB%Q%ES aLnfﬂrﬁ)Cté‘cpic? ehfhefi@s JiQuid,selutpans or
suspensi ons; ~sol | orns suitable for solution’in, or suspension in, liquid
prior to pPpjeeepoidemly- aPse wSpadsdred. PTaEeprepaivarsdAn MLt akbdsbe

enul si fi edyy, JienaGt 148 dHEWReBRLG e BgEedi 0 {15 i teyy 0¥gued WhtbBn

exci pients Ich are pharmaceutically acceptable and conpatible with the
active ingieelesrs Suirebhed eferpi dns rawllatgndexadpf RrwRiErS BEl i ne,
dextrose, ; GhyeeiPhg §1PANGha18EuLBe Jii khe 2061 £OPRINALI ONGrE R £OE. I N
addition, 1f desired, the vaccine may contain mnor anmounts of auxiliary
subst anceBuBReh @f FRine MLt WAHYIFY (Mg haFeresn pHPBGRLEERAgYAERNt S, or

adj uvant sy wah che SRANGE; thapel! 82t hMERSSS-Ph ddpuRcLieshich ehBg detailed
di scussi on of adjuvants bel ow. The vaccines are conventionally adm nistered
par ent er aFPRRTb3L i dj BREG I Fgrunsdaidingnteifriverd Ls @Bé@?&ﬁeotigd? at

i ntracut apgoUsine e ad8mTRlihY ngSHREeHFBLA V1 OFe itMd @Mt GHl-alk¥. oAddi ti onal
formul ati ons which are suitable ?or ot her nodes of adm nistration include
supposi t oftesSahfirPTetebheltakles, 2BR&PIUDUCERF, tREDPPRAGREES ©f the

i ntraperipppeahs FRVERVAGh pakt aralhowrRicduralssisididl i anghd nhbaerani al
formul ations. For suppositories, traditional binders and ~ 9~ 1"
2.0D2 31 ERFRTER nHBE i nidt ud fidiseREdmR e, 3PGILFdrRal eAELEEVEBI sOBY
triglycerigestitsuchbruppesist @ikestony beré pirred-dd1amepixbpeesnaoat ai ni ng
the active ingredient in the range of 0.50_tg 10% Erefergbl 1-20. O al
formul ati oA FHEF U RIF SRS 19 SBRTGed @ xEFé%@ t 8fa&hes Brcgxanpl e,
phar maceuépLedbpsl adas ofGNRNM@verl, acifseyrdirar €8, dmgiesi waksiwear at e,
sodiun1sa0ﬁ arine, ﬁel ul gse, magnesi um car bonate, and.the like. These
conposi t i Dhs1t3%e Phe t1Gr MBS0 RIFISS ronst +RbPEEESTRPT s,
capsul es, tisastiidesderal easert D4 Ml Sddutsirer o OvRIEE Si AnchieaAtiaka 10- 95% of
active ing$edie t ,%#efﬁggbly 25-70% For oral formnul ations, cholera toxin
is an int %§??4&f¥ MALESYR *par t ner (and al so a possi bl e conjugation
partner). The pol ypeptides nay be formulated into the vaccine as neutral or
salt forns. Pharnmaceuticall ceptabl e, salts_incl acid additjon salts
(formea with + he Tred G Rt aP e ot HE b ept h o) BRRH Vit AT aPE T or med
Wi th i norgamaldgl doveuehl &y, ther iexanplien: hydrochl oric or phosphoric
acids, or such or-ganic acids as acetic, oxalic, tartaric, mandelic, and
the like. Salts forned with the free carboxyl groups nmay al so be derived
frominorgani c YRS sS@HELas),n {MPDOxaltGR @ ez Badi uM(MPBL)as P REHexarmONI(Uin
calcium or ferric hydroxides, and such organic bases as isopropyl an ne,
trimethyl am ne, 2-ethylam no ethanol, histidine, procaine, and the |ike.
The vaccitwserzg e QBElairOPeled iamwea mannBrcebhpaepbbtepsi t honhaidbdsage

formul ati g, %}M&é%{" A Wb Q@ doerapeytd cakly, gifective and
innunogenlc.s_ e quantity to be %%ﬁinls? (%d dé%gﬁ%% on t%e subject to be
treated, nowctigintg,cad. gnd mid chapaoi ©pnshinheri Adhvicdnakis FaRehE sys~. em
to munt ﬂhé'a%lﬁasﬁe%ﬁ%@s% angd Jfie degre 1thpé%?§t &HEe%g%rf% Sui tabl e
dosage ranges are of the order of “several hundred m crogra active
i ngredi entatperleaatci oaki as wixt h1la, prieder-Med.r ange fxwr onpdbhéiutadidns. g to
2,000 _ié%ggdhcéa %%%%een the preserved B-cell epitopes, and s;-sg
are x integers = 0 (at least one is 2 1 if no side groups are
introduced in the OPGlL. sequences). Thus, given the general
functional restraints on the immunogenicity of the
constructs, the invention allows for all kinds of permu-

tations of the original OPGL sequence, and all kinds of



e £ ?
~g (even though higher anmounts in the 1-10 ng range are contenpl at ed),g %U‘c‘fhzgg“

as in the range fromabout 0.5 ~g to 1, 000 fig, preferably in the range
froml ~tg to 500 ~g and especially in the range fromabout 10 ~g to 100
~.g. Suitable reginens for initial adm nistration and booster shots are

al so variable but are typified by an initjgl admnistration followed by
subsequent inocul ations or other adm nistrations. The manner of application
may be varied widely. Any of the conventional methods for administration of
a vacci ne afedhphtatcie thred® i dbgde 18CandgEpLncahPoAnBANRICRI #EE

physi ol ogi cabdyr acsepbabl ephaghe@r Ky il 98I pakty agcepiabbesL

di spersion, parenterally, by injection or the |ike. The dosage of the

vacci ne wi | $eaeRRiRl vhithe ¢t ecHPLRHH RYEraei o Gafhsh P V&P aeBor di ng
to the age Gfi e PISYP LR REi¥ACSLBASEnADT, the fidTuhaki-onnaf thhe
antigen. Sone of the polypeptides of the vaccine are sufficiently

i nMmunogeni cCPWl & Yt iHee Fer Wndesisne srmpmeledhers GIMCHiifffe response

wi |l be enhanced if the vaccine further conprises an adjuvant substance.
Various nethods of achieving adjuvant_ effect for the vaccine are known.
General priYRIpreERntd dfefhsddsapbt dat af Faet 191 "oth&-Reddr Prafareeaeti cal
Appl i catione@dn AdhalVaptsall 198155193,n0§1@r15c;t$1re3t@ﬂ\@étpﬂ'&£éi& e@rich JpHn Wl ey
& Sons Ltd, I SBN 0-47l1-95170-6, and also in_"Vaccines; New Ceneratjonn

| munol ogi cAfPIRGRANIS, Mpddsicariégnriati Cswithel hedsiy, PRBNUNE Press,
New Yor' {, A&BNR:B06n45283Fal batklysef vhéchareilplobytd ngeeparat ed by
reference herein. It is especially preferred to use an_adjuvant which can

t
be denonst rEREEYPFaci 3F AT W ek TRF TG t IREFNT 01 YBncele?- an
autoanti gengatidehaft préphsed sigssentashitn eageshehexgtermid i efiOPG is
used as the active ingredient in the - ~ ~~ 72~ ~, ~~0~.33 autovacci ne.
Non- | i miti P ebeimiedDie stethbreesefiuvintd: at® 2eFeBPEELF+B EhESYY oup
conﬁi sting &fapisti MR EnddIeid @g:owéjiunggm:h;ican air@'gb@_edﬁe_ddlatdbﬂgf?fﬁi uvant
such as a toxin, a cytokine, and a. mycobacter erivative; an oj
Formul at | ook sty s SRR b T ey &) BOo s HiCanthe
I mrunost i Muat i Sgrieo gy eodmtoacl MuSEOematyhxlizdaapahaivthe; tBDAsamd um ni um
adj uvants; DNA a]gi uvtant S.; d{)g/l nulti n; .and an enﬁggiul abi ng adj uva?t. I n
general it FHoWd be HIEF % hat P& YdPscPEsu ab8VE WAP ch®Péra?e®t o
conpounds aaxch Agienitrey usel rhitasd f (st , ssetbndignifidantd amdespesific) he
anal ogues al so rieJ. rmut agti S, Jut gndia%tti%etrﬂei rouse i naljtcpe% ad; uyant of a
vacci ne of TFRCiH{Ent i'Gh-" ThE 1:élppf]i E& SR ToR a(fj uvar s 1cl tide U5e"of
agent s suchraintad tmdaduan bydsoantdeabr fphospbat ef( alhwr) or tyimain| p-oskd as
0.05 to O. leEp{etroceenst solution in buffered saline, adm xture with synthetic
pol yners of sungrs ‘(e.g. Carbopol) used as 0.25 percent solution,
aggregation of the protein in the vaccine by heat treatnment with

126! Ve 10 410,01 QECHE A 30n SR 0152 < DYLE: per | 0TS

t enper at ur epgltre@g,g]l g
respectivel'y and al'so afgregation by nmeans of cross-1inking agents are

possi bl e. Aggiteghitdtomdly apdaopegaPrnoRPhlt Rapepsi nrepeneddandt idedies (Fab
fragments) éocefé_tb %ei.wgr&pc}w&&hb%ge‘ahel 2GS E %ilgwingry)_um or
endot oxi ns or |1 popol ysacchari'de conponents of grammegative bacteri a,
enul si on i mAIRESItEIREgMeRPpJaet ePP@bl an®did) \eMaEPdads@éhths ARRRPRIRS
mono- ol eat g,{ AAGHle MaiQk a8 AURSEANEME t Bn 200 PGS S PMeAlddfi On of a
per fl uorocarbon (Fl uosol-DA) used as a bl ock substitute may al so be
enpl oyed. Admi xture with oils such as squalene and IFA is also preferred.
Accor di ng tgr the rsayent tﬁﬂr@%éﬁr@a%t byLdhost adecyd fmmrnicum Braméde) is an
interesting candidate for an adjuvant as is DNA and f-inulln, but also
Freund's comietle &hdurhesnpl et e A§luvant sChs deliodegarila) a®Sapthi ns
such as QuidAyand QS2heabgri NtEr eSLEGAS hadR Bbmpdt t her spossi bind ties
are - 91~f.~(; 2002 34, )
resolved three-dimensional structure of the analogues
prepared. Three-dimensional structure can be resolved by the
aid of X-ray diffraction studies and NMR-spectros-opy.
Further information relating to the tertiary structure can

to some extent be obtained from circular dichroism studies



monophosphoryl lipid A (MPL), the above nentioned C3 and C3d, and mur gyt 2002
di peptide (MDP). Liposone fornulations are also known to confer adjuvant
effects, and therefore |iposone adjuvants are preferred according to the
invention. Al so i munostinulating conplex matrix type (1 SCOM matri x)

adj uvants are preferred choices accordiftg to the invention, especially
since it has been shown that this type of adjuvants are capabl e of

up-regul ating MHC Class Il expression by APCs. An | SCOM nmatrix consists of
(opt i onal ¥yigh d@vicot@cedyivaapess raf Menctler eAvi 8snJ f¥ymPQlivPeRitadgaponari a,
chol esterpl, and phosphol i pdea\hep_adm xede mddy e i-pnRegeni ererotein,
the resulting particulate formulation 1s what is known as an | SCOM particle
wher e t hePBpbHi N cvhstrtfads iged7 pwlwpgPtide &Rl B¥Rer§RUaKASphbSphol i pi d

10- 15% W Mo @1k 4n& PriafRioh: EF0vh P Yant w. o Petiad | 5o 118left i@ )t @nCceppesi ti on and
use of immunostinulating conpl exes can e.g. be found in the above-nentioned
t ext bookst@eRFPAs Y3 it uvHitEatson abeytvingi heptagryl stregdsred in.

I munot hege 3: o A0dn 451 &Sy Ml lndaaeRarr J1€iand Mt ghebl, Ghrrlf86;ohnmunol .
and Cell Biol. 74: 8-25 (both incorporated by réference herein) provide

useful i nsrd{rxti BB BEe tesessapar £19 Pl oppretesivamuadsd i MINEei ng

conpl exes.; Anpter 4highbi smi BRET @8y G ARNRGd sy I &S eE¥ pRnpOsskDbi ity of
achi eving adjuvant effect 1s to enplfoy the technique de scribed in Gosselin
et al., 1999°]GHhidcKlipenrépedY FhHewTpBcatvdd BYLrErRt Rt ©therscrRyatyYn bri ef ,
t he presegtatdneoOfe@ndgltavant antigen such as an antigen of the present

i nvention can be enhanced by conjugating the antigen to anti bodies (or
antigen binding anti body fragnents) against the Fcy receptors on

nonocyt esR@csapiges: rEpagnahkyo€onhs gt vsnhieimesn 1askisganianglant i - FCyRl
have - 9 f3f:C c002 35 been denpnstrated to enhance i mmunaogeni ‘fi ty for
the pur pdReRssrtardeesnati Bnl YRRIRGY {0 SPEPPREi @5 PhRlol Ve G-ndCaEBL R mune

nodul ati ng gybstances (least abyepasetandpdabgs fier ghasdnt stn apdonodi fied
versions of OPG. In t synthetic inducers qf cytokines F,ossi bilities. of
the tar geReHi L61P oyt BkiheSTLReht FBRefSs ATBHE VRS et e%2FHOthe AV S

connecti of, g alsp ik P RIrephréngr euSubh abd Bypaieahret ompl-idenyvahkves are
sel ected fromthe groug consi sting of nuranyl dipeptide, conplete Freund' s
adj uvant , SEIUFtULRd (QPEFewt ePNEFCt MehaFod siBREIEE TBV AndFDEC SR t abl e

i mune  t ageld AYheY ABLS £ fELe S £ 8t ukERE h8Ee O OUP £0Ng:skI BeOf CDA0
| i gand and CD40 anti bodies or specifically binding fragnments thereof (cf.

the di scudSi ofih8boWPEL nefRfBNCas -Fabl r adfenttrefRFrEPLA-Watsyi £adl e

pol yner aghavaits s seltedReelr amcibacgr aep16a8si shinaugh iaaeaphohydrate
such as dextran, PEG_ starch, mannan, and nmannose; a plastic pol ymer such
as; and 12f e? stch/BRNQGHLS BBAHRPE and/or the introduction ‘of “a

hapten.

As mentioned above, the introduction of a foreign T~cell
epitope can be accomplished by introduction of at least one
amino acid insertion, addition, deletion, or substitution.
Of course, the normal situation will be the introduction of
more than one change in the amino acid sequence (e.qg.
insertion of or substition by a complete T-cell epitope) but
the important goal to reach is that the OPGL analogue, when
processed by an antigen presenting cell (APC), will give
rise to such a foreign immunodominant T-cell epitope being
presented in context of an MCH Class II molecule on the
surface of the APC. Thus, if the OPGL amino acid sequence in
appropriate positions comprises a number of amino acid

residues which can also be found in a foreign Ty epitope then



Yet another interesting way of nodul ati ng an i nmune response is to"i@(ﬁlF"td%UZ
the OPA. i mmunogen (optionally together with adjuvants an~i -
pharmaceutically acceptable carriers arLd vehicles) in a "virtual |ynph
node" (VLN) (a proprietary nedical device devel oped by I munoTherapy, Inc.,
360 Lexington Avenue, New York, NY 10017-8501). The VLN (a thin tubul ar
device) mmcs the structrue and function of a | ynph node. Insertion of a
VLN under the skin creates a site of sterile inflammtion with an upsurge
of cyt oki nesharidtaiodwokiinesof Ta Eowkilgn Jdel ¢Bibepavddn s ARPCoIMpapslity
respond to e . S S (= the inflac site d g f) t~ ~
2f ~n? 36 acﬁﬁnﬁggpgglﬁﬂ i%hgeggg}éﬁé%ﬁ%d@o%é?ﬁg VdL%N. tﬂ% hg% e&n shown
that the nedgsmeybaninpges obsuniney@aidd ingenbuen, avdimhone FAeipbhse to an
antigen is nedugeo whan U3 nord hee YAN gpdat hat i quung, oot ectdan, cogferred
by vaccination using a VLN surpassed conventional i munization using Ribi
as an adj uvdrzodpge seepfblegy Tis ePifoprdeByrimirrthidnefry siRstitpeioC et

al ., 1998, /I cidatdon,qf i RebYak E@k%&é@ro@%bm@ntl TR tResponses to
Smal | Anopunts of | nmunogens Using a Novel Medical” Device Designated the
Virtual Lynph Node", in: "Fromthe Laboratory to the dinic, Book of
Abstracts, October 12th - 15th 1998, Seascape Resort, Aptos, California".
It is expected that the vaccine should be adm nistered 1-6 times per year,
such as 1, It B preferipd gthafrekhe yenpes cohn2Mhee vadldl 1nperebens her eof .

It has pr chiél‘é%'i)énE‘?%pﬁQ@Y\EhEMs_ U}ea@aﬁmwng rmyraﬁ ﬂéa@‘i‘:u@?ds{E?&th@ use of
the preferred autovaccines according to the invention is not ger manent, and

t heref ore the 4:mvuné-syst&m heeds tlo-bé?petPoditali’yy cifal Léngélr wieh t he

OPGL or nodid,i edaf¥G 280! yiRgRtitdens, Duesdistdenttichsyar iaidianond f fer ent
i ndi vidual s may react with i mmune responses of varying strength to the sane

pol ypept i déteIfiec®Sor &t tie MO UE RTAIFF IS (Hhe S Msht e sRay°onpri se

several di ffgrRntacRel YRESHE U8ss | 8 ut QohHE T LR 1M IoFNHBCf eSPONSE,
cf. also the discussion above concerni ngét he choi ce of forei gn T-cel |

epi t ope i ntrod®&t BneXCePR Yackite SHey e8npk itk WP l%r atoPeSpoPYpedti des,
where all ofodth@opobypept ides: are. as def eppec adhoMme.priFe rraact Rt NBYe
consequent Iﬁv)m&onpri se 3-20 different nodified & unnodi fi ed Bglgfe tides,
such as 3- et 8feAPPPL} Ppeifiteg nSpErtions, dgletions, or additlons _ 7
-. .-. .-. does mot. elkced8d~60, and Hhfparts L12002h37nABban shéeIdatdétve toO
classic adm nistr éi on of a Lpepti debased vacci ne, the techgol ogy of nucleic
aci d vacci R P01 85 R¥hri (s MORGo PEFCCRETH 1A SREEORE, o BaRRAS ¢
i mruni sati aman a0d WdenerkBpHot sedianino afdier adainusher of ahdibstbae
features. First, .in contrast to the traditional vaccine approach, nucleic
aci d vacci MTeh s HATSTeqtiee FREored  BONLuTRg FaFbe Scare Hoduct i on
of the i mMmfirogenifc aagerstione pe,lyipepthidef oim oftendustsidaérsichy enfgrarent at i on
of m croor g{%rg SITB oPr oducing nodified OPA). Furthernore, there is no need
to device purlnfi cation and refol ding schenes for the i munogen. And
finally, since nucleic acid vaccination relies on the biochem cal apparatus
of the vacg ndj i i Lot . p i uct of
The nucl o & TaarEtr o Pt e B e e B
t he expr es$ivorirpgrodiuctings adx perasd e ofexeign himnumodypiewd | T-dadplor t ant
in the cas f t oyacci:nat {.an I S tione v, signifd cant
fraction o%ptaﬁg%%r'i E?ng’ﬁ@&%% gygg%gg%l&t Bg%g %ﬁ%uﬁ%\?%%%} eésafer%/e l?én t he
modi fi ed nologdaieceanl 8iAreeBl capitams dgpendsnopr khei phemehrstreies
constitut e‘inbyq@ﬁ%?orp.f agy u(s.@ao)ﬂ%’ééﬂﬂ,' erhe Qrrf ok DABY AL QLR nd i,
protein etc.). Therefore, native glycosylation and |ipidation patterns of
t he i Mmuno@émpray Tedeyswéld pe tefpsisnpdritcincia fidre tRCoveredd  inmithiogeni city
and this iguResbopnss 8ch Ry havinget Bg hosiqhrOdUGINgnigel PELAGGRN .

but it is a well-known fact that a T-cell epitope which 1is

immunodominant in one individual/population is not neces-

sarily immunodominant 1in another individual of the same

species, even though it may be capable of binding MHC-II

molecules in the latter individual. Hence, for the purposes



Hence, a preferred enbodi nent of the invention conprises effecting 2002
presentation of nodified OPGL to the i mmune systen1by i ntroduci ng nuglgig
aci ds) encoding the nodified OPG into the animal's cells and thereby
obtaining in vivo expression by the cells of the nucleic acids) introduced.
I'n this enbodi nent, the introduced nuclgjic acid is preferably DNA which can
be in the form of naked DNA, DNA ~ ~~"C ?~QZ" 38 formul ated with charged
or uncharged lipids, DNA forrmulated in |iposones, DNA included in a viral
vect or, DNA iy miestcad Wwhvhniicnanshetmore fdmiinandt iTngeploeri hope
polypept| , l; i 0 . t+de, DNA

f or mul at %gﬁﬁﬁﬁ%ég 1%5 gc?%??%?Y%gig%%ﬁ%?égﬁﬁﬁigﬂbﬁbggégggﬁ ?nert
carrier rﬁﬁlelcuh@lpDNAe@ncraqmﬁra;t etni anchantipegy. chyrbsahlyandmbhae

formul at egod ddhany Al 1y aghs cbded MhasCUM &1 LindSodiot bhihial practically
all con5|derat|ons pertaining to the use of adjuvants in traditional

vacci ne fthenHWﬂhhamu@ppﬁytﬁ@ilvh@lW®Yﬁu¢%I@KﬁﬁQﬂtqgwhowaéctﬁeén ¥hce, all
di scl osur r el adj.uvant of

POl ypet | e Dacen Aok Dok aay At s htadre TEoPRere HA2HEN Dol eic
aci d vacctihreit iampeaachnol ogy. As for routes of administration and

adm ni stration schenes of pol ypeptide based vacci nes whi ch have been
det ai | ed above, these are also applicable for the nucleic acid vaccines of
the i nverAnQheind MPPE téingc ROINEnd Salsbee isereaihi MHCt sepbuietiop of

adm ni st ratdom apd; adpLai stiat joRe s£hemes .06 109! YRER! des, applyirutatis
nutandis to nucleic acids. To this shoul d be added that nucleic acid

vacci nes <artanfas aling bMHEdnrassreeeedi nt+ efendousieytans i REPREFERrial ly.
Furtherrﬁﬁéhsﬂftdﬁiﬁ69|'TKBQT@ é?l%@ﬁea&$lifﬁﬂly“ﬂﬂd@ %f%%b@1Vé§9'ﬂ§S can be
adm ni stered by use of a so-cal ene gun, and hence also this and

equi val ert %%@%%to@faHH?nﬁéﬁﬁatﬁén“aﬁ@ g&rddiigs iPartugr Rae Phesent
inventionedfdal {yac al gombhe agedf tacViNd Not h@nadygﬁ@wf{atroaepi hucl ei ¢
aci ds has been reported to yield good results, erefore th

parti cul &PHERe i BdrFesatt alRof IVRGEARE GAMRANEDSr efteiGhedis Fetter mor e,

the nucl el fradlide) 1%S§df§§céﬂohn@Pntxélﬁéﬁhﬁaﬂyﬂh CandcaBbahfi h§Gb®NS
encodi ng the 1St, a and/or 3r ~ noieties, e.g. in the formof the

|nnunonndﬂF%t?Hﬁas%%s¥%ﬁEe§rﬂ%%%9WbeﬁFa%%%eb%uﬁﬁcﬁ§s?ﬁ% £9t SBRFHEL® di scussed

- 91) ~reorAG2 39 1aspisebbl ad] tNans Sme Ancplreeiﬂref edrvanskenaivélys
enbodi nent enconpass s havi ng the codi.n glon f r t he anal ogue and the

codi ng r JiER 0P PHECHT JeGEiR F‘é’rréntc § SSHPRECPFan®E or at

| east undsrcit ReréantkokhDEh diAd eﬁ@ttln@h@aﬁéar Bron hei@bytheri Byavigd ded t hat
t he anal ogue or e tEngpe |S&Eroduce as a fusion partner to the
Al r

i munonodtf @Sy © natfvel §PLERBS iR tT At FHlc| eoti de fragnents can be

used, but this is |ess preferred because of the advantage of ensured
CO- express both co

havi dinth
ol coul oAk aTAGI § oo ERCT HORnDFoR e o Ol 6C T 22 CORPOLFETbh f or
i nduci ng yriaghuct i cﬂbroflraﬂiarbm:hm agaimatm&whém tiaposctiwatednpri si ng

2 nuel el 86l 4l A0MRGG B ABBLORR iBoLIVEBA] PNekS! erAbe st scussion

of vectors B
of the populatlon covered by a specific vaccine composition

can be determined by means of the following formula

(II)
-where p, is the frequency in the population of responders to
the i'" foreign T-cell epitope present in the vaccine
composition, and n is the total number of foreign T-cell
epitopes 1in the wvaccine composition. Thus, a vaccine

composition containing 3 foreign T-cell epitopes having



- a pharmaceutically and i munol ogi cal |y acceptabl e vehicle and/or carrier
and/ or adjuvant as di scussed above. Under normal circunstances, the @PGEL 2002
vari ant-encoding nucleic acid is introduced in the formof a vector wherein
expression is under control of a viral pronoter. For nore detailed

di scussi ons of vectors according to the ijiwention, cf. the discussion

bel ow. Al so, detailed disclosures relating to the fornmulation and use of
nucl eic acid vaccines are available, cf. Donnelly JJ et al, 1997, Annu.

Rev. | mmunotesa®ss|fregu8nanes Domnidie yarhlettigh, 0£1090%, Q.i%.e a8¢i €ntes 60:
163-172. Bo r are incorporated by reference herein.
Live vaccinégsgg%%?f dl?&%ﬁg?ivzefor effecting presentation of nodified
OPG. to the imune systemis the use of |ive vaccine technology. In live
vacci nation, presentation toqtheq4nmng gystgm _40 45 effected by

adm nistering, to the animl, a nonpathogenic m croorgani smwhich has been
transfornmed with a nucleic acid fragnment encoding a nodified OPG or with a
vector incorporating.such a nucleic.acid fragnment. Tg nonpat hogeni c

ni croor gani s '%an98e6aﬁ§”§ﬁ?ﬁéb?g %PFeﬁﬁﬁ?%F yact et f §% aﬁﬁt%g?ggﬁuated
by neans of mpassagt NgiOTI bhynatdatedofresponeal tof tpat hogeinie. expr essi on
products by reconbi nant DNA technol ogy), e.g. My cobacterium bovis BCG ,

non- pat hogeni ¢ Streptococcus spp., E, coli, Salnonella spp., Vibrio

chol erae, Shhgedbaye eicrmuBRevidews deal apglw i prepariainsowhefre a more

state-of-the-art_live vaccines n_e..og be found | liou. R 199 Rev.
rat. 45 195214908 TRl el Rer TP Tgen DateERg P T8 R tegoried
i ncor por at eds bynovef erlncdodreiashanEer ade¢nidsn grpitidehenmiychendsathd
fragments ang, fcﬁéﬁéﬁfﬁﬁ%ﬁé 3yen Sq%dv%gg@@§§DRC%lieHQ§ BF%CUB§59“
bel ow. As an alternative to bacteria ive-vacci nes, the nuclelc acid
fragnment of DRhe andeBRiontliescidsedidsel ov thhs bpephtde poedeeider nwath
non-vi rul entadidal SARCIAIe MO HIEN @R & HAGRIALAMREL 3L Nngl .8RYe Ot her
sui tabl e pox virus. rmal I'y, the non-pathogeni c m"croorganismor virus is
admi ni st er eenovdsd dric lifo-Dhea ldsi e wilddt dosoppitiahn 108%esoverany be
necessary t 1.0i r.t 1 anj ts inaa. Li ime in
B e R S S L S S
i mmuni zat i opnky Weheds adR3 hose dRbai ted addiei¢nropokpeppredtigaceihhti on
will be usefyl when disidngihivecgheyhpys yaccines. A teppatiueby, Ljhye or
virus vaccination is conbined with previous or subsequent polypeptide
and/ or nucl @kCwdEtd opaeéi Rapybut 1EbrrasipengcBUrety|@n pksinsisé rigt &R ect
primary i mypizatdon Mty Rsl iwer@e virus vaccine foll owed by subsequent
booster inmmuni zations using the pol ypeptide or nucleic acid approach. -'S
c~ ~ ¢ ~~~VeACHNKe nitdoof GARF 5 oroNvi tHE cBAPBEAE+ M sfETREEW PH ndicl ei ¢
aci ds) contghdd N & 8 QNHeERERPHORG thiba t8h, bladandiRindFapPOhehheSere. g. 1IN
the form of the inmunonodul ati ng substances descri bed above such as the
cyt oki nes dieusdPELOFTNLEd) uvants. A preferred version of this
enbodi nent enconpasses having the coding region for the anal ogue and the
codi ng region for the inmunonodul ator in different reading frames or at
| east under the control of different pronoters. Thereby it is avoided that
t he anal ogue or epitopes are produced as fusion partners to the
i munonodul ator. Alternatively, two distinct nucleotide fragnents canibe
used as transform ng agents. OF course, having the 1St and/or 2na and/or
3ra noi eti esvharaife same Ebadpng Pfafeecananpieyi de hBeanopkpressh onf
product, an, analooye b, L he, | YN oN RN osuch &0 SrhadiiTR ohy sapeci ally
preferred according Pot present 1hventi on.

of the T-cell epitopes in the vaccine and which belong to

the 7*® of the 3 known HLA loci (DP, DR and DQ); in practice,
it is first determined which MHC molecules will recognize
each T-cell epitope in the vaccine and thereafter these are
listed by type (DP, DR and DQ) - then, the individual

frequencies of the different listed allelic haplotypes are

summed for each type, thereby yielding ¢, ¢, and ¢;.



Use of the method of the invention in disease treatment As will be =9 DEC 2002
appreci ated fromthe discussions above, the provision of the nethod of the
invention allows for control of diseases characterized by excessive |oss of
bone mass. In this context, the disease osteoporosis is the key target for
t he inventive nethod but al so bone Ios§¥pssociated wi th conplicated bone
fractures is a feasible target for treatnent/anelioration. Hence, an

i mportant enbodi nent of the method of the invention for down-regulating
OPG. activity conprises treating and/or preventing and/or aneliorating

ost eopor osj s i tiQn racter] exL£es r rption,

t he nethogﬁcg%grgépﬁé g@%&-&%ﬁhﬁﬁ%ﬁﬁb%%Pgilg@??@%%@ gﬁc%? ?%gstgﬁghe met hod
of the i nyentéavoddistahairediicant vhhak khe rate of bone resorp~ion is
significantly decreased. S ( ~Sl L.~~~ 42 In the present context such
a significant decrease in bone resorption is at |east 3% conpared to the
pat hol ogi cal rate, but higher percentages are contenpl ated, such as at

| east 50, at least 7% at least 90, at least Ilo, at |least 130, at |east
15% and at |least 170, but even higher percentages are expected, such as at
| east 200, or even at least 30% It is especially preferred that tHéV
decrease i resarpti.aon resul i L pyersi o] n bet ween
bone forna??%ﬁgg% -hgﬁkk¥§35?b #g;%%egpggé&gﬁaéﬁtEgerggéng?pg%ﬁeg?ornation
i s broughallel axdessldthea atrecafingoNECr esdeptilen. wit cloonise, thdi £ mbal ance
shoul d not b intained (since_it,would result. in osteopelrosis but by
carefulIy*EEéﬁ#T%H%Hﬁf%I%Q %bﬁbg?cﬁhﬁei?ﬁﬁuv 55 @5I°Fﬁp§8t€%? ?nnéﬁizations
of the indiyigluglownnungedothermof prt ahd POFSiTie hika@Bt Bhat aibal-ance over
time which results in a net conservation of bone mass. Alternatively, if in
an i ndi vi @tiathe RonEEtd@nof st Refragem ¢ fc sivfPrnders Aat érdbame_1 Oss, the
met hod of ,t he | ngi.on. can io I inat i M ot.her _known

met hods f&éi?@hzgfn%”bogeefgggg%h g@’%%%%?%@fggﬁhifé%?gyg%gdu§8d5?o obt ai n
a significtangiektiusiimaria w:bone | oss, thereby prolonging the tinme where
sufficient bone mass is present in the individual. Methods for measuring
the rate of bone resorption and bone formation are known in the art. It is
by neans of bi ochenical assays possible to gauge the rate of bone
resorption by neasuring the blood concentration of certain fragnents of
collagen type | (cf. WD 93/15107 and WD 94/14844). Alternatively, the)rate
of bone | oss can_be asseSfe by physical neans; representative disclosures
in the art" B frethodseFBr ladweeilng ot ey H5-hoht i AGERFVES - phisi ca

met hods cstiobkd fieeinfot &d Wh 88/ 6680212 WD 944128565, tNEx 9541 4481t0pad WO

97/ 00643., Peptides, pol ypeptides, and conpositian f. the inyention T 9L
0002 e it BEehBEaben Tpa: I, MRS gredent et RveRt 1 on i s
based on Hdwl@oneept of i mruni sing i ndividuals against the OPGL antigen in
order to indirectly obtain a reduced osteoclast activity. The preferred way
of obtaining such an i mmunization is to use nodified versions of OPGE,

t her eby prioaneliowe nothegulsesi aghiicly Favelhoepptepeousbybbeentdpduteded in the
art. |t 1§, behievggahnal, e, odi {1 ed LPA IRl aGY! s, dissessed bepein are
inventive in thei r own right, dnd therefore an |npor?ant part of the

i nvent i onkipastledass tod ahh€©PG@pEiepayuehilhchis s akgidadd «:r o) anThfi mal OPGL
wherein is. | C ificatio L : r t Lk

i muni zat?%én&%{%eoegn%ﬁ'ﬁ% v(\i/letr% Fﬁer%é‘\#;lr"ggﬁgg?% ﬁcgg %rgg ugﬁpgﬁp%f

ant i bodi e¥ rEHctbasy eddiohi dakky andh3t hieragvardivf iied tOPGeopsll§pepri de.

Pr ef er abl t (o] Lfication conforns with the types of
nndificaf%%ﬁ%nﬁéggfﬁggg ggkggt&gg%'discussing various enbodi nents of the
nmet hod of the invention when using nodified OPG.. Hence, any disclosure

pr esent edrifiarLidy iRer hahphpgr t O Mdified OB, PP| &E W B Al ubekevant for the
pur pose of describing the OPG anal ogueS of the invention, and any such

di scl osur&sl lappPitaReat F81ifht 846 230 ehel MedcridgtdcorP BiP Y He® aﬂgl ogues.

individuals of an animal species or an animal population and
these are preferably introduced in the wvaccine thereby
reducing the need for a very large number of different OPGL

analogues in the same vaccine.



It should be noted that preferred nodified OPGL nol ecul es conprises ~ 9 DEC 2002
nodi fi cations which results in a pol ypeptide having a sequence identity of
at least 700 with OPG or with a subsequence thereof of at |east 20 am no
acids in length. H gher sequence identities are preferred, e.g. at |east
/5% or even at |east 80, 85, 90, or 950. ,The sequence identity for proteins
and nucleic acids can be cal cul ated as (ﬁreF Ndi f ~ ~100~NreE, wherein Ndlf
is the total number of non-identical residues in the two sequences when
aligned and wherein NreF is the nunber of residues in one of the sequences.
Hence, the [PNA gﬁ% | e I I 75% w th
t he sequence Aﬁ%%&%%%ﬁ?ﬁ§$§:2 a dw%$%é§%¥ﬁ?ﬁjﬁf%% ??gL&gsg%%%gﬁgg%ﬁi

i nventi on dliadoigddivaiassury iegnpowian dhscaldefanitiopeexerdl sihgepheorrs hod of
the inventign., Hencenkherppyenti on @l sqHel abes ;i a?abm@;@%'é%d
conposition conprising an I nmunogenically effective anobunt of an G

pol ypept i dedigitdieriia aoxelifl, pdofebanea Hhrani haragbal dioReL (Bl ypapd i de
bei ng for at . e iLth. i mrunol ogi cal |y acceptabl e adj uvant so as
to break ?ﬁ% é%ﬂﬁ%?gg%gqur% g% %%é towar ds the OPGL pol ypeptide, the
conposition further conprising a pharmaceutically and i munol ogically

accept abl e gyduent dkora ysiiede AL AL, OBESh RIc R ar XSl Bheplped N Of her

words, this part of "the invention pertains to the fornulations of naturally
occurring GRMe peeppégentibtiehi dsnesialbEcheriesdes madPabdecofineerdoo wi t h

enbodi ment s, of ;the ARk ford hefi NYEMRONMoThEu BY et U SByr el es to
an i munogeni ¢ conposition conprising an i munol ogi cally effecglve anount

np | .
of an OPGL Hrfdlesgué HEPrRBdadbeles kavel Resmpdsientddiedr fREr tROMPri%d ng a
phar maceut i£al 136 g 11muRQ1a9iGAldopAC Gep bl g id it anf/ Qe vehic! e

and/or carrier and/or excipient and optionally an adjuvant. |In other words,
this part cRaleguesyeferoACEDReErNst? dritfLIRRESERS dPVRBALPR edCBP@ LSO

essenti al | RS cg@sppbbed; aboyseq The thBOk6e1 i ddl] rbrIHehcetalh i 8 Sarénd
vehicles is accordingly in line with what has been discussed above when
referring teaeOYma et | SACOFPHER 4 cBY an§LGRABAFT PEFSEPEL Hro8se3 93P t he

i nventive ngthod.f orrd hecgownir egubatigeal ©BGLThENe pplwhentddes,ar e
prepared according to nethods well know in the art. Longer polyp%%8|des are

normal |y prBiesnéd apg) e aitd tdfvaost ofrbPhant2-igenk¥®chdol uned|- udh

i ntroduct i oy af 337AUCkELE agh d2SeaUeNGe engogls NONL herOPSle aNAl QaH: i Nto a
suitabl e vector, transformation of a suifable host cell " with the vect or,

expr essi on @ilczh&hedl eilc ,adPd3sedueRise; MedolE®y of ~4he Raqpresss] o product
- 9 C-t v 2002 f§9§f°'€‘et1*ie TSt 16‘?'—5?35“ e f‘afl?l %“rgts‘éﬁe.r,”affég#; and

subsegeunt purifircation and opti onal “fufther nodrfication, é/g. ol di ng
or deri vat iIratunogen8hocteB9 pepd i et arktheprlefrereably fprepae eal oy drsalns of t he

wel | - known t.echniques of solid-.or liquid-phase peptid ynt hesi s. wever,
recent advéﬁ%@sﬁF% ﬁﬁign echho*ﬁ%@m%%s9¥3h5%?38p§8si?8§8§th%'%eﬁﬁﬁc i on of
full -1 engt refelrppepsi des aablepaot edNscanditdaeee naeanal aptitobhes eforte it is
al so wi thi nthe ;3cone of JLOg PLEsent ; iaventi op. t g, PLERAL Sl 16 | Atk
constructs‘hy synthetlg mean

common motifs with these.

Alternatively, the epitope can be any artificial T-~cell epi-
tope which is capable of binding a large proportion of MHC
Class II molecues. In this context the pan DR epitope
peptides (“PADRE”) described in WO 95/07707 and in the
corresponding paper Alexander J et al., 1994, Immunity 1:
751-761 (both disclosures are incorporated by reference
herein) are interesting candidates for epitopes to be used
according to the present invention. It should be noted that
the most effective PADRE peptides disclosed in these papers

carry D-amino acids in the C- and N-termini in order to



Nucl ei ¢ acid fragnents and vectors of the invention It will be apprecihDéd 2002
fromthe above disclosure that nodified OPA pol ypepti des can be prepared
by neans of reconbi nant gene technol ogy but al so by neans of chem cal
synthesis or sem synthesis; the latter two options are especially rel evant
when the nodification consists in coupljng to protein carriers (such as
KLH, di phtheria toxoid, tetanus toxoid, and BSA) and non-protei haceous

nol ecul es such as carbohydrate pol yners and of course al so when the

nmodi f i cat {rewr @uhps i ates] Hddi vhen afimgpgetehed nsHovese¢de ghoupseseonhn OPGL
pol ypept | de; dori pd ghenbirde,Chalfle B tREoPHOPSESST diRfORR RgRhcgene
technol ogy, and of course alfso for the purpose of nucleic acid

i mruni zat¢witopree| @f c ragitd df aghenmedeficedi 9FCGhoditicd ePalchr henport ant
chemi cal produelshe HENGR aJUROT Ll P, kg 11gveRtisoheperhai ns to a
nucl eic acid fragment which encodes an OPGL “anal ogue; i.e. an OPGL derived
pol ypept i HeSo#Reh. ei EREPAEBRPRE seft hePR@$ ur &0 OPELl@equélbecEBeRhi ch has
been addegd, Ofediaardedia fuisd O PREKRET o BT 2T AhEL &bl Yna LHE dggi ved

pol ypeptide wherein has been introduced a foreign T-cell epitope by neans
of inserttRreiyoritadd tYn, emati@ndbltyp pyrcorporgte-D-amino. agigp?2 46
means of swbstd tdfiQpand/sn del ehkopredbRr UG & Ci el d fragments of the
invention are either 'DNA or RNA fragnhents. The nucleic acid fragnents of
the invention will normally be inserted in suitable vectors to form cloning
Or expresghoOn: MRELANS yCREEYE Pled NEATRICIRIG 1861 ds f IR SRk nghenknventi on;
such novel vectors aré also part of the invention. Details concerning the
const r uct?BHdf AFREsSIBIATTS BREVARWTRERM | @F wRT | 1BBUgPdedisadlyn cont ext
of transfor et Gal | suBBEqHk&ESOGRNSFE beh Oy The Vel sepdbopdependi ng
on purpose and type of application, be in the formof plasmds, ?hages,
cosnmi ds, }Fﬁ‘fﬁn%ﬁ'—?‘{ﬁwﬁé‘@ﬁe ?CBro@iM%,r%ﬁlgFéSnnﬁk%oP’ﬁ\%%%ﬁ‘Fé only

expr essedepitedisdLAiEH BhealHabs pekksnt simnHdrdianhalegties. ukeef erred

cl oning and expression vectors of the invention are capable of autononous
replicatith, tFEerlé‘lY?néﬁé(SI MR MYh SopY- AURBET BT PBESEHRUDUFPOSBES Bf

hi gh-| eveli EXp{18%% G rOthbi gbske¥ehpl &péhsadimh ol S whsequesht ebeni ng. The
gener al o%%line of a vector, of the In eq%ion congrises t he foll ow ng

feat ures THFEHE PNLW onf r3HR9 N BAF FHEOpRTENI £° | PRR3GRE S 1Y ohBter for
driving expdesstd ehike 'Bucheueecasiydténagnent of the invention,
optionally a nucleic acid sequence encoding a | eader peptide enabling
secretion (to the extracellular phase or, where applicable, into the
peri pl asmey aknetiohatiegitadven itheo hbei fietdiiaste off tbeGpoloppepil de

fragment,; {he Juichel ¢,peid fragment ofthe oventign and optlopally @
nucl ei ¢ acid sequence encodi ng a Termidator " Wheh operating W th expression
vect or s impdirfogac OPGEt tai s AFPC get la [B-Agsphbcyse f kot iemspanpeseshef geneti c
stability:0 ns cel eferr t en,introduced
into a ho% J%%P$O%% n%%é?ggédai%pgééEﬁ%sﬁggépﬁégé%gﬁégglgﬂgﬁﬂﬁP%st, when
wor ki ng wistriphceptter speailfd cused fhoe ehtegenngri fiovi e 8RErepscdhHi¢n an

?‘gggg‘l_]s(is&fa%egaﬁi%%hﬁaxgcggrchi & 1f\i%cc.4.ﬂ$ftdb&n)arg‘éiéeﬁqsr Ofpgecurity

preferre a e Vettor I's rncapabl e o eing rntegrated in the

host cel Ikryevomeén tyipé caldtye, Rakedimiramee, +Lhg (jpofetG Zan-2be a
carbohydrate for which there 1is a receptor on the B-
lymphocyte or the APC (e.qg. mannan oOr mannose).
Alternatively, the second moiety can be a hapten. Also an
antibody fragment which specifically recognizes a surface
molecule on APCs or lymphocytes can be used as a first
moiety (the surface molecule can e.g. be an FCy receptor of

macrophages and monocytes, such as FCYRI or, alternatively

any other specific surface marker such as CD40 or CTLA-4).

It should be noted that all these exemplary targeting



47 non-integrating viral vectors are used, the choices of which are- 9 DEC 2002
wel | -known to the person skilled in the art The vectors of the invention

are used to transform host cells to produce the nodified OPG pol ypeptide

of the invention. Such transformed cells, which are also part of the
invention, can be cultured cells or cell ,hines used for propagation of the
nucl eic acid fragnents and vectors of the invention, or used for

reconbi nant production of the nodified OPGL pol ypeptides of the invention.

Al t er nat i velgieauiest rearsf bemfase! 43 @éﬁtbé)fguiﬂtl aBPauvppe \wdE®ineckt rai ns
wherein thg gl eic acid fragment (one single or nultiple copies) have been
inserted so as to effect secretion or integration into the bacteri al

menbrane or cell-wall of the nodified OPA. Preferred transformed cells of

the inventi e, fd gani eyl t PECH es

Escheri chi ﬁe%.a%%ﬁﬁl%aﬁ?% en?ean.tbaB%%:i F%ﬁgsétgub i??%]r?g%g_l nmonel | a,
or Mycobact@GLumdlypepsidbl yonancpahioyetild, tong 1N opgerstBCEhieyrast s
(such as SagrhanQmess i fRLRY! 3L85dns NG Priaf Q7RaN%1 A bel RaLLYSE Yend he
transforned cells are derived froma nulticellular organismsuch as a
fungus, an liavsdctofcefgspapspivanesseldt ©re almmml st el Py Metudind erred
are cells defd vgdolEOMA: hoNBA heidGd Choibhg distissisennafiacek! thdes and
vectors bel ow. Recent results have shown great promise in the use of a

conmer ci al |y UR\p&i [SySEempr S¥BHAR | L MRSy £t s elSECPPAeMPL ARl SR W] der 2

(SZ)cell lingandesechay A¥stesmavripale 9 QR kdviebnoRennigs réies,
r econbi nant "producti on of golypeptl es in applicants' lab, and therefore

this express difldyste/fitscparei Barbs| yPpfe?ferred. For the purposes of
cloning and/or optim zed expression it is preferred that the transforned
cell is capable of replicating the nucleic acid fragnent of the invention.
Cel I s expr es&itR§leney 9E+%§%'W%éﬁhéﬁﬁdaﬁécﬁF%%%?f%ﬁqﬁ§bFBWeéﬁﬁ6ﬂi%§%ts of

the inventiwsd Reytaniha usaehdiay Sd furctidld lad ADQR A8 sSGal & or
| ar ge-scal e preparation of the pnodified OPGA or, in the case of
non- pat hogAE1hgc FEMPASL B oRacki fre ndPtasResiPRe Rl ¢TI WAEENAR. Wien

produci ng tihe Jmdishiigd 10PGy, afy |t hig dJMeRtdion Dy feans of nddansfiarred cells,
it is convenient, althou far fromessential, that the expression product

is either edgo¥ed doterhtvkife Cul tred)nedilimbesd ce&ini ed?on( el Dur f ace of
the transfaonRdicellin VA& anyrefifacti we qadigah celd hag,begn idepiified
it is preferred, on the basis thereof, to establish a stable cell |ine

whi ch carri®E@MBECYyserBRCEPPIAGS| ROEARY oAt BRWL ahith EXPreBsEMT1HE nucl ei ¢

aci d fragment: 6n6edi,a9yt hen Boghhdet (HGpa kR efrerabl ytbRige shad@ucel | 1ine
secretes or carries the OPG anal ogue of the invention, thereby

facilitati MGFYpEHEFLEat DN IheteEoNd PRiGERer i th pIeshRcE FectBrsUtdMAi ni ng
replicon anghctonyt@kisR@uenceasd it adsterided faomspeciesceoimat | bl e
with the host cell are used in connection with the hosts. The vector
ordinaril yb(?&P?”i'es areplication site, as well as marking sequences which
are capabl e of providing phenotypic selection in transfornmed cells. For

exanple, E._ coli..is ically transforned in R322, a plasm d derived
Froman' £ AGProdpac ISt ieetven gion paiirabls fept-ohgyk) pEafRt ety
pl asm d comicdierslgenesaparorapincied BB and setsat yelioty rasi séansE’@Nd t hus
rovi des e a roi ifyin ransforned,.cells. The R plasm d, or
gt her nicr g%}églr&p%%gﬁﬁd %ggghaé%iﬁgs%n%‘fgoa%o?l?%gh,C"fs)'r ‘%eea]?%%l fEiq)éthi 0
contai n, praanotleps, biedhawisthey 33edshyothe) prakiaoRrdt i(ealret botiDani.sm f or
expression. Those pronoters nost commonly used in reconbi nant DNA
construction include the 3-1actanmase (penicillinase) and | actose pronoter

systens (Changrettakelyl 9t8e Isealusa neticaly. ,cdi®7e &oedeeh, etsvah. ,ad 979)
and a tryptlophan

lsterigiag}n (LLO), 1lipid A and heat-labile enterotoxin.
Also, a number of mycobacterial derivatives such as MDP
(muramyl dipeptide), CFA (complete Freund’s adjuvant) and
the trehalose diesters TDM and TDE are interesting

possibilities.



Co~ it~ ~0 ~UU2 49 pronpter system (CGoeddel et al., 1979; EP-A-0.03G( 2002
776). Wiile these are the nbst commonly used, other mcrobial pronotels
have been di scovered and utilized, and detail s concerning their nucl eotide
sequences have been publi shed, enabling a skilled worker to ligate them
functionally with plasm d vectors (Sie nlist et al., 1980). Certain genes
from prokaryotes nay be expressed efficiently in E. coli fromtheir own
pronot er sequences, precluding the need for addition of another pronoter by
artifici adlsedise pogsabdilitvnof olprsidacyotes, thikdryditdty mhdcbbes: such as
yeast cultiiess naye 3 s hf 4588, AndnRene ke ar emtet shaul dugngapabl e of
driving expression. ‘Saccharonyces cerevisiase, or common baker's yeast is
t he nost LOHRIMIYE @ed ReSHhgREURBPYBI NN i @F ddrega}mvmloaltﬁbagﬁr*a nunber
of other $igalis, Al ~amoalungyat! ab! @mgogr%r;ﬂ%s' @i AnSagRRar onyces,
the plasmd YRp7, for exanple, Is commonly used (Stinchconb et al., 1979;
Ki ngsman &t &pB. XnjogTg: thl%’fchtélh@epaéml‘apyl ]l%@}iat‘-lfﬁps aucheom diml Fbady
cont ai ns i.des el.ect {,an f ant
ébf—‘réip% atgc%bedn é’l‘l*h r%\ée‘i% o8paekaft be u@ﬁlfﬁéd ?6 gsmig

strain of yeast I|t to grow I n trypto or exanple ATCC
No. 4407ePenvimEpspel f(- \P@lﬁe@atlgwpolm@wmnt@ -ofe tgheWpr |@I6/I4§§i18)h as a

charact er i sfi Golind hateast hoplagebh. SRNGIE.d MR POV s 128 of kect i ve

environnent for detecting transfornatlo y gromh in e absence of

t rypt ophatit r\Seli Uzas & igro ot SepsdBEas g @fyéé@t lipddardonnanghert he
pronot er sp{ & s oPhQEthghygébéﬁéeg'Qﬁéeﬂﬂétf@HHlﬁ%néﬂparé§8&é Phe Ot her
glycol ytic enzynes (Hess é ; Holland et al | 978), such as
enol ase, BPVR@Hs daPieler bk phbler et ogepaiskt intex ok naBlltpptavat e

decar boxyﬁ@%nM%&@onUQh@kaﬁa§§en9& USOSErmPRHISP N dle@ ce$ ORRE A8 Se
3phosphogl ycerate nutase, pyruvate kinase, triose hosphate i somer ase,

phosphog 05%1$56ﬁ§r§§éat9ﬁdaﬁpﬁeéﬁhﬁ%3851pﬁ ééﬁgﬁFBEFlﬁépéQPFéBPe

expressi dhdlAsm @s g. tBemygfmﬁatqmgseguag)g%t@ﬁsg)fd@ ed wat-hekpgse genes
are also ligated into he expression vector 3" of the
sequence HediRed G HEYeXFPESREY FEOWR 03 I psinfiteny PaCi 6R Bracké nRNA and

t er m nat |m1@mrd@r%@s M chohamerddte aglflbdd et advant agge of

transcription controlled owt h conditions are the pronoter region for

;
al cohol d@ﬁ?ﬂﬁﬁéﬁhas@??eQ%ﬁ£g t oGhPGRe EPCacPdCBhdsphat a5e, SBEYratati ve
elnzyms*sI gﬁﬁg&l&ih i 'idl«& Vit dhdu t _mgan mo&mlmamgyarﬁkddwea{ o;smmtb:} onfgd

gl ycera yde 0S e r nase, . and enzynes respansi ble for

T Lose. dtt R Aot SRR A AR T ARG S G P LS BB o “Coriia: h1 g

yeast - cort’pﬁdﬂfﬂlaypro@tmtrelingosngnm ofedi@id<atld on fard chepairfatkoRosequences
i's suitabl.e. ddlt an cultures .aof cells der ved from
ol £ col 1B g R e ke D s too b f okt 45 St et BrE ohny such
cell cultuhaaa3ﬁ\degmﬁni omhekh¢ﬂehenn1fectebraseoorCBnWEBeebraté cul ture.
However Anterest ha t.est er ells, an opagati on of
vertebratenﬁﬁeghltuﬁz fg% e éﬁﬁ?ﬁ?@?7¥a55§€cgﬁgéﬁ‘ &ﬁyigeﬂﬁgésgdure in
recent yewoss,( Na3sue @b&@bﬁnolsa?»)mjfxwmm@z)of such useful host cell

| ines are VERO and HelLa cells, Chinese hanster ovary (CHO cell lines, and

WL38, BHK, COS-7 293, Spodoptera frugiperda (SF) cells (commercially

avai | abl eerais aqa@mhetev@xpérﬁ@@dmr&ysbensthéomnv@tll?frot &hAchci gnees, 1000
Resear ch Par kwa ﬁ |trogen) and MDCK
cell 1iness®y E¥Hépg?5’éﬁ@feﬁ§§ﬁtp5ﬁseﬁ aBéB%chl Tb Bter(8d9cett line is
SZ avai|EﬂﬂaﬁthOﬁbbpyeEFOQEEheF%ﬂd&rtaﬁﬁléplﬁﬂﬁMb(}égidmm rgeopGIheo

Net her | a S ression ¥ectors f [ such Is ar di ar|Iy

B, i enchude (if
necessary an '6F Eln i 8$|I%%tl% a ﬁ@ IS@ t8d i f of the
gene t o baulexpressed,oralong asitish tﬁrq&anﬁce&sam@/rtahosmbednnlmh ngFsrtes, RNA

splice si t e arQ:%hyadtirﬁlf%latlon SbteuSeQd transcr Bthogratégrg&g@tgg
sequences.
dextran, cft. e.q. Lees A et al. 1994, Vaccine 12: 1160-

1166; Lees A et al., 1990, J Immunol. 145: 3594-3600, but
also mannose and mannan are useful alternative. Integral
membrane proteins from e.g. E. coli and other bacteria are

also useful conjugation partners. The traditional carrier



51 For use in mamalian cells, the control functions on the expre55|3£
vectors are often provided by viral material. For exanple, commonly™ D§C 2002
pronoters are derived from pol yoma, Adenovirus 2, and nost frequently

Siman Virus 40 (Sv40). The early and |l ate pronoters of SV40 virus are
particularly useful because both are obtgbned easily fromthe virus as a
fragnment which also contains the SV40 viral origin of replication (Fiers et
al., 1978). Smaller or larger Sv40 fragnents nay al so be used, provided

there is imsilegedeshevapproxikeahely 250rbY b@@@!@ﬂ@@lféxf@ﬁﬂﬁrngtﬁﬁf%m& he
Hindi11 st te.0war dldhenglib Sl ocaled ddysthe il Ddlih Ofsa)
replication. Further, is also possible, and often desira ﬁ to utilize
pronot er o@r@oﬁﬂﬁ@lp§@é@éﬁ@ésah@r¢§#f%dzﬁﬁﬂﬂHQﬂﬁy9an@ﬁtﬂﬁéSdes|red gene
sequence, provided such control sequences are conpatible with the host cel
systens. An origin of replication may be provided either by construction of
t he vect or Geatipaal e asn Exoriibls OFFlyi peersschoabemipste startieded 1 om SV40
or other V&ﬁéﬂfd@%ln% » mbAL ¥ P8Ry 1 SEN0, 8 3VYesBPYE 0bpABYs bespruided by the
host cell chronosomal replication nechanism |f the vector Is integrated
into the hostlagdlnsbhpontigdneTNEte baft @they gerdremuf ¢f citdst . tumour

I dentificat] f. _u .apal ogu e skilled

per son thaﬁmﬁgpgafl%2055|EF§%§ngan?s§%rpre§&%#%§tF%%§a{ Eébéig%l?ﬁﬁ3_

have t he alifl T-eetld epn¢ppeanbrbodhes quaﬁlamtn®msmhmc$r@a$adﬁfﬁnﬁmbactlve
with the ng I o e no dc u fective
st andar d sc&légs 93g%%d%¥ésﬁa éﬁ% QFgéu%%g W%ICEk%hP thB%P%ﬁ%u

requi r enent¢hlopmimmuacidghember gartalvidnp dibsdidssed, héreamd Henoe, llanot her
part of th nygnti o enns od for t ggnt LG on

modi fi ed O% Prflpep%]?éggv\hﬁ%chgrggw {}% %%’} caf% le ’H{ %ndum ng
ant i bodi es p@@&ﬁn@nsunﬁ’ﬁ)ﬁﬁm &d COPGEL nArane avibed spéi@leesCWm@QﬂFbmg

unrodi f i ed @@elgglsygspfthgehhﬁaﬁ &?Qchﬂg‘JQ%eﬁfll%' fr95.018) n.pdhe et hod

conprising - preparin nmeans of peptide syntheS|s or genet’i ¢
englneer|n§4ﬂecﬁﬁﬁq8ég an§e986f3hﬂtubh?yamﬁ@ﬁlﬁﬁﬂdrﬁRﬁhﬁE&PQ}qi_SEQ

pol ypepti dag waer ehn am no acids have been added to, inserted in, deleted
from or substltuted into the ami no acid sequence of an OPGL polypeptlde of
the ani mal Copedresathereby ugrerayingsethesan fBoaeNd S&§aEncéFsi n dhe set

whi ch conprjs@eToakh oBPIJOPRSoWRI GRqarS-d oI &N Bo-dNe apLeB e§Pe¢H)es or
preparing a set of nucleic acid fragnments encoding the set of nutually

di stinct mbdieEesdaoPer d ypeptiates, streesirqigehBnbdits ¥yt Hatset asf

nodi fi ed OQ@scpakypepdsrs of ¢ nud ef&l@ﬂdefa'é@'gn@f‘t schkeent hei Legbidd ty to
i nduce production of ant i bodi es by the ani mal Ee0|es agai nst the

unnDdlfled“@ﬁ@flegn@PGH(ﬂﬁﬁQQ%%QﬁJQRﬁFQxﬁ?%%aF Yy P?SPaFPPQeFﬁédnéﬁbers) of

the set of impadbliuedi PG Po! yPePLl dgsi tdpeC A rsiagirkireant hychnduses anti body
production agai nst unnodified OPG in the species or identifying and
optionally isolating the pol ypepti de expression products encoded by nenbers
of the set sahcBuckakec ackd fpagﬁ‘éﬂiéd\l\hérﬁfdsbd;irgéﬁtfsi cadtt | wHendynessentt i body

roducti on .agai nst unnodi fied G in t ani ne i es th s .cont ext,
Phe m set CorMHEPEEPry RGES ST S G Rt p BB OPAs HiboriRact | an

of non-i deebheabuandi{i pde POt e pthélesPemi sdl yrpatet ivleg . dierisszel ect ed
Studi o5 of “BPPEul ar™ T EHFDI LAY RORSRRELTS, Hharer SePajoarels adtrign
- patterns). ethecsellyapredesicetl athaanlthea fi@wan OPGL polypeptide has
been modified by substituting at least one amino acid
sequence in SEQ ID NO: 2 (or in a polypeptide where Cys-221
in SEQ ID NO: 2 has been substituted with serine) with at
least one amino acid sequence of equal or different length
and containing a foreign Ty epitope. The substituted amino
acid residues are selected from residues 257-262, 289-303
and 222-243 in SEQ ID NO: 2. The rationale behind such

constructs is discussed in detail in the examples.



- ~n ~c Z-02 53 nenbers but it is contenplated that the set may con§dJAT, 2002
several hundred nenbers. The test of nenbers of the set can ultinmately be
performed in vivo, but a nunber of in vitro tests can be applied which
narrow down the nunber of nodified nolecules which will serve the purpose
of the invention. Since the goal of intypducing the foreign T-cell epitopes
is to support the B-cell response by T-cell help, a prerequisite is that
T-cell proliferation is induced by the nodified OPA. T-cell proliferation
can be tested by standardized proliferation assays in vitro. In short, a
sanpl e engd Ghed: £:0i TL@BcL, kSicohbaliRedaf 5981, 35 t; and subsequent |y
kept in c PCs of the

subj ect which have previ ously taken up the nodified nol ecul e and processed
it to pr T £Ql iRk a ells

noni t or egﬁ}gér}ﬁj %:%?repéart re tpoleeage?sngi%%gglneng%th%olopﬁi bb@g}‘?’%%f‘?g %)JI;I Ei&?t ure

cont act ethfﬂQ@@P%llemeiQ)c@s@@ amrael’Snattumree GPrpyem by

Al ternati pLel i &%b r t he
concentraﬁg%%soféfe %%%ﬁ%ig@r ines re eased %y ﬁﬁgTP%g% %lln ?%% onse to
t heir recbyfulamicar odr el“CQﬁ TPeeYPSPL Wi n@lrlen@er é&dehi gﬁnycppb%abl e that
at | east &gﬁéggth|4g*ﬂga§edggdeh5hgﬁet¥p@ of set is capable of inducing
anti body producti‘on agai nst "OPG, is possible to prepare an i mrunogeni c
conposition conprising at |east one nodi fi ed OPGL pol ypeptide which is
capabl e of rdfuni ingh K I RRA#R AGAIRS JATRN F@gt%g—séﬂuéﬂc@@é‘@' speci es
where the unnDdlfled OPG. pol ypeptide is a self-protein, the nethod

conpri si Mf & >éqﬁ§QQ%§nﬁ§nﬁér§?n8Fa%h% wekl \iHidar s$iogRi £nckReI 95 F nduces

product i ofis of ¢ adty DOdicRs a(},tmss-ﬂm Rt IRQCT @S c0fai, ©B13r €47 €8¢t bye; Wi th OPGL
w th a phar ITB.CEUtI cally a i mmunol ogl cal I y accept abl e carrier and/ or

vehi cl e ahd? bt 23 4¢b99,230) 9-4,23 2; sangi | vbm’ B dI%r extlpient,

opt i onal | ynddvSdtidmticae (W ty aﬁtefle@:%%tceon@‘yﬁliééﬂf@??UEb§ﬁl ¥ cahgles
i mrunol ogi cal 'y acceptabl e adj uvant. The above aspects of the invention

pertai ni MY PrER* %%I&%e%TF%EQ%%t%l%R%Fc%ﬁv%h?%h?l?O%%F+?%ﬂ ottt by
initiallyspgpadiioig;a sorbar pbrmait walilubdiest Eaet suialtaion a@hd seguences or
vectors of the invention,_inserting these into a ﬁgroprlate ﬁre33|on
vectors, TIPSR ndPeui LaBPE hd¥E Pel FS wHBBeE hECY e & s 215Rd B pr essi ng
the nucl eb Ceppied .S @uepeesa it idre niayv @nkbobe dilebsi Mieeps Thanabeidel | owed by
i sol ation, of the e re33|§ P oduct | t Js(ﬁrefegred that the pucleic acid
sequences A= éct-GPS Sar& Ereﬁa? By IHT T SRGLPAPRES ¥Rt T se of a
nmol ecul arampbhérmatemléerml qu:ee@tueblas R ebmbatmeadas wafchnuehei ¢ aci d
synthe5|s Another a I q: ng % ntion,concgrns d for the

treat nent® 6%h§? ) PEBPRIT o X6F-PdFE 3s€§ebha‘ﬁ%t8??9% by excess
bone resomapieron slaﬂlae anexatose, ngjlydiemgla huhamob,elcng ‘thieheé ike} hand

conprisin dm rih t i an n | east
one subsf%ﬁ@erﬁﬁ?fege§t rogloggegggg?éagflﬁ% % %?b g %%Qc ﬁ%ulatory
ef fect ofmadPGomreigstrecodasimactitvicely. avxil sapy es@mtl:ynd:@ |sewid avat such
an appro neyer S t ref d enpodi ment
of this gg%agﬂ‘% ﬁiel ierﬁglﬁ%@nﬁ%ﬁv% grel{églusreEJ Bﬁff%’&& % é aCF’lq[)I body
(pol y- oradisneeltenalhjicor eahgpeei fcihealelfﬁebi:mdengssaof ahhetheq:eme%\s t he
subst ance, §”‘%ﬁ8'%%t%@%eﬁtBQEFGEQFXne$£e§ j&Qa Cpeildy is preferred that the
antibody is an 1gG or 1gM nolecu or that the speC|f|caIIy bi ndi ng vari an
is-derived fromIlgG or IgM The speC|f|caIIy bi ndi ng variant of the

ant i body qan LonveRlenbly b adtabnh rl@?”%@lhan@s%%?@d) BatEagoRnt)

humani zed nonocl onal anti body or fragnment thereo or a dior I¥|ner|c

ant i body 4% agriiec§éen, as 8odi abd¥gmgle,  either  subcutaneously,

intracutaneously, intradermally, subdermally or

intramuscularly. Additional formulations which are suitable
for other modes of administration include suppositories and,
in some cases, oral, buccal, sublinqual, intraperitoneal,
intravaginal, anal, epidural, spinal, and intracranial

formulations. For suppositories, traditional binders and
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nol ecul e produced by Canbridge Anti body Technol ogy). EXAMPLE It has been

deci ded to clone or synthesize cDNAs encodi ng murine and human OPG. in the
truncated version conprising anmno acid residues 158-316 in the nurine case
and residues |59-317 in the human case (nunbers correspond to the nunbering

in SEQ ID NGs: 2 and 4, respectively) . t hese truncated versions exhibit

bi ol ogi cal activity, it is logical to direct the autoantibodi es agai nst

this part ofa@P@Ers Impyaddiclivsie, ifiormskesrtlise podvveilkslsnal bévcahd ohus

easier to h@ppaleycém@%t;hetgu%hcD%p%g%b@geghemlgyr' BE OPGLnLgsi dues

158- 316 has been synthesi zed renoving sub-optimal "Eschericia coli and
Pi chi a past®Ffeirasdornfaighnchepu sl Sefirticnt Addi thonadnge ah

N-termnal @isfiq rl%%t,agrePéfébP} 108 clsavagsraii g &nd healpBasaehi ng
factor signal sequence from Sacharonyces cerevisiae, and suitable

restrictiom s SHRVeYBBePX ¢ HRAIPGr @sed fPAt BXaMRlOpaharaages§italme (cf .

SEQ ID NO {Pagei §£CRNANgREQTI NG M, T VDE MR | N GREL1 RS shESRaEL Oned
into a standard Eschericia coli expression vector (pTrc99a) using BspH and

Hiondl |1 restediein cardwdiimes sied lalosandapgnesdrnngaveerake ( pBrdesiei pt
KS+) using f%%%.Eﬂ%%é@%nlceﬁ?%é%gﬁ?ﬁg epgydres. Hyi &g oPEQshPu L 9) -

Expression in Eschericia co s resulted in approxi mately 30%

r econbi nantSWHENGOthe ¥t EscRéliler a CHFUst0t eFPst e Dr 6EEPASPaAs been

refol ded anghMiiddiephsUsiord bBRAESL! O¥MAY RSPRGEAUN 8:0-95% oF hact&2002 56

123 ingredient, preferably 25-70%. For oral formulations,
cholera toxin 1is an interesting formulation partner (and

also a possible conjugation partner).

The polypeptides may be formulated into the vaccine as
neutral or salt forms. Pharmaceutically acceptable salts
include acid addition salts (formed with the free amino
groups of the peptide) and which are formed with inorganic
acids such as, for example, hydrochloric or phosphoric
acids, or such organic acids as acetic, oxalic, tartaric,
mandelic, and the like. Salts formed with the free carboxyl
groups may also be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine,
trimethylamine, 2-ethylamino ethanol, histidine, procaine,

and the like.

The vaccines are administered in a manner compatible with
the dosage formulation, and in such amount as will be
therapeutically effective and immunogenic. The quantity to
be administered depends on the subject to be treated,
including, e.g., the capacity of the individual's immune
system to mount an Iimmune response, and the degree of
protection desired. Suitable dosage ranges are of the order
of several hundred micrograms active ingredient per

vaccination with a preferred range from about 0.1 pg to 2,000
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5. 6. 7 8 9. 10. 11. 12 13. Cells are harvested by centrifugation. Cells
are resuspended i n phosphate buffered saline (PBS) and recentrifuged. The
supernatant is discarded and the cells are resuspended in three vol unes
(100 mM Tri s[ hydr oxynet hyl ] am nonet hane hydrochloride, 5 mMdithiotreitol
(DTT), 0.5 MNaCl, pH 8.0). The cells aye added 8 E~| 50 nM PMSF and 80 ~1
| ysozyne (10 ng/m ) per gramcell and incubated at roomtenperature for 20
mn. For each gramcell pellet, 4 ng deoxychloric acid is added, and the
suspensi oidi sevaBubhreghathighes (ARAUNLS HppEhes lvildcdigs. range are

contemplated), such as in the range from about 0.5 pg to
1,000 pg, preferably in the range from 1 pg to 500 pg and
especially in the range from about 10 pg to 100 pg. Suitable
regimens for initial administration and booster shots are
also variable but are typified by an initial administration
followed by subsequent inoculations or other administra-

tions.

The manner of application may be varied widely. Any of the
conventional methods for administration of a vaccine are
applicable. These include oral application on a solid
physiologically acceptable base or in a physiologically
acceptable dispersion, parenterally, by injection or the
like. The dosage of the vaccine will depend on the route of
administration and will vary according to the age of the

person to be vaccinated and the formulation of the antigen.

Some of the polypeptides of the vaccine are sufficiently
immunogenic in a vaccine, but for some of the others the
immune response will be enhanced if the vaccine further com-

prises an adjuvant substance.

Various methods of achieving adjuvant effect for the vaccine
are known. General principles and methods are detailed in
“The Theory and Practical Application of Adjuvants”, 1985,
Duncan E.S. Stewart-Tull (ed.), John Wiley & Sons Ltd, ISBN
0-471-95170-6, and also 1in “Waccines: New Generationn
Immunological Adjuvants”, 1995, Gregoriadis G et al. (eds.),
Plenum Press, New York, ISBN 0-306-45283-9, both of which

are hereby incorporated by reference herein.

It is especially preferred to use an adjuvant which can be
demonstrated to facilitate breaking of the autotolerance to
autcantigens; in fact, this 1is essential in cases where

unmodified OPGL 1is used as the active ingredient in the



20 ~t]1 DNase (1 ng/m) pr. gramcell weight is added, and Myd 2 to-g mht 2002
and the suspension is incubated at roomtenperature for 30 mn. The
suspension is sonicated on ice until the viscosity di sappears. After
centrifugation (20000 x g for 30 mn) the pellet is resuspended in HZO
recentrifuged and resuspended in 3 m 1 Murea per gramcell weight. After
centrifugation (20000 x g for 30 min) the pellet is resuspended in 1 M

Guani di ne hydrochl oride, 100 nM Tri s[ hydr oxynet hyl ] am nomet hane

hydr ochl or BECVAFE M. Vg nd g pgj exgEpl oh q2o000aklyg pATUBIEE MAre he

pellet is g3dependedqpn t@eMg@é%%' dHIN %1@%@6§C®f0ra‘nd%mngﬂmem\ﬂargetmg
Tri s[ hydroxynet hyl ] am nonet hane hydrochl ori 50 et hanol

bet a- mer capEaErRRRsI anphnBuRe Bpdu st i@ rdEuEnt cﬁ%é?r*hlaggnta tapgiay, a

centri ngaEg@BkﬁﬂQOOO ang far 1m§c8}9é'é§ér$ehﬁ sypernatant;is il teped and
stored at 0 C. The solubilized inclusion bodies are separat ed by gel

filtrati onfermekatdgraphy ESilvgeSupes deyd @00 srattermang( PrAY weRits) . aThe

fractions ¢gpbaipi nQntﬂﬁnJrﬁfsQ%hﬂéeinQ:'@m@r& RReked QMC@MHHE@PL%O 0.1
my/m wth 1,5M Guani dine - ~0~? 57 hydrochl ori de

Tri s[ hydr o%ymmqm nBR&t haiemy@ﬁ@mhlasﬁj@eantﬁ SV T adaHV?ﬂnESSM YFhe

mat eri al oyer t Oov i.di pe

hydr ochl orliagll% n%fdi'?lés( &ll Slﬁ %]%%Glrlfg%%%ha#é ger’%%ﬁ Gi‘jsg’{eH,uqf{]mVDTT,
pH 7.515. The rra@étdalthl@t dlieheyz@tisml@rsnirght aboyeC ‘algaq:mstrleolxﬁdiajrr@@ 1,0 M
Cuani dine bydpaghliorifey 2081 slydnoxyreihyLLam nargihageqhydrgehl ori de.

1mVDTT, pH 7. e mater i alyzed overni ght at 4 C agai ns vol unes
0,5 M Gjanménﬁélhydrlocrﬁftﬂ i malmﬁ\ﬂrr&lb$¢1ydeﬁﬁynmuhyt]tanmm@mdhan@o

hydr ochl ori.de %ST@% 'I;pceggat er %|ClIn§ gkalcxéeg Qé/g%?&ght at 4 C

agai nst 10voﬁurres roxymet hyI am nonet hanehy rochl oride, 150 niM
Arginine, 1 nM DIT, pH 7.518. The material is dialyzed overnight at 4 C

agai nst 10V9k8”§§€§9%ﬁmgﬁ'§%hé(ag519¥e}'rg@§g?q | UB RAnelxatachlorl 4, 150 M

Arginine, pH7 ref ol ded” materi reeze and st or edat - 20 C.
The effici eAgpipamy @ﬁ/@lmmgeusﬁam@hﬁ@mcé@mr@ i scappeky nasefly a400, and

the purityol h5ex6e§S10heelnt THEI RLLAA fﬁ%@f‘fé’f&?%dﬂﬁean%dnﬁfﬁ'u%ng
process are still subject to further i1nprovenents. | mmobi’l i zed r ef ol di ng
are under PhbBsEYRRREBRC BAHYRNEY ek | TUFBHDVER - Df qaﬁ@qﬂioéﬁ)dluﬁé*@ag‘*sw Il be

performed gssentealbbynrasAfsabnbeddyrspdarsenetei - pr&fd8n The tpature of
t he reconbi nant protein has been characterized and verified usi ng SDS- PAGE,

N-t er mi nal VEEGLRACP YIS aii e adlem taaltyis t§MPaRAt WhRS EHMEIDRStMEENA

~-ysteine $UbsédtiﬁI‘Co@oquganEeegnBh@o“@|ﬂ1$&@§ Pk ey QRGE,Js s4Rder
construction (wherein a cysteine corresponding to amno acid residde in SEQ

| D NO: 4 isndubsept age@degethon by means of cross-linking agents are
possible. Aggregation by reactivation with pepsin treated
antibodies (Fab fragments) to albumin, mixture with
bacterial cells such as CC. parvum or endotoxins or
lipopolysaccharide components of gram-negative bacteria,
emulsion in physiologically acceptable oil vehicles such as
mannide mono-oleate (Aracel A) or emulsion with 20 percent
solution of a perfluorocarbon (Fluosol-DA) used as a block
substitute may also be employed. Admixture with oils such as

squalene and IFA is also preferred.

According to the invention DDA (dimethyldioctadecylammonium
bromide) is an interesting candidate for an adjuvant as is
DNA and y-inulin, but also Freund's complete and incomplete
adjuvants as well as quillaja saponins such as QuilA and

Q0S21 are interesting as is RIBI. Further possibilities are
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elimnate potential stability problens with the purified reconbi nant
protein. This nutated OPG. truncate will serve as basis for vaccine
constructs in conplete analogy with the description bel ow which sets out
fromthe DNA having SEQ ID NGO 9. Furtt]%rg, a correspondi ng Cys-~Ser nutant
(where Cys221 is substituted) of human G will also be produced for the
same purposes. The vaccine nolecules are initially constructed by insertion
or i n- substnanpitasmihoafyleitipeird the (PRLbr PBE epiovepandmtamntest diiisandxoi d at
sel ected Cpf&l t QS ARS8 dﬁgleF@%g kmgyp.oplom nant T-cell epitopes may be
used at a later stage. "The Selected positions for the introduction of
variation are chosen based on know edge of existing or predicted B-cell

epi t opes @b ffisclad18e8RdaL Y. SLIUGT ISPl RhT0M abif gy DAL ye. ol ecul e,
as well as ‘using alignments with the existing three dinensional structures
of TNFa (fe8m.pdbf shdrebaoe | }igmapme akdyupdbys fare rwdidrired ehReosecondary
and tertiary, sty Lf:(l\’lteuri%v%;lttﬁgﬁ.e)(t racel lul ar part of OPG.. The introduction
in the nuri nge nol ecule wll take place in areas corresponding to am no acid
resi dues | 70-192, 198-2|8, 221246, 256-261, and 285-316 (cf. the am no acid
number | Nty i gb SERUR N 1WA LRCREREE QAUGEL OF rhBOkBehLRR) Dl ecul e
will take place 1 n areas corresponding to am no aci d resi dues -1 93,

| 99- 21 9, FPvAirs 23p- peefegndd2gBoices -accorjling to Ebgr ipuenwhes, of nuri ne
OPG. have dpeJowikeen;gepstiucted apde @XRURISedt hEEOMY nantly i noEschericia
coli: DNA encodi ng nOPGZ[ 158-316] P30(256-261] with an N-tefm nal Hi stidine
tag (SEQ3aPWENTE3) 21BCRGIa8ES | PINOUPG reds lpet Ror nBidC usF hRySSEF D NOs: 22
and 25 assdd®isn bheapesul id nesddMd hhagiRntoN@SsHLHe I(6bk9Bnaliy~ | I ~
2L0?. 59 digested with Sacll and Kpnl and subsequently purified froman
agar ose ge1aCtANEEERd PCRRRRT WS SEQLEFDEROPEDOHESt enfitale wWaE:péRTdr med
using pridmiomEQal DN 2628, a3 XEGHs GidiC RhbABLamIREqr@sthting PCR
fragment was restriction digested with Kpnl and H ndl'Il. Both fragnents
wer e therfhs gafl@BRUnEISEES| DNPEedn/n pBhaescre PILIKSH reBREEEERbRL R gest ed
wi th Sacldoand iRl bk whQrCOET RebwR 54 NG & PR pAYLaELANWhBrENESe
construct, PCR using the construct as tenplate was perforned with priners
SEQ | D NGRPBINanFIF it ates it1MG PCRWr agiftht Weeleesrdkt i ¥ di gest ed
with PstlphnbdeteRipigehl opusd b ad ang %HES?%IH@@M y1d4103t @dwt opthgi 4 r oneous
construct digested with Pstl and EcoRlI.. The verified construct (SEQ ID NO:
13) was tHEf U 8ns S r SPMPESPFrE99a208i ngSBspRE aABIRAGFHPUFREIRI cti on
enzymes. JINp1exeedidyh NORE [ $88+3leh R 256 263dvhdn @inbkd e sk pal

Hi stidine tag (SEq[,I D NO, 15): PCR was performed using prinmers SEQ I D NGs:
27 and 2&%[ chotRatEHpl Wi PASUVBREFt I RYTPER ¥ dPERH™ whs Glestticti on

di gest ed Wdg) Rgtiln .angufeRRheand ssubspquent |45 pwnilf ied 4.9m an agar ose gel .
The resulting fragnent was then ligated to SEQ ID NO 9 in pBluescript KS+
restrict MBricdiegdstEd Wit -Sacmungdd 1nsdigell hrer14i t-+onseelet (SEQ ID

NO: 15) wascsubsaquant | yyt ranskertadet 0 RILEIIR UShAG, BsPH @ndeli ndl 1|
restri CtI.On enzynes )
instructions for the preparation of complete

immunostimulating complexes.

Another highly interesting (and thus, preferred) possibility
of achieving adjuvant effect is to employ the technique de-
scribed in Gosselin et al., 1992 (which 1s Thereby
incorporated by reference herein). In brief, the
presentation of a relevant antigen such as an antigen of the
present invention can be enhanced by conjugating the antigen
to antibodies (or antigen binding antibody fragments)
against the Fcy receptors on monocytes/macrophages.

Especially conjugates between antigen and anti-FcyRI have



DNA encodi ng mOPGL[ 158-316] P2[288-302] Wth an N-terminal Histidine vayC 2002
(SEQ ID NO 17): PCR of SEQ ID NO: 9 was performed using prinmers SEQ ID
NGs: 22 and 29. The resulting PCR fragnment was restriction digested with
Pstl and BstBI and subsequently purified froman agarose gel. A second PCR
using SEQID NGO 9 as tenplate was perfoE%Ee using primer SEQ I D NO 30 and
a vector specific prinmer. The resulting fragment was restriction
digested with BstBl and Kpnl and subsequently gel purified. Both fragments
vere then |pegit etbMonsSEQLPD NO ehdnre Jmmunggef 2t B0f QBIthes Prirpos KS+
restriction digested midh Pstl and Kpnl. The verified construct (SEQ ID NO
17) was then trans erre to pTrc99a using BspH and HindlIl restriction
enzymes. DNA encodi ng mOPGh[ 158- 316] P30[ 22| -241] with an N-term nal

st di ne tg0,SEQ.LONG s 18)5 PR, ofc SERLI D000 wes perforried wsing
primers SEQ ID : 22 and 23. The resulting PCR fragnment was restriction
di gest ed wi 8| mogidakpRp atib stiiEfuent]- g - pLﬁYEQ@dlefSr onmantageedse gel .
A second POBAIA NG 3040, ﬂ;@strreerfalretcearress@%rtc@rmet%' ng,pEhger SEQ
I D NGs: 24 and 31. The PCR fragnent was restriction digested wth Kpnl and
EcoRl and stdsiefirsht I4exfdionsur ioffi e@PGBot h Iy aghast s cRgpecthen, | i ghsed to
SEQ 1D NO. &/ dihdBldiespihplelr best E;,‘EEkQHeQ' gggked Wl Sacld apgl ECoRl.
The verified construct (SEQ I D NO was t hen transferred to pTrc99a
usi ng BspHIP@sriHildidiias restriction enzymes. Expression of these truncated
vari ants of OPG. have taken place in E. coli yielding over 200 of total
protein for all variants. A further devel opment of the above-descri bed

purificati othEmP el BYEPPRCER DdduterivativRs ware tSpdecsest inp SH | D NO
9) will be penfpr 88§31J@ir§g pB@C‘?cQ}Ha%\y‘M ldi SiviRias God e f Pre il s

devel opnent of opti mal roce ures fol each of the variants. |nmobilized
ref ol di ng AAdiHERfar iR prdeitn s igsiterziodg trRBaLPSEi Al 28gTPY 20t her
approach thagtgis being pursued. Alternatively, the variants can be directly
transferred to Pichia pastoris expression vectors using restriction
enzynmes, or other yeast expression systens using PCR if glycosylation is

desired. |tsshoid bﬁrmﬂﬁ{e,edtatﬂflﬁitﬂrhbe agijrﬁraswsatalcm sl dtednepead fis

bi ol ogi cal activity in v|v al so p055|ble to express t he
truncated GFQYR ncﬂﬂﬁhﬁt?@% ﬁfbr%%‘i‘%stlég§§d et t 644P n AndEpPdEsa 10T

Expressi on spbdlrﬁeetllgzelﬂlsld\ambl fahgRehesconsirderedcte. ghetaeScussrofi ;i C
z~0z 61 Schnei % 2 (S2)cell e and vector gystenlor t he Spodoptera
fruglperda2%§ﬁ¥’ceWP &eVeétg s§§?%ﬂ%ﬂtbo?% avditdol e from I nvitrogen).

Suitable polymer adjuvants are selected from the group con-
sisting of a carbohydrate such as dextran, PEG, starch, man-
nan, and mannose; a plastic polymer such as; and latex such

as latex beads.

Yet another interesting way of modulating an immune response
is to include the OPGL immunogen (optionally together with
adjuvants and  pharmaceutically acceptable carriers and
vehicles) in a “virtual 1lymph node” (VLN) (a proprietary
medical device developed by ImmunoTherapy, Inc., 360
Lexington Avenue, New York, NY 10017-6501). The VLN (a thin
tubular device) mimics the structrue and function of a lymph
node. Insertion of a VLN under the skin creates a site of
sterile inflammation with an upsurge of cytokines and
chemokines. T- and B-cells as well as APCs rapidly respond

to the danger signals, home to the inflamed site and



The purified variants will be used for antibody production in rabbifsdfdC 200
| ater use as detection tools as there exist no comercially avail abl e
antibodies. In addition, this material will be a very valuable tool in the
bi ol ogi cal assays needed to eval uate the autovacci ne candi dates. The
preparation of the antibodies will be pgfformed using standard nethods
known in the art. Selecting the best autovacci ne candidate is based on
assessment of inhibitory activity inin vitro assays for osteocl ast

mat ur at i oRFAFRIAHtE o sgids §henPeFOBS ahd Bl X molidiie FN -odtte&p6r BSPE. Usef ul

assay andsppgel «systeis @er&s%eawlabﬁqglea Wheel irbglatuhetbemdunt Nakacey et
al ., Fuller et al. , and Sinonet "'et al.’). The activity of the reconbi nant

protei ns WMENGer espAnLedobyni ADEAYRRAOLE Fo{e7qd oW et UBGOI~EbENYEN
un- anaest hgd i zied mﬁr@lp%@eetg@n(een@e;re@% Jvaf&crmla&rl%ebgla@ akg nouse)

and one hour |ater wthdrawal of bl ood Tromthe maj or eyé vein using
capi | | ar yVkNbEsrpaated ﬁPPHe85¥€P®h1é@ﬂ&ﬂé?éﬁlﬁ6p§ﬁﬂﬁg Fdicati @ | evel s

are measug e, Hs{ng raR lt@é\ﬁnéﬁé%} olrgetlera BereRiKdd Ewéfflyeq,n apdpeef ol ded
reconbi nant™ muri ne OPCGL is reactive in this assay,

i ncreasi ng ehe2kir A%i n@lllévéﬁ’él@lﬂ @BnRQ@éﬁféa@Q:Jlluﬁal?y apg Hsmepsd The
aut ovacci g, candgdab g5 44 | Itoe $halde RYShAHEL ed rUSiiG RAYeALacsd g 1 gn and

subsequent nonitoring of their inhibition of the release of ionized calcium

to periphéeedl plesd¢alpBavi e ekt iomasied éoenBi Ahnel nioP@h iNXS “ni éB: (as

descri bedw byorﬁurt%ssLa%oﬁlt&ry £82 the SBOUH - e pagked £ hahsasaahs,
alternative to nodifie GL, antiidiotypic ant i bodi es directed against the

d &P
i di ot ype @Ftehprandi -CPé@ anPBodyear Fara Resossy vBPERS u<A I GrRRanogens
within the scope of the present invention. Likew se, the use of m notypic
pol ypepti des, which can be isolated in e.g. a_phage display system using

antl-CPGLI%rl%s%%RﬁﬁQEQxﬁﬁqq19%?(ﬁ%ﬁﬂﬁnﬁgsﬁpﬁﬁé bre 28pi5igbREPdetel as part
of the i npRey gfedirhe shewenki on. 2 L1 T £F ﬁEEﬁR@\I@Eﬁme% aB aay, tdl et al
(1998), Cenes 12, 1260-1268. 2. Lacey D. L. et al. é Cel
165-176. &1 Wllééld‘@l én nsed £heneqt. Akt l?Jas WV%?éty b§/§“ 43083 4.

Si monet, WaS.til mhoryl28finiGRlinBRed389- BR8. ude IR préfeeteal.
(1998), J. Exp. Med. 188, 997 100l .. 6. Bur et al 1999), J.

Cel | Bi O|au1iqlx5acq51217355358cc07r dipgdrs erhe é?v%rf_l?riggg) ek oPEEHa Bk Puri f.
15, 389408hd theBefoly €h20@MmG3e system needs to be periodically

challenged with the OPGL or modified OPGL polypeptides.

Due to genetic variation, different individuals may react
with immune responses of varying strength to the same
polypeptide. Therefore, the vaccine according to the
invention may comprise several different polypeptides in
order to increase the immune response, <cf. also the
discussion above concerning the choice of foreign T-cell
epitope introductions. The vaccine may comprise two or more
polypeptides, where all of the polypeptides are as defined —

above.
The vaccine may consequently comprise 3-20 different
modified or unmodified polypeptides, such as 3-10 different

polypeptides.

Nucleic acid vaccination

n?

i,



CLAIM5 1. A method for in vi vo down-regul ati on of osteoprotegerin |igand
(OPA.) activity in an animal, including a human being, 5 the net ho.dq DEC 2002
conprising effecting presentation to the animal's inmmune systemof an'™

i mmunogeni cally effective anount of - at |east one OPG. pol ypeptide or
subsequence thereof which has been formulated so that inmunization of the
animal with the OPGL pol ypeptide or subsequence thereof |O induces
production of antibodi es against the OPG pol ypeptide, and/or - at |east

one OPGL arfs$ ogjueahhereahive ot cbassd admlrbstranieomodi f# cREPbhIEN t he

OPGL ami no acidy sequence wWhighe Dasnabod, r&8ULLc1HAL hauNni,zatipn: ph,t he

animal with the 15 anal ogue | nduces production of anti bodi es agal nst the
OPGL pol ypefahse, kimirebyas he'railedlc s agwd OR@mupg sgshAnt egul’ aeedt Hee to

bi ndi ng t heygafl, 1.0, the AN RON RS PRFNRELRYA P 9F£:Ps W GhnBEt SoAS an
osteoclast 20 differentiation factor and which has an am no acid sequence
as set fortd1RrEEY B9GLI2St-or hunman OPGL and in SEQ ID NOs: 4 and 6 for
murine OPGA.. 2. The nethod according to claim1l, wherein is presented an 25
OPGL anal ogue with at |east one nodification of the OPG. am no acid
sequence. Firte rigt KeRtZessr 8Pnghe ot B3l Hianalwyacsiine: RerKedarhi c@et on has

as a resul tcidiat A sUbsf@ntiali ohr aekisoncef rOG&k rB- ¢8kburce consuming
large-~scale production of the immunogenic agent (e.g. in the
form of industrial scale fermentation of microorganisms pro-
ducing modified OPGL). Furthermore, there is no need to
device purification and refolding schemes for the immunogen.
And finally, since nucleic acid vaccination relies on the
biochemical apparatus of the vaccinated individual in order
to produce the expression product of the nucleic acid
introduced, the optimum posttranslational processing of the
expression product is expected to occur; this is especially
important 1in the case of autovaccination, since, as
mentioned above, a significant fraction of the original OPGL
B-cell epitopes should be preserved in the modified
molecule, and since B-cell epitopes in principle can be
constituted by parts of any (bio)molecule (e.q.
carbohydrate, 1lipid, protein etc.). Therefore, native
glycosylation and lipidation patterns of the immunogen may
very well be of importance for the overall immunogenicity
and this is best ensured by having the host producing the

immunogen.

Hence, a preferred embodiment of the invention comprises
effecting presentation of modified OPGL to the immune system
by introducing nucleic acid(s) encoding the modified OPGL
into the animal’s cells and thereby obtaining in vivo

expression by the cells of the nucleic acid(s) introduced.

In this embodiment, the introduced nucleic acid 1is

preferably DNA which can be in the form of naked DNA, DNA



30 epitopes are preserved anc~ that - at |east one foreign T hel per

| ynphocyte epitope (TH epitope) is introduced, and/or - ~ EoC a0~-6% l},‘(at?{][])
| east one first nmoiety is introduced which effects targeting of the

nodi fied nol ecule to an antigen presenting cell (APC) or a B-Iynphocyte,
and/or - at |east one second noiety is 4gtroduced which stinulates 5 the

I mmune system and/or - at |least one third noiety is introduced which

optim zes presentation of the nodified OPGL pol ypeptide to the inmmune

system 'faynalatre widthedazeedr aF ngnebaeyed n i3 idsheDdiPn fomaukBEREi cat i on

i ncl udes |ty QduchiQn aRaSifAe) YQYPS, DYicayvalestonr MeNGMaheatehi nding to
sui tabl e chem'cal groups in OPG or a subsequence thereof,” of the foreign

T~ epi t opeltdhdy drrapps fele ipnr §2chhidyadrl nef p@’ﬁéeséc@hcp%lﬂwecﬂtldﬁ t RBAt hi rd
noi ety. 1§o§nuirah€ec{re§199ﬁ %Cc%fiéé‘tglr‘icj) pkata s Ur %oﬂ‘%&%l fud hepna

nodi fi cation i ncludes am no acid substitution and/or etion and/ or
i nserti onf@ftgtedddiithofalciuppmcipiéafdnpgodoaedr diNfy aCyPeEdi AP 5,

wherein the pRdifi %%trh:‘_?@rr%llletcﬁlbn e RIdsEhaR el & f ush ons pobypepti de.
7. The net hod according to claim5 or 6, wherein introduction of the am no

aci d substhit@sar aRBforPMel éerBRlakdd oMifthsggn adjuvant. In this

context it is noted that practically all considerations
pertaining to the use of adjuvants in traditional vaccine
formulation apply for the formulation of DNA vaccines.
Hence, all disclosures herein which relate to use of
adjuvants in the context of polypeptide based vaccines apply
mutatis mutandis to their use in nucleic acid vaccination

technology.

As for routes of administration and administration schemes
of polypeptide based vaccines which have been detailed
above, these are also applicable for the nucleic acid
vaccines of the invention and all discussions above
pertaining to routes of administration and administration
schemes for polypeptides apply mutatis mutandis to nucleic
acids. To this should be added that nucleic acid wvaccines
can suitably be administered intraveneously and
intraarterially. Furthermore, it is well-known in the art
that nucleic acid vaccines can be administered by use of a
so-called gene gun, and hence also this and equivalent modes
of administration are regarded as part of the present
invention. Finally, also the use of a VLN in the _
administration of nucleic acids has been reported to yield
good results, and therefore this particular mode of admini-

stration is particularly preferred.

Furthermore, the nucleic acid(s) used as an immunization
agent can contain regions encoding the 1%%, 2" and/or 3%
moieties, e.g. in the form of the immunomodulating

substances described above such as the cytokines discussed



25 tion and/or addition results in a substantial preservation of the

overall tertiary structure of OPG.. 8. The nmethod according to any grgenpfc 2002
claims 2-7, wherein the nodification includes duplication of at |east orie
OPG. B-cell 30 epitope and/or introduction of a hapten. 9. The nethod
according to any one of clains 3-8, whergikn the foreign T-cell epitope is

i mmunodom nant in the aninmal. -- 9~ ~i. 2072 65 10. The met hod

according to any one of clains 3-9, wherein the foreign T-cell epitope is
capabl e of a5 m@eAglt dauvarge- ph operisiedbivamsconl a§sthisnpreedineant 5 11,

The met hod RLCAIAIsRE st AaclidgMel@ Wene Ntdfienatrdreasie ot fRfR HUhdl-cel |
epitope is selected froma natural T-cell epitope and an artiticial MiC1I
bi ndi ng pepticdecs@gi@nce I 10T THh aref RBHN B 1R ¥RY t el @i Fisuentaher ein

the naturalyrchgingCedanRl PG d S| Splectfebf rofR acdigt amuso £ 0Xpf £k &Rt ope
such as P2 or P30, a diphtheria toxoid epitope, an influenza virus
hemagl ut t i MEeMeserdpe, ToderRy P1itf al ezparaifdedestept t dge  #82aig9ushemet hod

accordi ng tjaRyeone; Of chaklBed- 1%4s Whereimdihe figsteh®i etyois @specific
bi ndi ng partner fox a Blynphocyte specific surface antigen or_for an APC
speci fic suffaPemeAtlgeATsuchl Ber e hiaftleh orftw® c8iBERYEAF at@usbROtfich there

is a recept@gRBntBecs | yamheeyt @uer thhis APGeLD phdretheanBlhggsacgor di ng

to any one of clainms 3-13, wherein the second noiety is selected froma
cytoki ne, &NfordSYRITAHRI AT hERSSIECkCRTHIRIGES 12 18heThgaFdnfod Ut or di ng
to claim &co‘@ﬁ‘ﬁ@e'rlﬁgﬁl'\lbﬁsCYh@Kﬂuﬂ'@dl§n sededfk MlABcuwge.i s an effective part

of, interferon Y (

Accordingly, the invention also relates to a composition for

inducing production of antibodies against OPGL, the composi-

tion comprising

- a nucleic acid fragment or a vector of the invention
(cf. the discussion of vectors below), and

- a pharmaceutically and immunologically acceptable
vehicle and/or carrier and/or adjuvant as discussed

above.

Under normal circumstandes, the OPGL variant-encoding
nucleic acid is introduced in the form of a vector wherein
expression is under control of a viral promoter. For more
detailed discussions of vectors according to the invention,
cf. the discussion below. Also, detailed disclosures
relating to the formulation and use of nucleic acid vaccines
are availlable, cf. Donnelly JJ et al, 1997, Annu. Rev.
Immunol. 15: 617-648 and Donnelly JJ et al., 1997, Life
Sciences 60: 163-172. Both of these references are

incorporated by reference herein.

Live vaccines

A third alternative for effecting presentation of modified
OPGL to the immune system is the use of live wvaccine techno-

logy. In live vaccination, presentation to the immune system



"y), FIt3L, interleukin 1 (IL-1), interleukin 2 (1L-2), interleukin4
(IL-4), interleukin 6 (IL-6), interleukin 12 (IL-12), interleukin 1@
(IL-13), interleukin 25 (IL-15), and 30 granul ocyte-macrophage col ony
stinmulating factor (GWCSF), and the heat-shock protein is selected from
or is an effective part of, HSP70, HSP9Q, HSC70, GRP94, and calreticulin
(CRT). - g~ . r ?p~2 66 16. The nethod according to any one of clains
3-15, wherein the third noiety is of lipid nature, such as a pal mtoyl

group, a ¥yrishfigctegdoupy aaﬂ@iﬂé§9¢rgﬂ%upﬂxa §éﬁan?mi@éﬁanyﬁ ghewp, a
GPI - anchqf+ b AR 'h'h%@é'or‘& gh¥merhdengha¥Preanliradbes PREHOG: @ccording to

any one of the precedi ng clai nms, wherein the OPG. pol ypepti de or
subsequerfteckeiay eartihabr d@Een Froen ¢9RENY naafmpdéfidedf OF&di tdronsitivoa 192, any

one of p%ée&nan%%%p%}étlaaysgeﬁ anxP@Péltd %@%lfaééh@ntanyh@nﬁom
positions 10 256-261, in“any one of positions 28 , the amno acid

nunber i n@%@tﬁ%ﬂﬁcngm%f\ﬁf%mfml%? gAY drfe SNYSEQMITRINGs: ahtepuabed 12, or
wher ei n the-«QRGH polyRept | @@t{@%m PPAhEhed 0F FWELREMRS HOSh{ions

171-i93, any one of positions 199-219, any one of positions 222-297, any
one of pdiatoneL25yenEYal oroflspuaﬁhaﬁ9neﬁe HPHRF ¥QHn®r2gEC8E7, PY he ani no

aci d nunt%?édd?ﬂaﬁ%fto'bﬁhnge%ﬁsléﬁﬁi of, ?SEQf)}cBH%te%lu;nSbo-\l;ﬁg Beg hod

according to claim17, wherein the noditication conprises a substitution of
at | east Wmm@aeaéi:dsgé@m@m@cus spp., E. coli, Salmonella spp.,

Vibrio cholerae, Shigella, etc. Reviews dealing with
preparation of state-of-the-art live wvaccines can e.g. be
found in Saliou P, 1995, Rev. Prat. 45: 1492-1496 and Walker
PD, 1992, Vaccine 10: 977-990, Dboth incorporated by
reference herein. For details about the nucleic acid
fragments and vectors used in such live vaccines, cf. the

discussion below.

As an alternative to bacterial live vaccines, the nucleic
acid fragment of the invention discussed below can be
incorporated in a non-virulent viral vaccine vector such as

a vaccinia strain or any other suitable pox virus.

Normally, the non-pathogenic microorganism or virus is admi-
nistered only once to the animal, but in certain cases it
may be necessary to administer the microorganism more than
once in a lifetime in order to maintain protective immunity.
It is even contemplated that immunization schemes as those
detailed above for polypeptidc- vaccination will be useful

when using live or virus vaccines.

Alternatively, live or virus vaccination 1is combined with
previous or subsequent polypeptide and/or nucleic acid
vaccination. For instance, it is possible to effect primary
immunization with a 1live o¢r wvirus vaccine followed by
subsequent booster immunizations using the polypeptide or

nucleic acid approach.



20 within a position defined in claim17 with an am no acid sequence of

equal

or

different length which contains a foreign TH epitope. 19. ~TheEr 2002

met hod according to claim 18, wherein the anmino acid 25 sequence contail ni ng

the foreign Tg epitope substitutes am no acids 256-261 and/or 288-302

and/ or
and/ or

correspondi ng to Cys-221 has been substituted with Ser.

221-24Z found in SEQ ID NO 4 or gmgino acids 257-262 and/or 289-303
222-243 in SEQID NO 2 or in a polypeptide where a cysteine

30 20. The net hod

according to any one of the preceding clains, wherein presentation to the

i mune SYSt'PrY@'r&l@EJ&g}a%qu o@a\al@@safcabe@%t tLWRsEOPhes 9f i hgu PG

pol ypepti de,

Su

sequence thereof or the nodjfied

OPGL pol ypewtidies Jc vl terir naofratdrpnsoealcasting [tiheked 1 024 @advicar 370l ecul e
capabl e of fI{SAIN0 R epent Al Aol UL PLe CceRbes iRhuABhbEE N Ling

det ermi nant's.

t hod according to any the preceding c

wher ei n t heswRdanussy pesdrddedt Reoygbseghensethhec¥tpPkinest Hespuisdd ed OPGL
pol ypepti de, hag gan Sg&%h@gedA%wf@&@awémtonwgfctehag%lnb&ailﬁén@r eaki ng

of autotolerance to a

oantigens.” 10 22. The nethod according to an

one of

t he precedigirateEsass Wesrigion tHie eddddd e HRvuntonf thhea PRI B ptide

or the

the coding region for the immunomodulator in different
reading frames or at least under the control of different
promoters. Thereby it 1s avoided that the analogue or
epitopes are produced as fusion partners to the
immunomodulator. Alternatively, two distinct nucleotide
fragments can be used as transforming agents. Of course,
having the 1%° and/or 2™ and/or 3 moieties in the same
reading frame can provide as an expression product, an
analogue of the invention, and such an embodiment 1is

especially preferred according to the present invention.

Use of the method of the invention in disease treatment

As will be appreciated from the discussions above, the
provision of the method of the invention allows for control
of diseases characterized by excessive loss of bone mass. In
this context, the disease osteoporosis is the key target for
the inventive method but also bone loss associated with
complicated bone fractures is a feasible target for treat-
ment/amelioration. Hence, an 1important embodiment of the
method of the invention for down-requlating OPGL activity
comprises treating and/or preventing and/or ameliorating
osteoporosis or other conditions characterized by excess
bone resorption, the methocd comprising down-reqgulating OPGL
activity according to the method of the invention to such an
extent that the rate of bone resorption is significantly

decreased.



OPGL anal ogue is adnmnistered to the animal via a route se | ected bridm;t h&?
parenteral route such as the intradernmal, the 15 subdernal, the

i ntracut aneous, the subcutaneous, and the intramuscul ar routes; the
peritoneal route; the oral route; the buccal route; the sublingual route;
the epidural route; the spinal route; the anal route: and the intracranial
route. 20 23. The nethod according to claim 22, wherein the effective
amount i s between 0.5 pg and 2,000 ug of the OPG pol ypeptide, the
subsequende tlfersiseant QREtEHal 6§GE8 £héfesffi9ant TReCHeR MO AdRMi ng to

claim 22 Qs APrivhersi fc thea PGs %%mggwae@éiﬁee atambggegli sagontained in
a virtual |ynph node (VLN) device. 25. The nethod according to any one of

clai ns 1y highakireiidaios ide dfoHsIFiedddor@udo ahe§ nhidet systemi s

ef fected 530 by hehsedyg] ng: Nugl /i osachds)egsneoding dthecapdi fzed PG into
the animal's cells and thereby obtaining in vivo expression by the cells of
t he nucl ei®@sdcilafe) 2nat pbdtRaEtt 17%-gbutperengildpneererBtagehodr Accor di ng

to cl ai mZfeWegr, eisichhgsndel ebgs@ci@ls) dntvegueedibgbargosel eeted from
naked DNA, DNA fornmulated with chamgfd or uncharged |ipids, DNA formul ated
in |iposGHRSCIPNAY muaf@edech thafi rdle \RRIGI2SDNA Fornfl Be A RFI 5 a

transf ectdciriftaci liint ahhngi RvOF &1 dh OroPOltHREePbiadancENACE O adHh atigshavi th a
targeting protein or polypeptide, DNA fornulated with Cal cium precipitating

agents, DNETEGHINe D NS mto @i ofer nfi-ediizd, THRA G pluI RARY in
chitin orehidtQean.d sapdohiie f o6 nakadad tid raze adj B¥aBt red®rption.

Of course, this imbalance should not be maintained (since it
would result in osteopetrosis), but by carefully controlling
the number and immunological impact of immunizations of the
individual in need thereof it 1is possible to obtain a
balance over time which results in a net conservation of
bone mass. Alternatively, if in an individual the method of
the invention cannot terminate bone loss, the method of the
invention can (optionally in combination with other known
methods for reducing bone loss in osteoporosis patients) be
used to obtain a significant reduction in bone loss, thereby
prolonging the time where sufficient bone mass is present in

the individual.

Methods for measuring the rate of bone resorption and bone
formation are known in the art. It 1is by means of
biochemical assays possible to gauge the rate of bone
resorption by measuring the blood concentration of certain
fragments of collagen type I (cf. WO 93/15107 and WO
94/14844). Alternatively, the rate of bone loss can be
assessed by physical means; representative disclosures in
the art of methods for assessing bone mass by non-invasive,
physical methods can be found in WO 88/06862, WO 94/12855,
WO 95/14431, and WO 97/00643.

Peptides, polypeptides, and compositions of the invention




27. The nmethod according to claim27, wherein the nucleic acids) is/are
contained in a VIN device. 28. The nethod according to any one of crd & 2002
22-27, which 15 includes at |east one adm nistration/introduction per year,
such as at least 2, at least 3, at least 4, at least 6, and at |east 12

adm ni strations/introductions. 29. A nmethgd for treating and/or preventing
and/ or aneliora20 ting osteoporosis or other diseases and conditions

characte rized by excess bone resorption; the nmethod conpri sing

downr egul atAhd'iOPGPea@PPEFEYC abEP di 1y A9 VEne LABL AHTF VI ary SBheOBf 181 ai s

1-28 t o suchasdy ext efte tdicddie dﬁtmﬁn&qﬁ@ rlelsigwauamsl sgsigetfigantly
decr eased, such as g decrease of at st 3%, Zi | east 7%, at |east 9%,
at |east 119PCht anddgeniasgn ‘E’rcli_‘%]ésttol%ndétreFE ¥t AAPIing 4 e588U99%, and

at | east 308stedb1 Nt QREivargl.ogue phéedrisd defy e Jﬂt(aﬁhaﬁgaBUHB| aOPGL
pol ypeptide wherein is introduced a npdjfication which has as_30 a result
t hat |nnunl%Qﬁ??ﬁ?%ﬁ“¥hé“%n§%n?sﬁﬁFﬂdfﬁée%nﬁ?ﬁﬁh%n?nﬁEc@EGbroHﬁ%F?%% of

anti bodi es wg&)Sing he16RELe pOlypaptHilbR avtdpwbeichdl ¢ hedmodiikeabsen is as
defined in any one of clains - ~ ~1F~~ ? ~~~ 69 1 7-19 while a substanti al

fracti on of*RHe&fiftal OPGL B-cel| epitopes is preserved. 31. An OPGL
anal ogue according to claim 30, wherein the

It is believed that the modified OPGL molecules discussed
herein are inventive in their own right, and therefore an
important part of the invention pertains to an OPGL analogue
which is derived from an animal OPGL wherein is introduced
a modification which has as a result that immunization of
the animal with the analogue induces production of
antibodies reacting specifically with the unmodified OPGL
polypeptide. Preferably, the nature of the modification
conforms with the types of modifications described above
when discussing various embodiments of the method of the
invention when using modified OPGL. Hence, any disclosure
presented herein pertaining to modified OPGL molecules are
relevant for the purpose of describing the OPGL analogues of
the invention, and any such disclosures apply mutatis

mutandis to the description of these analogues.

It should be noted that preferred modified OPGL molecules
comprises modifications which results in a polypeptide
having a sequence identity of at least 70% with OPGL or with
a subsequence thereof of at least 10 amino acids in length.
Higher sequence identities are preferred, e.g. at least 75%
or even at least 80, 85, 90, or 95%. The sequence identity

for proteins and nucleic acids can be calculated as (N, -
N,,¢)-100/N,.,, wherein N, , is the total number of non-identical
residues in the two seguences when aligned and wherein N,

is the number of resgsidues in one of the sequences. Hence,
the DNA sequence AGTCAGTC will have a sequence identity of
75% with the sequence AATCAATC (N, =2 and N_.=8).



5 nodification is as defined in claim119. 32. An inmmunogeni c conposition
conprising - an immunogenically effective anount of an OPGL pol ypept+@eDEL 2002
aut ol ogous in an animal, said OPGA pvlypeptide being 10 fornul ated toget her

wi th an i mrunol ogi cal ly acceptabl e adj uvant so as to break the aninmal's
autotol erance to wards the oPG pol ypept,j de, the conposition further
conpris~.ng a pharnmaceutically and i mrunol ogi cally acceptable carrier

and/ or vehicle, or 15 - an imrunogenically effective anount of an OPCGL

anal ogue according to claim30 or 31, the conposition further conprising a

phar maceutpalilny eaRd ohMYNG O LAld 1 sAcesPt ehhgo £A1d ey ardkqr vehicle and
optionally an adjuvant. 20 33. A nucleic acid fragnent which encodes an

OPGL anal DEtieiddadr hRghebned Him e dnventicn. Hewgsnt dhecdPVenhgcr he

nucl ei ¢ agigh f rapend €6C%rnd'ﬂﬂndrﬁag“érﬁ'dn&§n 1 t3>n T&&nyﬁﬁﬁg aggording to
claim 34 which is capabl e of autononous repllcatlon he vect or

accor di ngiHIRIGATVhR4 o7 BEEGHEEFE | meEnEctd 30 fCPPcﬁﬁ t H@lgl?%labl‘é%nm sting
of a pl aspihh & PhAGR1 rapeBsHEA, 1A & Nin G OMSONE orehdpd 1 ¥hepBide

being formulated together with an immunologically acceptable
adjuvant so as to break the animal’s autotolerance towards
the OPGL polypeptide, the composition further comprising a
pharmaceutically and immunologically acceptable diluent
and/or vehicle and/or carrier and/or excipient. In other
words, this part of the invention pertains to the
formulations of naturally occurring OPGL polypeptides which
have been described in connection with embodiments of the

method of the invention.

The invention also relates to an immunogenic composition
comprising an immunologically effective amount of an OPGL
analogue defined above, said composition further comprising
a pharmaceutically and immunologically acceptable diluent
and/or vehicle and/or carrier and/or excipient and
optionally an adjuvant. In other words, this part of the
invention concerns formulations of modified OPGL,
essentially as described above. The choice of adjuvants,
carriers, and vehicles is accordingly in line with what has
been discussed above when referring to formulation of
modified and unmodified OPGL for use in the inventive method

for the down-regulation of OPGL.

The polypeptides are prepared according to methods well-
known in the art. Longer polypeptides are normally prepared
by means of recombinant gene technology including
introduction of a nucleic acid sequence encoding the OPGL
analogue into a suitable vector, transformation of a
suitable host cell with the wvector, expression of the

nucleic acid seqguence, recovery of the expression product



W ~ (~ ~~ C 2002 ?0 37. The vector according to any one of clains 32-B8EC 2002
conpri sing, in the 5 -~3" direction and in operable |inkage, a pro noter
for driving expression of the nucleic acid fragment according to claim 33,
optionally a nucleic acid sequence 5 encoding a | eader peptide enabling
secretion of or integration into the nmenl.ane of the pol ypeptide fragnent,
the nucleic acid fragnment according to claim 33, and optionally a
termnator. 10 38. The vector according to any one of clains 34-3? which,
when i ntrodiean ithteo hofibstceddlsl | of s tWedabl eudkuracaplsi wradfaniei ngnd
integrated ipdde sty 8ldi GRNQME and® opF et tAECORALAY: EQr €bai m 37 or
38, wherein a pronoter 15 drives expression in a eukaryotic cell and/or in
a prokaryot¢cdcefgfolgiinopory desigprre@aEePh- carrying the vector of any one
of clainms 34-39. 20 41. The transforned cell according to claim40 which is
capabl e of replicating the nucleic acid fragment according to claim33. 25
42. The tratReereredrertidexcardi RgeferabPhy nPaeparhfckYi gneans mfrBleg gani sm
sel ected fram A BAGKE! LUBhn BqYE€RShr asPIAI0Ze3RN, 1 PhuBiGldsddepbyedadrom a
mul ticellular organismselected froma fungus, an insect cell such as an Sz
or an SF ce$yntheglsantiEMer  ag¢cenaprfiRraascénl thae agchraogy apd?t or ned
cel accordf&gaéx%da%sgmslgf%@é 3 rBnAQi%2, oG eXPASSER14BepRYELEI C acid

fragment according to claim33. o .
and proteins by these means, and therefore it is also within

the scope of the present invention to prepare the long

constructs by synthetic means.

Nucleic acid fragments and vectors of the invention

It will be appreciated from the above disclosure that
modified OPGL polypeptides can be prepared by means of
recombinant gene technology but also by means of chemical
synthesis or semisynthesis; the latter two options are
especially relevant when the modification consists in
coupling to protein carriers (such as KLH, diphtheria
toxoid, tetanus toxoid, and BSA) and non~proteinaceous
molecules such as carbohydrate polymers and of course also
when the modification comprises addition of side chains or

side groups to an OPGL polypeptide-derived peptide chain.

For the purpose of recombinant gene technology, and of
course also for the purpose of nucleic acid immunization,
nucleic acid fragments encoding modified OPGL are important
chemical products. Hence, an important part of the invention
pertains to a nucleic acid fragment which encodes an OPGL
analogue, i.e. an OPGL derived polypeptide which either
comprises the natural OPGL sequence to which has been added
or inserted a fusion partner or, preferably an OPGL derived
polypeptide wherein has been introduced a foreign T-cell

epitope by means of insertion and/or addition, preferably by



-- ~ ~~,~ C 2002 71 44. The transfornmed cell according to claim 43, _which 2007
secretes or carries on its surface, the OPG anal ogue according to clt A

or 31. 5 45. The nethod according to any one of clains 1-19, wherein
presentation to the inmune systemis effected by adm nistering a

non- pat hogeni ¢ m croorganismor virus Wy ch is carrying a nucleic acid
fragnment whi ch encodes and expresses the OPG. 10 pol ypepti de or anal ogue.

46. A conposition far inducing production_ of antibodies against OPG, the
conposi t i BPRRDNPL] suiptltatigel eard/AY dietaghent déCortiPgei® eFfafim 33 or a

vector 15¢geoonding 4 @@y ngBat9bnChal Ndi He3%Sn2aRd rvA RRaGRBReYLi cally
and i munol ogi cal |y acceptable carrier and/or vehicle and/or adjuvant. 47.

A stable cell line which carries the vector according to 20 any one of

claims 34ri39 @And M %El@ﬂ?h@?ﬁ@r%é he el @heeaﬂ@nmmmatm@qqgﬂ gkng to
claim 33, and which optionally secretes or carries the OPG. anal ogue

accordlngﬂﬁ%ﬁ%ﬂ%ﬂrﬁQMﬁQﬂt%PQQNqu@?r§uFpaé@rm cloning or expression
vectors carrying the nucleic acid fragments of the
invention; such novel vectors are also part of the
invention. Details concerning the construction of these
vectors of the invention will be discussed in context of
transformed cells and microorganisms below. The vectors can,
depending on purpose and type of application, be in the form
of plasmids, phages, cosmids, mini-chromosomes, or virus,
but also naked DNA which is only expresgsed transiently in
certain cells is an important vector. Preferred cloning and
expression vectors of the invention are capable of
autonomous replication, thereby enabling high copy-numbers
for the purposes of high-level expression or high-level

replication for subsequent cloning.

The general outline of a vector of the invention comprises
the following features in the 5'—3' direction and in

operable linkage: a promoter for driving expression of the
nucleic acid fragment of the invention, optionally a nucleic
acid sequence encoding a leader peptide enabling secretion
(to the extracellular phase or, where applicable, into the
periplasma) of or integration into the membrane of the
polypeptide fragment, the nucleic acid fragment of the
invention, and optionally a nucleic acid sequence encoding
a terminator. When operating with expression vectors in
producer strains or cell-lines it is for the purposes of
genetic stability of the transformed cell preferred that the
vector when introduced into a host cell is integrated in the
host cell genome. In contrast, when working with vectors to

be used for effecting in vivo expression in an animal (i.e.
when using the vector in DNA vaccination) it is for security

reasons preferred that the vector is incapable of being

integrated in the host cell genome; typically, naked DNA or



25 48. A nethod for the preparation of the cell according to any onepo

clains 40-44, the nethod conprising transformng a host cell with th
nucleic acid fragnment according to claim33 or with the vector according to

any one of clainms 34-39. 30 49. A nethod for the identification of a
modi fi ed OPGL pol ypeptide which is capablsg of inducing antibodi es agai nst

unnmodi fied OPG in an ani mal species where the unnDdified oPGL pol ypepti de

DEC

2002

is a self-protein, the nmethod conprising ~. C 2002 72 - preparing,

by neans oﬁ“ﬁbﬁ@ﬁ&@r§§hPﬂe¥}%a%fv%ﬁﬁﬂﬁﬁlérén@?%%erWWﬁ;qpé&ﬁﬁ?q@ésthQ%et of

nmut ual | y distd medl Inmghowin €d ORELppokyhepki Ubsd wherien sa no aci ds have been

added to,
sequence of an OPGL. pol ypeptide of the ani nmal

inserted in, deleted from or substituted into 5 the am no acid
speci es thereby giving rise

to am no acihe segulepeesofn thee Fetenthiarh aveprissd Tocdltangfiampekosthi ch are

foreign to tdganigal ls&ﬁ&‘d@s,th%r rﬁé&P@{éc{‘go@G%et

of
encodi ng the set of nutual y dis 10 tjinct nodif p asﬂﬂg!olypeptldes
of

invention. Such transformed cells, whlch are also part

the invention, can be cultured cells or cell lines used for
propagation of the nucleic acid fragments and vectors of the
invention, or used for recombinant production of the
modified OPGL polypeptides of the invention. Alternatively,
the transformed cells can be suitable live vaccine strains
wherein the nucleic acid fragment (one single or multiple
copies) have been inserted so as to effect secretion or
integration into the bacterial membrane or cell-wall of the

modified OPGL.

Preferred transformed cells of the invention are microorga-

nisms such as bacteria (such as the species Escherichia
fe.qg. E.colil, Bacillus [e.qg. Bacillus subtilis],
Salmonella, or Mycobacterium |[preferably non-pathogenic,
e.g. M. bovis BCG]), vyeasts (such as Saccharomyces
cerevisiae), and protozoans. Alternatively, the transformed

cells are derived from a multicellular organism such as a
fungus, an insect cell, a plant cell, or a mammalian cell.
Most preferred are cells derived from a human being, cf. the
discussion of cell lines and vectors below. Recent results
have shown great promise in the use of a commercially

available Drosophila melanogaster cell line (the Schneider

2 (S,)cell line and vector system available from Invitrogen)
for the recombinant production of polypeptides in
applicants' 1lab, and therefore this expression system is

particularly preferred.

For the purposes of cloning and/or optimized expression it
is preferred that the transformed cell 1is capable of
replicating the nucleic acid fragment of the invention.
Cells expressing the nucleic fragment are preferred useful

embodiments of the invention; they can be used for small-

&L 8¢l dfd agment s



- testing nenbers of the set of nodified OPG pol ypepti des or
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nucl ei ¢ aci d

fragments for their ability to induce production of antibodies by the

ani mal speci es agai nst the unnodi fied OPG, and 15 -

i dentifying and

optionally isolating the nenbers) of the set of nodified OPG pol ypepti des
whi ch significantly induces antibody ppgduction against unnodified OPG. in
es or identifying and optionally isolating the pol ypeptide
expressi on products encoded by nenmbers of the 20. set of nucleic, acid
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mal speci es where the unnodi fied OPG pol ypeptide is a

gggjgjgp ositkgn 25 conprising at |east one nodified OPG
e hitclk 'S capabl e of inducing antibodi es agai nst unnodi fied OPG
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i n, del eteathdntdml ,ortimitbtihd wgslragriorn hera@aidao is either exported

out into the culture medium or carried on the surface of the

transformed cell.

When an effective producer cell has been identified it is
preferred, on the basis thereof, to establish a stable cell
line which carries the vector of the invention and which
expresses the nucleic acid fragment encoding the modified
OPGL. Preferably, this stable cell line secretes or carries
the OPGL analogue of the invention, thereby facilitating

purification thereof.

In general, plasmid vectors containing replicon and control
sequences which are derived from species compatible with the
host cell are used in connection with the hosts. The vector
ordinarily carries a replication site, as well as marking
sequences which are capable of providing phenotypic
selection in transformed cells. For example, E. coli 1is
typically transformed using pBR322, a plasmid derived from
an E. coli species (see, e.g., Bolivar et al., 1977). The
pBR322 plasmid contains genes for ampicillin and
tetracycline resistance and thus provides easy means for
identifying transformed cells. The pBR plasmid, or other
microbial plasmid or phage must also contain, or be modified
to contain, promoters which can be used by the prokaryotic

microorganism for expression.

Those promoters most commonly used in recombinant DNA con-
struction include the 3-lactamase (penicillinase) and
lactose promoter systems (Chang et al., 1978; Itakura et

al., 1977; Goeddel et al., 1979) and a tryptophan (trp)

i nserted
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- 91) ~~~ 2DL~2 73 acid sequence of an OPG pol ypeptide of the animal

species thereby giving rise to am no acid sequences in the
T-cell epitopes which are foreign to the animal, 5 - testi

set conprising
ng nmenbers of the

set for their ability to induce production of antibodies by the aninal

speci es agai nst the unnodified OPG, and ;g9 adm xing the ne
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accept abl e adjuvant. 15 51 The et accor

alm 49 or 50, wherein
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optionally fTollowed by isolation of the expression product

s. 527 The nmet hod
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sequences aﬁg&ﬂrtﬂéE&\6%HCgfbﬂéié%ﬂyéau%%c%% t%ée%&ngﬁgatﬂg|ﬁegaafor

anplification technique such as PCR or by the ai d of nicle

ic acid

synthesis. 3ddiysen off @pQther Rrompseguericerthéiebtl franhe preparation 30

of an i munogeni ¢ conposition conprising an adjuvant for d
OPG. activity in an ani mal.

own regul ating

In addition to prokaryotes, eukaryotic microbes, such as

yeast cultures may also be used, and here the promoter

should be capable of driving expression. Saccharomyces

cerevisiase, or common baker's yeast is the most commonly

used among eukaryotic microorganisms, although a

number of

other strains are commonly available. For expression in

Saccharomyces, the plasmid YRp7, for example, i

s commonly

used (Stinchcomb et al., 1979; Kingsman et al., 1979;

Tschemper et al., 1980). This plasmid already co

ntains the

trpl gene which provides a selection marker for a mutant
strain of yeast lacking the ability to grow in tryptophan
for example ATCC No. 44076 or PEP4-1 (Jones, 1977). The
presence of the trpl lesion as a characteristic of the yeast
host cell genome then provides an effective environment for
detecting transformation by growth in the absence of
tryptophan.

Suitable promoting sequences in yeast vectors include the
promoters for 3-phosphoglycerate kinase (Hitzman et al.,
1980) or other glycolytic enzymes (Hess et al., 1968;
Holland et al., 1978), such as enolase, glyceraldehyde-3-
phosphate dehydrogenase, hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose-6-phosphate isomerase, 3-
phosphoglycerate mutase, pyruvate kinase, triosephosphate
isomerase, phosphoglucose isomerase, and glucokinase. In
constructing suitable expression plasmids, the termination

sequences associated with these genes are also ligated into
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preparation of an inmunogeni c conposition conprising an adjuvant for the
treatment, prophylaxis or amelioration of osteoporosis or other conditions
characteri zed by excessive bone resorption. 5 55. Use of an OPG. anal ogue
according to claim30 or 31 for the prepgarati on of an inmunogenic
conposition optionally conprising an adjuvant for down-regul ating OPGL
activity in an aninmal. 10 56. Use of an OPG anal ogue according to claim30
or 31 for Phe FPEFIPAPPO S-dn ? nrBdogdeifi cSEBHPRST t (965 16FEi drfal P§

conpri si ngxgregshaivaid fafoiie t pealaeshy 1 P DPhY|@Ei $Her am®ki opaki on of
osteoporosis or other conditions characterized 15 by excessive bone
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AT E VW2AYMAMBscription controlled by growth conditions are the promo-
ter region for alcohol dehydrogenase 2, isocytochrome C,
acid phosphatase, degradative enzymes associated with
nitrogen metabolism, and the aforementioned glyceraldehyde-
3-phosphate dehydrogenase, and enzymes responsible for
maltose and galactose utilization. Any plasmid vector
containing a yeast—-compatible promoter, origin of

replication and termination sequences is suitable.

In addition to microorganisms, cultures of cells derived
from multicellular organisms may also be used as hosts. In
principle, any such cell culture is workable, whether from
vertebrate or invertebrate culture. However, interest has
been greatest in vertebrate cells, and propagation of
vertebrate in culture (tissue culture) has become a routine
procedure in recent years (Tissue Culture, 1973). Examples
of such useful host cell lines are VERO and HeLa cells,
Chinese hamster ovary (CHO) cell lines, and W138, BHK, CO0S-7
293, Spodoptera frugiperda (SE) cells (commercially
available as complete expression systems from i.a. Protein
Sciences, 1000 Research Parkway, Meriden, CT 06450, U.S.A.
and from Invitrogen), and MDCK cell lines. In the present
invention, an especially preferred cell line is S; available
from Invitrogen, PO Box 2312, 9704 CH Groningen, The
Netherlands.

Expression vectors for such cells ordinarily include (if
necessary) an origin of replication, a promoter located in
front of the gene to be expressed, along with any necessary
ribosome binding sites, RNA splice sites, polyadenylation

site, and transcriptional terminator sequences.
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(non-immunogenic) self-protein, the method comprising

- preparing, by means of peptide synthesis or genetic
engineering techniques, a set of mutually distinct
modified OPGL polypeptides wherein amino acids have
been added to, inserted in, deleted from, or
substituted into the amino acid sequence of an OPGL
polypeptide of the animal species thereby giving rise
to amino acid sequences in the set which comprise T-
cell epitopes which are foreign to the animal species,
or preparing a set of nucleic acid fragments encoding
the set of mutually distinct modified OPGL
polypeptides,

- testing members of the set of modified OPGL
polypeptides or nucleic acid fragments for their
ability to induce production of antibodies by the
animal species against the unmodified OPGL, and

- identifying and optionally isolating the member(s) of
the set of modified OPGL polypeptides which
significantly induces antibody production against
unmodified OPGL in the species or identifying and
optionally isolating the polypeptide expression
products encoded by members of the set of nucleic acid
fragments which significantly induces antibody
production against unmodified OPGL 1in the animal

species.

In this context, the “set of mutually distinct modified OPGL
polypeptides” is a collection of non-identical modified OPGL
polypeptides which have e.g. been selected on the basis of
the criteria discussed above (e.g. 1n combination with
studies of circular dichroism, NMR spectra, and/or X-ray

diffraction patterns). The set may consist of only a few
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members but it 1is contemplated that the set may contain

several hundred members.

The test of members of the set can ultimately be performed
in vivo, but a number of in vitro tests can be applied which
narrow down the number of modified molecules which will

serve the purpose of the invention.

Since the goal of introducing the foreign T-cell epitopes is
to support the B-cell response by T-cell help, a
prerequisite is that T-cell proliferation is induced by the
modified OPGL. T-cell proliferation can be tested by
standardized proliferation assays in vitro. In short, a
sample enriched for T-cells is obtained from a subject and
subsequently kept in culture. The cultured T-cells are
contacted with APCs of the subject which have previously
taken up the modified molecule and processed it to present
its T-cell -epitopes. The proliferation of T-cells is
monitored and compared to a suitable control (e.g. T-cells
in culture contacted with APCs which have processed intact,
native OPGL). Alternatively, proliferation can be measured
by determining the concentration of relevant cytokines
released by the T-cells in response to their recognition of

foreign T-cells.

Having rendered highly probable that at least one modified
OPGL of either type of set is capable of inducing antibody
production against OPGL, it 1is possible to prepare an
immunogenic composition comprising at least one modified
OPGL polypeptide which is capable of inducing antibodies
against unmodified OPGL in an animal species where the
unmodified OPGL polypeptide is a self-protein, the method
comprising admixing the member(s) of the set which
significantly induces production of antibodies in the animal
species which are reactive with OPGL with a pharmaceutically

and immunologically acceptable carrier and/or vehicle and/or
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diluent and/or excipien optionally in combination with at
least one pharmaceutically and immunologically acceptable

adjuvant.

The above aspects of the invention pertaining to test of
polypeptide sets are conveniently carried out by initially
preparing a number of mutually distinct nucleic acid
sequences or vectors of the invention, inserting these into
appropriate expression vectors, transforming suitable host
cells with the vectors, and expressing the nucleic acid
sequences of the invention. These steps can be followed by
isolation of the expression products. It is preferred that
the nucleic acid sequences and/or vectors are prepared by
methods comprising exercise of a molecular amplification

technique such as PCR or by means of nucleic acid synthesis.

Another part of the invention concerns a method for the
treatment, prophylaxis or amelioration of diseases
characterized by excess bone resorption in an animal,
including a human being, the method comprising
administering, to the animal, an effective amount of at
least one substance different from osteoprotegerin which
blocks the stimulatory effect of OPGL on osteoclast acti-
vity. It is presently believed that such an approach has

never been suggested in the art.

The preferred embodiment of this part of the invention in-
volves use of an OPGL-specific antibody (poly- or
monoclonal) or a specifically binding variant thereof as the
substance blocking the stimulatory effect of OPGL. It is
preferred that the antibody is an IgG or IgM molecule, or
that the specifically binding varian 1is derived from IgG or
IgM. The specifically binding variant of the antibody can
conveniently be a Fab fragment, a F(ab’), fragment, a
humanized monoclonal antibody or fragment thereof, or a di-

or multimeric antibody fragment such as a diabody (a
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bispecific and dimeric artificial antibody-derived molecule

produced by Cambridge Antibody Technology) .

EXAMPLE

It has been decided to clone or synthesize cDNAs encoding
murine and human OPGL in the truncated version comprising
amino acid residues 158-316 in the murine case and residues
159-317 in the human case (numbers correspond to the
numbering in SEQ ID NOs: 2 and 4, respectively). As these
truncated versions exhibit biological activity, it is
logical to direct the autcantibodies against this part of
OPGL. In addition, it makes the proteins smaller and thus

easier to handle.

A synthetic cDNA encoding the murine OPGL residues 158-316
has been synthesized removing sub-optimal Eschericia coli
and Pichia pastoris codons from the published sequence.
Additionally, an N-terminal Histidine tag, part of the
cleavage site of the alpha mating factor signal sequence
from Sacharomyces cerevisiae, and suitable restriction
enzymes have been incorporated into the open reading frame

{cf. SEQ ID NO: 7).

This cDNA encoding wild type murine OPGL has been cloned
into a standard Eschericia coli expression vector (pTrc99a)
using BspHI and HindIII restriction enzymes and a standard
cloning vector (pBluescript KS+) wusing Sacl and Kpnl

restriction enzymes (yielding SEQ ID NO: 9).

Expression in Eschericia coli cells resulted in
approximately 30% recombinant OPGL of the total Eschericia
coli protein. The protein has been refolded and purified

using the following procedure:
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1. Cells are harvested by centrifugation.

2. Cells are resuspended in phosphate buffered saline
(PBS) and recentrifuged.

3. The supernatant is discarded and the cells are
resuspended in three volumes (100 mM
Tris[hydroxymethyl]aminomethane hydrochloride, 5 mM
dithiotreitol (DTT), 0.5 M NaCl, pH 8.0).

4. The cells are added 8 pl 50 mM PMSF and 80 pl lysozyme
(10 mg/ml) per gram cell and incubated at room tempera-
ture for 20 min.

5. For each gram cell pellet, 4 mg deoxychloric acid is
added, and the suspension is incubated at 37 _C until it
appears viscous.

6. 20 pl DNase (1 mg/ml) pr. gram cell weight is added, and
MgCl; to 5 mM, and the suspension is incubated at room

temperature for 30 min.

7. The suspension is sonicated on ice until the viscosity
disappears.
8. After centrifugation (20000 x g for 30 min) the pellet

is resuspended in H,;0, recentrifuged and resuspended in
3 ml 1 M urea per gram cell weight.

9. After centrifugation (20000 x g for 30 min) the pellet
is resuspended in 1 M Guanidine hydrochloride, 100 mM
Tris[hydroxymethyl]aminomethane hydrochloride, pH 7.5.

10. After centrifugation (20000 x g for 30 min) the pellet
is resuspended in 6 M Guanidine hydrochloride, 20 mM
Tris[hydroxymethyl]aminomethane hydrochloride, 5% etha-
nol, 1% beta-mercaptoethanol, pH-8.0, and stirred at
4 C overnight.

11. After centrifugation (40000 x g for 1-4 hours) the
supernatant is filtered and stored at -20 C.

12. The solubilized inclusion bodies are separated by gel
filtration chromatography using Superdex 200 material
(Pharmacia) .

13. The fractions containing the recombinant OPGL are

pooled and diluted to 0.1 mg/ml with 1,5M Guanidine
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hydrochloride, 20 mM Tris[hydroxymethyl]aminomethane
hydrochloride, 1 mM DTT, pH 7.5.
14. The material is dialyzed overnight at 4 C against 10
volumes 1,5M Guanidine hydrochloride, 20 mM
Tris[hydroxymethyl]aminomethane hydrochloride, 1 mM
DTT, pH 7.5
15. The material is dialyzed overnight at 4 C against 10
volumes 1,0 M Guanidine hydrochloride, 20 mM
Tris[hydroxymethyl]aminomethane hydrochloride, 1 mM
DTT, pH 7.5
16. The material is dialyzed overnight at 4 C against 10
volumes 0,5 M Guanidine hydrochloride, 20 mM
Tris[hydroxymethyl]aminomethane hydrochloride, 1 mM
DTT, pH 7.5
17. The material is dialyzed overnight at 4 _C against 10
volumes 20 mM Tris[hydroxymethyl]aminomethane
hydrochloride, 150 mM Arginine, 1 mM DTT, pH 7.5
18. The material is dialyzed overnight at 4 C against 10
volumes 20 mM Tris[hydroxymethyl]aminomethane
hydrochloride, 150 mM Arginine, pH 7.5 .
19. The refolded material is freeze dried and stored at

-20_C.

The efficiency of refolding using this procedure is
approximately 40%, and the purity in excess of 65%. The
purification procedure and refolding process are still
subject to further improvements. Immobilized refolding are
under investigation, and enzymatic removal of the Histidine-
tag will be performed essentially as described by Pedersen
et al., 1999. The nature of the recombinant protein has been
characterized and verified using SDS-PAGE, N-terminal

seqguencing, amino acid analysis, and mass spectrometry.

A ~ysteine substitution mutant of the wild type murine OPGL
is under construction (wherein a cysteine corresponding to

amino acid residue in SEQ ID NO: 4 1s substituted with
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serine; cf. SEQ ID NOs: 11 and 12). This 1is done to
eliminate potential stability problems with the purified
recompinant protein. This mutated OPGL truncate will serve
as basis for vaccine constructs in complete analogy with the
description below which sets out from the DNA having SEQ ID
NO: 9. Further, a corresponding Cys—Ser mutant (where Cys-
221 is substituted) of human OPGL will also be produced for

the same purposes.

The vaccine molecules are initially constructed by insertion
or in-substitution of either the P2 or P30 epitope from
tetanus toxoid at selected positions. Other suitable

immunodominant T-cell epitopes may be used at a later stage.

The selected positions for the introduction of variation are
chosen based on knowledge of existing or predicted B-cell
epitopes and predicted secondary structure elements of the
native molecule, as well as using alignments with the
existing three dimensional structures of TNFa (la8m.pdb) and
CD40 1ligand (laly.pdb) for modelling the secondary and
tertiary structure of the extracellular part of OPGL. The
introduction in the murine molecule will take place in areas
corresponding to amino acid residues 170-192, 198-218, 221-
246, 256-261, and 285-316 (cf. the amino acid numbering in
SEQ ID NO: 4), whereas the introduction in the human
molecule will take place in areas corresponding to amino
acid residues 171-193, 199-219, 222-247, 257-262, and 286-
Four variants of murine OPGL have by now been constructed

and expressed recombinantly in Eschericia coli:

DNA encoding mOPGL[158-316] P30[256-261] with an N-terminal
Histidine tag (SEQ ID NO: 13):
PCR of SEQ ID NO: 9 was performed using SEQ ID NOs: 22 and

25 as primers. The resulting PCR fragment was restriction
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digested with SacIIl and KpnI and subsequently purified from
an agarose gel. A second PCR using SEQ ID NO: 9 as template
was performed using primer SEQ ID NO: 26 and a vector
specific primer. The resulting PCR fragment was restriction
digested with Kpnl and HindIII. Both fragments were then
ligated to SEQ ID NO: 9 in pBluescript KS+ restriction
digested with SacII and HindIII. To correct a single base
mutation in this construct, PCR using the construct as
template was performed with primers SEQ ID NOs: 33 and 29.
The resulting PCR fragment was restriction digested with
Pstl + EcoRI, gel purified and subsequently ligated to the
erroneous construct digested with Pstl and EcoRI. The
verified construct (SEQ ID NO: 13) was then transferred to

pTrc99%a using BspHI and HindIII restriction enzymes.

DNA encoding mOPGL[158-316] P2[256-261] with an N-terminal
Histidine tag (SEQ ID NO: 15):

PCR was performed using primers SEQ ID NOs: 27 and 28
without template. The resulting PCR fragment was restriction
digested with PstI and EcoRI and subsequently purified from
an agarose gel. The resulting fragment was then ligated to
SEQ ID NO: 9 in pBluescript KS+ restriction digested with
SacIl and HindIII. The verified construct (SEQ ID NO: 15)
was subsequently transferred to pTrc9%a using BspHI and

HindIII restriction enzymes

DNA encoding mOPGL[158-316] P2[288-302] with an N-terminal
Histidine tag (SEQ ID NO: 17): -

PCR of SEQ ID NO: 9 was performed using primers SEQ ID NOs:
22 and 29. The resulting PCR fragment was restriction
digested with Pstl and BstBI and subsequently purified from
an agarose gel. A second PCR using SEQ ID NO: 9 as template
was performed using primer SEQ ID NO: 30 and a vector
specific primer. The resulting PCR fragment was restriction
digested with BstBI and Kpnl and subsequently gel purified.
Both fragments were then ligated to SEQ ID NO: 9 in
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pBluescript KS+ restriction digested with PstI and Kpnl. The
verified construct (SEQ ID NO: 17) was then transferred to

pTrc99a using BspHI and HindIII restriction enzymes.

DNA encoding mOPGL[158-316] P30[221-241] with an N-terminal
Histidine tag (SEQ ID NO: 19):

PCR of SEQ ID NO: 9 was performed using primers SEQ ID NOs:
22 and 23. The resulting PCR fragment was restriction
digested with SaclII and Kpnl and subsequently purified from
an agarose gel. A second PCR using SEQ ID NO: 9 as template
was performed using primer SEQ ID NOs: 24 and 31. The PCR
fragment was restriction digested with Kpnl and EcoRI and
subsequently gel purified. Both fragments were then ligated
to SEQ ID NO: 9 in pBluescript KS+ restriction digested with
Sacll and EcoRI. The verified construct (SEQ ID NO: 19) was
then transferred to pTrc9%a wusing BspHI and HindIII

restriction enzymes.

Expression of these truncated variants of OPGL have taken
place in E. coli yielding over 20% of total protein for all
variants. A further development of the above-described
purification and refolding procedure for the wild type
protein (SEQ ID NO: 9) will be performed. This procedure
will serve as a basis for the development of optimal
procedures for each of the variants. Immobilized refolding
of the variant proteins utilizing the Histidine tag is
another approach that is being pursued.

Alternatively, the variants can be directly transferred to
Pichia pastoris expression vectors using restriction
enzymes, or other yeast expression systems using PCR if
glycosylation is desired. It should be noted that the
glycosylation is not needed for biological activity in vivo
of OPGL. It is also possible to express the truncated OPGL
in human 293 fibroblasts as reported in Lacey et al.

Expression in insect cells will also be considered (e.g. the
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Schneider 2 (Sy)cell line and vector system or the Spodoptera
frugiperda (SF) cell and vector systems, both available from

Invitrogen).

The purified variants will be used for antibody production
in rabbits for later use as detection tools as there exist
no commercially available antibodies. In addition, this
material will be a very valuable tool in the biological
assays needed to evaluate the autovaccine candidates. The
preparation of the antibodies will be performed using

standard methods known in the art.

Selecting the best autovaccine candidate is based on assess-
ment of inhibitory activity in in vitro assays for
osteoclast maturation/activation or in in vivo animal models
for osteoporosis. Useful assay and model systems are
described in the literature (e.g. in Lacey et al., Fuller et

al., and Simonet et al.).

The activity of the recombinant proteins will be analyzed by
intravenous injection of 100 pl into un-anaesthetized male
Balb/C mice (0, 0.1, and 1.0 mg protein pr. kg mouse) and
one hour later withdrawal of 125 pl blood from the major eye
vein using capillary tubes coated with calcium saturated
heparin. The calcium levels are measured using an ICAZ2
(Radiometer, Denmark). Purified, and refolded recombinant
murine OPGL (SEQ ID NO: 9) is reactive in this assay,
increasing the circulating levels of ionized calcium by up
to 10%.

The autovaccine candidates will e.g. be evaluated using
autovaccination and subsequent monitoring of their
inhibition of the release of ionized calcium to peripheral
blood upon injection of recombinant mOPGL into mice (as

described by Burgess et al.).

g
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It should be noted that as an alternative to modified OPGL,
antiidiotypic antibodies directed against the idiotype of an
anti-OPGL antibody will also serve as useful immunogens
within the scope of the present invention. Likewise, the use
of mimotypic polypeptides which can be isolated in e.g. a
phage display system using anti-OPGL or osteoprotegerin as
catching probe are also considered as part of the immunogens

of the invention.
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CLAIMS

1. A method for in vivo down-requlation of osteoprotegerin
ligand (OPGL) activity in an animal, including a human being,
5 the method comprising effecting presentation to the animal’s
immune system of an immunogenically effective amount of
- at least one OPGL polypeptide or subsequence thereof
which has been formulated so that immunization of the
animal with the OPGL polypeptide or subsequence thereof
10 induces production of antibodies against the OPGL
polypeptide, and/or
- at least one OPGL analogue wherein is introduced at least
one modification in the OPGL amino acid sequence which
has as a result that immunization of the animal with the
15 analogue induces production of antibodies against the
OPGL polypeptide,
whereby the animal’s own OPGL is down-regulated due to binding
thereof to the antibodies,
OPGL being a protein which acts as an osteoclast
20 differentiation factor and which has an amino acid sequence as
set forth in SEQ ID NO: 2 for human OPGL and in SEQ ID NOs: 4

and 6 for murine OPGL.

2. The method according to claim 1, wherein is presented an
25 OPGL analogue with at least one modification of the OPGL amino

acid sequence.

3. The method according to claim 2, wherein the modification

has as a result that a substantial fraction of OPGL B-cell
30 epitopes are preserved and that

- at least one foreign T helper lymphocyte epitope (Ty

epitope) is introduced, and/or
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- at least one first moiety is introduced which effects
targeting of the modified molecule to an antigen present-
ing cell (APC) or a B-lymphocyte, and/or
- at least one second moiety is introduced which stimulates
5 the immune system, and/ox
- at least one third moiety is introduced which optimizes
presentation of the modified OPGL polypeptide to the

immune system.

10 4. The method according to claim 3, wherein the modification
includes introduction as side groups, by covalent or non-
covalent binding to suitable chemical groups in OPGL or a
subsequence thereof, of the foreign Ty epitope and/or of the
first and/or of the second and/or of the third moiety.

15
5. The method according to claim é or 4, wherein the modifica-
tion includes amino acid substitution and/or deletion and/or

insertion and/or addition. -

20 6. The method according to claim 5, wherein the modification

results in the provision of a fusion polypeptide.

7. The method according to claim 5 or 6, wherein introduction
of the amino acid substitution and/or deletion and/or inser-
25 tion and/or addition results in a substantial preservation of

the overall tertiary structure of OPGL.

8. The method according to any one of claims 2-7, wherein the
modification includes duplication of at least one OPGL B-cell

30 epitope and/or introduction of a hapten.

9. The method according to any one of claims 3-8, wherein the

foreign T-cell epitope is immunodominant in the animal.
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10. The method according to any one of claims 3-9, wherein the
foreign T-cell epitope is capable of binding to a large

proportion of MHC Class II molecules.

11. The method according to claim 10, wherein the at least one
foreign T-cell epitope is selected from a natural T-cell
epitope and an artificial MHC-II binding peptide sequence.

12. The method according to claim 11, wherein the natural T- .
cell epitope is selected from a Tetanus toxoid epitope such as
P2 or P30, a diphtheria toxoid epitope, an influenza virus

hemagluttinin epitope, and a P. falciparum CS epitope.

13. The method according to any one of claims 3-12, wherein
the first moiety is a specific binding partner for a B-
lymphocyte specific surface antigen or for an APC specific
surface antigen such as a hapten or a carbohydrate for which

there is a receptor on the B-lymphocyte or the APC.

14. The method according to any one of claims 3-13, wherein
the second moiety is selected from a cytokine, a hormone, and

a heat-shock protein.

15. The method according to claim 6, wherein the cytokine is
selected from, or is an effective part of, interferon y (IFN-

Y), F1t3L, interleukin 1 (IL-1), interleukin 2 (IL-2),
interleukin 4 (IL-4), interleukin 6 (IL-6), interleukin 12
(IL-12), interleukin 13 (IL-13), interleukin 15 (IL-15), and
granulocyte-macrophage colony stimulating factor (GM-CSF), and
the heat-shock protein is selected from, or is an effective

part of, HSP70, HSP90, HSC70, GRP94, and calreticulin (CRT).
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16. The method according to any one of claims 3-15, wherein
the third moiety is of lipid nature, such as a palmitoyl
group, a myristyl group, a farnesyl group, a geranyl-geranyl

group, a GPI-anchor, and an N-acyl diglyceride group.

17. The method according to any one of the preceding claims,
wherein the OPGL polypeptide or subsequence thereof has been
modified in any one of positions 170-192, any one of positions
198-218, any one of positions 221-246, any one of positions

10 256-261, or in any one of positions 285-316, the amino acid
numbering conforming with that of any one of SEQ ID NOs: 4, 6,
and 12, or wherein the OPGL polypeptide has been modified in
any one of positions 171-193, any one of positions 199-219,
any one of positions 222-247, any one of positions 257-262, or

15 in any one of positions 286-317, the amino acid numbering
conforming with that of SEQ ID NO: 2.

18. The method according to claim 17, wherein the modification

comprises a éubstitution of at least one amino acid sequence
20 within a position defined in claim 17 with an amino acid

sequence of equal or different length which contains a foreign

Ty epitope.

19. The method according to claim 18, wherein the amino acid
25 sequence containing the foreign Ty epitope substitutes amino
acids 256-261 and/or 288-302 and/or 221-241 found in SEQ ID
NO: 4 or amino acids 257-262 and/or 289-303 and/or 222-243 in
SEQ ID NO: 2 or in a polypeptide where a cysteine correspon-
ding to Cys-221 has been substituted with Ser.
30
20. The method according to any one of the preceding claims,
wherein presentation to the immune system is effected by

having at least two copies of the OPGL polypeptide, the
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subsequence thereof or the modified OPGL polypeptide cova-
lently of non-covalently linked to a carrier molecule capable
of effecting presentation of multiple copies of antigenic

determinants.

21. The method according to any the preceding claims, wherein
the OPGL polypeptide, the subsequence thereof, or the modified
OPGL polypeptide has been formulated with an adjuvant which
facilitates breaking of autotolerance to autoantigens.
10
22. The method according to any one of the preceding claims,
wherein an effective amount of the OPGL polypeptide or the
OPGL analogue is administered to the animal via a route se-
lected from the parenteral route such as the intradermal, the
15 subdermal, the intracutaneous, the subcutaneous, and the
intramuscular routes; the peritoneal route; the oral route;
the buccal route; the sublingual route; the epidural route;

the spinal route; the anal route; and the intracranial route.

20 23. The method according to claim 22, wherein the effective
amount is between 0.5 pg and 2,000 pg of the OPGL polypeptide,
the subsequence thereof or the analogue thereof.

24. The method according to claim 22 or 23, wherein the OPGL
25 polypeptide or analogue is contained in a virtual lymph node
(VLN) device.

25. The method according to any one of claims 1-21, wherein

presentation of modified OPGL to the immune system is effected
30 by introducing nucleic acid(s) encoding the modified OPGL into

the animal’s cells and thereby obtaining in vivo expression by

the cells of the nucleic acid(e) introduced.
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29. A method for treating and/or preventing and/or ameliora-

20 ting osteoporosis or other diseases and conditions characte-~
rized by excess bone resorption; the method comprising down-
requlating OPGL activity according to the method of any one of
claims 1-28 to such an extent that the rate of bone resorption
is significantly decreased, such as a decrease of at least 3%,

25 at least 7%, at least 9%, at least 11%, at least 13%, at least
15%, at least 17%, at least 20%, and at least 30%.

30. An OPGL analogue which is derived from an animal OPGL

polypeptide wherein is introduced a modification which has as
30 a result that immunization of the animal with the analogque

induces production of antibodies against the OPGL polypeptide

aud wherein the modfication is as defined in any one of claims
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tide autologous in an animal, said OPGL polypeptide being
10 formulated together with an immunologically acceptable
- adjuvant so as to break the animal’s autotolerance to-
wards the OPGL polypeptide, the composition further com-
prising a pharmaceutically and immunologically acceptable
carrier and/or vehicle, or
15 - an immunogenically effective amount of an OPGL analogue
according to claim 30 or 31, the composition further
comprising a pharmaceutically and immunologically accept-

able carrier and/or vehicle and optionally an adjuvant.

20 33. A nucleic acid fragment which encodes an OPGL analogue

according to claim 30 or 31.

34. A vector carrying the nucleic acid fragment according to
claim 33.

25
35. The vector according to claim 34 which is capable of

autonomous replication.

36. The vector according to claim 34 or 35 which is selected
30 from the group consisting of a plasmid, a phage, a cosmid, a

mini-chromosome, and a virus.



Z'"10%,' & ()-f y Z"10%u)' & ()-f S 10% & ()-3={T|[: vU410 " 3. &1()0/@&3!(0 2002
3.810% "* & ()- F+10% & ()- F( 10% & ()-S &10% & () - Y%iO%&'() Tgw U410
f10994 & ()- @! 10984 & ()-f yl09%84& ()- '10984 & ()- 10,10, 10, |

P3. &10% & ()-wkR| [:vU410 "10994& ()-g "10%& ()-g f10984 & ()-

y1094 & ()-g y' ! 10%R& ()-S fs10%4 & ()-R+o|[:vU410 sS2Y10%4 & () -

W8-"10904 & ()- *: 10984 & ()- ro%Z" 10994 & ()- @ %" 10994 & () - @

&V 10% 4 m&' () - gZvU410 S10%~) F& ()- , &Y10%~) F& ()- 10% 10% 10%

S9109%4 & ()- s69!10%&& ()-f S510%W4 & (o J| [:vU410 10%~)F& ()-f @

10%~) F& ()- 10%~)F& ()- 10%~)F& ()- f10%~)F& ()-

310%~) F&’»'% ) -Thjex macwzueccoq@%@)qv& any- pne 30§ ookadsg 3@361 0GREPFR () -

3)1 0(1”6_%3 e ’izg( ’) bnf %?%étyi‘/%’ (d%‘zregEE%gqéi%F‘% }‘%Pe g‘h’mﬁf\ékﬁ?ﬁ‘% )3_1 b F& O -1

#@L0%~) E&t@r For! dlrfitird 0dBFrad=lidh- pElBhe) iﬁx&]]é!ﬂéFa)di& (Eragiherd?%r(F& () - @
@5" 10%~) F& 210%~)F& ()- NS, "10%Z( & T"69$, ' NA41010
, Z" 10%r| (W%Jifg %016%&1“(337 oRfPR&LY) 2 B Segyehrfe () -
s' 10(mex(aoamg[ aNAg1840 yeﬁel&@é&m}, sse&el@f@n B¢ G- SnhByROOA () -
T 109 HE () - wan 109%) >& () - ! O%J? & ()-w .1Ivud10 Y- _10% & ()-y
@LO% & ()mtqme&m@;nbxeagl@BM%@qmmga (5agnaen1r0fym¥@#&nps=le$6| [ vU410

109% & %
Ylog/m) ¥ 3 bk ‘11 Gashe Stk (9°Yg:l§%% &é(& g L O ™VIoR &) -

"10% & ()tgr. " 100/c( &' ()- Normal" "Heading 13] c" "Headi ng 23] c" "Headi ng
33] c" "Fbadlng 43] ¢c" "Headi ng 53] c" "Fbading 63] c" "Heading 73]c" "Heading
83] c" "Heading 93] c"A "Default Paragraph Fontv2

10 38. The vector according to any one of claims 34-37 which,

when introduced into a host cell, is capable or incapable of

being integrated in the host cell genome.

39. The vector according to claim 37 or 38, wherein a promoter
15 drives expression in a eukaryotic cell and/or in a prokaryotic
cell.

40. A transformed cell carrying the vector of any one of
claims 34-39.

20
41. The transformed cell according to claim 40 which is capa-
ble of replicating the nucleic acid fragment according to

claim 33.

25 42, The transformed cell according to claim 41, which is a
microorganism selected from a bacterium, a yeast, a protozoan,
or a cell derived from a multicellular organism selected from
a fungus, an insect cell such as an S; or an SF cell, a plant
cell, and a mammalian cell.

30
43. The transformed cell according to any one of claims 40-42,

which expresses the nucleic acid fragment according to claim
33.
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44. The transformed cell according to claim 43, which secretes

or carries on its surface, the OPGL analogue according to

claim 30 or 31.

45. The method according to any one of claims 1-19, wherein
presentation to the immune system is effected by administering
a non-pathogenic microorganism or virus which is carrying a
nucleic acid fragment which encodes and expresses the OPGL

10 polypeptide or analogue.

46. A composition for inducing production of antibodies a-

gainst OPGL, the composition comprising

- a nucleic acid fragment according to claim 33 or a vector
15 according to any one of claims 34-39, and

- a pharmaceutically and immunologically acceptable carrier

and/or vehicle and/or adjuvant.

47. A stable cell line which carries the vector according to
20 any one of claims 34-39 and which expresses the nucleic acid

fragment according to claim 33, and which optionally secretes

or carries the OPGL analogue according to claim 30 or 31 on

its surface.

25 48. A method for the preparation of the cell according to any
one of claims 40-44, the method comprising transforming a host
cell with the nucleic acid fragment according to claim 33 or

with the vector according to any one of claims 34-39.

30 49. A method for the identification of a modified OPGL
polypeptide which is capable of inducing antibodies against
unmodified OPGL in an animal species where the unmodified OPGL

polypeptide is a self-protein, the method comprising
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- preparing, by means of peptide synthesis or genetic

engineering techniques, a set of mutually distinct modi-
fied OPGL polypeptides wherein amino acids have been
added to, inserted in, deleted from, or substituted into
the amino acid sequence of an OPGL polypeptide of the
animal species thereby giving rise to amino acid sequen-
ces in the set which comprise T-cell epitopes which are
foreign to the animal species, or preparing a set of
nucleic acid fragments encoding the set of mutually dis-
tinct modified OPGL polypeptides,

- testing members of the set of modified OPGL polypeptides
or nucleic acid fragments for their ability to induce
production of antibodies by the animal species against
the unmodified OPGL, and

- identifying and optionally isolating the member(s) of the
set of modified OPGL polypeptides which significantly
induces antibody production against unmodified OPGL in
the species or identifying and optionally isolating the
polypeptide expression products encoded by members of the
set of nucleic acid fragments which significantly induces
antibody production agalnst unmodified OPGL in the animal

species.

50. A method for the preparation of an immunogenic composition
comprising at least one modified OPGL polypeptide which is
capable of inducing antibodies against unmodified OPGL in an
animal species where the unmodified OPGL polypeptide is a

self-protein, the method comprising

- preparing, by means of peptide synthesis or genetic engi-
neering techniques, a set of mutually distinct modified
OPGL polypeptides wherein amino acids have Leen added to,

inserted in, deleted from, or substituted into the amino
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acid sequence of an OPGL polypeptide of the animal spe-
cies thereby giving rise to amino acid sequences in the
set comprising T-cell epitopes which are foreign to the
animal,

- testing members of the set for their ability to induce
production of antibodies by the animal species against
the unmodified OPGL, and

- admixing the member(s) of the set which significantly
induces production of antibodies in the animal species
which are reactive with OPGL with a pharmaceutically and
immunologically acceptable carrier and/or vehicle, op-
tionally in combination with at least one pharmaceuti-

cally and immunologically acceptable adjuvant.

51. The method according to claim 49 or 50, wherein prepara-
tion of the members of the set comprises preparation of mutu-
ally distinct nucleic acid sequences, each sequence being a
nucleic acid sequence according to claim 33, insertion of the
nucleic acid sequences into appropriate expression vectors,
transformation of suitable host cells with the vectors, and
expression of the nucleic acid sequences, optionally followed

by isolation of the expression products.

52. The method according to claim 51, wherein the preparation
of the nucleic acid sequences and/or the vectors is achieved
by the aid of a molecular amplification technique such as PCR’

or by the aid of nucleic acid synthesis.

53. Use of OPGL or a subsequence thereof for the preparation
of an immunogenic composition comprising an adjuvant for down-

regulating OPGL activity in an animal.

o)
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54. Use of OPGL or a subsequence thereof for the preparation
of an immunogenic composition comprising an adjuvant for the
treatment, prophylaxis or amelioration of osteoporosis or

other conditions characterized by excessive bone resorption.

55. Use of an OPGL analogue according to claim 30 or 31 for
the preparation of an immunogenic composition optionally
comprising an adjuvant for down-regulating OPGL activity in an

animal.

56. Use of an OPGL analogue according to claim 30 or 31 for
the preparation of an immunogenic composition optionally
comprising an adjuvant for the treatment, prophylaxis or
amelioration of osteoporosis or other conditions characterized

by excessive bone resorption.



