3 OCT 2005 WO 02/081521 PCT/ EP02/ 02912 Csteoprotegerin In MIk The present
-invention pertains to osteoprotegerin obtainable frommlk souw @g{Ti 05
particul ar_ _human and bovine m | k. The present invention also relates to
" the use t WEPIBO813}“preparing an ingestible preparation and/GYERI202912
_pharmaceutical conposition, in particular to the use of such a
preparation/ conposition for preventing or treating disorders associ ated
wi th bone nmetabolism and i mmune function. In manmal s, the bones provide
support for the body and consist of mnerals, a matrix of colla- genous and
non-col | agenous proteins, and a cellular conmponent. The growth and
mai nt enance thereof is controlled by a variety of different factors
i nvolving regulation and interaction of its conponent cell types, i.e. the
chondrocytes which formcartil amtedﬂ}gtégsﬁgthms whi ch synt he- size and
deposit bone matrix, and the osteoclasts responsible for resorption of bone
mat eri al . Chondrocytes are derived from nesenchynal cells -and generate an

initialcartilage tenplate. required for .endochondral bone formation, .
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by osteobl asts. Osteoblasts, in turn, i nfl uence osteocl ast function

may
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Chondrocytes are derived from mesenchymal cells and generate an initial cartilage template
required for endochondral bone formation. Osteoblasts, which promotc fdrmation of bone tissue,
are derived from mesenchymal osteoprogenitor cells and are located on the surface of bones
where they synthesize, transport and arrangé the matrix proteins. On the other hand, osteoclasts,

which are responsible for bone resorption, are derived from granulocyte-monocyte precursors

i
N

present in the hematopoietic marrow. The actions of 'osteoclasts and osteoblasts are tightly linked
-e.g. during the process of osteoclast mediated resorption, the protein factors which are elaborated
acf as signaling molecules to initiate bone renewal by osteoblasts. Osteoblasts, in tum, may
influence osteoclast function through expression of soluble or membrane bound regulators.
Normal bone remo.deling is therefore dependent on a definite balance between the‘ opposiﬁg

ﬁmc_:tions of bone formation and bone resorption as conveyed by each of the respectfve cell types.

Growth factors such as fibroblast growth factor (FGF) and transforming growth factor (TGF)-f
are stored in the bone ektracellular matrix and when secreted stimulate the local release of bone

progenitor cells. Thereafter, factors such as bone morphogenetic proteins (BMPs) and



bone-formng cells, whose final differentiation and function are regul ated
by the interaction of the cell with bone matrix proteins. 5 - Q%L%Qﬂﬂﬁ
ageing an individual is subject to a gradual |oss in bone nas§,3a v
phenonenon_terned uncoupling, which is deened to result fromthe activity
of osteocl¥®/0812kTeedi ng that of osteoblasts. In cases wETEERG{02912
uncoupling persists for a |longer period of tinme, nore and nore of the
bone's material gets destroyed/resorbed @nd a condition termed osteoporosis
results. 10 Apart fromthe gggfdependent phenonenon, bone | oss may also be
br oughtpazashyroibhomaens (FRRY inflaenceshedevriopmendite yhase paggeationsi intoopsteokiidsts, the
result ,in vari ety of .diff.ere di seases ch..a oSt eopoy psSi.S, . .
nyper c AeBerPiRins ielle” whithe SRRCERrepRRAST Fod S5tyBE et ERBREL BLle inerprticn of
r heumatipg gelammrgotnbsngﬁxq,%@p@yel itis, and the like. The reduced bone
density generally leads to a decreased nechanical strength and increased
| i keli hood of fractures. 15 Current approaches for. the treatnent of
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calcitonin, 1nsulin-l11rke gro actor or osteoprotegerin ( have al so

been erosieobtpsts. Incdses wdeid this imcbuplatg prysisth dorablomgerdikriod of ¢inee, ovore atd nroge of
Sai d aggnts are generall repared by recompi nant neans and have to be
For mul 406 BPY CRARE Ets AeeHmER Eor b AORGPPAHIER (S SeABETINLr St ance
may reach the target, the bone, in an active form The WO 00/ 24771

di scl oses nucl eic acids encoding osteoprotegerin |ike proteins and their
usd0i n Apst from theleget depehdent phefonpstoapbaneoless mayhatsoped hroaghti about by calcium or

synt hesi zed hy reconbi nant negns and .then fornul ated s to be conpatible )
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transnmucosal and rectal adnini'stration are proposed. 30 In general it is
qui t e trhemmatoidanhritgs endsteompalitspane the likenTharsiucedbone dpmsity gendraltyriehds toaa

~given ubst apce,, si.nge the ingtedien JLilis for this purpose nust be
conpat i‘fﬂc’é‘aa\?\? e l}?éu%eﬁﬁrrsggthg{}%g}cm%& fih‘g‘thﬁﬂgf)?gf’%rﬁr ovi de sufficient
prqkection against the different conditions in the body. - 3 OCT 2005 WO

02/ 081521 PCT/ EP02/ 02912 3 However, since agents stinulating bone growth
are syrturesitsipgrdaches fyr theitroatihertiof dsteopotasissand/or riefated bone disorders include the

use of calcium administered to the individual in need thereof. Recently, agents involved in the

stimulation and/or inhibiﬁon of bone cells, such as hormones,. calcitonin, insulin-like growth
factor or osteoprotegerin (OPG) have also been envisaged to be usable in treating the abbve

20 disease conditions. Said agents are generally prepared by recombinant means and have to be
formulated/prepared in a galenic form such that the respective substance may reach the target, the <)

bone, in an active form.

The WO 00/24771 discloses nucleic acids encoding osteoprotegerin like proteins and their use in
25 e.g. the treatment of osteoporosis. The polypeptide is synthesized by recombinant mearis and then
formulated so as to be compatible with the intended route of administration. As such routes
intravenous, intradermal, sﬁbcutaneous, oral (e.g. inhaiation), transdermal (topical), transmucosal

and rectal administration are proposed.

30 In general it is quite time-consuming and cumbersome to find a suitable galenic form for a given
substance, since the ingredients utilised for this purpose must be compatible with the active

substance and must also provide sufficient protection against the different conditions in the body.



is difficult to adm nister such a substance. Normally, capsules have to be
devi sed, which assist in passing the substance through the -3 QCT 2002

. gastro-int Lnal _fract without getting destroyed by the adv

envi ronrrenﬁgﬂz@%ﬁ%ﬁlfi ons prevailing therein. However, this rgﬁf@m?ﬁ/ozmz
adm ni stration al so has sone 5 drawbacks35i nce the substance has to pass
the liver and be transported in body fluids before it reaches the bone.
Furtherppre, it, often |l eads to a reduced anount of active biol ogli)cal

mat er i aFlOWeYER: FinGg agenss stimylating bene grovibrse gyrthesised lecallyorinahts banedissue - it
present ;J Cﬂr@&y nt8 ,réﬁlg‘ﬁ{‘,’%%ﬂ gl]'ic%vz%\g s&g@@.‘i}ﬂgmg{%g?gﬂsﬂié hﬁfé 5% devi éleg @Iﬁcll:lva?sist in

subst ance Jinary erenyt Nce acts 1 n a speti ar get
tissue passinpethe sibtaricd tdougheidgabtrddiniestihdlerb Githodl gEnivgndéstroybd by tisoadietbe
by providing osteoprotegerin obtainable from mlk. 15 In the figures, Fig.

| shows e@ﬁ@@!ﬁﬁl&? ivonditionn prsvaidisgdherein: &ye\[]qvnr, ithis meute of admftéqﬁaﬁonwlmhﬁﬁ?me
[ tatl .20, Fig. . { ot S .
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for OPGretehé&s theboak.cFurtHérinitie ! i @ fleh Abddiith & RAucHd AméHe oTQicH ¢ BivAdgidd] trhaterial
body, BAF805 from R&D Systens and streptavidin-al kal i ne phosphatase (SAPP);
25 Fi g. re@chingike targettissuei cti on map of the plasm d which was integrated
into.the genonmc DNA of Yarrow a transformants;. Fig. 4 shows a RT-PCR
anal ysis of human breast m |k cells and human mammary gl and' epithelial
cells, %ﬁs@emﬂ% plotiéifl of thégﬁrééén't In¢&iBRCS 88 prbvide RAf{Eand' 80 aBRnisteARE Sn3
and 4 : .30 G (‘expected size band: 603 bp); 1. Human breast mlk cells] 2.
MCHLO7:  activieusnbstabee & an madikiduak [wherebly thd¥ubdtanGe @3 it GOSpedificOrgxs 1584e in the
P(ZT/n_}EPOZI_@gzalé 4 Fig. 5 shows the results of an experinent, wherein the

IHeViP¥sent invention inhibits TRAIL-induced apoptosis of Jurkat
cells. Osteoprotegerin (OPG, also known as osteocl astogenesis inhibitory
factor (OCIF) and TNF

Accordingly, the above problem has been solved by providing osteoprotegerin obtainable from

milk.
15
In the figures,
Fig. 1 '_s.hows the concéntration of osteoprotegerin in hurri_an breast milk during various stages of
| lactation; '
20 o

) Fig. 2 shows a Western blot analysis of human milk fractions under reducing conditions using
- 10% SDS-gel. Bands for OPG were revealed using the biotinylated anti-OPG polyclonal anti-
body, BAF805 from R&D Systems and streptavidin-alkaline phosphatase (SAPP);

25  Fig. 3 shows the resriction map of the plasmid which was integrated into the genomic DNA of

Yarrowia transformants;

Fig. 4 shows a RT-PCR analysis of human breast milk cells and human mammary gland’
epithelial cells, MCF-7; Lanes 1 and 2 :B-actin (expected size band: 460 bp); Lanes 3 and 4 :

30  OPG (expected size band: 603 bp); 1. Hmﬂan breast milk cells; 2. MCF-7; 3. Human breast milk
cells; 4. MCF-7, |



5 receptor-like nolecule 1 (TR), is a recently described nenber of the
tunor necrosis factor famly of receptors (TNFR). It inhibits ?SBEPCZU%'[
devel opnment both in vitro and in vivo and increases bone densi
(osteopetrosis). In normal nouse enbryos, OPG has been | ocalized wthin
cartil age WEH¥8t324"6f devel opi ng bones, as well as in the sRETEPI2M28EX i ne.
10 However, unlike other nenbers of the TNF receptor famly, OPG does not
possess a transmem brane domain. Moreovér, it could be shown that OPGis
al so a receptor for the cytotoxic |igand TRAI L (TNF-rel ated

apopt osFig. isnshw'rsnaxelrbgﬁaddf aﬂdxpaumdﬁmvhmin tie OPG of theapredentdnvéntionCighibits
derived receptor- is presumed to regulate cell death, as well
as play mﬂﬂ@rqedr@poptpsﬁ@fﬂwkﬁh@e Bor mati on of |ynphoid tissues and t he
regul ation of inmmune responses. Indeed, 15 aninmals |acki ng OPG have been
shown to exhibit underdevel oped Iynphoid tissues. In the studies leading to

t he pr eegtebpiotetRfni (UPG)‘, A0S kfi®wh 4! ditdoBlab@g¥nd3Reihhibitory faétai (OCTH)IsHd TNF-
to its presence in gl t he bone tissues, osteoprotegerin may also be found
in umarecoptondike rrrwlr%cu elh (EBhL eq Laemenﬂ)ddescnged)maberf@femen@mqﬁewmsmefacms

obvi ous th bi oact i ubst.ance for
capabl e t o)
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i solated from other sources as regards its stability and/or resistance to
degr adacirtitage wdiments ofideNelogingddpes,taswvell asyin ghesmalbintssting. | s presently
believed that the specific glycosylation 25 pattern conveyed to the
protein in mamary gl and cells renders the polypeptide nore stable vis

a- vigs t BRwavbt ufliBesthert MefdbelsthfARS TN rebdtdioainilyCOPT @iU3RIOE pEIRERW rAlshféni-N
the intestine, so that: upon intestinal absorptlon and transport to the :

bone t i brane domain. Aoteoerdt eanld hecshawmghatiORG s alsela reesptarfanthe cytotaxie igand

t or m ob AP MR =IAlrd AapiitEucing {Ban®) el SRt SRR dentttelle 1 e
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respectively, which differs fromthat obfai ned by recombi nant nmeans (55
kDa). -rde mhezfooaatlmfdmbgﬂzrssmmrm@mn S»f nhmu@e@apbnmelnpmt ent
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In the studies léading to the present invention it has now surprisingly been’ found that in addition
to its presence m e.g. the bone tissues, osteoprotegerin may also be four)d in human breast milk
In consequence, during breast feeding the mother is obviously supplying the newborn with sald
20  bioactive substance in a form, capable of surviving in the gastro-intestinal tract. From thls it
follows that the _OPG produced by mammary gland cells obviously differs from OPG isolated :

from other sources as regards its stability and/or resistance to degradation.

~ Without wishing to be bound by any theory it is presently believed that the specific glycosylation

25 pattem conveyed to the proteih in mammary gland cells renders the polypeptide more stable vis-
a-vis the acidic gastric fluid and/or the basic environment encountered in the intestine, so that

upon intqstinai absorption and transport to the bone tissue, the active domain remains intact and

is capable of exerting its biological activity.

30  The OPG of the present invention, i.e. in a form obtainable from milk source, has a polypeptide
sequence as identified by SEQ ID. No. 1 and exhibits sizes of about 80, 130 and 200 kDa,

respectively, which differs from that obtained by recombinant means (55 kDa).

N



products, ice-creans, fernented cereal -based products, mlk-based powders,
-infant formulae and 5 al so pet food. Likew se, the OPG of the pre£éit 2005

i pvention may al so be included in a enteral or pharmaceutical conposition
- e.g. sel ecwed2fsmsntiie group consi sting of solutions, dried BC&EP02/02912
suppl enment, |liquid oral supplenent, dry tube feeding or liquid
“tube-feeding. In fact, since the OPG acchrding to the present invention is
stable, there is no need to bring the 10 active conpound into a specific
galenic formso as to protect it fromthe differing and potentially
detrinmental conditions prevailing in the gastro-intestinal tract and body

f | ui ds. Thc@BGfithe presemtanmentionsipay be invdududdpant ingestable ipseparation, which maybé ar
t he use, of osteqgprotegerin_ .frommlk for, preparin n_i.ngestabl e
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t r eat meatso petdfood. bikewise, the OPG oflihe qresent imfention anayealsd dleiincjud&@DinTa enterad tor

conmbpn RQone di sorder is.Qsteopenia, a.condition rel at.ing’i neral .to an
docr oadPaTRAcayBRa FRIEROSIHOM &by eltotn roMb g SFOUR, CADSIStIIE, AF SPMiORSy digd &
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osteoporosis, also referred to as postnenopausal and senil e osteoporosis.
This formof osteoporosis is a consequence of an universal |oss of- bone
wi t h ada fastd since tha@PGyacgorting tasthetpresent inveatior is ptablen thare songneeshtoring the

normal rate of bone. formati.en. .Yet other forns . of . este @Sk S I ncl ude.

ndBor 1988 sPmpRERfiokes FRGAT ensPE Bt 4RJp Eroplridt A POG T e nesfrgiany
syndy on@strifieftaPEsHHIRER privailifs RAtht 3aMraifetRAD@Ntlaald boay Thidyf Ost eoporosi s
(osteogenesis inperfecta, honocystinuria, Menkes' syndronme, and Ri | ey-Day
syndrone) and osteoporosis due to immobilization of extremties. 30 Quite

recentl i t. has been ackn edged t.hat osteoporosi,s .n human popul ations
s al sHeosine 1 aBGHen ASRe e PO gRE R ASL AL igFe f B R of SBleoploteitin
cal ci figafl fHilk ForC ngHPQHﬁ tar0ingdtBRAbleapRPaRHBhESAEN Gas a3fod@TméfiPal ofOin enteral
02/ 081521=" PCT/ EP02/ 02912 6 lesions. - Consequently, a food product as

i | 11§st reamepbsitivoy or aphanwsdceutical aomposition.f or preventing the onset of or

al l eviating synptons and/ or structural changes in the bones associated with
ost eopeni a or :

The osteoprotegerin of the present invention and the ingestable preparation as detailed above

may be used for the treatment and/oi' prophylaxis of disorders of bone remodeling.

20 The most common bone disorder is osteopenia, a condition relating in general to any decrease in
bone mass to below normal levels. Such a condition may arise from a decrease in the rate of bone
synthesis or an increase in the rate of bone destruction or both. The most common form of
osteopenia is primary osteoporosis, also referred to as postmenopausal and senile osteoporosis.
This form of osteoporosis is a consequencé of an universal loss of bone with age and is usually a
25 result of increase in bone resorption with a normal rate of bone formation. Yet other forms of
osteoporosis include endocﬁne osteoporosis (hyperthyroidism, hyperparathyroidism, Cushing's
syndrome, and acromegaly), hereditary and congenital forms of osteoporosis (osteogenesis
imperfecta, homocystinuria, Menkes' syndrome, and Riley-Day syndrome) and osteoporosis due
to immobilization of extremities.
30
Quite recently, it has been acknowledged that osteoporosis in human populations has also been

associated with a higher incidence of arterial calcification, a component of many atherosclerotic



5 osteoporosis, respectively. It wll be appreciated that the active
substance will be included in the food nmaterial in an anount sgfi%ﬁgeahmfo
ef fect a desired biol ogical response. Since OPG has been found t

itself a constituent of nother's mlk, mlk-based products are inherently
wel | suiteWO04818MI"i"veri ng the substance to an individual. ROT®R02/6291Dt her
hand, for treating severe cases of osteopenia or osteoporosis,
respectively, the preferred regi nen may6be a pharnaceutical conposition,
whi ch contains the osteoprotegerin according to the present invention in
hi gher hsipasts, that is. in amounts sufficient to stop or even revert the
di sease process. Such conpositions may contain the OPG of the present
invention as the only active substance. This has the advantage that no

S . ! .
her of oCaibkgibndfadbod Bodibad HISFaORImAvE el W BEUHBRUCRY pldvehfipg e gnsetof.
si st i ngophllewing syfiptoms A/oO BRtldtirab YR gesBR ttREl bohéagsatiated WitRlosteopenia or

flavouri ng agents. wever, in. the case that the OPG of the present |

i nveht i esteennapsis,espestiviely okt evilltbepppresiated that Biernastive selistance sl dedneluded iththe
nature and liabil.ity to dearadation aof these additional subsganc L p_ the
gast r o- it aaBratin'sh A RUsHRink B5sRer s R F ARl dlRespSHC SRS By Bad i
i nvent i gfuntiabBel itleHth édhsHARADBS HidkHet’s mAR, mitk Vas@prolcts Afe AhkRAEYREE suited
physician to nore carefully control the daily or veekly dose of the active
conpounér deliveringthe spbstarggetpian individyel. pr esent i nvention may al so be
utilised for preventing the onset of and/or treating Paget's disease of
bone, osteonyelitis, infectious. lesions in bone which lead to 25 bone

| ospy  hmetheabherhand, Ofor QRAEIaE Ostvere dA9ELE of @SRoPsifia IR Redoperdsid) Tdpedtivly, the .
rheumatoid arthritis, periodontal bone |oss and/or osteolytic netastasis. :
OPG hasprfatedegimtnunay be dhpharmagewisabcompositine, whiabr conszingghe osteoprotegerin

f -rel at.ed. | | d RAI L). i, i nd ' bi ndj
doat ' aBiEeRInE s Hseat Fiebien ohieher Raotpf (i dhin anoity SRAPisREla deg Sr evel
death, aserht distadd groc@R. SHBPESAPSsiticsemhy cbRi8inl AL TTREG OF thd pfeégghﬂb&ﬁon as

tissues and the regulation of inmune responses. Furthernore, Is a
decoy r theeqndy activer susiarce. (Thig hagithe advantage thattepmajorforrvlation of thenfubstaice has
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dendr i t kigtif® bF SOPENPERE&ES opBBHAINY suppf@hdntddvithV@kriers :5&" Tl 6riRYE 8geritd) However,

engagenent of RANKL with its receptor enhances T-cell growth and dendritic
- cel | tuthetdasnthat the OPG of the present invention shall be formulated together with other active

substances, the nature and liability to degradation of these additional substances in the gastro-
intestinal tract shall be considered. The OPG of the present iﬁvehtion formulated in dosage units,
20 will enable the attending physician to more careﬁﬂly- control the daily or weekly dose of the

active compound.

The osteoprotegerin of the present invention may also be utilised for preventing the onset of
and/or treating Paget‘s disease of bone, osteomyelitis, infectious. lesions in bone which lead to
25  bone loss, hypercalcemia, osteonecrosis, bone loss due to osteoarthritis or rheumatoid arthritis,

periodontal bone loss and/or osteolytic metastasis.

OPG has also been found to be a receptor for the tumor necrosis factor-related ligand (TRAIL)
which induces apoptosis upon binding to its death domain-containing receptors. It is presumed to
30 regulate cell death, as well as pl;':zy an important role in the formation of lymphoid tissues and the
regulation of immune responses. Furthermore, OPG is a decoy receptor for RANKL (ligand for

the receptor activator of NF-kB) which has been reported as a product of activated T cells.

N
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5.Accordingly, the present invention provides for the use of
osteoprotegerin obtainable from human and/or bovine mlk foe 3T 2005
~manuf acture of an_ingestable preparation, such. as e.g. a dietar

conposi ti oW ¥I285Hnt eral conposition, or for the manufactur gcy,ﬂ'gz/ozmz
-medi canment, respectively, for <contributing to the nornal devel opnent of

| mmune tissues, for contributing to normal imune function and even for
preventing and/or treating disorders of the i mune system 10 D sorders of

t he i miigatiey of #hn teeentenfsr RANKL on matyrealendritic olds: enbances dondritic egll sryiyal.

aut o- | ni t sis, canc ' a or owel, di seases, systend -
it of iR e he fegseain of RONKA A i SherlaY SR oD AR ndrit
condi ti gapfidktiédie skin, the oral cavity, the gastro- intestinal, urogenital
or respiratory tracts. 15 In addition the osteoprotegerin of the present

i nvention may |ikew se by applied for the regulation of cell proliferation
and _apopt osi,s, ,for the pronotion of oral_.taqleranc t he dul.at i,on f

0 Sot 1 BEESTgbe dbe Presht BRYANIOR abrovlen o5 2hF e T PHESHIOTRRENA SORpRALF Arary
for NCoRhES aldier bR Rilk0H {HRHshihetredstian ifffokdble proflataBbh iRR 188308 iRl
with prematurity and/or Tow birth 20 weight, So that T n these caseS the

ost eopreampesition of art éreerpl emapdsition; @n forcthe meanuictyt wf laenedidamentstespeetively, fone
baby by maags.of b%by f ood, Ii wi || he appreciated that ,gn_i ndi vi dual at
any ageCRybwing fodthe ermplydeyelonment of trapung tsses, der cuB %%“%Fﬂjn‘&‘ﬁgl‘m?“&?e

the maif3hbh Gd éve‘ncfopﬁre‘%&ﬂﬂgjﬁ{cﬁ& ﬁn%ﬁigloﬁé of H3GHAM\ind 8l €TENt of 25

exogenous ost eoprotegerin particula vidual's, such as newborns,
red® re osteoprotegerin for the devel opnent of bone nmaterial and/or the

I mmune.system so that in these cases the conpound and/or the, foqd

ot o | PSR Pf‘ﬁhfeﬂma%miceaf mpasddn ﬁh%arqﬁFnttlH@erm%wmserﬁ@m @hto-
maybe agh b a. v y i e .
that the pP}elfsa%%'tg HSF %&gﬁﬁr’gﬂ may aﬁ%%t‘)”ee?ggpi I e ttgnié%ﬁ%g |ne§r8 elfr?gﬂs?gﬁgm
pr event visoelao dissase indipmmnmophtholdpivat cdnditiode rof. the tskw, | theadrab civdty, the gastro-
appreci ated, that apart from humans the individuals to be treated may al so
be ani rtestinal, urpgsnitajor gespiratory Factne OPG of the - 3 OCT 2005 WD 02/ 081521
PCW/sEP02/ 02912 8 present invention is included in pet food. The OPG of the
present invention may be obtained froma mlk source, derived froma

manmal , In addition the osteoprotegerin of the present invention may likewise by applied for the

regulation of cell proliferation and apoptosis, for the promotion of oral tolerance, the modulation
of infectious processes and bacterial colonization of the neonate. Especially for neonates the
above mentioned disorders may by and large be associated with prematurity and/or low birth
20 weight, so that in these cases the osteoprotegerin of the present invention may simply be

administered to the baby by means of baby food.

It will be appreciated that an individual at any age may be the individual to be treated, though
babies and elderly are the main subjects to be considered due to their inherent requirement of
25  exogenous osteoprotegerin. In particular individuals, such as newborns, require osteoprotégerin
for the development of bone material and/or the immune system, so that in these cases the
compound and/or the food material and/or the pharmaceutical composition of the present

invention may be advantageously be administered.

30 Howew)er, it will be apprecidted that the présent invention may also be applied to adults, in order
to prevent the onset of any of the above disorders. It will also be appreciated that apart from

humans the individuals to be treated may also be animals, such as pets, in .that the OPG of the



in particular fromhuman or bovine mlk or colostrum Human m |k OPG has an
am no acid 5 sequence of 380 as and exhibits.a nol ecul ar wei g_h? P?ET 2\,%5
approxi mately 80, 130 and 200 kda when conpared to protein nafkers I ch

were used a | ecul.ar wei ght standards (BioRad). It exhi bi sites for
N- gl ycosyl‘ﬁ’ﬁ?r}z"si%a may be present in a nononeric form and aé(gw/ﬁ%wo&g]fzorm
by formng a S-S bond via Cys379.. 10 The OPG of the present invention may
be isolated fromm |k sources, such as h8man or bovine milk. However, it

wi Il be appreciated that the present OPG may be prepared by reconbi nant
means ipresgprinyentiands msludedyn petdood. a gl ycosl yation pattern as found in the
"mlk-OPG'. Preferred cells for expression are those of the manmary gl and,
since .these cells may be expected to yield an identical or essentially

| dent i-Cihe QIP(F 8B HeFrbeit RVehGS may DeIbtdindd fom® ik Bhirce X! ffin bfammial,
present OPG may be ‘obtained by infhrortalization wwth appropriate neans,

such asint partishvia0 frome thumaarort bovite hiilie onselogtrura, Hanthnt midk SOPGledsi anamindacid
expressi on vect cont aj ning. a nucl epti de sequence, encodj hg_i he

pol ypepiqdyenc 802 %‘ﬁeﬁi":‘r\aﬁ Gofalier ¥t aB%mESHP?%tPlﬁ{g@: 896 iag‘é(éﬁ‘ﬁ‘ﬂ@“ﬁe"
fromt t i 0 ' ! wepd ' JRTe SN

by col | pRel 1B Adtcip MG BERE wend uakd' s ol C SR scpRash B [BfoRtae).Of

t hensel exdrbits 4 sitéefor Nglycosylationoarid map be ppesenttiata monomendd firinoandf 4 dimdriveform
supernatant will be .. prefegpred. The follow ng exanples illustrate the

i nventi f%’%‘ﬂ%ﬁts‘$ibﬁi“tl|v}?ga{st thereto. 25 Exanples Human milk and hunman
serum sanpl-es 30 Human breast mlk sanples (10-60 m) from healthy nothers
were collected up to 17 days post- partum under sterile conditions by

br d@st PhenORG pf dsspreseniinventian intayabé isolyednfromahilkspuressisach as htmharriok bovins -
expressed - knto sterjle 50 m -centrifugation tubes and processed within 2 - -
h)r(g of mgléft IHQWsvSh. it Pl gﬁmp&g@eﬁé'ﬁh?&j’almrswnl@ SRS mgy gi@’r‘?ﬁaﬁ‘}d, bi’/m H@cémbinant
cel |l ul - ] i - [gi;!; . " | 2/

9 r emal\%lggﬁ%ir??plp r ga%dééc}&?%rﬁﬂﬁd&%eax%lﬁgct | (t)lﬁ. %gﬁéé{mrag%%%gf% e@ﬁél 'kﬂ%ﬂ?eé%d

frozen adlls-fob €xpidssion aresthosdof thephamaey gland; sincectefs callshmay bé gxphetedr to yeld
kept at '

an idze(rjlgéal or essentially identical glycosylation pattern.
15
Suitaﬁlé cells for expreésing the present OPG may be obtained by immortalization with
appropriate means, such-as the SV40 vector or the telomerase gene, and transformation with an
expression vector containing a nucleotide sequence encoding the OPG polypeptide. The
polypeptide of interest may be obtained by isolating it from the supernatant, in the event that the
20  polypeptide is secreted, or by collecting the cells and isolating the polypeptide from the cells
themselves. In the. :event of a continuous production, isolation from the supernatant will be a"‘._. }

preferred.

" The following examples illustrate the invention without limiting it thereto.
25

Examgles

Human milk and human serum samples

30  Human breast milk samples (10-60 ml) from healthy mothers were collected up to 17 days post-
partum under sterile conditions by breast pump expression or occasionally by manual expression.
The milk was expressed into sterile 50 ml centrifugation tubes and processed within 2 hrs of

collection. Following centrifugation (200x g, 10 min), the cellular pellet was immediately



Fractionation of human breast mlk 5 Cream was extracted fromwhole m |k by
-hi gh speed centrifugation. The top cream | ayer was renoved, _\A@s@'e'ﬁ 2005
water and the cream washings were frozen at -20C until required.

- separ at i onW&02/8832157d casei n was achi eved by rennet enzyme ??'E@P%?&”br
chem cal acidifica- tion (wth HCO) of skimed mlk inducing casein
clotting. Centrifugation of the treated Ml k then 10 separates sweet whey
fromthe non-sol ubl e rennet casein and acid whey from acid casein

r espect remdved ﬁdmadateyzl fos RNAkExtravtion. Theotemaigdef of theanik wasffragenl atvi2B7C. Hwhan

non sol ubl e, eI | ar a re ar ed sacentrifugation. Al
casei n %?YH“\/&?E}P ?sr‘é(ﬁﬁelqyﬁ%' %B@%@g%ﬁg’?ms a@%%‘ﬂ%‘f Ile (gqui red. 15 Human
mammary cell line MCF-7 (Anerican Type Culture Center (ATCC), Manassas,
VA., HTB-22), a human mammary cell line derived fromthe pleural effusion

of a br Feadtiorationafiiaymaebeeass nillkver al characteristics of  differentiated
manmgry epithelium The cells were cultured in DVEM (Am nmed Bi oconcept, 20

Al |'schwichdam SWist &x@Fak 8 %orm UPRG18 TRiTk 2? M’%%Qpééﬁo/éefn htl&ﬁ"fhes Whedrh @yer was

Am nmed Bi oconcept) and maintai ned In a hum |f|ed at m)s her e
cont ai niempvask @@ahed live watért mmmgnmashlma\ngeoﬁ&moat}zo%emtﬂenequwek The

Upon reachi n?on ogf Luenc{igﬁ%g 1‘?’\%?3% ?df{eb?chedgum ng trxg &qu‘(l)lﬁal agidifica
( G bcoBBIPAT g
West ern ]Fi\{h.}, id e

sanpl e BQ‘# ?&nrtﬁ E’g? ‘fkdélﬁgmrh&?lcm\gﬁﬁeﬁ O&grﬁ%t el nsfd\:\%ltlgn ggpar efta}a%ﬁﬂﬂﬁ}%
SDS (PACEeparated |swreen‘ evhegdfrom thiet naw-sblubhleo sonnate ndseam and (did ReliBy. frétme ahldocasem
o/ +© REEBDES e bheiinalhy <olup Al EPPRS (TS E B b Scan e caluble, micellar
g ’

501 P B We%ﬁ’E*%%%ﬂ%ﬁ%&%ﬁ@%?ﬁﬁé‘%%ﬁﬁéﬁﬁi“ R R Dk Y ffoeen o -
PCT/ EPO20204tA reglirgd.ot ei n markers were used as nol ecul ar wei ght standards

(Bi oRad). Reconbi nant human OPG (\R&D systens) was | oad at 25ng/l ane served
as a positive control. Expression of OPG by human breast mlk cells and

OTRYY TRATIRLY ol Qe ik 2 €11
MCF-7 (Amen'can Type Culture Center (ATCC), Manassas, VA., HTB-22), a human mammary
cell line derived from the pleural effusion of a breast carcinoma, retains several characteristics of
differentiated mammary epithelium. The cells were cultured in DMEM (Amimed Bicconcept,
20  Allschwill, Switzerland) supplemented With 10% foetal calf serum (FCS, Amimed Bioconcept)
and maintained at 37°C in a humidified atmosphere containing 5% CO;. The cultpré media was
changed 2 to 3 ﬁmes per week. Upon reaching confluency, cells were detached using
‘ trypsin/EDTA (GibcoBRL) at 37°C. The cells were then prepared for RNA extraction.

25

Western blot analysis

Milk samples were diluted 1/25 with Laemmli reducing sample buffer and boiled for 5 min. The

30 proteins were separated by 10% SDS-PAGE and transferred to nitrocellulose membranes
(BioRad). The blots were probed with a biotinyléted polyclonal anti-human OPG (BAF805 at

- 0.2 pg/ml; R&D systems) and streptavidin-élkéline phosphatasé (Pierce). Immunoreactivity was
visualised with alkaline phosphatase suBstrate BCIP/NBT (Zymed Laboratories). Prestained



5 Reverse transcription followed by PCR was used to anplify CP%) (F@niggpts
in the total human breast mlk cell population froma single

days postpartumand in the human nmanmmary gl and epithelial cell I|ine,

MCF- 7. TotﬁJ ‘g -extracted fromthe cells using the Trigol 5B 29%

(G bco- BRL M O T Zol (1 m for 5-10 x 106 cells) was PR o
the cell 10 pellet, p| petted up and dovv(r} several times and transferred into
an Eppendorf t ube. Chl oroform was added (0.2 m for 1 nm TrizoI) and the

ttJbes wer ncuaatedfori before centh ati.o 00 x for 1&

L CProfsi TigRers visrt doed 26 ERlf aids (iaRad)” Resanbipant sy OP

(r:neztrif %Eteﬁ%)ﬁé'gpgz gnﬁgﬁ ilz{ﬁe'g}: edR? ggg ﬁvé"@&ﬁrd’l’aShed Wi t,ft?égO% et hanol
S | %J lﬁel oni ed

and the pen- n st wat er. RNA was stored at - 20C
unt i | feqwred 15 RNA sanpl es vvere treated vvith RNase-free DNase | to -

el imnate confamnation by geno quantified by absorbance a
260 ri nEXREEssign of QI by-himap &Isﬁasatr@llﬁmlbﬁn@rhmm mampiary gland epithelial ce_lls

- speét rophot oneter. The concentration of RNA (g/m) was calcul ated as -
- fol | ow Revissotramsegption folkS0eddyPCR wasmdeddo amplif%@Rngnahscriﬁts mt the t&thlAhuman

“sanple that is. essentiglly free of 0 pr.otei houl d have an A26Q/ A280
ratio opredstgmilkocell W\ﬂ“&&f?’é‘%é‘r?@ r'&ﬁg’@h%g% YhPRUPYHNY and; in,the human

| euken akinhidly gewgpﬁmfﬁana&‘ﬂ%eo P PROt! RNASWAR e ﬁ%ﬂtfgkgc%mlf%%ef

total RNA), un RNase 1 n I tor,
speci fi Trizol rpenhmla (GibsoBRIVY Bidefhy) dhe:LTﬂﬁoll(h mlsfon 5-1Cex a0 eells) avas addqat testhe cell e

enz{drqn(;Ub H’gﬁ"lpg ‘EF? tég‘& d\ég’lr‘tjﬁrz?ﬁge 10 1 Féf‘s FFﬁ %@2%{( g{ﬁ#ﬁ;ﬁq t}}g!%%&ggrofom

i ncubat t ‘
over st AMed (DAl 1 A FrizB) ald tHE e vt [ivbbatda Tor's Hin Sofere Efrifugation )
( Per ki natd 27800 x @ foa 15mimdEgcR™A @Bsqpteﬂmtatdacwﬂhtanfecpal nshxmcrrﬁ‘nsq:ro@mtl ahd

o gDe  oreariBiER AL L6 P08 K 5 foagliRim g eles Srfe?rg?v'a?tr@e?’ﬁi;é%?e(effg%g lfﬁ?@é{sgipﬁg
PG s Siﬁ.dftﬁcﬁgﬁf P%%én’g‘;‘eeqaﬁwog@go‘%ﬁ \/\15%8{ ogq?'in ‘ggﬁ'ﬁﬁ%&/ opo1z 110 O

ACTIRGTTATAAGCACGCTTATTTTTACTG, and sense

RNA samplcs were treated with RNase-free DNase I to eliminate contamination by genormc

DNA. RNA was quanttﬁed by absorbance at 260 nm and 280 nm of an appropriate dilution (100

~200 fold) in a spectrophotometer. The concentration of RNA (ug/ml) was calt:ulated as follow:

Absorbance at Ajgp x dilution factor x 40 mglml. A total RNA sample that is essentially free of
20  proteins should have an Aj60/Azso ratio of 1.8 —2.2.

RNA was revetse—transcn'bed with Moloney murine leukemia virus reverse transcriptase (Perkin-
Elmer). RNA samples (0.5 pg of total RNA), 0.5 unit of RNase inhibitor, 1 mM of éagh dNTP,
0.5 nmol/ml of specific 3’ primer, 5 mM MgCl; and 1.25 units of reverse transcriptase were

25  incubated in a total volume of 10 pl of reaction mixture containing the enzyme buffer supplied
by the manufacturer. The reaction mixture was incubated for 30 min at 42°C, and then heated for
5 min at ‘95°C. The reverse-transcripted products were then amplified with Gold DNA
;iolymerase (Perkin Elmer) on a thermocycler (Biolabo, Scientific Instruments, Chatel St Denis,
Switzerland). The polymerase chain reaction (PCR) was performed in a total volume of 50 pl

30 using 10 pl of the reverse-transcripted products in PCR buffer, 2 mM MgCl, 5 uM of each
dNTP, 0.2 nmol/ml of both OPG-specific antisense



GGAGGCATTCTTCAGGTTTGCTG 5 priners and 1.25 units of DNA pol yner Sﬁﬁ Aﬁ@@r
-ah initial denaturation step of 10 mn at 95C, sanples were anpl+ igd
35 cycles of denaturation at 94C for 45 sec, annealing at 60C for I mn,
- and ext enswWor0288152p€ - of 1 min 30 sec, followed by a 7-m n exPENEPRWN2912p at
72C. Al sanples were subjected to RT-PCRwth R-actin as a positive
control . Sanples of RT-PCR products wedé | oaded onto a 1.2 % agarose gels
(containing ethidiumbromde) in 1 x TAE buffer 10 and separated by
el ect ophor esSACTAGTIRATNAIGCAGCTTARITPCRQI@duct s were visual i sed under WV
light. The correct size of the bands was determ ned by conparison with DNA
. size mandéerse 1. . (Boehringer Mannhein), ELISA for Human OPG (sandwi ch
enzyme i mmu lon of OPG present in breast ml|k and
di f f erent mﬁéiﬁﬁ%ﬁﬁm&m@ﬁbﬁy ELI SA.- To this end, nonocl onal
anti bodi es agai nst OPG (MAB805, | g/m; R&D Systens, UK) were coated onto
96- el | : ey k&G ti.cn. Pl o
b e R R e e i e S L LR
by i ncsbmipiasgver®atipdifiel] Hye3S oyclds cfodenaturatnsat 194AC fobdrsec, (aBBédlingrat BBEC ffor 1
additional 2 hrs at room&e erature. anpl es, or standard _concentr_?’ti
t

of recdmh ABdextopeiopt 728Ciqf h min S0 ecpfollogad by ai7-miy exigasion sten,gh({% -inf?s-,ll

_ ; A . h i .
witn peaTlesw et Q6 RTRERS WP aCif 555 HoRfyk Vool aplel b TR,
ant i bogyodudteNweRIoadbdoontga M2 Yiidardae et @dnthiingettidiemh Biemideé)tin 1 QOTAE buffer

tenperature. After an additional 25 four washes, streptavidin-peroxi dase
( SMAP, apdseparated by eleatopharesioatpbid Y fiepil) hryRT-REReproduets wengrvignalisesbynder UV

TR S ToEEh 1 B AT <o TR 8

for fiyBosk e Manhh€im)enzymatic reaction was ternmnated by the addition of
IN HCl . Absorbance was read at 450 nmin an ELI SA reader (Dynex

Technol ogi es). The detection |imt \g/as agproxi mately 30 pg/m. 30

-EL;’%S?E%E‘#%%‘?% Mo QR i el Do Bs g 8 Choptosi - 3 OCT 2005

Wo 02/ 1e5c201nceprgrre{tx%lgogfl 8%%1§resent in breast milk and different milk fractions was measured by
ELISA. To this end, monoclonal antibodies against OPG (MABS80S, 1 pg/ml; R&D Systems,
UK) were coated onto 96-well plates (Nunc) by o{'emight incubation at 4°C. Plates were then

' Washed twice with 0.05% Tween-20 in PBS. Non-specific binding was blocked by incubating

20 the plates with 2% bovine serum albumin (BSA) in PBS for additional 2 hrs at room temperature.
Samples or standard concentrations of recombinant OPG (0.119 to 121.5 ng/ml; R&D Systems)
were incubated in PBS-BSA for 3 hrs at room temperature. Pl-atcs were then washed four times
with PBS-Tween before addition of biotin-labelled anti-human OPG polyclonal antibody
(BAFSOS, 0.5 pg/ml; R&D Systems) for another hour at room temperature. After an additional
25  four washes, streptavidin-peroxidase (SAAP, 0.5 pg/ml. Kirkegaard % Perry KPL) was added for
1 hr at room temperature. 'Plates were then washed four times, and the subStrate TMB perokidase
(KPL) was added. Plates were covered and incubated in the dark for five minutes. The
enzymatic reaction was terminated by the addition of 1N HCl. Absorbance was read at 450 nm in
an ELISA reader (Dynex Technologies). The detection limit was approximately 30 pg/ml.
30 |
Biological activity of human milk OPG

OPG is a receptor for the tumour necrosis factor-related ligand (TRAIL) which induces apoptosis



12 upon binding to its death domai n-containing receptors, DR4 and DR5. A
bi oassay was devel oped in which human breast nmilk OPG coul d be 8e8EEQMSr
its ability to block the TRAIL-induced apoptosis of these cells. 5 - In
this respect Jurkat cells,- clone E6-1 (ATCC), were naintained in culture
in RPM 16WO ®#8152difi ed by the supplier ATCC and cont ai ni RCT/ER®2REZH2( 37C
and 5% C02). Cells were seeded at a density of 5 x 104 cells/well in
96-wel | plates (Nunc). To each well varilBus concentrations of soluble
reconbi nant human TRAIL (O to 20 ng/m ) were added in the presence of 2
pg/ m ofiporehindingetd itsrdeath dbmﬂﬂ-c%ﬂtahﬁﬁgi yeceptors) DRebaidsDRS L A bicdsedyl was dcveloped
r econbi pant _ human TRAI L and there 10 increases its activity, (Al exis

Lauf el f Phidich kyman Sseast wilk OP4 §@ulédm %@Ftﬁécfoswtsw@ﬂw tp st ithea

(R&DS_y pﬁl east mlk sanmples (HM 1/80 final dilution;
col | ect e%‘ﬁg?gl? org&gd&fﬁost partunm) and/or 20 gg/m anti-OPG nonocl onal
antibody (MABB05, R&D Systems). Plates were incubated at 37C for 16 hrs.

. Cell vjability was neasured by addin 3H-thymdine (1 C/well) duri ng t.he
| ast5 6 Fr thiprespact: Iurkat ceds} elonp Ebnk Emowprq)manﬁaurmmcuhﬁemde&m i16A@iagn.

Fovever TP SRR AT R oM laRE T TR CS T E BrA T Bl Cotfhmit et

. due to airueder&ng%em@lMcem@elﬁh%wélh91a%s{m&mwabpwl vailou eshcehi@mfins &
the effect The results are shown in figure 5. Western blot analysis )

OPG is sqlnbhetsc@eumaet bursak R Akbn®nter 20 vng/mi) iwere fldedoin thespresenve of 3dig/ml of
di sul phi Kk 25 d f el vy ,110k

ext 1 aoPRISH Rroteit, 40 Anopdy qc RS o B P IE FEComBR Paes, (LR, andtherebyy
20016<Damcr&§99§ eifbt ra%h’vﬂﬁsg&lfexga Qiﬂelmgﬁpmt Bas$orit | K/eﬂQ h@d(el:&\tﬁfle% h@ml - _,1

the breast m | 10" | actat i fers at different tinmes during ° .
the fi re;brrrbinanajnaxmﬁ ORG(R&ID Systems), dmmm ibechsbinilk| safplesCide Wﬂaﬁnabdﬂutlon,

e DA S A B SiBeioob A5 BB,

R&D Systems) Plates were 1ncubated at 37°C for 16 hrs. Cell viability was measured by adding

3H thymidine (1 pCi/well) during the last 6 hrs of culture.

15 _
In the medium control, a TRAIL-indujc'ed inhibition of cell proliferation was evident at concen-
trations greater than 5ng/ml. However, HM samples prevented this inhibition. This effect was
obviously due to the presence of OPG, since the at-OPG monoclonal antibody reversed the
effect.

20  The results are shown in figure 5.

Western blot analysis

OPG is synthesised as a 55kDa monomer within cells but is converted to a disulphide-linked
25  dimer of approximately 110kDa when secreted extracellularly. In milk bands were detected at
approximétely 80, 130 and 200 kDa.

Concentrations of OPG in human breast milk
30 :
| Levels of OPG in the breast milk samples of 10 lactating mothers at different times during the

first 17 days of lactation were examined by ELISA. Concentrations increased to maximum

values during the first 1-3 days of lactation and then decreased thereafter. Concentrations in milk



MO 02/081521- " =- PCTI EP02/ 02912 13 ranged from 50 ng/m to al ngsé ﬁdﬂﬁlﬁ
(Fig. 1). - Cellular source of mlk OPG5 . RT-PCR analysis re £ at
the OPG of _the present invention may be. found in human breast mlk cells
“and manmmar WOPHMRSH5i thelial cells. Constitutive expression SCHERA?YZ opG
was evident in both types of untreated E?l |s (Figure 4). doning of human
mlk OPGin yeast 10. Cells were isolated”fromhuman breast mlk (18 days
post-partum by centrifugation (200 x g, 10 mn). Fromthe cell pellet,

t ot al Rranged frosx0 ng/mddo abmoss 2Nmy/pd|I(Fig) 1).Li f e. Technol ogi es, Basel ,
Switzerland), DNAsel treated and further purified on RNeasy spin col umms

(Q agen, Basel) as recomended by the manufacturers. A PCR product

encodi ngejilifarWhHeSof MARGPGOPG was 15 anplified fromthis total RNA using
the TitanT "One tube RT-P systemfol | ow ng the protocol suppl ied by the

o tgeac% (Ra he.er' agngﬁ ig EE?@&Q uz yth the OPG sptgwaé inﬁléalg%lh gerggte

pri mer AGTRAGTIEARAAR#rfar Skhd EpARdSal c%n; ld&sﬁam%%xbfésgﬁﬁmf ﬁmmafmloﬁee»das
fromthis cDNA. The PCRproduct was Sfil-Spel >-5 digested, gel purified

and theevléstulmbnglwsﬁohmtfaatﬂglrmﬂs(ﬁgymé)d to Sfl Xbal digested and SAP
treated plNA1267, creating pNFF270. This plasm d pNFF270 was then
i ntroduced into the yeast Yarrow a |ipolytica by transformation. Figure 3

depi ct Sd&lﬁng‘ﬁ?hhhﬁd ﬁﬂkr@?(‘voini'&@ ¢plasmd which was integrated into the

gengym f Yarrow a transtormants and SEQ ID. No. | the protein

ded th € cl
in A SUFEM%W#%@%&# TR S peraeP R, TP el
OPG OC mige Feerclie cellipeficBbd] RITA QVEs SdracRi dshy TRIZHI® @ife T§chn816g1es Basel,
Al a-fesi due (A), whereas al | pCGEM T OPG cl ones anal ysed, encoded an

Asp- r esPuifgerland)aPNAsS] gestedcod fnohep pudfiebon RNERsYERDY cmlgms (Qiagen, Basel) as
recommended by the manufacturers. A PCR product encoding the mature form of OPG was

I5 amplified from this total RNA using the Titan™One tube RT-PCR system following the protocol
\ supplied by the manufacturer (Roche Diagnostics, Rotkreuz).

With the OPG specific antisense primer -

20 CCGGCCTCTTCGGCCGCCAAGCGAGAAACGTTTCCTCCAAAGTACC

and the sense primer

ACTAGTTATAAGCAGCTTATTTTTACTG

a 1174 bp PCR fragment was amplified from this cDNA. The PCR product was Sfil-Spel
25  digested, gel purified and the resulting 1156 bp fragment ligated to Sfil-Xbal digested and SAP-
~ treated pINA1267, creating pNFF270. This plasmid pNFF270 was then introduced into the yeast
Yarrowia lipolytica by transformation. Figure 3 depicts the restriction map of the plasmid which
was integrated into the genomic DNA of Yarrowia transformants and SEQ ID. No. 1 the protein
encoded by this OPG plasmid. |
30 '

The sequence of a pGEM-T OPG clone is shown in Figure 6. The mature OPG is in black and
translated. In the published OPG/OCIF sequence, amino acid residue 242 of the mature OPG is
an Ala-residue (A), whereas all pGEM-T OPG clones analysed, encoded an Asp-residue (D) at



14 this position. The Sfil-Spel OPG fragnment of this clone was déﬁqﬁé rred

to Sfil Xbal digested plNA1267. The resulting plasm d had thé St tion
map depicted in Figure 3. A single copy of - this plasm d was integrated

into the genonic DNA of Yarrowi a transformats. The protein encoded by this

plasmid i sABFIPA"E gure 4. The mature OPG is indicated i nfPGHERP

The 5 plasm d pNFF270 was introduced into Yarrowia lipolytica by

transformation. The resulting transforddnts secreted a protein,

cross-reacting with OPG specific antibodies into the culture nmediumwhile

Y. |i pothys pesitién. &Fisf §RSped SOPGr frygment tdfethisnploye evasrtessierredviec Sk Xbhlddigested

secrete _such_a protejn. - 3 QCT 2005 REPLACEMENT SHEET.15 Cl ains 1.

- Ost eoprlz;wg’e-’ﬁn?ﬁ%sqsaltwgmlésmlﬂdwﬂﬁbﬁﬁtreﬁhoadméemw 1) Figuse gsfringle fpmyt ef n
the 5. ) ri ' e Y ' 0 st

pol ypep@%gpﬁgﬁ ﬁlgﬁainIEb ggﬁljﬁggjl ?&?gﬁ%@?@%t@g. fr’r‘g‘tre );? 3:8:& ff@ﬁatg'naﬂidﬁo tl?Ba

sai d nodreodediby tiek phismid isishovat @1 Fighes4 UThe mature ORG g idicuted iroB6ld ying. dTHe0 %
SDS-gel .. 2.' A food materjal containing an osteoprotegerin-according to -

cl aPm 1plagmidspNFHR7Q yag imfroduces| inde ckartnwig tipolvica By Aransformatignd Theresulting

For mancaieriaats Sl S HERUE GEIRaHIINBh GbGApelitd ol dnior it e fure
cereal rhegitch While UG tUpolyich krdvefetanewiaiing thefeaipty ckprestibi&catodl dithotl ®ofkte

15 4. An enteral conposition or a pharnmaceutical conposition containing an
ost eoprcB@diPi§ilaccording to claim 1. 5. The entereal or pharmaceutica
conposition according to claim4, which is selected 20 fromthe group
consi sting of solutions, dried oral supplenent, |iquid oral supplenent,
dry tube feeding or liquid tube-feeding. 6. Use of osteoprotegerin
according to claim1, for the manufacture of an ingestible preparation.
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S



25 7. The use according to claim®6, wherein the ingestable pggfgka{bﬁg is a
food material according to claim2 or 3 or a conposition acc

claim4 or 5. 8. Use of osteoprotegerin according thEP%ﬁﬁ¥@ﬂEQﬂfﬁﬁkﬁT
preparation of a pharmaceutical 30 codposition for the treatnent of a

di sorder @fsociated wi th bone renodeling. 9. The use according to claim 8,
wherei n t18"i sorder is ost eoporosis, Paget's disease of bone,
osteonyelitis, infectious lesions in bone | eading to bone | oss,
hypercal cem a, - 3 OCT 2005 REPLACEMENT SHEET 16 osteopeni a,

ost eonecrosis, bone |oss due to osteoarthritis or rheumatoid arthritis,

peri odontal %&&)cnlrgt% ik %@%’J’naﬁﬁt ﬁgrh yh[u;p’lgap rﬁtb%%}n%slinﬁk o% golo&%fm,g&lhegem the

ost eopr ot égerin according to claim he 'preparation

phar mgc e udstedptotezrpndsk higyrobylatidmgatlefregiigniseas d/polyppptifelhalv g Smofeculaiune
di sorders. [ 11. The use according_ to claim 10, wherein the disorder is

al | ergy, “Heieiokappirxnately 89, 13084 409 ke aid melsauas aveight beng determinebindetine
condi tiongg ghge&w{i@ﬁg ﬁhg)io%e$bs-gé19' iferation and apoptosis and
? gl ca of th

i rmunopat hol o conditions skin, the oral 10 cavity, the
gastrointestinal, urogenital or respiratory tracts. 12. The use accordi ng

to any of, the ¢l.ai 8 .to 11, wherein the di.sorders are. gssociated with
prematurity a f%?&ﬁ%“ﬁf‘?@#lwg@ﬂf’.st@prﬁ?%n m%"gafpgSlSZl
PCT/ gB02/ 02912 SEQUENCE LI STI NG <110> Soci ete des Produits Nestle, S. A

<120> Csteoprotegerin in mlk and its use in (e?ulating bone netabolism
, <130> 80280 Hifpedmaterial acee@ingrtoctyoim Pat s fapd\eaterial being selected from

the group consisting of milk, yogurt, curd, cheese, fermented milks, milk-based
fermented products, ice-creams, fermented cereal based products, milk-based powders, infant
formulae and pet food.

15
4. An enteral composition or a pharmaceutical composition containing an

osteoprotegerin according to claim 1.

5. The entereal or pharmaceutical composition according to claim 4, which is selected
20  from the group consisting of solutions, dried oral supplement, liquid oral supplement,

dry tube feeding or liquid tube-feeding.

6. Use of osteoprotegerin according to claim 1, for the manufacture of an ingestible
preparation.

25
7. The use according to claim 6, wherein the ingestable preparation is a food material

according to claim 2 or 3 or a composition according to claim 4 or 5.

8. Use of osteoprotegerin according to claim 1 for the preparation of a pharmaceutical

30  composition for the treatment of a disorder associated with bone remodeling.

9. The use according to claim 8, wherein the disorder is osteoporosis, Paget's disease of

bone, osteomyelitis, infectious lesions in bone leading to bone loss, hypercalcemia,



<210> 1

Phe
Leu
Al a
Asp
Lys
Arg
Leu
ady
125
135
Leu
Ser
Leu

Pro
Cys
Lys
Ser
Au
Val

Lys
Thr
Phe
140
Lgu
Ay
Cys

10

<211> 380 <212> PRT <213> Honp sapi ens sapi ens <400>1%0% ﬁ
Pro Lys Tyr Leu His Tyr Asp Qu Gu Thr Ser H's Leu
Asp Lys Cys Pro Pro Ay Thr Tyr Leu Lys G n REBLAGCEMENBGHERT Thr
Trp Lys Thr Val Cys Ala Pro Cyd6Pro Asp His Tyr 35 40 45 Tyr Thr

Trp Hs Thr Ser As s Leu Tyr 'S Ser Pro .85 60 Val
LBFORFH w@%?rosw Borgg l9ssgue ‘éﬁt%@ﬁh;&}/‘@ Oﬁﬁﬁe“‘ﬂf‘@ld 968“’% P‘?‘%"‘%’Bta

%eﬁsgawgrésy&,]chqn@gasﬁrg Tyr Leu Gu lle Au Phe 85 90 95 q/s
Hs Arg Ser Cys Pro Pro Ay Phe Ay Val val dn Ala 100 105 110

Pro Gu Arg Asn Thr Val Q/s Lys Arg Cys Pro Asp Gy Phe 115 120

d Thr Ser Ser H.s Th 30

0 5 of Bllooutlenlh, abdrid, Hh0omitolin dod Y hipdiion B, 4 %0,
gfarxﬁa&uhyﬂ dotpobision Abrathd Reattieit antifdy pt&hylhss dfathnAsR diwiddrd.e Cys
n Ser Gu Ser Thr An Lys Cys Gy Ile 165 170 175 Asp Val Thr

GQu Au Ala Phe Phe Arg Phe Ala Val Pro Thr
11.  The use according to claim 10, wherein the disorder is allergy, autoimmunity,

inflammatory bowel diseases, systemic autoimmune conditions, disregulation of cell
proliferation and apoptosis and immunopathological conditions of the skin, the oral

cavity, the gastrointestinal, urogenital or respiratory tracts.

12.  The use according to any of the claims 8 to 11, wherein the disorders are

associated with prematurity and/or low birth weight.



180 185 190 Lys Phe Thr Pro Asn Trp Leu Ser Val Leu Val Asp Asn[kﬁu2§$P Gy
-195 200 205 Thr Lys Val Asn Ala Qu Ser Val Qu Arg Ile Lys #wb n s Ser
210 - 215 220 Ser An Gu A@n Thr Phe A n Leu Leu Lys Leu Trp Lys H's @n

“Asn 225 2%/ &3818246-Lys Asp A n Asp Ile Val Lys Lys Ile |l epCrmpésgoil e
Asp Leu Cys 245 250 255 Gu Asn Ser Val Gn Arg Hs Ile Gy Hs Ala Asn
Leu Thr Phe A u 260 265 270 &g@mﬂq@fy Asgrwer Leu Met GQu Ser Leu Pro Ay Lys
Lys Val Ay Ala 275 280 285 u Asp Ile Au Lys Thr Ile Lys Ala Cys Lys
Pro Ser Asp Adn Ile 290 295 300 Leu Lys Leu Leu Ser Leu Trp Arg Ile Lys
Asn Gy Aoy RonéheTdss PaedrissoNestdes Bod ey Lys Gy Leu Met His Ala Leu
Lys His Ser Lys Thr Tyr Hs Phe 325 330 335 Pro Lys Thr Val Thr dn Ser
Leu Lys L$i20PhPstdoprirepeRlie iremikk sind3ifs 346 BH(eSeyatPhe bme Met Tyr - Lys
Leu Tyr G n LysetsolPhie Leu Gu Met Ile 355 360 365 Ay Asn Gn Val dGn
Ser Val Lys Ile Ser Cys Leu 370 375 380 <210> 2 2 - 3 OCT 2005 WO

02/ 08121=430BCg45302/ 02912 <211> 1182 :

<140>
<141>

<160> 7

<170> PatentIn Ver. 2.1
I ) <210> 1
| <211> 380

<212> PRT
<213> Homo sapiens sapiens

<400> 1 :
Glu Thr Phe Pro Pro Lys Tyr Leu His Tyr Asp Glu Glu Thr Ser His

1 5 _ 10 15

Gln Leu Leu Cys Asp Lys Cys Pro Pro Gly Thr Tyr Leu Lys Gln His
p
.20 25 30

Cys Thr Ala Lys Trp Lys Thr Val Cys Ala Pro Cys Pro Asp His Tyr =
35 : 40 45

Tyr Thr Asp Ser Trp His Thr Ser Asp Glu Cys Leu Tyr Cys Ser Pro

Val Cys Lys Glu Leu Gln Tyr Val Lys Gln Glu Cys Asn Arg Thr His
65 70 75 80

Asn Arg Val Cys Glu Cys Lys Glu Gly Arg Tyr Leu Glu Ile Glu Phe
85 - 90 95

Cys Leu Lys His Arg Ser Cys Pro Pro Gly Phe Gly Val Val Gln Ala
100 105 110

Gly Thr Pro Glu Arg Asn Thr Val Cys Lys Arg Cys Pro Asp Gly Phe
' 115 120 125

Phe Ser Asn Glu Thr Ser Ser Lys Ala Pro Cys Arg Lys His Thr Asn
130 _ 135 140 '



<212> DNA <213> Honp sapi ens sapi ens <400> 2 “tccggcctct tcggccgeca

agcgagaaac gtttcctcca aagtaccttc
t gt gt gacaa atgtcctcct ggtacctacc
ccgt gt gcge cccttgecct gaccact act
£qt-g t gcaaggagc
cccacaaccg cgtgtgcgaa tgcaaggaag
aacat aggag ctgccctcct ggatttggag

gt ct at act

at t at gacga
t aaaacaaca 120.

acacagacag 180

t gcagt acgt 240
ggcgctacct 300
t ggt gcaagc 360

cagtttgcaa aagatgtcca gatgggttct tctcaaatga 420
gt agaaaaf¥s cesadat tFe @t feetlienglep dhecilgetys 80y AscPdaglua Higaaat gcaa
cacacgacaéScat at gttcc. ggadadeagt g aat caact cas%$40 aaaat gt gga asagatgtta

ccctgtgtga aaagtttacg cctaactggc ttagtgtctt

60 agaaacctct catcagct

, Ct gt acagcy @@ t?@g{haga
ctggcacacc agt gacgagt
caagcaggag pEfFRPiLRsH
t gagatagag ttctgcttga
t ggaacccca gagcgaaat a
gacgt cat ct aaagcaccct

cgcagagagt gt agagagga

t aaaacgggspy Aot 98a@kasd08aaaGAt SeAR38CAZAGRr Al L@aegkCsiPlggaaaca

gcgtgcagcg gcagcttcgt, agettgatgg aaagc{ﬁ@cc
aacccagtga aataaaaaat ggcgaccaag acacc
%tacaaat t gt at cag. aa

ctgttactca

Thr
Ser
225
Lys
Glu
Gln
Glu
Leu
305
Leu
Pro

Ser

Gly

cagctt
gct t at aaleP J210Thy Lew qys,

Lys

210

Gln

Asp

Asn

Leu

Asp

195

Val

Glu

Gln

Ser

Arg

275

Ile

290

Lys

Lys

Lys

Phe

Asn

Leu

Gly

Thr

Thr

355

Gln

370

<210> 2

aca at

Asn

Gln

Asp

vVal

260

Ser

Glu

Leu

Leu

Val

340

Met

Val

Ala

Thr

Ile

245

Gln

Leu

Lys

Ser

Met

325

Thr

Tyr

Gln

daaaacaat
tgaa gacgtaccac tttcccaaaa
ccaat cagt a aaaat aagct

fAaggcat gca

g Glucdlmp Phpphhecd g PhEofdp Japi B T88pi ens
ggaggcattcttcaggtttlgét gttcct ac600 gdgBagacaattt gcct ggd@caaagt aaa660
acacagct cacaagaacagactttccagct 720 ccaagat at agt aaagaagat cat ccaaga780

Lys Phe Thr Pro Asn Trp Leu Ser Val Leu Val Asp Asn Leu Pro Gly

Glu
Phe
230
Val
Arg
Met
Thr
Leu
310
His
Gln

Lys

Ser

Ser
215
Gln
Lys
His
Glu
ile
295
Trp
Ala
Ser

Leu

Val
375

200

Val

Leu

Lys

Ile

Ser

280

Lys
Arg
Leg
Leu
Tyr

360

Lys

Glu

Leu

Ile

Gly

265

Leu

Ala

Ile

Lys

Lys

345

Gln

Ile

Arg

Lys

Ile

250

His

Pro

Cys

‘Lys

Ile Lys
220

Leu Trp
235

Gln Asp
Ala Asn
Gly L&s
Lys Pro

- 300

Asn Gly

. 315

His

330

Lys

Lys

Ser

Ser Lys

Thr Ile

Leu Phe

Cys Leu
380

205 :

Arg Gln His Ser

Lys His Gln Asn
240

Ile Asp Leu Cys
: 255

Leu Thr Phe Glu
270

Lys Val Gly Ala
285

Ser Asp Gln Ile
Asp Gln Asp Thr
320

Thr Tyr His Phe
335

Arg Phe Leu His
350

Leu Glu Met Ile
365 ’



gcacat t ggacat gct aacct cacctt cga840 gggaaagaaagt gggagcagaagacatt ga900
.ccagat cct gaagctgct cagttt gt ggcg960 gggcct aat gcacgcact aaagcact cag
gagt ct aaagaagaccat caggttccttcalO80 gttatttttagaaat gat aggt aaccagg

- agt at cact agtdldBi315466> 3 Met Lys Leu Ala Thr Al a Phe Thr

Val
‘Pro
Leu
Asp

Thr

Al a

Ser .

110
120
135

Leu

Ala AL
V

AHG B
AS

Ser
Leu
Val

Ser
Asn
Ser
125.

140.

1\!at132§

é%%takggca

ctggcacacc
caagcaggag
tgagatagag
tggaacccca
gacgtcatct
aactcagaaa
aaaatgtgga
aaagtttacg
cgcagagagt
gctgaagtta
tattgacctc
gcagcttcgt
aaaaacaata
aataaaaaat
gacgtaccac
cagcttcaca
ccaatcagta

<210> 3
<211> 537

-<212> PRT

<213> Homo

<400> 3

Met Lys
1

Pro Leu

Pro Glu

LY §ada@ble &ty %ag;ébc%GE

r

Leu Val

a g ggaaga ccgtgtgcgc cccttgc ct

agtgacgagt
tgcaatcgca
ttctgcttga
gagcgaaata
aaagcaccct
ggaaatgcaa
atagatgtta
cctaactggc
gtagaqagga
tggaaacatc
tgtgaaaaca
agcttgatgg
aaggcatgca
ggcgaccaag
tttcccaaaa
atgtacaaat
aaaataagct

gtctatactg
cccacaaccg
aacataggag
cagtttgcaa
gtagaaaaca
cacacgacaa
ccctgtgtga
ttagtgtctt
taaaacggca
aaaacaaaga
gcgtgcagcg
aaagcttacc
aacccagtga
acaccttgaa
ctgtcactca
tgtatcagaa
gcttataact

sapiens sapiens

Leu Ala Thr Ala

5

Ala Ala Pro Ala

20

Gly Pro Ala Ala

35

Ala Lys
50

Lys Asp
65

Gln Ser Lys Lys

Gln Phe Ile Val

Phe Thr

Pro Ala

Ala Ala

- 40

Phe
55

Lys

val Phe

70

cagccecegtg
cgtgtgcgaa
ctgccctect
aagatgtcca
cacaaattgc
catatgttcc
ggaggcattc
ggtagacaat
acacagctca
ccaagatata
gcacattgga
gggaaagaaa
ccagatcctg
gggcctaatg
gagtctaaag
gttattttta
agtatcacta

Ile Leu Thr
10

Pro Asp Ala
25

Tyr Ser Ser

His His Lys

Asp Ser Ser
75

Val

| | e PCEEPOLD29AR &

Ala Ala 1 5 10 15 Pro Leu Ala Ala Pro Ala Pro Ala Pro Asp Ala Al a
0 25 30 Pro du Gy Pro Ala Ala Ala Ala Tyr
5 40 45 Ala Lys dn Ser
50 55 60 Lys Asp G n Phe Ile Val
* Homcsyaveenﬁs sgpieps.
GQu lle dn Lys L' eu Asp Ser
Gkgod> @ Thr Ser Ala Leu Asp Leu Pro Val

Ser

Q005

140

Ser

85 90 95

Il e

Tyr Thr Asp Gy 100 105

gaccactaé&
tgcaaggagc
tgcaaggaag
ggatttggag
gatgggttct
agtgtctttg

ggaaacagtg

ttcaggtttg
ttgcctggcea
caagaacaga
gtcaagaaga
catgctaacc
gtgggagcag
aagctgctca

‘cacgcactaa

aagaccatca
gaaatgatag
gt

Ala

Ala

acaggga cag
tgcagtacgt
ggcgctacct
tggtgcaagce
tctcaaatga
gtctecctget
aatcaactca
ctgttcctac
ccaaagtaaa
ctttccagcect
tcatccaaga
tcaccttcga
aagacattga
gtttgtggceg
agcactcaaa
ggttccttca
gtaaccaggt

Val Leu Ala Ala

15

Pro Ala Ala Vval

30

Ile
45

Arg
60

Ala

Leu Ser Val Vval
Asp Leu Asp Glu

Thr Val Asp Gln

80

Gocddeecdeu cGhycfhae MpdgaGh¥ad Yot EhQ cAs NuaRbcdidc bkadfplegdsgd 115

Rcyalad SUodll Yl ofdBELL. A3Radlihcl | BoVal 1

Lys Lys Phe Lys His H's Lys Arg
Phe Asp Ser Ser Al a
3 OCT 2005 WD 02/ 081521 PCT/ EP0O2/ 02912
Asp G u Asp Ser

I'le

1%(,Val 130
1

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1182



145 150 155 160 Pro Pro Lys Tyr Leu His Tyr Asp Gu GQu Thr Ser Hs Gn Leu

Leu 165 170 175 Cys Asp Lys Cys Pro Pro Ay Thr Tyr Leu Lys A n H's Cys
Thr Ala 180 185 190 Lys Trp Lys Thr Val Cys Ala Pro Cys Prq @C'Himﬁa'yr
Tyr Thr Asp 195 200 205 Ser Trp His Thr Ser Asp GQu Cys Leu Tyr Cys Ser
Pro Val Cywogrs1216-215 220 A u Leu G n Tyr Val Lys G n G upEyEPRANILY J
Thr Hi's Asn Arg Val 225 230 235 240 Cys Qu Cys Lys Qu Ay Arg Tyr Leu

Au lle G Rog s@éssi-@ltﬂa’&n 293 g ag 55e'£" ﬁeﬂzgl HRp 6Ys Rosfro Gy Phe

Ay Val Val An Ala Ayglhr Pro 260 265 270 G u Arg Asn Th Val Cys Lys Arg

Cys Pro Asp Ay Phe Phe er Asn 275 2807285 G u Thr Ser Ser Lys Ala Pro
Cys Arg Lys His Thr Asn Cys Ser Val 290 295 300 Phe Ay Leu Leu Leu. Thr
A n Lys GS Ash GAyalin Thig Senddapsy ppR Legobra3Yal Sy QQB ApsCher Ay Asn

Ser Au Ser Thr A nl®Yys Cys Ay Ile A8p Val Thr 325 339 335 4 - 3 OCT 2005

WO 02/ 081521 PCT/ EP02/ 02912 Leu Cys Au du Al a Phe Phe Arg Phe Al a Val

Thr Lys Rhe &y pnidDe342y3bRe R0 &SN 1]s PhbeasnSeer Vitlr kesl \Mal adésp Asn Leu-
Pro Gy Thr Lys Mgl 355 360 365 150 125 -

Lys Leu Lys Glu Ser Ser Val Leu Thr Val Glu Pro Asp Thr Ile Val
130 135 140 :

Ser Leu Pro Glu Ile Pro Ala Ser Ser Ala Ala Lys Arg Glu Thr Phe
145 150 . 155 ' 160

Pro Pro Lys Tyr Leu His Tyr Asp Glu Glu Thr Ser His Gln Leu Leu
165 170 ‘ 175

Cys Asp Lys Cys Pro Pro Gly Thr Tyr Leu Lys Gln His Cys Thr Ala
180 185 190

Lys Trp Lys Thr Val Cys Ala Pro Cys Pro Asp His Tyr Tyr Thr Asp
195 200 _ 205

Ser Trp His Thr Ser”Agp Glu Cys Leu Tyr Cys Ser Pro Val Cys Lys
210 215 220

Glu Leu Gln Tyr Val Lys Gln Glu Cys Asn Arg Thr His Asn Arg Val
225 - 230 235 ‘ 240

Cys Glu Cys Lys Glu Gly Arg Tyr Leu Glu Ile Glu Phe Cys Leu Lys
: - 245 250 255

His Arg Ser Cys Pro Pro Gly Phe Gly Val.Val Gln Ala Gly Thr Pro
260 265 _ : 270

Glu Arg Asn Thr Val Cys Lys Arg Cys Pro Asp Gly Phe Phe Ser Asn
275 280 285

Glu Thr Ser Ser Lys Ala Pro Cys Arg Lys His Thr Asn Cys Ser Val
290 295 300

Phe Gly Leu Leu Leu Thr Gln Lys Gly Asn Ala Thr His Asp Asn Ile
305 310 315 . 320

Cys Ser Gly Asn Ser Glu Ser Thr Gln Lys Cys Gly Ile Asp Val Thr
325 330 335

B



- Asn Ala Qu Ser Val Qu Arg Ile Lys Arg G@n H's Ser Ser GnBGDETSZ[ﬁ 375
"380 @ n Thr Phe G n Leu Leu Lys Leu Trp Lys His G n Asn Lys Al 5
-390 395 400 Asp Ile Val Lys Lys Ile Ile @dn Asp Ile Asp Leu s Qu Asn Ser
405 410 . WO QMBIAIH Arg His Ile Ay H's Ala Asn Leu Thr PhePCI/EP@FRN2%y
*Arg 420 425 430 Ser Leu Met GQu Ser Leu Pro Gy Lys Lys Val Ay Ala Gu
Asp || e Lé8Xy44G1l 4B uCGhle IPhs HHe Ak ePhey8lA|IVal Iis IMsOoPSerThasp G n lle
Leu Lys Leu 450 4520460 Leu Ser Lewd4brp Arg'-l1le Lyssshsn Gy Asp G n Asp
Thr Leu Lys Gly 465 470 475 480 Leu Met His Ala Leu Lys H's Ser Lys Thr

Tyr H's Th Thr ys Thr Ile
- Arg Phe %&eﬁhgée:rﬁrg? Ié%b §§gﬂ‘ ¥1é hL’teu‘lc'i‘;/lrr)J igé Sva n Lys Leu
Phe Leu G u I\/Et e Ay Asn A n 5 520 525 Vval Ser VaI Lys Il e Ser
Cys Leu 530 535 <210> 4 <211> 28 <212> DNA <213> Honp. sapi ens sapi ens
<400> 4 Aen ddet Gla SegcugkGlatAng tItlacmsgi 283 Fln lBlso@ﬁfrz&)HGSGln Glu

' , 370 375 ' 380

Gln Thr Phe Gln Leu Leu Lys Leu Trp Lys His Gln Asn Lys Ala Gln
385 390 395 400

Asp Ile Val Lys Lys Ile Ile Gln Asp Ile Asp Leu CYs Glu Asn Ser
405 410 . 415

Val Gln Arg His Ile Gly His Ala Asn Leu Thr Phe Glu Gln Leu Arg
) 420 425 430
N

Ser Leu Met Glu Ser Leu Pro Gly Lys Lys Val Gly Ala Glu Asp Ile
435 440 445

Glu Lys Thr Ile Lys Ala Cys Lys Pro Ser Asp Gln Ile Leu Lys Leu
. 450 455 ' 460

" Leu Ser Leu Trp Arg Ile Lys Asn Gly Asp Gln Asp Thr Leu Lys Gly
465 470 475 480

Leu Met His Ala Leu Lys His Ser Lys Thr Tyr His Phe Pro Lys Thr
485 : 490 495

Val Thr -Gln Ser Leu Lys Lys Thr Ile Arg Phe Leu His Ser Phe Thr
500 505 - 510

Met Tyr Lys Leu Tyr Gln Lys Leu Phe Leu Glu Met Ile Gly Asn Gln
515 520 525 '

Val Gln Ser Val Lys Ile Ser Cys Leu
530 535

<210> 4

<211> 28

<212> DNA

<213> Homo sapiens sapiens

<400> 4
actagttata agcagcttat ttttactg 28



WO 02/ 08152t ="-' PCT/ EP02/ 02912 <210> 5 <211> 23 <212> DNA <213> Hono

sapi ens sapi ens <400> 5 ggaggcattc ttcaggtttg ctg <210> 6 <21é>@ﬁ6 ﬁlb
DNA <213> Honpo sapi ens sapi ens 23 <400> 6 ccggcctctt cggccgcCa gé& acg

tttcctccaa agtacc 46 <210> 7 <211> 28 <212> DNA <213> Honmp sapi ens
sapi ens <4Q0e02bsmeiagttata agcagcttat ttttactg 28 6 PCT/EP02/02912

<210> 5

<211> 23

<212> DNA

<213> Homo sapiens sapiens

<400> 5
ggaggcattc ttcaggtttg ctg . 23

<210> 6

<211> 46

<212> DNA

<213> Homo sapiens sapiens

<400> 6
ccggectcectt cggccgccaa gcgagaaacg tttcctccaa agtacc ) 46

<210> 7

<211> 28

<212> DNA

<213> Homo sapiens sapiens

<400> 7
actagttata agcagcttat ttttactg ’ ' 28



