13 NOVEMBER 2006 LDL RECEPTOR- RELATED PROTEINS 1 AND 2 AND TREATMENT OF
BONE OR CARTI LAGE CONDI TIONS FIELD OF THE | NVENTI ON THENOWEMBEREA e| at es
to the discovery that LRP- | and LRP-2 genes are expressed in 5 bone cells
and particularly to methods for diagnosing a bone or cartilage condition,
identifying a candi date conmpound for treating a bone or cartilage condition
and treating a bone or cartilage condition by nodulating the | evel or
activity of an LRP-1 or LRP-2 protein in bone cells. RELATED APPLI CATI ONS
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r est r sct edonp &glistand parsiculary rsmethods for diagrasingisdions a1 calaeg eendition, addi tion to
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including LRP-1, LRP-Ib, LRP-2, LRP-5, LRP-6, LRP-7, LRP-8, LRP-9, LRP-10,
and LRP-11M0eRG¢eiR| and et al. (2002) Trends in Endocrinol ogy and Metabol i sm
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LRPs, 13 NOVEMBER 2006 |ike L@é%@%ﬁ%}‘}r& “henbr ane sequences and are
mul ti-functional proteins. LRPs differ fromeach other in mnor ways, and
have ®i m | ar stThicapptiedtiomsiaims pripnity [freghi Hp. Pfayisionak Applicatior - 60/k80,2%peat s,

YWID repeats M2y 151009, 3936, FQURIAS ASHRG S8 601465819, filed 4/16/2003, the

contents of which are incorporated herein by reference.

BACKGROUND

15 Low-density lipoprotein (LDL) receptors (LDLRs) are cell surface receptors involved
in general intracellular membrane cycling and endocytosis. The functions of LDLRs include
(1) cargo transport for internalizing extracellular components into the endosomal
compartment, and (2) lipoproteins metabolism for maintaining cholesterol homeostasis in the
body.

20 LDLRs are members of a receptor superfamily, which also includes LDL receptor-
related proteins (LRPs). The roles of LRPs are more restricted than that of LDLRs in lipid
metabolism. However, in addition to cargo transport and lipid metabolism, the LRPs are also
involved in other cellular processes such as signal transduction that significantly impacts cell
metabolism and physiology.

25 Several LRPs have been identified, inciuding LRP-1, LRP-1b, LRP-2, LRP-5, LRP-6,
LRP-7, LRP-8, LRP-9, LRP-10, and LRP-11 (Strickland et al. (2002) Trends in
Endocrinology and Metabolism 13(2): 66-74; Herz and Strickland (2001) The Journal of
Clinical Investigation 108(6): 779-784; and Herz (2001) Neuron 29: 571-581). All LRPs,



repeats, and a cytoplasm c domain. LRPs bind to many intracellul ar and
extracel lul ar 5 nol ecul es. Such intracellul ar nol ecul e$3 NA¥EMBERZAMpt or and
scaffold proteins (e.g., Dab-1, FE65, and PSD 95) and such extracel |l ul ar

nol ecul es i nclude |ipoproteins, proteinases, bacterial toxins, antibiotics,
viruses and proteinase inhibitor conplexes. Lactoferrin, an 80 kDa

gl ycoprotein present in mlk and epithelial secretions, is released by

i nflammatory cells during i mmune responses. It circulates at a concentration

of 10 2- 7ji@g/MRY, Borithia $aRs-nAtrdng sERleh@¥ afld hre niftiifiBioMAGrotting. eDRPAt i on of
iron metabolism inmmunity, and enbryonic devel opnent. SUMVARY The present

i nvent i on differyfzem gachpthesdn HyiRQs NAYE\ANH hate simiter strygiyral potifs, fchiding, for

expressed | NEGFalKS OREer i | RN HERSiK@ et hod of
di agnosi ngéxgmg%hgc}gglr%i %ﬁ’%‘%i I'n [gﬁe@@%i,gngpﬁé{a%# %\ﬂg’g%ah%’dc |rﬁg% u%fgslkgr oviding a
t est sanplepdats, and a eyttydasmit demein) LiRPsbindgo pany éntacdlidpend estrakllglaf f er i ng

fromaor bein t rgsk.for vel gpi ng .a . bone conditio and . quantifyjing the
expr essi on“‘f’lg?}g?s' (ﬁucgwtqg@f@ard%cﬁgqule%%cllé&pasg@gq G Slc%ﬂg%lfi pﬁcge'f‘ﬁge‘%ﬂ:é?%i’gene
in the testresagm BSDiok) slidf subl extacEMAAR hdladuldsinAudOipHptotSAs Pk &einkdRgli cat es
that the patient is 20 suffering fromor at risk for devel oping a bone

condi t i on.bacigriakfexinarantikigtipy, siruseh angrprofeiittse bjbitgeeomplexdasdi ng a test sanpl e
froma bone ti | e f i.ng.fr bei ng at
risk for devel }%?ﬁéergﬁ’bagn@e}éc%ar%h@ﬁgﬁg%egg]tg%rél?llg ia;]‘ﬁi;?[’f?%gg%‘ leS%Eepngr;neségi on | evel
of an LRP-Zlegexddy idfteenmatpryaels durigiumtunefrespbitses. RIPcRcigetaeat a dontdneratiesdf

sanple, if _different fromthat in a nqormal sanple, indjcates that the
patielft i s22584RipgfME, aﬂ#dh?%}w%&torhegkvoﬂw_le:é%éfaaan ﬁglran BSHECEShdi tion. In
anot her exgil Gy, M%M&h?@dév@&éﬁféﬁts providing a test sanple (e.g., a bone

tissue) froma patient” suspect of suffering fromor being at risk for
devel opi ng a bone condition, and quantifying the activity of an LRP-1
protein. The activity of the LRP-1 p§gﬂ,ﬁ{4%1{g1 the test sanple, if different
fromthat in a normal sanple, indicates that the patient is suffering 30

fromor at risk for devel oping .a bpone cqndition. 7 831. - 3 NOVEMBER 2006
1St 11 anot hehe i BYCTHRG MRSHET th APtRrED DRI Add kR ZENESHB o 11 om a
bone ti ssugpfssell iRBbhERIssuspected of suffering fromor being at risk for

devel oping a bone condition, and quantifying the activity of an LRP-2
proteisn. The ac®nadspset of thetigventyn features a method of diagnosing a bone condition.

In one example, the method includes providing a test sample (e.g., a bone tissue) from
a patient suspected of suffering from or being at risk for developing a bone condition, and
quantifying the expression level of an LRP-1 gene. The expression level of the LRP-1 gene
in the test sample, if different from that in a normal sample, indicates that the patient is

20 suffering from or at risk for developing a bone condition.

In another example, the method includes providing a test sample from a bone tissue
of a patient suspected of suffering from or being at risk for developing a bone condition, and
quantifying the expression level of an LRP-2 gene. The expression level of the LRP-2 gene
in the test sample, if different from that in a normal sample, indicates that the patient is

25 suffering from or at risk for developing a bone condition.

In another example, the method includes providing a test sample (e.g., a bone tissue)
from a patient suspected of suffering from or being at risk for developing a bone condition,
and quantifying the activity of an LRP-1 protein. The activity of the LRP-1 protein in the
test sample, if different from that in a normal sample, indicates that the patient is suffering

30 from or at risk for developing a bone condition.
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protein in the test sanple, if different fromthat in a nornal sanple,

i ndi cates that the patient 5 is suffering fromor at rﬂ%ﬁoyﬁwﬁﬁgﬁgﬁbping a
bone condition. Another aspect of the invention features a method of
identifying a candidate conpound for treating a bone condition. In one
exanpl e, the nethod includes contacting a conmpound with a cell, for exanple,
a bone cell (e.g., an osteoblast cell, osteoblast-like cell such as SaCS-2
cell, osteocyte, or 10 osteoclast cell) expressing an LRP-1 gene, and

quanti fyi ng t hdgnexipaeshdreRahpiécthe afetiiod éndliRies provifiinga test dakipledih a bbhe
expression_ level of the LRP-1 gene in the presence, of the,con‘gound, i f
di fferent Yssismirapatientsusnseted gEaHteang fromHer bewiggbUrtaor dRtRIoPiRea beNeat t he

conmpound i gnditiofr; qiqqé{tﬁyiag&hetgcﬁaiw O¥and KIRD BrotGRJirhd Qaivit[k/rafaﬁqmeg exanpl e,
the method includes contacting a conpound with a bone cell 15 (e.g., an

ost eobl astproteln ip thestess samplst if difkezent dlom thatoh aaermsd GBnpleciadicates thabthe patéent or

ost eocl ast. cel.l) _expressi RR- 2 gene, and quantifying the expression

| evel of t'ﬁé‘ﬁjf 8419 ?fea%i“ﬁﬁﬁ{ggveg%‘?lpga needeoQ%rugg'si on level of the LRP-2 gene

in the presenceamthdrAspecosmpelindention felithiees giethodfof identifyaig 4 cantlidateabsence of
t he conpound, indicates that the _conpound is a candidate for treating a
bone condiompeundlyr fraatingd hewe casdiif-e, t he met hod i ncl udes contacting a

compound wi th gnt%ﬁé Exanﬁ?f&&ﬁéx%iet?&% ﬂ{eélddgféo%tagﬁﬂfa EOROSNAGy it LD Tok cRERBIE! N

and quantifyin e activity o LRP-1 protern in the cell. The activity
of the LRP:Honprcell &.g, amostdoblapt @l conteobbast-likescellsoetpastia@)S-2 telliosteegytmpr f r om

that in the absence of the co nd, indicates that the. ¢ oynd

candi dat e PP c%tézgﬁ HEr3S'BBAR Eggﬁldgeinf’oaﬁl. qﬂ%ntﬁimg El]el P Eleﬁ%?%ge%eﬁgh rﬁ)]:‘lgpqt he
met hod i Ncderé @sthe 01t abHd dxPredsi6® MEROILLTAhNLR P11 ehOinahe€ plebence ¥ Pthe $6mPeundnifl RP- 2
gene encodi an LRP-2 protein, and quantifying the activity of the LRP-2

n
protein i rdiftgr@mcférm thatethg absepea §f thy campoupgpodicgiesdhatithe cempRdd py2sence of

the conpoufGidatk fordicafifs £Bbnd dopiitibhat i n the absence of the conpound,
indicates that the conpound is a candidate for treating a bone condition.

30 Al'so within Inkeotbgrapemple, theencithodenctliudes costactinget doopoond witbathiongcal bone
condi 100 (. o814 80 REqb Sl 81 10y el bt o BBl
i ncl udes agigtdsiing & LRB-2t@né hdhatifyih 1RRRprebN 1804l ofthedi KIS IgbivEinap@uUNt of a
phar rraceut(:leﬁfﬁl[rhg g)?pPrgsséiotnl lgvr;:’l 0% trllng rL(Ialll))-/2 getl)g% ﬁlatelp?gs.el?celo?\t/lg co?r]:poggd, ITF(E-fflerent
from that in the absence of the compound, indicates that the compound is a candidate for
treating a bone condition.
20 In another example, the method includes contacting a compound with a cell
expressing an LRP-1 gene encoding an LRP-1 protein, and quantifying the activity of the
LRP-1 protein in the cell. The activity of the LRP-1 protein in the presence of the
compound, if different from that in the absence of the compound, indicates that the
compound is a candidate for treating a bone condition.
25 In still another example, the method includes contacting a compound with a bone cell
expressing an LRP-2 gene encoding an LRP-2 protein, and quantifying the activity of the
LRP-2 protein in the cell. The activity of the LRP-2 protein in the presence of the
compound, if different from that in the absence of the compound, indicates that the
compound is a candidate for treating a bone condition.

30 Also within the scope of the invention is a method of treating a bone condition by

modulating the level or activity of an LRP-1 or LRP-2 protein in bone cells.
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or LRP-2 protein in bone cells. The |level of the LRP-1 or LRP-2 protein can
be nodul ated by providing and expressing a nucl ei ¢ acliNGMEMBERFMn LRP- 1
or LRP-2 protein, by 5 providing an LRP-1 or LRP-2 protein, or by providing
and expressing a nucleic acid conplenentary to a sequence encodi ng an LRP-1
or LRP-2 protein, i.e., an anti-sense nolecule. In another exanple, the

met hod i ncludes adm nistering to a subject in need thereof an effective
anount of a pharnaceutical conposition, thereby nodul ating the activity of
an 10 LRP-1 or IhiBRe exdnipdé,ehdimethod detudechdnsinisthiag &cd bubjdcy irieet figerddREn 1 or

LRP-2 protejn can be podul ated by provi ding an agonjst of the LRP-1 or
LRP-2 pr ot &feRtiveAmeng of aiphagmaseuticl cageesitan, Hhercby aTichstive aﬂéwgﬁ@%ﬂ ein, or
by provi di §q ran; BRfdiR AYorRARI1SThe 1BFe1 bi¥fRe LRPL1 oLHFkP2 pobtein®lal be MbBulated
pharmaceutical conposition can be directly adm nistered into the bone cells.

It 15 carbyareviding aad mkpressingragtiicteir acidenspdiog and-RRoluer IJE-2 preteinglst | y

i ntroduced into ba || 81 orde o_nodul t ctivi £ LRP-1 in
the. bane. Py emegBRraEonERER puRlr b SpriBiithe 208 hitfesRi'd pfllele 4 g
candi dat e @aifidaheitary & a sdquerikieAchdindMTERE-0BELRP Mprowity i.t 1 embnthgense bone
condition involving both LRP-1 and LRP-2 are w thin the scope of this

i nvent i on. molgcute nat ur al | y occurring LRP-1 or LRP-2 protein, fragnents

thereof, biol ogi %ﬁ&h%r etxg& ie,Vﬁw&g&@dagga&ﬁR%raa%nistm &L%égm&é M&Sed thelesrdn are

collectively refterre s "LRP- - 2 polypeptides or proteins”.
Nucl ei ¢ acéfectivd @ouing sf 2 plrpuiaceytisal chmperitjqne feraby snagiulaping thei astivitye fean

collectiv ref to.as " LRP- L RP-. cleic.acids'~ (e, g. aturally
occur ngell“%%ﬂé)é ?“Bﬁ) %j%r(?ga%innbé)ﬁf Caéhg%‘f .aﬁgvﬁé-o?ﬂgr%ﬁ-oﬁ #%I'?éérl? feg%carnrel}eer to
LRP-1 or LiRBidatediby piovidirBantgioniss ofthé LREALrdRP-2 protkimbyigsediliag an As used
herein, the term"nucleic acid nolecule" includes DNA nolecules (e.g., a
cDNA or getagopistpdAhe LRRA ordiRdt-g peteipr §y proyidingingntibedy agaunsh He I&P? RE DNA
or RNA AL@NQ ‘P(fteiﬁNA anal og can be synthesi zed from nucl eoti de anal ogs. The
nucl ei ¢ aci r?o ecul e can be single-stranded or doubl e-stranded. 30 As used
herei n, the terfe phgemstutimaticompsitivhicamby digete admmisered mtmthelbenecalsi &

UAGTIE BTN G EN N A M Y, R L e
i ncl ude nogdEQd nuRRAHE REARSty 0B LBP-1 @B IboHe QENs.

Methods of diagnosing a bone condition, identifying a candidate compound for
treating a bone condition, and treating a bone condition involving both LRP-1 and LRP-2 are
within the scope of this invention.

20 The naturally occurring LRP-1 or LRP-2 protein, fragments thereof, biologically
active portion thereof, and derivatives thereof are collectively referred to as “LRP-1 or LRP-
2 polypeptides or proteins”. Nucleic acid molecules encoding such polypeptides or proteins
are collectively referred to as “LRP-1 or LRP-2 nucleic acids” (e.g., naturally occurring
genes or recombinant genes). LRP-1 or LRP-2 molecules refer to LRP-1 or LRP-2 nucleic
25 acids, polypeptides, and antibodies.

As used herein, the term “nucleic acid molecule” includes DNA molecules (e.g., a
cDNA or genomic DNA), RNA molecules (e.g., an mRNA) and analogs of the DNA or
RNA. A DNA or RNA analog can be synthesized from nucleotide analogs. The nucleic acid
molecule can be single-stranded or double-stranded.

30 As used herein, the terms "gene" and "recombinant gene" refer to nucleic acid

molecules which include at least an open reading frame encoding an LRP-1 or LRP-2
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sequences and introns. As used herein, a "biologically active %orti on" of an
LRP-1 or LRP-2 protein includes a fragment of an LRP- 13 NQVEMBER 20065 oj

whi ch participates in an interaction, e.g., an 5 intranol ecular or an
internol ecular interaction. An internolecular interaction can be a specific
bi nding interaction or an enzymatic interaction (e.g., the interaction can
be transient and one in which a covalent bond is fornmed or broken). An

i nternmol ecul ar interaction can be between an LRP-1 or LRP-2 nolecule and a

non- LRP- 1 gbteldRPri deRd emptiondllydaith&anchade HontcdtinkBByukneds, ¢.RPregulamwrgcul e and
a second LRP-1 or LRP-2 nolecule. Biologically active 10 portions of an

LRP-1 or LyRRuencesy addntionsncl ude peptides conprising amno acid sequences
suf ficiently hogplageusidt -'Qi%kag%allyggg%$9mohhsfﬁﬂlﬂﬂ;%@kﬁ@gmmmm‘deg he

LRP-1 or LRP-2 protern, 'which™ nc I'ess am no acids than the full length
LRP-1 or LRRagingn of & hRP-lamd RPeX hioltdin whichlpaticipatasén at tntaragtipnod.g.an LRP- 1 or

LRP-2 protein. ]gégl ca act| ve ti;ons, contain a domain or

| 1y, biqglogically. 0
mot 1 1 % ¢ el G grmdleqiar iftempiony el feppoleppitiRicratiaf coh 8 10
cargo trangReifit birldind ifteRiiaR 6t Ansdhzy @At inietHetibn (o @ hel iftéraction oAn bt ahegéncal | y
active portion of an LRP-1 or LRP-2 protein can be a pol ?/peptld,e whi ch is,
for exanpl end opg in phichmrovalens bong grfopnedrybeokem. ndn Hugralgchlar Hitggagiion can be
Bi ol ogi cal t )OIt i 8RS -1 of nbRP- ) | ed as
Carget's. 1 or aETudaRg ok LREE AlicBlle s ALK ort 18 Bl DR e o
activity, firsgLRPdard®P-2 aspoletand hispiodd fBPabal LRI nariebuds. ghialogtoabinsdivet i on.
20 As used herein, " | RP- r LRP-.2 activi.ty," "hiological .activity of
CRP 11%r - LPgREO o ag L RPr L RELRB A rooring g pephigssemprigie licncid Rapeiet? o' o
activity eygfitigdlyhontiloderProlorerivédIrord tROAnYIRG Réil dequeRESfRhNLRPI dURPE2 C aci d
nol ecul e. For example, an LRP-1 or  LRP-2 activity can be _an activit

exerted byperm, whigh ingipdolepnaning agids tan ghedull langthi [RP-4er LRP2 profgips, amdp- 1 or
LRP- 2- i : P- .protein 25
substr at o SR Bt one ey 1K oPLRP Bpbicht! ASIANE eRbiGHCRE Rubl 0T 1

I n one exporpbss, coatnin RBrainbor R Rithat least biye activity df the (iRPat bt MRP2, pretaimh as an

association with an LRP-.1.or P-2 target nol ecule. A "target nol ecul e" or
"bi ndi’ng phst FAEEe tf?@P%&ﬁ%l%@ﬁ?ﬁE&%%ﬁng siinal ransuctign. 1A Gjolegigally AGHYRRAMO nds

or i nt er actfan IRMALHLRP-lolelfeah Rl PoBeptidRGHHiM fsyfof 8Xandl18 A 005,30, 1vdi r ect
activity, e.g., a cellular signaling 0 activity medi ated by interaction of
t he LRP-1 30 qrmpere apynstasids ipdengtha Biplrgicallygetivgporpony ¢fgadRP-YorzBBL -5 13
NOVEMBER Zlg)rgé:in can be used as targets for developing agents which modulate an LRP-1 or LRP-2-
mediated activity, e.g., cargo transport, lipid metabolism, and signal transduction.
20 As used herein, an “LRP-1 or LRP-2 activity,” “biological activity of LRP-1 or LRP-
2,” or "functional activity of LRP-1 or LRP-2," refers to an activity exerted by an LRP-1 or
LRP-2 polypeptide, protein, or nucleic acid molecule. For example, an LRP-1 or LRP-2
activity can be an activity exerted by LRP-1 or LRP-2 in a physiological milieu on, e.g., an
LRP-1 or LRP-2-responsive cell or on an LRP-1 or LRP-2 substrate such as a protein
25 substrate. An LRP-1 or LRP-2 activity can be determined in vivo or in vitro. In one
example, an LRP-1 or LRP-2 activity is a direct activity, such as an association with an LRP-
1 or LRP-2 target molecule. A "target molecule" or "binding partner" is a molecule with
which an LRP-1 or LRP-2 protein binds or interacts in nature.
An LRP-1 or LRP-2 activity can also be an indirect activity, e.g., a cellular signaling

30 activity mediated by interaction of the LRP-1 or LRP-2 protein with an LRP-1 or LRP-2
ligand.
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Aberrant expression or activity of LRP-1 or LRP-2 or both nol ecul es can
medi ate di sorders associated with bone netabolism "BohtNAREMBER2My refers
to direct or indirect effects in the formation or degeneration of bone
structures, e.g., bone formation, bone resorption, and the bal ance between
the two netabolic processes. This termalso includes 5 activities nediated
by LRP-I or LRP-2 nolecules in bone cells, e.g., osteoclasts and
osteoblasts, that in turn result in bone formation and degeneration. For
exanpl e, LRP-| AlerrahtRiRpekssioh ecadtieRy 6BIRB-U pp ORP-Loif Hoeli molecalet can medigte of bone
resorbi ng gsteocl asts sucgh as the timyl ation of djfferent.iation. of
nonocyt es Chmd%ﬁ%ﬂﬂ%tFié"ﬂthmaﬁB’éfﬁpg r‘?'%%é‘?e&? I‘%fgt'ée.fers %c‘%:‘fﬁp PrgATeet L rp- 1
or LRP-2 "ﬁfe%&%ﬁé i oM RE HERhEratibiPofione ueiduass, @fg., bene fe@lion, bafe 10

i nfl uence bone formation and degeneration, and thus be used to treat bone
di sor der s. resdExtonp bskthe balenestbetivesn b mefabaligerogseses.af bis fesm alsamingladest o,

ost eopor osj S. . .0st eodyst _ £ | | C OSkBlfakS afid Pr 0sa
cysti Ca, raé’ﬁg'ltle%g]teglggétsby ﬁ%%ﬁ%@%?ﬁﬁ@%@?@?{l g{)ﬁean'? F%%O%E/%:c%gﬁta treat nent,
ost eopeni agstdoblseaBMds ingn irdsnR ik Betefomsaionand deeoaddon ForprampledtRBH odi sm
hypopar at hyr oi di sm hyper parat hyroi di sm. cirrhosis,. obstructive 1

j aundi ce, ,

[ 2ndt co,  HRES MOl o SAEREEI o AUl Pe POR REP R CHASRFE ca

di sease, rifkifltn of AFFEQIHARSH 8F mgﬁdé‘}QS;Qﬁc_I BRbicRAL SHARRIyEYintdRLRPARPT | ON
syndronme, steatorrhea, tropical sprue, idiopathic hypércalcema, mlk
fever, PagatéosdioglydaR:] oah8Pekmelsgdaethatempdubase thepreduction eEbqresekds @n or

aberrant expression”, as.used herei refers.to non-w | dt attern of
gene @xpre‘é‘@??fﬁehf’nﬁ?gnﬁma& dﬁ%%nterealﬁﬁn’laélee u b%tus‘?%ntglq%aégsgnggisgr?deegsgi on at

non-wi | d  Bhnipl@eofisestedisordérs thcludeymit arediot Umited tog ygreqRsosiy) osteodyatrophyn of
expression that differs fromwld type ig@ierms of the time or, stage at
whi ch t he YaemalagiagLiphetss algitis ibgpsa cystics agnabastendysEenhy oesirpsclgiopis A on (as

compared Wdnudhd: fehotf, ool RORREI Mo ARUAL QAP BhaRgr | 0d Or stage; a

pattern of expression t ers fromw type in'terns of altered, e.g.,
i ncreased lyperpdmtinyeatisol, hypgparatbwowlisn{,dyparparpthydisu t dicrbéslisd obsiryedivd n a
predet er m hed,.cel,l type or tissue 25 e; a pattern of pr essi t hat

i 1 oks 1 rigdine drueyiBed melabRists el SprcfioRt, dfome Fenaf RS Fefami no aci o
sequence, {R®iddsisaglaédcoAitald ditBbhismainhRBsortiontklyAdrofie CdatGreticaVirdpicad bprudle

expressed polypeptide; a pattern of expression that differs fromwld type
in terns ofiopadic hypeisalcerre, milk dener.PaRehesrlisgpses prdRAtGgeRssisdPEHERER | ul ar

stimulus on expigs rﬁ,?%si% of 5"?"“%5@%“’??39‘6} F%Iﬁ’seﬁ% &, PerEHs td Qﬁ&%ﬁﬁg’pgg of an

decreased expression (as conpare type) I'n the presenc
i ncrease opattdecofeaseeipnessios asthe BN br pibteirhlevdt ltnutludes: dxpressied ahrorewild a
"conmpound” i

COTDRUN b PRAISSS. o dor E L PG PEL SR LR, e
conpound tiA@érms of the time or stage at which the gene is expressed, e.g., increased or decreased
expression (as compared with wild type) at a predetermined developmental period or stage; a
pattern of expression that differs from wild type in terms of altered, e.g., increased or
decreased, expression (as compared with wild type) in a predetermined cell type or tissue
25 type; a pattern of expression that differs from wild type in terms of the splicing size,
translated amino acid sequence, post-transitional modification, or biological activity of the
expressed polypeptide; a pattern of expression that differs from wild type in terms of the
effect of an environmental stimulus or extracellular stimulus on expression of the gene, e.g.,
a pattern of increased or decreased expression (as compared with wild type) in the presence
30 of an increase or decrease in the strength of the stimulus.
As used herein, a “compound” includes, e.g., nucleic acids, proteins, peptides,

peptidomimetics, peptoids, or small molecules. An “agonist” refers to a compound that
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7977831 .6 13 NOVEMBER 2006 enhances the activity of - RP- 2
protein; it can be a naturally occurring ligand for Lk’éﬁ?bgﬁnﬁﬁ%@ An

"antagoni st" refers to a conpound that inhibits the activity of the LRP- |
or LRP-2 protein. As used herein, a "subject” refers to a human or a

non- human aninmal. 5 This invention also relates to diagnosing and treating
bone or cartilage conditions by determ ning and nodul ating interaction
between lactoferrin and a | owdensity |ipoprotein receptor-related protein
(LRP-1 or ¢&fRBace) theractidhiBy &fi thaBRPi InorddRRe2 protaimyrit ¢dndger maglrbldy odenrringdigaspect |

the inventjo eat ur a net hod of, determ ni ng whet her . ubj ect. |
suffering kof gﬁ}blror;t(ﬁ??s@"f PRV B errﬁ&’ %C%Cﬂ’é‘“%ﬁ‘agmbﬁﬁsi%%* aPten. The
met hod i nvpkpasr LRP-PpRWisli ng a test sanple (e.g., a bone or cartilage

ti ssue sanple) froma subject, and determ ning the |evel of interaction

bet ween a | act ohevsef hefssl, ppapiserefangtoahump.of agpathuman anighl) Rp- 2 prot ei n,
or a p42/ 44 NAPrKI A : A dithhepact i on
in thlle)5 t est sarr%héenl?gﬁ(lﬁnﬁl geopglrell%e%?é gﬁﬁ{ﬁg}? apélirgét%rdﬁg?g}sgﬁ%llagg%t ti ngi %at es
that the sddigrediing snd moddlatingnigtefacton betwatn lactefertdimandielosl-dgpisity lipopvetai@ or
cartilage condition. Inter ion e l actoferrin a LRP-1, LRP-2,
p42/ 44 oRPeReerelEd prifein LR ot - 9fgr]\.’”:k?t§§/’aﬁ“egsﬁj’rnf ﬂbca"gﬁﬁ%%‘d- of
lactoferrin to jaRRe Aspett, HRAnventiBR EAGNEQSEhEd of Btdrinihg WhethBCd aibRdt BY LRP- 1
or LRP-2, or phosphoryl ation of p42/44 MAP ki nase. | n another aspect, the

i nvent i on $uring Eemprbtistotdr develaping 3 barierpy cartitagn eonditien. Theiprsaskinyelyes
treating o) i1 j tiQn. kNvo i oduci ng a 20
compothd + Boa meckeftabble30%, ZBBR b A e O e ah e 1
protein, adetérRithidg therlededbhintepactian péteddta Méid féerin pslypeind adé te ERPAI prgteirhe

| evel of int tion, betwe e lactoferrin pol tide apd the LRP-1

prot ei n, tﬁbféﬁé-pémﬁﬁno?reﬁ P{zr)‘b‘twek‘?ﬁ??}’hﬁ‘e M&bsa%m*ggﬁ&é leyRd Ogﬁg’i‘éwr@%o’be a
cel | syst efith&tebt sampRITS BiffekdHd rOf! AR @Dbirfal sﬁﬁllgle,qe {rfdates 11k tHel AbRBYi@st i C
cells or chondrocytes, or a cell-free system 1f the level of the

i nt eract i osuifseingfrem dracrisk bor develapingmbpneRpcartilaggromlitiay. Iptepactidn MtPei nase in
t he presen . OHRA A i~ fr hat . ln the a of the
conpoLSnd, ﬁ'? to?efrrlﬁ glﬁdtlglgﬁﬁhg t2|h§r 'gdt)zr/r%glgl%%t klutsasggacnagﬁed& : (ﬂn e e?b?'g‘f Eigjtggsﬁg% a bone
or cartil apiadiagofliatiofsirin thLRPi1ldr LRP2, radoy®RBOI Jactdi@rin mvealivtedy LRB wies a

met hod of jreating a bone.or cartilage . condition by nodulating interaction

bet ween a f‘%ﬁ o?re‘g}oﬁwobgﬁ'gﬁﬁb‘gtﬂaa@4%gsgwai%91 protein, 30 an LRP-2

fL otein, or a phZhirheMiPedt] théfiRehtibrRRBredh nfefdd If3diRtiRIAd Seandiiakne exanpl e,
e

or

compound for treating a bone or cartilage condition. The method involves introducing a
20 compound to a system containing a lactoferrin polypeptide and an LRP-1 protein, an LRP-2
protein, or a p42/44 MAP kinase, and determining the level of interaction between the
lactoferrin polypeptide and the LRP-1 protein, the LRP-2 protein, or the p42/44 MAP kinase.
The system can be a cell system, e.g., containing osteoblastic, osteoclastic or fibroblastic
cells or chondrocytes, or a cell-free system. If the level of the interaction between lactoferrin
25 and LRP-1, LRP-2, or p42/44 MAP kinase in the presence of the compound is different from
that in the absence of the compound, it indicates that the compound is a candidate for treating
a bone or cartilage condition.
In still another aspect, the invention features a method of treating a bone or cartilage
condition by modulating interaction between a lactoferrin polypeptide and an LRP-1 protein,
30 an LRP-2 protein, or a p42/44 MAP kinase in bone or cartilage cells. In one example, the
interaction is modulated by providing an agonist of LRP-1, LRP-2, or p42/44 MAP kinase,

e.g., an exogenous lactoferrin polypeptide. In another example, the interaction is modulated
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interaction is nodul ated by providing an agoni st of LRP-1. _LRP-2 p42/ 44
MAP ki nase, e.g., an exogenous |lactoferrin polypepti q& N?XE%(?PI%Q&" exanpl e,
the interaction is nodulated 7977831 -7 13 NOVEMBER 2006 by providing an
antagoni st of LRP-1 or LRP-2 (e.g., a receptor-associated protein), or an
ant agoni st of p42/ 44 MAP kinase (e.g., a p42/44 MAP kinase inhibitor, i.e.,
a conpound that inhibits expression, phosphorylation, or activity of a

p42/ 44 NMAP ki nase such as PD98059 and U-0 126). The agoni st or antagoni st
of LRP-1, bRproRidingranpafipddistiR.RE-hasERR-AN(ege aedeptior-ashocietdd gratein} loyan nt o bone

or cartilage cells h oni sts or j.sts can .be .used. _indiwvidually
or in conb ‘ﬁ%ﬁoflﬁh?f%‘éé‘ﬁ@ﬁﬁ 1pa5e ?g-c%%%‘#‘ﬁg‘%ﬁk&?a%"ﬁ‘ﬁb‘%ﬁ i ahcgﬁltpog[}d\r%gt bone-
or cartil aHRsidegresmnt PRsspRorgRtior of h@Biit9lofh HitT4P MAPRDRickRch 6aPDIRHSA
naturally occurri ng]pol’ype_pti de, a_reconbi nant pol¥ eptide, or a synthetic
pol ypept i dand Wi 2@nilde ggonistyy prtaganis of BRPdJs ERPi2n OpB i‘b‘gwpd]@n’(‘sé.c@'? b¢ 10 a

fragnment o PN ERRY Y I I 1 Jai t 2
(o 3'y, Clablifocll b iRG HAE RECAUfENAE TRES SkSfE BPiliaonlE h LSRN 181 s,
or a recondividiallp boingiombiratiba, saquentially éraohairently, wihodrywidput obersteneesrce t hat

maintain the biological activity of a wild-type |lactoferrin polypeptide)
are Wit hi ncamggg-h@%ggg}erqpﬁg-i nvention. The lactoferrin pol ypeptide can be

of a mamal i an KriQioferrif pBlypeftideMeAHtE nBiralPpOydchfing pokypegtide, Aicambinant bound
to the 15 pol ypeptide can be an iron _ion (as in a naturally occurring

| act of er ri polppsipige r p awthetis rRobypsatide. | \siants of A Mol tips fagtaferdn peJyegptids (5g- a
manganese | [ 0N ' ' i RYeast &4 468-£Ndi oAt i ng
rotal W on & AL iRBptlacERABERLUTA: Shiafiing Wieas 2L O, €8 £

enbodi nent §0,d001208, 300y d00,i500, G00e 76Mtandfier ddidsi or & feeombiaart ppateipicagtathéwes | pt i on

bel ow. Ot her features, objects, and advan es of the.invention 20 will be
appar ent f Wlfecrﬂ'épﬂls‘éP%Ht'Idglaecﬁlgg‘i?rtﬁﬁt'?%‘?\t?ma{&%g'f’ﬁ’g'rﬁﬂt JEVHY 8{?71‘3’.11(1 Al LED

DESCRI PTI Octhigrik Polypeptiad) d:BRitRin e b&@ipe ofithie nvERIiGE UTIRS actBfefiPhdl$pephOt €i n
honol ogues, agoni sfs, antagoni sts and anti bodi es can be used in one or nore

of the fol tantternd ameanioalian calgin, @ deom huymansy dgyine m)ilkorldgineatahien beunidde fhe
(e.g.,.dia t i i i i I | TN ials,
tnd”piar mabOgEkfs SRV A BRNRM o GafBFTEcurdr BB bOGR D) EBbpAL ' 2 5
pr ophyl act ion) a chrb@iuniRidn] a actdhitli&ib-a2nanganese nag kidte i, ecalmagnesium loa, arsag, f or
exanple, to express an L

- 1 orh LRP-2 protein (e.g., via a reconbi nant
expr essi on®HEPrdingting melat iog spi¢ ?Srfcﬁj'@r‘fg“ or bismuth.
The details of one or more embodiments of the invention are set forth in the
accompanying description below. Other features, objects, and advantages of the invention

20 will be apparent from the detailed description, and from the claims.

DETAILED DESCRIPTION

The LRP-1 and LRP-2 nucleic acid molecules, proteins, protein homologues,
agonists, antagonists and antibodies can be used in one or more of the following methods: a)
screening assays; b) predictive medicine (e.g., diagnostic assays, prognostic assays,
25 monitoring clinical trials, and pharmacogenetics); and c) methods of treatment (e.g.,
therapeutic and prophylactic).
The LRP-1 and LRP-2 nucleic acid molecules can be used, for example, to express an
LRP-1 or LRP-2 protein (e.g., via a recombinant expression vector in a host cell in gene
therapy applications), to detect an LRP-1 or LRP-2 mRNA (e.g., in a biological sample) or a
30 genetic alteration in an LRP-] or LRP-2 gene, and to modulate LRP-1 or LRP-2 activity, as

described further below. The LRP-1 or LRP-2 proteins can be used to treat disorders
797783 1 -8



t herapy applications), to detect an LRP-1 or LRP-2 nRNA i
bi ol ogi cal sanple) or a 30 genetic alteration in an L@égga&%%ﬂ%ene, and

to nmodul ate LRP-1 or LRP-2 activity, as described further below. The LRP-1
or LRP-2 proteins can be used to treat disorders 7977831 -8 13 NOVEMBER
2006 characterized by insufficient or excessive production of an LRP-1 or
LRP-2 substrate or production of LRP-1 or LRP-2 inhibitors. In addition,
the LRP-1 or LRP-2 proteins can be wused to screen for naturally occurring
LRP-1 or LkcRrictarided by atsefficidnt oseicessivefppodudtienys anrLRR:bwpbBRefssubbtrathiomodul at e

LRP-1 or LRP-2 actiyi l.l,.as to . treat dis ers aracterized by

i nsuffici eﬁfodB?t‘MiQ%fbefa@‘%ﬁ%dB‘ﬂlgg Sofn ‘%&(’fj %‘F ?@%P{ or @?‘g e‘ifﬁtew can be
product i on ygdd tb Kiedn RF nkRR1lg o@é@ﬁ% PRPQIFERP Gilbshiays t6lesspasedugadier r ant or
unwanted activity conpared to LRP-1 or LRP-2 wild type protein (e.g., bone

di sorders seompounds whishangstwlaie L BP-1msd RP-2 agfivity sasewellasdo eatabedessi s

i nperfecta), e : . I = . . RP- 1 Ip€ : used to
det ect?and)c%l%%/q‘garfzgxE&%&S&H(ﬁcﬁ&l‘j&Pgéag}%tpgédﬁgﬁgf%% a:l é’p? gge?%r%%%o%ai lability
of LRP-1 oprddR&ich @M ®Pel bsl.RRs2broeiiubahewhibiPhdvealecteBied 2ateetantvdr tutwaritedret hod

of evaluating.a conpouynd r.t ability tointeract with, e.g., bind, a
subj ect LRPGth“éhCOE‘%e tcb%#ﬁﬂe%gﬁg)ég Wéldﬁﬂﬁ\ﬂrﬁté’&(e'?hgo?%%‘ﬁ?fderﬁ ﬁ‘g‘ihtﬁﬁes:

cont act i ng otBehor&HTPAsER di¥ehdd, AliCosRBBERSS ihpdrfebtall MoRidver, BRI MASIKA-d6; and
eval uating ability of the conpound to interact wth, e.g., to bind or form

a conpl ex WRPR artibodighfanche usgibtoldetgct aRAsolate5.REo) gplRPi2duotems; regweteiisd can be
perforped in vi. e i C fre 1 bV, ., ina
Poo- nobr i PRAvelbgey StERe 4 LREE o SRR LR L IR il 1)
natural |y occuArmdod®f alubeisg 4 Eerbpoundl oraled abiliity o Bitdrhe otithl, BB, bindy a LRP- 2

pol ypeptide. It can also he used to find natural ggmiuynt hetic .inhi bitors of

subj ect LReubject LRPRPpor LI \pekipeptyle is prayjdsdni hgmpthe . des:ecomtactingied in nmore
detail Del ewﬁg&ﬁd%{mg;g@ge ?@YForTIt!@PJZ'rb}SS/P%étRﬁ; m&whﬁsﬁnggrmﬁm?u{eal o

referred to rein as eeni ng assays I dentifying nodul ators, i.e.,
candi dat e epmp@sid te intgrectvdth, eig., dgbint or {@ma complat witinthe spjpetildds] or LRP-2

tidomi metjcs,. id L1 ol ecul.es. th whi ch bind t
CRp 1160 LRpYBigPot bt tsthodiiRl os pERYRGHAE Bin o el 1oy Bt 00 Yo 1 or
exanpl e, LR, In @twd-Mbridl iatepicEiSs trap askBy. OThis-Rethbdd @4in bdised t@idehtifytndturdlly have a

stinmulatory or inhibitory effect on, for exanple, the expression or
activity oPcawringpolecyes thagnteragtwith suhiect LBErberIARE2Rlypeptsiends aanalsodbsn be

used to ”nglédacB‘ﬁnH &R bF Ynthe@ inHiRIREL s ABRE IHPYSE LRP(Epdlypephilff- 1 O LRP-2

genes) in
Screening methods are discussed in more detail below.

20 Screening Assays

The invention provides methods (also referred to herein as "screening assays") for
identifying modulators, i.e., candidate or test compounds or agents (e.g., proteins, peptides,
peptidomimetics, peptoids, small molecules or other drugs) which bind to LRP-1 or LRP-2
proteins, have a stimulatory or inhibitory effect on, for example, LRP-1 or LRP-2 expression

25 or LRP-1 or LRP-2 activity, or have a stimulatory or inhibitory effect on, for example, the
expression or activity of an LRP-1 or LRP-2 substrate. Compounds thus identified can be
used to modulate the activity of target gene products (e.g., LRP-1 or LRP-2 genes) in a
therapeutic protocol, to elaborate the biological function of the target gene product, or to
identify compounds that disrupt normal target gene interactions.

30 In one embodiment, the invention provides assays for screening candidate or test

compounds which are substrates of an LRP-1 or LRP-2 protein or polypeptide or a
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t herapeutic protocol, to el aborate the biological func r get
gene product, or to identify conpounds that disrupt n%iﬁéyﬁxﬁagﬁige 663ene

interactions. 30 In one enbodi nent, the invention provides assays for

screeni ng candi date or test comnpounds which are substrates of an LRP-1 or
LRP-2 protein or polypeptide or a 7977831 -9 13 NOVEMBER 2006 biologically
active portion thereof. In another enbodi nent, the invention provides assays
for screening candidate or test conpounds that bind to or nodul ate an
activity obiotdpidafPadtiverportioiRhétepl dh ehmharenmoﬂmmapttlhdavmtioa poiadesgisaps foy
active portion thereof. The test c nd of t rese r%]pn can be
obt ai ned u§9r?@llwn@)‘fjat? Q& teSECHRAPYR BLEMD “*a V'rtpé?f\t;’?ni °brary

nmet hods kn i ies; peptoid
?‘F@bﬂr ﬁ;?fete]'[;o otlyrI?DFtrUél S H?&loglczhl}pcicﬁ% ion {HRFRF.I pep

l'ibraries ecul es having the functionalities of peptides,
but with a noveThe egropppuidief brakesonianvintion cm'ee ohsained uning any ofeymat i c

degradati on but which evert h nal n Zucker mann,
RN et al PumipuseRproheR cbpRingRhal MRyl R b in e G finfhume S0
paral | el selolshiganB5@riey; psptbutllmlemhmh@aebfhndwcares(hsvmgmtfhmumalmebmary

met hods requirl n% deconvol ution; the ' ne bea okone- ound l.i brary
met hod: anderiigss et With pingyels RPnnRapfdelka E‘PW‘?@”}H‘F ?‘rﬁlr?sw% %?P&V‘G@‘F%phy

sel ecti on. d%??%atﬁbf?lb%ﬁ%nweﬁhaé% réﬂglnmtcméi skd, @rgawc@&ﬂaﬂawﬁsﬂwe limted

to peptide raries he other four ap ¢hes are applicable to
pepti de, nomph]bmndé%bmgbﬂﬁa&me%) spatdlly addltee&ableepatallblrmlld@basﬁor@@lnp@mds (Lam
(1997) Anti hods ,f o the

synt hé%i s BF ﬁ%‘ﬁ@é‘ﬁf é?mﬁetbcrlél?;flré'én iﬁcﬁjs %qul'rglﬁr%c?wof%lé’n t&‘f’ One’fbg?é &anpl e in:

DeWtt et abmpduh@AbrafymithodNahd synfiedid libRe) methods 1&1ng9£ﬁﬁ9}0&1roﬁﬁtbg@bhﬁ|
(1994) Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et al. (1994). J.

Med. Chem selgetipg7Fhe biokagiced libgary anggsplontlibiary apprgachesars: linmigdrtapeptide (1994)

Tk e
Li brari es @maktmmﬁnnuhdﬂ)rams obeomppamdn(lach ( (199’,§odnmtamr Dez@Des H@ggﬁien (i99_2)

Crouelt"( 053, “Reie Ghhendh RPN RS SRR RS Sl i P
5,223, 409) for%Rthﬁl% nﬁ LBEWgH or &2 399 azt;@atzvd)mca‘if 82,304@9)90 HJ09S RALT of @Y9e) et at
(1992) Proc Natl® Acad Sci USA 89: 1865 25 1869) or on phage (Scott and Smth

(1990) Sci &ree NadoAQRESIUSA Pl #32; @M@o’,narscqt@h&b%@ Med4C 378781 a et at
(1990) Progy,Mak! (19658 ienas be1: 8900 848:18387: (166 Fioeh 1CRN). 1 ENOhngl

33:2059; Carell et al. (1994) Angew. Chem. Int. Ed. Engl. 33:2061; and Gallop et al. (1994)
20 J. Med. Chem. 37:1233.
Libraries of compounds can be presented in solution (e.g., Houghten (1992)
Biotechnigues 13:412-421), or on beads (Lam (1991) Nature 354:82-84), chips (Fodor
(1993) Nature 364:555-556), bacteria (Ladner, U.S. Patent No. 5,223,409), spores (Ladner
U.S. Patent No. 5,223,409), plasmids (Cull et al. (1992) Proc Natl Acad Sci USA 89:1865-
25 1869) or on phage (Scott and Smith (1990) Science 249:386-390; Devlin (1990) Science
249:404-406; Cwirla et al. (1990) Proc. Natl. Acad. Sci. 87:6378-6382; Felici (1991) J. Mol.
Biol. 222:301-310; Ladner supra.). '
In one embodiment, an assay is a cell-based assay in which a cell which expresses an
LRP-1 or LRP-2 protein or biologically active portion thereof is contacted with a test
30 compound, and the ability of the test compound to modulate LRP-1 or LRP-2 activity is
determined. Determining the ability of the test compound to modulate LRP-1 or LRP-2

activity can be accomplished by monitoring, for example, cargo transport, lipid metabolism,
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Bi ol . 222:301-310; Ladner supra.). In one enbodinent, an assay is
cel | -based assay in which a cell which expresses an LKPNQVE B@Rﬁ“%iproteln
or biologically active portion thereof is contacted with a test 30 conpound,
and the ability of the test conpound to nodulate LRP-I or LRP-2 activity is
determ ned. Determining the ability of the test conpound to nodulate LRP-1
or LRP-2 activity can be acconplished by nonitoring, for exanple, cargo
transport, lipid netabolism 7977831 10 13 NOVEMBER 2006 si gnal

transduct i gBnfkrafQMEiH 18bmeDBRE hspett arekil a@biity Ve.& Yoelleprliferatioh) mineral
proliferation, mneral deposition or dissoluti

? or protein_synthesis. The
cell, for émpém gissplyiong pr prateiatyNEIgsIS-o Fpgyiel, Oé.e@amplﬁtﬁ’i‘ﬂ Ofﬂé‘"%’ﬁ‘f“i‘ty of
the test cgn%&j_ng dulate LRP-1 or LRP-2 binding to a 5 conpound, e.g.,
an LRP-| substrate, or to bind to LRP-1 or LRP-2 can al so be

eval uat ed. Thi sTlmaerbllhg ofitheaesp corapaaid té oodelrmmRRe] obREQUphdingtadhe conpound,

.g., th bstr.at i | Oi | h hat
bi i ity of oo ek e gr LR 2 hRlsgR e dt bR E R 872 e S0 e
det er m ned Dy A&L etfid &8 tehBcdmfIBh&d] f&reamapietby @ufling the Ubﬁbélﬁid(;‘e gl, thea

conplex. Alternatively, LRP-1 or LRP-2 could be coupled wth a radi oi sotope
10 or enzysulstrate] withep radioisasenet asenzymatishibel Mihé‘?at hm@%tOféléﬂWHn G- S8l at e

oxarpl o, coRpgide L0 bol PRER GRbe RSt PE IR dh RripIRL R, 01,

1251, 35S, saw@ate Oifh aZlompdxt hﬁelfemhtnvely,t LRP-dror LR®H2 amﬂd e camptéd wittea radibisoiapet ope

At or | VBT @B B0 de TEOTe BHGIALA PP odRadl s PlakREer LRER ¢,

hor seradi s Bmaﬁl nsaﬂkﬁals(% L. ﬁhﬁsﬂﬁteﬁﬂﬁ%&hﬁfeﬁs Por Xamphe bérﬁ;fSé‘lﬁ@s (ENAEhe
enzymatl C abe det ect ed b determ nati on of conversion o an appr opri ate

substrate poLBPddubstratesheanahﬂ Ipbeled with &l Bp'danet *Heeigher daﬁCtb'RP-ﬂldl@FﬂLRﬂd 2
subst r at e) e Qlts%et{ogg get&técpb)tngéc u%ﬂ{légﬁaélog\ﬁq&bss%rn qugf Q(? H{lllétnﬁ f’i‘tti)t i ng of

any of the “nfera S can sval mcro §rret er

can be useletkﬁladeélg(kbnipbﬁhdsIth@baeﬁziyﬁiatlcﬁllyaabétbﬁmuﬂﬁ)ﬂﬂxbﬂﬂpleﬂﬂ)rgé}acﬂlslor LRP- 2
W t hout the Iabellnlg of either the conmpound or the LRP-1 or LRP-2
( McComhel | peroxjdasg, a ehr&mhowg@zﬁ OSHcéfﬁfééﬁa ougthe gngymayie Jabel deteqiedy herein, a

" cr ophy S HagRliRktion(d? cnversi SRAREPRIDNal SubMaRG bidua! 1 nStrument |t hat

measures the rate at ies its “environnent using a
| i ght - addr essabTke zpimlutgrwf aomnpourxd (sgnamLRPL]AF?S)RP Tialystrets) tonintedcs with LRP-1

aci 01 f1 Cat oMb oG hlout B2 ahng e ) B Rersanks 15 bELGHASLL G, Dot veen 2

example, a microphysiometer can be used to detect the interaction of a compound with LRP-
20 1 or LRP-2 without the labeling of either the compound or the LRP-1 or LRP-2 (McConnell,
H. M. et al. (1992) Science 257:1906-1912). As used herein, a "microphysiometer” (e.g.,

Cytosensor) is an analytical instrument that measures the rate at which a cell acidifies its

environment using a light-addressable potentiometric sensor (LAPS). Changes in this
acidification rate can be used as an indicator of the interaction between a compound and
25 LRP-1 or LRP-2.

In yet another embodiment, a cell-free assay is provided in which an LRP-1 or LRP-2
protein or biologically active portion thereof is contacted with a test compound and the
ability of the test compound to bind to the LRP-1 or LRP-2 protein or biologically active
portion thereof is evaluated. Preferred biologically active portions of the LRP-1 or LRP-2

30 proteins to be used in assays of the present invention include fragments which participate in
interactions with non-LRP-1 or LRP-2 molecules, e.g., fragments with high surface

probability scores.
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25 LRP-1 or LRP-2. In yet another enbodinment, a cell-free assa rovi ded
in which an LRP-1 or LRP-2 protein or blologlcally acﬂ?U@VEB¥EW§N0 her eof
is contacted with a test conpound and the ability of the test compound to
bind to the LRP-1 or LRP-2 protein or biologically active portion thereof
I's evaluated. Preferred biologically active portions of the LRP-1 or LRP-2
30 proteins to be used in assays of the present invention include fragnents
which participate in interactions with non-LRP-1 or LRP-2 nol ecules, e.g.,

fragments with §ighte $HfeRfbRaneMoRRA Ik Byls§lﬁﬁﬂ%ﬁmems ]% Lﬁﬁ]@@i@l’ﬁ NOVEMBER
2006 Sol ubl e or nenbrane-bound forns of isol ated ei ns . LRP-1 or

LRP- 2 pr ot gratgnsoer tidlogiogjiycastivy pertipns/bengol caobssused ét @chyllér&ﬁ aﬁﬁéy&fsféhp in the
cell-free assatiorbq&ht Q%F@B{Agg%“ %ow%hgﬁﬁége[t?&% u@&}‘ﬂqs Eé)srl a ,]tﬂ% aProtein

are used, "M"° I'ze I'zi ng agent es of such
sol ubi |'i zi RgluBIYLIAE SgénD.C ExalRplBoor sluOllﬂS(ﬂulﬂEilﬁg geentssinel uddndn- mmcrdetm:geyntsthtcom de,
n- dodecyl gl ucosi de, n-dodec

decanoy! - Wﬁﬁ'@ﬁ?’l&b‘!ﬁ?é‘éﬁﬂ‘h@odye‘?}‘qallﬂ%ﬁ?ﬁi dg‘iéo ?‘%F'fil’?\k’dﬁe E{n)%ﬁ l ucgyrpgl_‘*mp?,( ry,

IC%S?E gl gﬁg?/ %&aﬁﬁﬁ%ﬁglﬁﬁﬂ% ger’ﬂtlr‘? %fkynmo Trltﬁpop)ér%y suelsﬂ‘tohat e (CHAPS),

3-[(3-chol Mﬂﬁl@i&ﬂ&(bﬂ]?kﬁ@l\glbwl%m&)ﬁl pl(s%hbmﬂﬁ@pyoﬁyi)arnmmﬁnmmblﬁDpﬁipme
(CHAPSO), or N-dodecyl di met h 3-anmoni o- 1-propane sul fonate. to

Cel | -free asl$ame (OHAIS)EL3- {{Be:;halamm@pmpyédmnetlwhanmnnm]mahyﬁromb-pt@ag@t gene
protein and the t nd .un candj t ns and sufficient to
al | ow t he FW@%&?@%@HB Oﬂ?cé(fj\i{‘] hl?f' [SRE R TPB(?H?P?@HE’II@SWI ex that
can bgyrenoved pgj9RE8&hedinvd b@pﬂeﬂ&rﬂfgaé?&h&i@ntﬂﬂkwﬁ?ﬁtha\@r%’:@%@félﬂr@t%m%ﬂ al so
be detected, e.g., using fluorescence energy transfer (FET) (see, for

ex arrpl e L dhediedt eempeung under conditipgs anst fong tims sefficientty:allow the Byo ?@n\w@@ﬂs &, et
al.., Plﬂér?i ?‘% d1d4 th%g%%rk:gr?g a %@qg%]&‘@%{e’%%{: Cerh M lor QBkelilg first, “donor’

nol ecul e S se suc uorescent energy wil | be
absorbed by a fﬂh@fn&&mmh betvader kwomotecsles canchlso la:aieeqntedrégcmémgﬂhcﬁgsmﬁdech in

turnis able to flyor edu to the ahsor bed , the

* donor" prGP‘?—Ig}‘l“ﬁ‘b*ILtl éﬁﬁ@ ‘§|e|’fffp9leu]f$‘ﬂ"%ef%’e[ﬁgt %‘?ﬂt%q 3&32512 ener gy

of trypt Op@%n‘é&ﬁioqlﬁsetak-a@%l Pat@ﬁtqq&h%@rlogﬁ% ﬂﬁ@i‘o})h(ﬂ'bflsz%f&{‘{he‘mé{e‘ldgﬁ@t hs of
light, 20 such that the  acceptor [ecul € can be differentiated from

t hat of t henol@calvos selecgpdrsieh thak s emftied |ﬂelm;§ceot en@ryr\gryl heraasryb@d byoe flygreseenthe
label s is 'iaﬁ)lefitnea(lj se:[cgn(} haGCCgIII) b an(iecu?eeev% % ptﬁ’n %le to fluoresce due to the absorbed

energy. Alternately, the ‘donor’ protein molecule can simply utilize the natural fluorescent
energy of tryptophan residues. Labels are chosen that emit different wavelengths of light,

20 such that the ‘acceptor’ molecule label can be differentiated from that of the ‘donor’. Since
the efficiency of energy transfer between the labels is related to the distance separating the
molecules, the spatial relationship between the molecules can be assessed. In a situation in
which binding occurs between the molecules, the fluorescent emission of the ‘acceptor’
molecule label in the assay should be maximal. An FET binding event can be conveniently

25 measured through standard fluorometric detection means well known in the art (e.g., using a
fluorimeter).

In another embodiment, determining the ability of the LRP-1 or LRP-2 protein to bind
to a target molecule can be accomplished using real-time Biomolecular Interaction Analysis
(BIA) (see, e.g., Sjolander, S. and Urbaniczky, C. (1991) Anal. Chem. 63:2338-2345 and

30 Szabo et al. (1995) Curr. Opin. Struct. Biol. 5:699-705). "Surface plasmon resonance” or

“BIA” detects biospecific interactions in real time, without labeling any of the interactants

(e.g., BlAcore). Changes in the mass at the binding surface (indicative of a binding event)
797783_1 -12-



nol ecul es, the spatial relationship between the nol ecul es ¢ sessed.
In a situation in which binding occurs between the nnF%%ﬂYﬁ@?Eﬁﬁg%
fluorescent em ssion of the "acceptor' nolecule |abel in the assay should
be maxi mal. An FET bi nding event can be conveniently 25 measured through
standard fluoronetric detection neans well known in the art (e.g., using a
fluorinmeter). In another enbodinent, determning the ability of the LRP-1 or
LRP-2 protein to bind to a target nolecule can be acconplished using

real -ti me Rkl etikiafis dMherefiattiarinduxadf\lightneal Bk Ahrficedthe optical phSjonieaomer, S.
and Urbaniczky, C. (1991)Anal. Chem 63:2338:2345 and 30, Szabo, et al . (1995)
Curr. Opinof SSffPQFcRI?S"El"dFSOUS‘.“@d§PB‘§55e§S“%F‘faaﬂ'?éec %éf‘s%ﬁ‘ WQE@W&%&””@PS ab Bl A"
detects bi 91‘3&9?6& biGedlHE RGLHAE BetwRen Bdlogtdaolevdiediout | abeling any of the

i nteractants e.g., Bl Acore). Changes in the mass at the binding surface

(i ndicative of laobeeaibpdjment the)targgiogeng groduct 2r e trsOvetRmIe Bgnehorpdanip e jn

I [ f th f i i nd I i cal
phenorenon PPt e B eiERoR el runp b e b ety B b EpBRE TP

si gnal whi g4 KeaRideRdUs 8@ ead ofithe rédatlog alrefRpabdf, theaarget gemre prodactdanibs bet ween
bi ol ogi cal nol ecules. 1 n one enbodi nent, the target gene pr o?uct or the test

subst ance Rerehaied wotoctisobidisnriace, andsthe fegt fpﬁm@end,fwbwbaw%@nﬂ@ﬁ@ #2886t / t est
compound CoRRl@feAREBRY 6Cindfedi)Su iR bLitkiiIanSels ROUREI AtiRCt d at the end
referably, the

of the reaction. target gene product can be anchored onto a
solid surface, hixdesinabl¢ esimnoabitpmeieittior [(Ritl ohLRB-2nen anthtRBrlect) [RR:-2n be

| abel ed, either, directly or indigectl w t.n detectable | abels disgussed
horet 80 1 ¢ 2guboiut et pleehdp e erpiplifn pEaTIP SR trost BRlofebRf YSHRE. o
or LRP-2 1@fatdrinethofihe proteirsdiisORdll 45ab acddhnfinddatef atdrhdtiontof tifeeRedya Bitdin®f

conpl exed from unconpl exed fornms of one or both of the gr oteins, as well as

to acconmoeba tsstaempennd orandsRR-her BRR prowim af wipracspn &f e 5RPUSFIRME to an

LRP- | or {3?&3 wt%%ttgll Et‘mglrechg'}nethggﬁegém Qrtd ?dgerl'cR%falcaﬁ'd ﬁéxgpou%,octaﬁ%@ with
a target ecule in ehe presence an apsence of ca’cand: dat e conpound, can
be acconphicolmptistied imayy wasd alitabld foabdreaifiiag theandcadntd. rigkaitpdesrof avdhaveswls

Exanpl es of ch vessel s 15 include mcrotiter plateg, test tubes, and
m or ol ent MORSEMIEARIEE Plafes, rHdUbss A iERrcen Tygsbes. 1 pat e brdmntiafisionyi ded

whi ch ?ddsg%téjﬁ’% B prbdteAlvhRIS I EdRMHaiR HahalRfwstdhe oP boh &t Bt Fs%@tef?l@ to Bound to
a matrix. For exanple, glutathione-S-transferase/LRP-1 or LRP-2 fusion

proteins  beungitanamatiionkorSxemplesglutathianct SrirgrsferasediRdh 1 or bRBihEision praseins
adsorbed opi gluﬁgl%n%t-é‘-kr%'s?e&a%ﬁg%g{ ti?l?iglrl BERISs ax'td %ﬁso%'e%”&n?@%l'utaﬁ]iime'-o”' s, M)

or glutathrohe derivatize
sepharose beads (Sigma Chemical, St. Louis, MO) or glutathione derivatized microtiter

20 plates, which are then combined with the test compound or the test compound and either the
non-adsorbed target protein or LRP-1 or LRP-2 protein, and the mixture incubated under
conditions conducive to complex formation (e.g., at physiological conditions for salt and
pH). Following incubation, the beads or microtiter plate wells are washed to remove any
unbound components, the matrix immobilized in the case of beads, the complex so formed

25 determined either directly or indirectly, for example, as described above. Alternatively, the
complexes can be dissociated from the matrix, and the level of LRP-1 or LRP-2 binding or
activity determined using standard techniques.

Other techniques for immobilizing either an LRP-1 or LRP-2 protein or a target
molecule on matrices include using conjugation of biotin and streptavidin. Biotinylated

30 LRP-1 or LRP-2 protein or target molecules can be prepared from biotin-NHS (N-hydroxy-

succinimide) using techniques known in the art (e.g., biotinylation kit, Pierce Chemicals,
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20 plates, which are then conbined with the test conpoun t
corrgound and either the non-adsorbed target protei nrrpo?“gﬂﬁ:#ﬂgﬁzh@-z
protein, and the m xture incubated under conditions conducive to conpl ex
formation (e.g., at physiological conditions for salt and pH). Follow ng
i ncubation, the beads or mcrotiter plate wells are washed to renove any

unbound conponents, the matrix immbilized in the case of beads, the conpl ex
so formed 25 determned either directly or indirectly, for exanple, as

descri bed abensrd, Al)! fldNakmobflizéd it the wello BPétRpRSidiabodiel 91 weldplats €Riefccom t he
matrix, and the [evel of LRP-1 or LRP-2 binding or activity determ ned

usi ng st an§aemicebchni ques. Other techniques for immobilizing either an LRP-1

or LRP-2 protei Ve dH&d dGhEQdatedgat i on
of biotin and s rogfio Eah\)/it’(?iﬂ(ﬁatt |g§t%|w3q/ a@egmﬁlgsgﬁég?&glg P-2 protein or target

mol ecul es ewfackeomaiaingridarfchone bomporwnNHSﬁc(rrthémytakrtmys ccsupicuenmnwat@)i u5| ng
techni ques known in the ar jotin

7977831 - E@P%@"Wﬁﬁew@@gﬁg@ﬁ%ﬁ%}w%{ i qu%?HEI “FHE‘WPY SorgPieses; he wel | s

of strept ayi el wiQangsn g‘ﬁmﬂﬁihlke@drﬁﬂl@%l(ﬂuﬁ&@@ THeRBcid df contpléies! gichbred
conduct the assaK@ the non-i mobilized conponent is added to the coated

surface conn diersolid surfase gaic boresampbivhed iremnumbst o wayh eWherg dhg Riavipusle 9| et e,

unr eact ed o, SOERODPOLToRER il FIOMESed thelterectih SARM o UNOR] of B dirkdgns such

t hat any cé‘ﬁ%’f’exes rme mal n 1 Mo zed on e so surface. The
detection @fdicaspha xemperehotre formed. Wieresthé pﬂv&uslglao&-lmmbbﬂecacmnmmbhtsihed in

a nunber of ways. Where the previo st i mmobi | i zed, co LS
pre- | abel edot Rrﬁéabﬂﬁje@c‘ineﬁe‘% abF]a‘B‘@I ﬁ‘ﬁgtBl%Fﬁe hFxFﬁ%“CQB é’Eéﬁe fHd@feat es

that conpl @ e%151 a?at;eférdrﬁ'ﬁqbo egfit ﬁﬁ" tl&rlﬁl\ﬁ‘ldﬁlﬁeﬁ c@ﬂBoﬂe‘ﬁerf% bithedy,GRipRnent
is 10 not pré-| an indirtect |abel can be used to detect conplexes

anchor ed owart lbﬁedlmgtlf &beled oenglrectlyslabﬁglpdaWItlal@eg ;adakehed dnvidlg anpeedydi ¢ for the

bi | d h i.bod
ndirect |y | aboroderkoenh s 385 el G Uhn ot FRbil wideT ©

embodi ment or LRPQ @égaoritargpahdlecul®butiivhichdomgt imedrfeRoditl bindamtdfitheel RP4 for L RP- |
or LRP-2 protein or target nol ecules but which do not interfere with binding

of t hés LRPLRPog protein fopifs. tzrgstrlat)léftﬂe + Suchragtibogieseian e Heriyatiged o thewals 91ibeli s
can be der gva@é bE®ehto na ta? et qfortm@ @F&E trmdwﬁwéﬁstb?r wagl%%ag dSLRF’- 1 or

LRP-2 protern’'trappe The vell's by an conj ugat 1 on: for
det ecti ng suqhgatlorrpl\'kﬂesis fornletedting sush COmplEkﬂssm aldgonith g salbesesbddabove foe

GST- | b | g, € OBl X ol AT B EE b 2O RTR) S iEb I
reactive with the LRP-1 or LRP-2 protein or target molecule, as well as enzyme-linked
20 assays which rely on detecting an enzymatic activity associated with the LRP-1 or LRP-2
protein or target molecule.

Alternatively, cell free assays can be conducted in a liquid phase. In such an assay,
the reaction products are separated from unreacted components, by any of a number of
standard techniques, including but not limited to: differential centrifugation (see, for

25 example, Rivas, G., and Minton, A.P., (1993) Trends Biochem Sci 18:284-7);
chromatography (gel filtration chromatography, ion-exchange chromatography);
electrophoresis (see, e.g., Ausubel, F. e al., eds. Current Protocols in Molecular Biology
1999, J. Wiley: New York.); and immunoprecipitation (see, for example, Ausubel, F. et al.,
eds. (1999) Current Protocols in Molecular Biology, J. Wiley: New York). Such resins and

30 chromatographic techniques are known to one skilled in the art (see, e.g., Heegaard, N.H.,
(1998) J Mol Recognit 11:141-8; Hage, D.S., and Tweed, S.A. (1997) J Chromatogr B

Biomed Sci Appl. 699:499-525). Further, fluorescence energy transfer can also be
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reactive with the LRP-1 or LRP-2 protein or target nolecule, as wel| as
enzyme- | i nked 20 assays which rely on detecting an enzy?NOVEMEER 200¢
associated with the LRP-1 or LRP-2 protein or target nolecule.
Alternatively, cell free assays can be conducted in a liquid phase. In such
an assay, the reaction products are separated from unreacted conponents, by
any of a nunber of standard techniques, including but not limted to:
differential centrifugation (see, for 25 exanple, Rivas, G, and M nton,

A P., (1993)nvEnRrAgputli2e eeSeibed Berd@dtoetect bidiapatimguafhlier(pyeificitidntafat i on
chr omat ogr aphy, ion-exchange chromat ography); electrophoresis (see, e.g.,
Ausubel , Fthegomplex frasgsolui@rr ent Protocol s in Ml ecul ar Biology 1999, J.

Wley: New Yorky) j [Pel Is 1€ [RPSHPGLein F- €t
at, eas. - (1000f" R FReRl CTPORRIERT U Byt S S ERE) S RS BRL
Yor k) . Sucbr biekigivallpadivd poctiunchatafgridphkrownemmpogué whiwhdindsdP-1 or bRB-2

skilled in the art (see, e.qg., Heegaard, N.H , .(199 J Ml Recognit

11: 1413 8; [lgEM ap)ass ?"Hﬁtﬂrermtm%.%)ﬁ asfaféﬁ‘fgr%wéﬁrag?fg%%‘ai"“@d’ %l%oned Sci

Appl . 699: 49QrmRiAmk thdAHihRQIT thefthdd QOAPEHRIAAE irREIEE SVitht AP -8 Tor CRP-BpoRi)e 797783
1 - 14 13 NOVEMBER 2006 <conveniently utilized, as described herein, to

det ect bi nenharginateranining thetabdity plithe tastepmpeoyndio intepret withysn &RPrF 8rd-BB2ut i on.
In a prefer i . khcl i - _LRP-2
protern . oPEniatss FRBminhd T AR of e ARl A bicRedifly bild LB LT 0
bi nds LRP- br DRP{2Ri?-biologicilly dedverpatiomtesesf, or xd modylate it &avitnof 4 taggeassay
mxture wwth a test conpound, and determning the ability of the test

conpodhd t Saleruls, aomparsd tq the kewin cgmppEss: > protein, wherein deternining

the ability of thewtRsbefePMRRIALah InivRbERRFct With 3néBr MBR-celluRF ol RP- 2
protein includes determning the ability of the test conpound to

pr ef er ent i akiracelhulagmagrompiecules, seeh asprotgingr Fasithe pypesss bijthisedisonssigrosedhon

t hereof , or modul at e the activity, of atarget 10 nolecul e, as gonpared to
the known' celiRl SGie8np P paGbitlebiclrs it G herkin KRG har@Biscy o t b one
or nore celdotlpatndrthat@lisriifacadt intepdctiomodan s lusstul if Segutdtidl tiksackii ity of the targdr t he
pur poses of this discussion, such  cellular and extracel]ular macronol ecul es
are réf er r NG RIOPHSE PYLhLOMPRIRLS; AR inghide it aremot ipited tnueleeylss sush &t upt such

interactio Qﬁti%@%spﬁepﬂg&f bhd érﬁhlflﬁgﬂél:lﬁéé. nﬁetapp@fe@&f tiall‘g;e%etng%/pltohgctg %r%@&% inthisgene

product. Such conpounds can I nclude, but are not to nol ecul es such
as anti bodmbsdimeeipare thed RRxhdr EREIA geamed lereih édentifiért Iprapfaifemetive emlgyeliment,
genes/ pr Od'ﬂ?et ixslvgn(t)lE)n %rso%i(jers] n%e}t}ilosds for determining the ability of the test compound to modulate
the activity of an LRP-1 or LRP-2 protein through modulation of the activity of a
20 downstream effector of an LRP-1 or LRP-2 target molecule. For example, the activity of the
effector molecule on an appropriate target can be determined, or the binding of the effector to
an appropriate target can be determined, as previously described.
To identify compounds that interfere with the interaction between the target gene
product and its cellular or extracellular binding partner(s), a reaction mixture containing the
25 target gene product and the binding partner is prepared, under conditions and for a time
sufficient, to allow the two products to form complex. In order to test an inhibitory agent, the
reaction mixture is provided in the presence and absence of the test compound. The test
compound can be initially included in the reaction mixture, or can be added at a time
subsequent to the addition of the target gene and its cellular or extracellular binding partner.
30 Control reaction mixtures are incubated without the test compound or with a placebo. The

formation of any complexes between the target gene product and the cellular or extracellular

binding partner is then detected. The formation of a complex in the control reaction, but not
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enbodi nrent are the LRP-1 or LRP-2 genes herein identified. In an alternative
enbodi ment, the invention provides methods for deter nilANRYEVHERANG  ty of
the test conpound to nodulate the activity of an LRP-I or LRP-2 protein

t hrough nodul ation of the activity of a 20 downstream effector of an LRP-1
or LRP-2 target nolecule. For exanple, the activity of the effector

nol ecul e on an appropriate target can be determ ned, or the binding of the
effector to an appropriate target can be determ ned, as previously

descri bed. jffheir&iRiibd myxt6REBMAMGE thé st ddﬂip%ﬁﬁ&ﬁxﬂiu\!ﬂtéshhithﬁe ¢dmppiuag irteferet veen
the target gene product and its cellular or extracellul ar binding

par t ner (s) With thesiagsracsian of shedpraetasne picdpGignd e intomctivg bjading pagnesr oduct and
the bindi ABRIhAS! cbyfipRk RRAafdn WHAHGEGBRH kbR oAb fost ddHpoRtd kil ent

to allowt ormcorrp n or es an I'n Itory
agent, t he nornesh Crgedgend prbduoecarsalmbwacnlqﬂradnobmplpxeﬁ&rmaﬁen witlinabaiose of the

test conpound. The test co ound 5;1%‘3_8 |nit|all}/1 in%' édel?llii n the reaction
m xtur®, ofMIXs Bgnta'aef@&h%te CormpgRn Waridaect &5t RPN ST ar get
gene and i b8 ifgdranl Ath&¥e Bk el 1 lisdesiPABIliondedy taipoundStteddibiupt reaction
m xtures are incubated w thout the test conpound or wwth a placebo. The

formation dfterastions ofpntatbutivet nrres! tarsst gaegeadugéne product and the cel | ul ar

or extracellula r I n of a
conpl ex i t he. SITE AR StRcbRAleydain b BER-BEAAR Fhonllend B TAEE 2 006 1 n
the reacti ¢letdidgehens asqaps mivolvagndhoeing eislier dergaget@ne pmluaairdie lilimhhg pdrtmer
conmpound interfer ctlon of the tar

S he .i nter ene t and the
i nt er a8t i veMSidHi ﬁ@ ?fﬁr%‘?qé#aecu%%ﬂmﬁ ?ff?élap‘ihoreéd’r?ﬁf‘%iol gLEhe W%tqlfcl??
reaction Mgl Sﬁsln%mog%d%ﬂgaskg% ﬁa@%ﬁtu@%ﬁ@@é}ﬂﬁ canfdd oﬂpn%rﬁﬁli u‘icﬁ%}&@é Qene

product can also be compared to conplex formation within reaction 5 mxtures
cont ai ni ng eithe appmacl"cmmdm@fadrﬁtlm@hmctal‘@r@etbegen@ torabthine diffetnt s conpari son
can belrrp 0se case ere|n|Pt0r|s desi.r bIeto Fql tlf

conpounds TRy on Rl W SopERREd: A G fon e EEORebhgh T8 biler

arget gene
products. Titke mksayion Gaivede tmm@ucgeﬁdpﬂoﬂuas hel e bEAnRPIRNES, @NBYEeneous
format. Fbtero%eneous assaﬁs i nvol ve anchoring either the target gene

produdl or cPRBECtRioRdsaRepdantined by sendyrting the sartiqn ip thesrs eseankioldBe B8t i ng
conpl exes §ﬁ’6§m[:@dARé}H£th% r‘f I&Jrs{e H)rng&%ﬁgs ftht &Qﬁptﬁ)?% xgﬂedtc}&ﬁ) pI&RS, te' rl:ogj Hnds

honbgeneous assays, tron is ca out rn a’lid ase. In
ei t her appmothdhighet hmdmlgetenstmfts thetidisplace onf of thacomposenesafinor ¢hevcaim pdek, tzm bt ai n

011 erent” S a2, 00U B SRR beLIE Lest s Cor, xpml . s
product s afghriede Thé DsHoug foraiats e BriefB: dbscritRY below.

20 In a heterogeneous assay system, either the target gene product or the interactive
cellular or extracellular binding partner, is anchored onto a solid surface (e.g., a microtiter
plate), while the non-anchored species is labeled, either directly or indirectly. The anchored
species can be immobilized by non-covalent or covalent attachments. Alternatively, an
immobilized antibody specific for the species to be anchored can be used to anchor the

25 species to the solid surface.

In order to conduct the assay, the partner of the immobilized species is exposed to the
coated surface with or without the test compound. After the reaction is complete, unreacted
components are removed (e.g., by washing) and any complexes formed will remain
immobilized on the solid surface. Where the non-immobilized species is pre-labeled, the

30 detection of label immobilized on the surface indicates that complexes were formed. Where
the non-immobilized species is not pre-labeled, an indirect label can be used to detect

complexes anchored on the surface; e.g., using a labeled antibody specific for the initially

797783 _1 -16 -



15 conpetition, can be identified by conducting the reaction in the presence
of the test substance. Alternatively, test conpounds h¥PVBMBERZP,r ef or med
conpl exes, e.g., conpounds wth higher binding constants that displace one
of the conmponents fromthe conplex, can be tested by adding the test
conpound to the reaction m xture after conpl exes have been forned. The
various fornmats are briefly described below 20 In a heterogeneous assay
system either the target gene product or the interactive cellular or

extracel | uhgy mf}}h&ﬁhﬂﬂ sB@d“lé & antiBod) GT\QFE BarOBY diredtl$ bk idd SHinaealy(Igbeled, a
mcrotiter plate), whi e non-anchored species is |abeled, €ither

directly owithyeg.ralebéled anlthlg antibpdy) e Pepending upen Eherprder of addipn Pfi@actw
non- coval ent or._coval I
anti body s P YES tSSt%Sé?g&ssnggg@ggmibﬁt epgeﬁ((r:%g&rléet}/%cogﬁhagelsrdé g to anchor t he

25 speci escdmpléxee cawbé detedged. ace. | n order to conduct the assay, the partner

of the immobilized species is exposed t oatdeaﬁ?urf ce with or wthout
the test conpouhiderngipvely, theyeactian eqn bgan u“é 9 1adiay! ‘éﬂres%ﬁﬁf)nent s are

removed (e, encethf tﬂ@%ﬂ'c@%oﬁmt@Q¥acﬁ@m&ﬁ&§ sdpaFabRCtroth bhreh&E@édinponBRMbI | | zed
on the SO|I surface e the non-inmobilized species is pre-label ed, the

30 detectiam @impladee Heteetedy mg ,|u§mg apnmriobiliged dntibedy mﬁptﬁsztfesortetﬁtth%@niw&x es

were formed. We |

i ndirect | 8‘5’&‘1’0“8% t(b%ncﬁg ?ilytc(?mgeetxg tO%ne]g%ﬁrlpﬁ%g&@g Aélﬁc %érelegf&tlb?ﬁg P gﬁ? face
e.g., usi n&e%tﬂeﬁbﬁk&dtcﬂdﬁwdt)@ﬁbhoﬁdaeﬁhfplexes‘ Qdigdilhelependtngaipby the/@det®3 addifién 13
NOVEMBER 2006 non-i mmmbi lized species (the ant can be

di reci?y | abepdentdio th?lHﬂ‘l"é(Pf‘?s;‘f' ‘ie%l‘tféfn@ﬂun%ﬂ?% mhéb‘bcomfﬁe’f ‘érbté STt -
anti body) . Bllgggﬁ-.‘gﬁ P@g&r&ahtggl&hﬁgéd of addition of reaction corrponent S,
nds

test conpo Ibit conplex formation or that disrupt preforned
conpl exes can bhaaaieﬂltemtamtmt@dmemeoﬁthe lnwehtyqn # hempganeousmssayanan bbe usindiact ed i n
ence of t

Fenct fon pPoiing< epin S G cr RALERE Pedp g R Her R B skoc
det ect ed; extehcel & BiHiRE pArfA¥P Piodiict @lprapdrediddNat SRBEthe farde® perRPRodictstdne
bi nding conponents to anchor an%@t@pﬁ exes forned in solution, and a

| abel &d anthesdindingparineisarg lgbeled igpalpanerpied by ghedahedis qusneiied dugto
conpl exes. t)?forﬁﬁi?&{'gké‘% RO, ﬁe{g&t%dﬂ Qhodid Lfthf%@s %@{Jagﬁ%a“ts to

thellqwdp se, test ndst I'nRi bI’t” conpl'ex or t I ST upt
pref or med oomnphaaxsags)c dine ladedltldmnf a febtestibstanve drat ad>rhpzatmmh amdbdisplacen bnodf thére
I nventi on, sﬁ%c{e]:(s) %Dgl Rg 8rlé orm agmp ex w1ﬁ resule tin the generatlon of a signal above
background. In this way, test substances that disrupt target gene product-binding partner
20 interaction can be identified.
In yet another aspect, the LRP-1 or LRP-2 proteins can be used as "bait proteins” in a
two-hybrid assay or three-hybrid assay (see, e.g., U.S. Patent No. 5,283,317; Zervos et al.
(1993) Cell 72:223-232; Madura et al. (1993) J. Biol. Chem. 268:12046-12054; Bartel et al.
(1993) Biotechniques 14:920-924; Iwabuchi et al. (1993) Oncogene 8:1693-1696; and Brent
25 W094/10300), to identify other proteins, which bind to or interact with LRP-1 or LRP-2
("LRP-1 or LRP-2-binding proteins" or "LRP-1 or LRP-2-bp") and are involved in LRP-1 or
LRP-2 activity. Such LRP-1 or LRP-2-bps can be activators or inhibitors of signals by the
LRP-1 or LRP-2 proteins or LRP-1 or LRP-2 targets as, for example, downstream elements
of an LRP-1 or LRP-2-mediated signaling pathway.
30 The two-hybrid system is based on the modular nature of most transcription factors,

which consist of separable DNA-binding and activation domains. Briefly, the assay utilizes

two different DNA constructs. In one construct, the gene that codes for an LRP-1 or LRP-2
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exanple, a prefornmed conplex of the target gene pr oduclu@lggE %%Rzﬂtker active
cellular or extracellular binding partner product is prepare

either the target gene products or 15 their binding partners are | abel ed,
but the signal generated by the |abel is quenched due to conplex formation
(see, e.g., US Patent No. 4,109,496 that utilizes this approach for

i mmuunoassays). The addition of a test substance that conpetes with and

di spl aces one of the species fromthe preforned conplex will result in the
gener at i onpteimisFugdad a ghﬁ:\/@codmg;ﬁ@ﬂ]mmtindlng dolmiagn vm/knmsttarsumitoa haséar t hat

di srupt target _gene - bi ndi ng rt ner nt e, ctio

i denti fi ed( egfp&et“) aﬁb‘?‘ eé%‘B’éE"t'Ct %ﬁEIAL‘ﬁﬁ’u‘TC%rﬂq_% 12rahy %{%ﬁ eﬂ'ﬁmc% used
as "bait p i @pR 'S@W'é}ﬁ [ENiefrséyidNd ghnatsiy¥odes &2 the. g. ,
us. PatenEthN%lCB%esahrﬁmﬁiemflﬂ%é}égg CpRges st theII ofa g 232 ;I\{)adura et

al . (1993) adivatrodamaihefithe xe@wnzem@rlnme“actoea(ﬁlt@rnaévelmthe LRPeloanL
Bi ot ech 4: 920; 9 buchi d
Br ent 25 VBOE EIy e fised (e R HePlinp SPBF i AREBR"Bre pRIcTaTE dbie 00,

wi th LRP- | toOintekddE-i vive, foifiing a@iLRlpHDorZle rzduep@dmtccbmpmf; theDNA Rihdingand

LRP-2-bp") and are involved in LRP g&P 2 actl ty. Such -1 or
LRP- 2- bps  adiyatien wawa?fdh%trmsqlmﬂnbf?%tﬁrr@e \‘Oug'i“gﬂ'al Ssyrq"lﬁ‘@‘tyl_ 51 or LRP-2

proteins o bR MnRbefent s of
an LRP-1 o rokEEt)lzal |lt }3{3 % i‘?ggga ?erggﬁga%eﬁé (e%qgéoﬁ )%hel&?iév\g@h;b?l cri1 systemis

based on t hrensoniptidnat regalttonesitfrespossive toathe;tranSpmmtm fhetor. dexpressighiof theconsi st of

o 1Y for BRPTENANE BN AL 4R coe BB BunE MR d e TR BaR Bl *an
LRP-1 or LERrk isdi@éd 8sd dsed td dbtaihIhd\EviMBleire ¥H{h endydet ﬂieﬁ;rét&mﬂdﬁﬁdmt@ao@s gene

encodi ng the DNA binding domain of a known transcription factor (e.g.,
GAL- 4) . | nwithéheolt Ryl af t?H'@Gema DNA sequence froma library of DNA

sequences, 1 haltn aﬁlgﬁgfj&ﬁ @ﬁﬁ'&lh&)fﬁﬁl ]%}U‘-Z%&ﬁﬁé si are?@e’ﬁﬂh )FdrS

fused to a gene't actl omain o
transcri pt examplgatoeH or (Al frarmadtureeﬂ gontaoeed mm@ndwameemzoﬁamum n can be

the fused to the a in) If the "hait? ndth rot.ei ns
are able E¥PIFitOR giﬁ\t gﬂ mI?Hf\rﬂerOt%iﬂe tid@ atiy k) é‘%ﬁgﬁ%“é‘ﬁfesﬁ%pl ex,
the DNA-bi glj RS.1a7d RPAE HiRWGA | 'qul; oft TR tﬂéat%néehﬁtﬂer @h&iahte RbinBBurld@OVRén are
brought into close proximty proximty allows transcri Etl on of a

reporter gexmessongf LRIPabQI)LWGhRNé @pmtablwgrbatmoe@etmesncq ¢fthe eandpstateonal
o0 200 Y Tk a4 s IR ARSSEBHAED LR o TR SRR 2 1
transcri pt bPDRP2GHRNA or protein expression. Alternatively, when expression of LRP-1 or LRP-2
20 mRNA or protein is less (statistically significantly less) in the presence of the candidate
compound than in its absence, the candidate compound is identified as an inhibitor of LRP-1
or LRP-2 mRNA or protein expression. The level of LRP-1 or LRP-2 mRNA or protein
expression can be determined by methods described herein for detecting LRP-1 or LRP-2
mRNA or protein.
25 In another aspect, the invention pertains to a combination of two or more of the assays
described herein. For example, a modulating agent can be identified using a cell-based or a
cell free assay, and the ability of the agent to modulate the activity of an LRP-1 or LRP-2
protein can be confirmed in vivo, e.g., in an animal such as an animal model for bone
disorders such as osteoporosis, Paget’s disease, and osteogenesis imperfecta.
30 This invention further pertains to novel agents identified by the above-described
screening assays. Accordingly, it is within the‘scope of this invention to further use an agent

identified as described herein (e.g., an LRP-1 or LRP-2 modulating agent, an antisense LRP-
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can be isolated and used to obtain the cloned gene which des 1 proteln
which interacts wth the LRP-I or LRP-2 protein. In aﬁ%{qﬁ&% ;FR023P

nodul ators of LRP-1 or LRP-2 expression are identified. For exanple, a cel |
or cell free mxture is contacted with a candi date conmpound and the 15
expression of LRP-1 or LRP-2 nmRNA or protein evaluated relative to the |evel
of expression of LRP-1 or LRP-2 nRNA or protein in the absence of the

candi dat e conpound. Wien expression of LRP-1 or LRP-2 nRNA or protein is
great er in ltdpeRPrEaeideadd moleukandi RBH eor LREADspenifictadndbodynot srsLRPdence, the

candi dat e conpo is identified as a stinulagtor of LRP- LRP-.2. TRNA or
protein exW&Pﬁamgwlfné‘?r}ﬁﬁ‘tquv’pr‘%ﬁ@Hm@}(B}oaglstpHﬁteﬁ?mﬁﬁﬁ efp‘é?rcy’l_tﬁﬁ’mﬁy 20 MRNA

Oor prot eiNgjgs eff88$ of ffeBhdnisil SBcti¥n, TraBhitdeR AR Yuch @8 Srerdt NFhidrRORSRVee Of the
candidate conmpound than in its absence, the candi date conpound is

i dent i fi edagstsideritifted biy tther above-dmperibed ssreeniRR-agsapRAn bgrusgd for dieatmenisaessi on.

The | evel EP 1 ar LRP-2 nRNA or protein expression can be determ ned by
met hod3 de§$FP QP%%Peln for detecting LRP-1 or LRP-2 nRNA or protein. 25

I n anot her aspect, the invention pertains to a conbination of two or nore of
t he assays, descr d.herein. For exanple, a nodul ating agent can be
identified—§%¥i§—§E§5W¥;based or a cell free assay, and the ability of the
agent to nmodul arge presendfiveitidnyal @f pedBink Rthé field df BRdZctive hdd&int i avhidte
confirnmed in vivo, e.g., in an animl such_as an aninmal nodel for bgne

di sorders $i#gnosis a@ﬁéy%awpa%wsa%%@a@ monpringrligicahifgls s Usd dprgupgnostic
i nperfecta rg&ct\%ggu}pgyég% hﬁﬂebgr'ﬁreﬁt}'h‘?lrlncﬂifdhﬁ' ns to novel agents identified by
t he above- descri

Screeni ng-assays cordingly, it is within the scope
of t hile i nventi Gandrailyf ﬂmtlhmtlusproameagﬂn¢thod ofadetdrfireni € sdejsciris MadkHerai n

nodul ati ng. agent, an antisense LRP- 778 - 18
15" RoEnBeAsanss e et CHEr R Y ages whigh g e LI O LRb-2
LRP- 2- speci fi ¢ gidh diiers fic1uB, d-83P disSHler ds&Riateddbiteling nibdkpkdision of NRAN or

appropriate ani mal nodel to determine the effi cacy, toxicity, side effects,
or mechani $#Po} ganet 3 disorderrofthosart nent wi th such an agent. Furthernore, novel

agents identi f'?gell?ﬁéth})@%gﬂﬁigygned&% Q?ﬁle%&ﬁ&ﬂﬁ%ng assays can be used for

treatnents as 5 descri rern ed| ctive Medicine The present invention

al so pertains t dletédnmg,f maltdswofpheeﬁhbjet‘t vie presdna orabsencevbf ciutatbagihizht | C

assays, pro i C ass n | clinjcal trials are used fo

pro 9%0 st Ip cd cts the express?c}/n of tﬁle ERHDI tL?{P ?gene or detecting the presence or absence ofr a
mutation in a region which controls the expression of the gene, e.g., a mutation in the 5'

control region;
detecting, in a tissue of the subject, the presence or absence of a mutation which alters
20 the structure of the LRP-1 or LRP-2 gene;
detecting, in a tissue of the subject, the misexpression of the LRP-1 or LRP-2 gene, at
the mRNA level, e.g., detecting a non-wild type level of a mRNA ;
detecting, in a tissue of the subject, the misexpression of the gene, at the protein level,
e.g., detecting a non-wild type level of an LRP-1 or LRP-2 polypeptide.

25 In preferred embodiments the method includes: ascertaining the existence of at least
one of: a deletion of one or more nucleotides from the LRP-1 or LRP-2 gene; an insertion of
one or more nucleotides into the gene, a point mutation, e.g., a substitution of one or more
nucleotides of the gene, a gross chromosomal rearrangement of the gene, e.g., a
translocation, inversion, or deletion.

30 For example, detecting the genetic lesion can include: (i) providing a probe/primer

including an oligonucleotide containing a region of nucleotide sequence which hybridizes to
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(predictive) purposes to thereby treat an individual. 10 Generally, the

i nvention provides, a method of determining if a subj eé%NngMtBEﬁzg% for a

di sorder related to a lesion in or the m sexpression of a gene which encodes
LRP-1 or LRP-2. Such disorders include, e.g., a disorder associated with
the m sexpression of LRP-1 or LRP-2 gene; a disorder of bone. The nethod

i ncl udes one or nore of the follow ng: 15 detecting, in a tissue of the

subj ect, the presence or absence of a nutation which affects the expression
of the LRP'a:EerQE oPBRrs@ns‘E%@ﬁJenéH fr&ﬁhﬁﬁ?dll@%c&dﬁn@ﬁﬁ&ﬂfh‘lﬁer@éf @Bse e Aagiing
mutation in a region which controls the expression of the gene, e.

nutation i ,qequn@cegnatu@dib[tapwplateégvlgwhe HBPelcer LRP -2 igpnes (it %ﬁ%ng)ﬂletpﬁ@eg\ﬁ‘meéct ,

t he presen t Se r t he
LRe- | or L leiZRIFBERe D MR iy BOhGl R Bh e o (th HASBRJRRIOH) &

m sexpr ESSIpmbe,(pfmteh&) th&Rudleio mcidRiRe Aregarce por aiisendehﬁth‘d:g’dﬂeﬂlcel\zﬂbu e.g.,

detecting a non:wi veI f a. . detecti.n in a tissu of t he
cubs ect |t he i ukprred PohoGens deigRing hopiseRae i I dyEanE fe

detecting axidRAce¥flaflichitRBe b8V alRfatBR int-fRE1vePsf d-HEsséndRPRIPERAsEEpt o?ﬁlel n
preferred enbodi nents the nmethod includes: ascertaining the existence of at
| east  oneLBP:1 er IdRA-Stgena thef preseacesf anwnevikdiype splicingspattemmitanecssRRer RNA | RP- 2
gene; an |nsert| Qne or nor u n he gene, a point

mut ati on, &2FCIPLO r}éﬁ%%%e WA ER %IEJH%?CVSP #ngﬁlnu%‘%é?tl des of the gene, a
gross chr onpson®etHod@bf s @eralién &in teligedyioratalB. @ to d@etntianflacabjettan,

i nversion, or deletion. 30 For_ exanple, detecting the genetic |esion can

i ncl udeé: ( |0ffsli§?rtg\)¥'8|t}?@t Hskfosdissrderrer i ncl udi ng an ol i gonucl eot i de
containing a regi 2PfeRtd BHBSEREhE the RAHGREIYEY &Fbrmrﬁﬁg me%ﬁﬁctae of BRTRP3L - 19
13 NOVEMBER 2006 ‘a sense or antisense sequence fromnaturally occurring

mut ant s t her BBP-20gend,’ an@bn@'mal Stawkurﬂgemg erqlmahv,@sf nisktfar the disorkesoci ated with

the LRP-1 or 03| i mer.to.nuc ido
the ticsue anapBEes Rbodifrert B aRDd PEwBEcgRnaE b APBREREES on ot
the pr Obelmﬂﬂamhuwyttbqlm@lo@ Laptziprotehﬁorwmm:@l@Mm@ﬁmﬁelzei t he
genetic lesion. 5 In preferred enbodiments detecting the m sexpression

i ncl udes aseasificallnwith thagene o fhese apé ether erapodiraess arg discussed belowl t eration in
the level of a messenger RNA transcript of the LRP-1 or LRP-2 gene; the

presence of a non-wild type splicing pattern of a nessenger RNA
Diagnostic and Prognostic Assays

Diagnostic and prognostic assays of the invention include method for assessing the
expression level of LRP-1 or LRP-2 molecules and for identifying variations and mutations

in the sequence of LRP-1 or LRP-2 molecules.

20 Expression Monitoring and Profiling

The presence, level, or absence of LRP-1 or LRP-2 protein or nucleic acid in a
biological sample can be evaluated by obtaining a biological sample from a test subject and
contacting the biological sample with a compound or an agent capable of detecting LRP-1 or
LRP-2 protein or nucleic acid (e.g., mnRNA, genomic DNA) that encodes LRP-1 or LRP-2

25 protein such that the presence of LRP-1 or LRP-2 protein or nucleic acid is detected in the
biological sample. The term "biological sample" includes tissues, cells and biological fluids
isolated from a subject, as well as tissues, cells and fluids present within a subject. A
preferred biological sample is serum. The level of expression of the LRP-1 or LRP-2 gene
can be measured in a number of ways, including, but not limited to: measuring the mRNA

30 encoded by the LRP-1 or LRP-2 genes; measuring the amount of protein encoded by the
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transcript of the gene; or a non-wild type level of LRP-1 or LRP-2. Methods
of the invention can be used prenatally or to determn n NQVEMBER280% ' s 10
offspring will be at risk for a disorder. In preferred enbodi nents the

met hod i ncl udes determi ning the structure of an LRP-1 or LRP-2 gene, an
abnormal structure being indicative of risk for the disorder. In preferred
enbodi nents the nethod includes contacting a sanple fromthe subject wth
an antibody to the LRP-1 or LRP-2 protein or a nucleic acid, which

hybri di zes; kp. SRAKE S GaldsYorthdautdpnd 8ty BhARPraidid catdia bRk Parok s are -
di scussed below. Diagnostic and Prognostic Assays D agnostic and prognostic
assays of tLRE&-Zgewemtion include nethod for assessing the expression |evel

of LRP-1 or LRP:2 nolecul Ny i f w1 i_AL tions in
t he sequence of TltedﬁYei Og ﬁl%@#ﬁ%&e‘j&}fﬁj@g ﬁé g%pg%ﬁ\rtgsps?gén&% A ?:tg lt(i)l r %@an d
Profiling dkemfir@Bisil By id gneind belin abedoeetof LRP-1 or LRP-2 protein or
nucleic acid in_a . biological sanple.c be eval uat by obtainjn

bi ol ogi cal sanplk¥ isplated tca%g?)]‘% fn gﬂﬂ‘d”@Bﬁ‘i %“l"i‘ﬁ&icﬁﬁ%“ ﬁsﬁisébﬁtgﬁu%am e
wth a CO”B%ﬁ@n&ﬁirﬁféd%&%ﬂféﬁp_@tm@n&h 68136 pOYmbFe dhail reaét%ﬁ'a%alglie@taﬂdn or
nucl ei ¢ aci e.g., , genom ¢ DNA) that encodes LRP-1 or LRP-2 25

protei n suptobt haayst (neprefemerttdiagifostiRmethod for (tiRFdepecipn PEMRNGY lavelsinvjobveaci d i s

detected in the. bhialqgical e. The term hiolog cal les. ] des
i souce. cemieardh O ARITA Tt s Phisoy AP s R R igidedE 2
tissues, cailreA a3Rshdbd by B geheband dobdtdd). Thémsdldd 8€ill probe chri BE, g6 xdmpieph 0gi cal
sanple is serum The |level of expression of the LRP-1 or LRP-2 _gene can be

nmeasuted i flblepghid&P-bpr WRYS nucleiq agil, sech as the nisteiq acid olRERQR B N4 ng t he
MRNA 30 en - = , Sk 1490 of protein
encoded byf’?ﬂfgg t%#@c%%%ol%n%%ﬁ&%g&%é@15'66}6(5'22%@? g(fabtnes; or
measuri ng hhdeailes ini leygtihaind hefigientte speceivalbdimdridize tunderlsRigeéntarondities ® genes.
The | evel nR r ndi ng t.o P-1 or LRP.2 gene in cell can be
det er i ned LBEHOT A RS oty PV THEpbe fant dispofion apiestotamia can
be used 'naﬂéblé!gd,'aﬁ%}rh?ﬂes@fib@wm@' Oftet QitaBIs pRObes Fdraise it URAGnostiBWisagy € not
limted to, Southern or Northern anal yses, polynerase chain reaction

anal yses ani depariieé hereinays. One preferred diagnostic nethod for the
detection of ”Rﬁﬁ)nlqur%ai ﬁlﬁﬂlﬁl (Y)Ft?DNA) is immobilized on a surface and contacted with the

probes, for example by running the isolated mRNA on an agarose gel and transferring the
mRNA from the gel to a membrane, such as nitrocellulose. In an alternative format, the
probes are immobilized on a surface and the mRNA (or cDNA) is contacted with the probes,

20 for example, in a two-dimensional gene chip array described below. A skilled artisan can
adapt known mRNA detection methods for use in detecting the level of mRNA encoded by
the LRP-1 or LRP-2 genes.

The level of mMRNA in a sample that is encoded by one of LRP-1 or LRP-2 can be
evaluated with nucleic acid amplification, e.g., by rtPCR (Mullis (1987) U.S. Patent No.

25 4,683,202), ligase chain reaction (Barany (1991) Proc. Natl. Acad. Sci. USA 88:189-193),
self sustained sequence replication (Guatelli et al., (1990) Proc. Nati. Acad. Sci. USA
87:1874-1878), transcriptional amplification system (Kwoh et al., (1989), Proc. Natl. Acad.
Sci. USA 86:1173-1177), Q-Beta Replicase (Lizardi et al., (1988) Bio/Technology 6:1197),
rolling circle replication (Lizardi et al., U.S. Patent No. 5,854,033) or any other nucleic acid

30 amplification method, followed by the detection of the amplified molecules using techniques
known in the art. As used herein, amplification primers are defined as being a pair of nucleic

acid molecules that can anneal to 5° or 3’ regions of a gene (plus and minus strands,
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contacting the isolated mRNA with a nucleic acid nol ecul e ggrobe) t hat can
hybridize to the nRNA encoded by the gene being det ecl¥YOVEMBERZ9%i ¢ aci d
probe can be, for exanple, a 10 full-length LRP-1 or LRP-2 nucleic acid,
such as the nucleic acid of SEQID NO 1, or a portion thereof, such as an
ol i gonucl eotide of at least 7, 15, 30, 50, 100, 250 or 500 nucleotides in
| ength and sufficient to specifically hybridize under stringent conditions
to LRP-1 or LRP-2 nRNA or genom c DNA. The probe can be di sposed on an

address of aBectiREIy Y vike-Shrsa) @Rd 8driAY a IRGEFLOAGN Betewh. 1alddRErals HinpRfidaBoRr Obes
for use in the diagnostic assays 15 are déscribed herein. In one fornat,

NRNA (or cphimprsiaze fromabputi 19da 38 mueleefides dclength and Bankarctesigniiomhalaye S0 o Z¥es,
for exanple runnin he | . r r ferring
the “mrooa APOERCHEMaRec o Bt 3pBloBHa Shr s 3Re REABRRpHRS ralie 0T

al t er nat i verifnersipeimit theeampifichtion affasnuicleiondeid malechle noraprising the @uelpatidehe MRNA
(or cDNA) is contacted with the probes, 20 for exanple, in a two-di nensional
gene chip &squspcedlaaked Betle BEMSH: A skilled artisan can adapt known nRNA

det ecti on net hoflg 9, Hﬁﬁlohﬁ a4R118F tib08 sdrhfle bAVIR! préfaréipidc@8&Pgfad by the
The | of NMRNA

LRP-1 or LRP-2 genes. evel in a sanple that is encoded by one
of LRP-1 oimiBbiizedcema huppodytabicaliyeaighaiststide and den cantactediwithiafprekstthegsan e g. |

by rt PCR (Mu li.s (1987 .S, Pat ent , 683, 2 | j,gase chain
reaction ( ll\ég‘?ré‘hff t%’ f@ﬁ‘ tg?tc%(_’o‘%%ﬁﬁe.l‘%éar. E@%{&.geﬂég\elg%%%eg%) , self
sust ai ned sequeft/ofiRPEmB&diment, {Heuadtiedds ifurfier adntacting Q20ntrdlrsampleNatl a Acad

Sci. USA 87:.1874-1878), transcriptional anplification systen1$§§oh et al.,
(1989)10 Pr 6empognd)or ageris gapablsqf detgesingdgR -1 P8 LRP2mRNA. & ggnomi DNA@Bd ( Li zar di
et al., (1 ' ; . ' ik r &khd Gl i zar di
ot al | U, COmbaflatnd GEUARL PR DT A pknRhA PR ARG P ik

anpl i fi cat iwith thepiesshce HOLRPVien LRP-2 BNk beganpmic DNAt ingheatept sapted Instfilecul es
usi ng techni gues .known in.the art._ As used herein, lL.ifi [ O rinmers
are defi n_e&n‘igertfé?br?a“’éenfyéwal&f‘alﬁﬂ&P_Egeé‘e eé‘?f?ﬁ‘%?se%i?ré t‘ﬁgg?gkngﬁﬁeal to 5'
or 3' regi 85987 3s d&A80 dBesLFMY oPLRES tednk@H}ilfovel§9 77831 -21 13 NOVEMBER
2006 respectively, or vice-versa) and contain a short region in between. In

generdb, anpl i f Acarieef methads ean be esed todaterming the teveloofanotaineneested dud RPnl

length and f} gk gyt Ex%rﬁntc}‘,‘%eorﬂ}]tﬁgéétlhclﬁ e éo@ta%ﬁxg%ax{%%hﬁﬂy sgﬁe§tiéze’1‘¥ b9k e Under

appropriate conditi édns ahd W appropriate reagents, sSuch priners permt

the anpl i f ipeatinosuciofs #n antibbey withaissinpie) t eudleate diefleved ofigrotdire inthe bangle.dn 5

sequence f la%rr]el%gr(rjecf) é/ml;o%?mgnrt,l tﬂg Elr?tibody bears a detectable label. Antibodies can be polyclonal,
or more preferably, monoclonal. An intact antibody, or a fragment thereof (e.g., Fab or

20 F(ab'),) can be used. The term "labeled", with regard to the probe or antibody, is intended to

encompass direct labeling of the probe or antibody by coupling (i.e., physically linking) a
detectable substance to the probe or antibody, as well as indirect labeling of the probe or
antibody by reactivity with a detectable substance. Examples of detectable substances are
provided herein.

25 The detection methods can be used to detect LRP-1 or LRP-2 protein in a biological
sample in vitro as well as in vivo. In vitro techniques for detection of LRP-1 or LRP-2
protein include enzyme linked immunosorbent assays (ELISAs), immunoprecipitations,
immunofluorescence, enzyme immunoassay (EIA), radioimmunoassay (RIA), and Western
blot analysis. In vivo techniques for detection of LRP-1 or LRP-2 protein include

30 introducing into a subject a labeled anti-LRP-1 or LRP-2 antibody. For example, the
antibody can be labeled with a radioactive marker whose presence and location in a subject
can be detected by standard imaging techniques. In another embodiment, the sample is
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For in situ nethods, a cell or tissue sanple can be prepared/ sed and

i mobi lized on a support, typically a glass slide, and13t1‘f%¥1‘;d%§'?£§@?ed wth a
probe that can hybridize to nRNA that encodes the LRP-1 or LRP-2 gene being
anal yzed. In another enbodi nent, the methods further contacting a control
sanple with a 10 compound or agent capable of detecting LRP-1 or LRP-2
MRNA, or genom ¢ DNA, and conparing the presence of LRP-1 or LRP-2 nRNA or
genom c DNA in the control sanmple wth the presence of LRP-1 or LRP-2 nRNA
or genoni clabAd, il tHiirlyesdd ditidnecontanted ta thee antibmolyheg., el RBritor [8-2 al

anal ysis of gene expression, as descrjbed i. . S, Pat.ent . 7, is
used to de@‘ﬁk%?dif_l’@s-‘tio“@ oﬁwﬁﬁtﬂﬂd&ﬁga {aﬁgeﬁcgggge?owsaf,&le\fﬁ?]fl\%tcﬂn (%F gang?t%dgds can
be used to gemﬁ%ﬂ‘ﬁlé&ﬁlédQUﬁ'ﬂques&hDIaSéln encoded by LRP-1 or LRP-2. In

general , tﬁ' de methods i nclude contacting an agent that sel ectively, binds to

the protein, sin@nother embasimenigly mgthods furbeniprlade eentasiiag thercontrplsamplee|  of
protein in the sanple. In _a_ pnef . i p_ ti e @

det ectabl eWI'tEBé:Pr.ngg?ﬂq PogFLs? aetl)ﬁe %;d’e%gﬁn? onelllrg?ﬁhgri Erg) Feglpﬁbgg Sel%gﬁﬁg,tﬁe

nonocl onal prefénck bf BREP- 18R LiRPOZIprotedi irtthé cagrot sdmplb edthabie gresepce oflalP-dror 20
F(ab')2) can be used. The term "l abeled", with regard to the probe or

anti body, FBPimretsicia thotestsamplénass direct |abeling of the probe or antibody

by coupling (i.fpej P&Mﬁ)h%?s !iﬁ{cllllde'g:kggﬂ*d@tect HREprafnGe SEIORP AN ¢ RPO I probe

or antibody, as we as indirect eling of" the probe or antibody by
react i vi t ybisldgicahsaigile ckalskampleptbe &itcen inEluderp cespainddengant atnablefbst ances

are rovi ded her.ej 2 e detecti net hods .can be us t LRP- 1
or LA 5 el LR L of BT gt R g MRS ot 1A% thafi, 156 1T
vitro techghfipimdiophgehetLld padkaped kPsuitable cbiBingr. THeKitdah furlitdr ok@pesRzy e

| i nked i mmunosor bent a.ss%es (ELI SAs i_mmunopr eci pitations, . .

i runof | uoinstueings forawing ke kikdodetsssGRE-1(ELRP-2 Pratri PrAHsiRacid )T FHagaRist and
Western bl ' ViMRB- L.ques for detection of LRP-I or LRP-2
protein i ngf%n&@&@k}’?mi?% beh é?lrg i n?g)p(gélgijbj ect a labeled anti-LRP-1 or LRP-2
ant i body. For eRamptibodyttased kars theditycan arcivde: (Bhdirstthnvibody @.gr,adhdedto ve

k wh .presence .and. l.ocation in,a subjegt can he detected t andar d
o he 1t oot HRBED hAn RS RSB oRding 46 A e heg ShgerBRaY 63 e §
NOVEMBER 29&@nd,'d@ﬂf&érﬁ%tif@$-whi&i Bind ol e@th@tqh@g%iéééibﬁﬂe 6OMRE Fedt %ﬁ‘tiﬁd?lytah&is

anti body, e.g., an anti- -1 or LRP-2 anti y positioned on an anti body
array (as €eyegatdsdd awsletesiaple agerd. sanpl e can be detected, e.g., with avidin

coupled to a fl P'&ro?iﬁgrﬁﬁﬁeoltiﬁp-%sed kits, the kit can include: (1) an oligonucleotide, e.g., a

detectably labeled oligonucleotide, which hybridizes to a nucleic acid sequence encoding a

20 polypeptide corresponding to a marker or (2) a pair of primers useful for amplifying a nucleic
acid molecule corresponding to a marker. The kit can also include a buffering agent, a
preservative, or a protein stabilizing agent. The kit can also include components necessary
for detecting the detectable agent (e.g., an enzyme or a substrate). The kit can also contain a
control sample or a series of control samples which can be assayed and compared to the test

25 sample contained. Each component of the kit can be enclosed within an individual container
and all of the various containers can be within a single package, along with instructions for
interpreting the results of the assays performed using the kit.

The diagnostic methods described herein can identify subjects having, or at risk of

developing, a disease or disorder associated with misexpressed or aberrant or unwanted LRP-

30 1 or LRP-2 expression or activity. As used herein, the term "unwanted" includes an
unwanted phenomenon involved in a biologiéal response such as bone disorders such as

osteoporosis, Paget’s disease, and osteogenesis imperfecta.
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I n anot her enbodi nent, the nethods further include con i nt r ol
sanple 5 with a conpound or agent capabl e of detecti ngif%y@ﬁﬁl&%&@o

protein, and conparing the presence of LRP-1 or LRP-2 protein in the
control sanple with the presence of LRP-1 or LRP-2 protein in the test
sanple. The invention also includes kits for detecting the presence of LRP-1
or LRP-2 in a biological sanple. For exanple, the kit can include a
conpound or agent capable of 10 detecting LRP-1 or LRP-2 protein or mRNA in
a bi ol ogi cal samdmR;entddingens taadighasecor didoeder aopiated ovithrabeigan or amwarhed [pRRHaged

in a suitable container. The kit .can rther co r.i e . ipstructjons for
using the IoFf LRPS exgressipn BWUP%I‘S ‘E?ﬂﬂﬁff pAJELSHMple @8’1‘18?@33'8&&“&“ Adagoni st

or ant agoni pI)r ]%Ibf 2'-3:55&111 R hudlER- agldqé ?t RIRNA EP endffic DRGY) 1?@@%@@6‘, ts, the

kit can inc Irst antibody (e.g., acedtoa 15 solid
support) \Mwheteubihn dvet, 6.23 thaoprggempe Dmsmc,ﬂééﬁd‘nbpm@{?@ raotgEr R ancleigragid is
optional Iy, ich 1.0 e

pol ypept i adi B%Pgstt'ﬁéorfq ﬁugiecg?ﬁvll%odf?é%oafn&gvagg ig\éwalsf 358% ggr‘%P?S%‘{ QE(F Wﬁtg ent .
For ol i gonupéret bthamvizatdd Re-1 9r LRRE dsiptessiamot attivitpleAs (ded Hereimla "g@ﬂ.umi;ﬁﬂt i de,
e.g., a detectably |abeled oligonucleotide, which hybridize Ie|c

aci d sequeﬁ@:ferSé%eemlwgcaésalmde ebqawséﬁrprrbpesu(@w%f%@f?ai Hisludanga a‘ﬁf‘%é’ﬁ ‘l“ (2) a

pai r of prl r b <4981 amkikying a nucl ei ¢ acid nol ecul e correspondi ng
to a mar ker "I%nlﬂ‘aftc C(SJII’IIIQFE’;I 'S0 %r‘f‘grude a buffering agent, a preservative, or

a protein st ab| ffhe; prognaesyie assaysTdscribed hesain cinde usertloutttermoepuiredrer 8 suhjestssar y

for detecti n abl e ent (e.q., an en substr.at e The kit
can al'%o c&ﬁ 'msi%‘ﬁ{ar“oq € g(ﬁﬁt gnégo St’s qg8215%¥rﬁ€ﬁwlglstl%8%?lg’spe\)§fﬂﬁich can
be assayed naadlcca@mFaﬁﬁﬁmbrecﬁle Eorloffdr dAfy RAATRME) 16 Rhtad diShse Hodikbra@MBRARMA Of
the kit can be enclosed within an individual container and all of the

various corvtith aberranteannwented ERPrl a1 LR pxprosior g activalokgr ehample, saehr uct i ons

for i nter pretdng. he, a8 hisnthe bGNAIAHRCRSH bOLRES W) AichARuki see®
43 5e! BT e o HRefte bOEE B A

di agnostic ne escri rern can identi e avi ng at risk
of devel ofomgbhona d@ho&Basm:hcus osliesEuTokis, Pa@@dlsaasedomstdogmeslenpp&mmd or
aberrant or unwante

L RP- expr essi on cti,vit
herei > the terfaQ ﬁﬁp@&ﬁ; eHEYeHH%%RFeéW“?frﬂ/%’mpéffr Hﬁgﬁ‘ﬁ’?@fﬁ' ﬁl\%ﬂ ‘\We‘g‘sl n a

bi ol ogi cal d:i]gi‘ ?@%déd@zha?e%omnﬁaai &4 (48618 iR 8Value$d éaa%gmélevaa&et S
di sease, eogenesi s |gger ecta. 7977831 -23 13 EMBER 2006 I n one

enbodi ment expreshianeefd Ryt o LBBriara Sa@!?l@ciimitaedrsvmmw ofttkg sample. oFhe deseripterdf L RP- 1

the sample can be an identifier of the sample, a subject from which the sample was derived
(e.g., a patient), a diagnosis, or a treatment (e.g., a preferred treatment). In a preferred

20 embodiment, the data record further includes values representing the level of expression of
genes other than LRP-1 or LRP-2 (e.g., other genes associated with an LRP-1 or LRP-2-
disorder, or other genes on an array). The data record can be structured as a table, e.g., a
table that is part of a database such as a relational database (e.g., a SQL database of the
Oracle or Sybase database environments).

25 Also featured is a method of evaluating a sample. The method includes providing a
sample, e.g., from the subject, and determining a gene expression profile of the sample,
wherein the profile includes a value representing the level of LRP-1 or LRP-2 expression.
The method can further include comparing the value or the profile (i.e., multiple values) to a
reference value or reference profile. The gene expression profile of the sample can be

30 obtained by any of the methods described herein (e.g., by providing a nucleic acid from the
sample and contacting the nucleic acid to an array). The method can be used to diagnose a

bone disorders such as osteoporosis, Paget’s disease, and osteogenesis imperfecta in a subject
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or LRP-2 expression or activity is identified. A test 3[83‘; ' ai ned
froma subject and LRP-1 or LRP-2 protein or nuclei c§ d ]?véh%RQMr‘YRNA or

genom ¢ DNA) is evaluated, wherein the level, e.g., the presence or
absence, of LRP-1 or LRP-2 protein or nucleic acid is 5 diagnostic for a
subj ect having or at risk of devel oping a di sease or disorder associ ated
with aberrant or unwanted LRP-1 or LRP-2 expression or activity. As used
herein, a "test sanple"” refers to a biological sanple obtained froma
subj ect of whertiaresicredserdearetise in BRPilalr dfiPe¢xpi¢ssiod is greindicatianethatrthe subgscl

sanple, or tissug. Th rognostic .assays described hergin,c e ed to

det er mi ne WI&L K Sp&%ﬁﬂﬁ‘@% ga%@“%glﬁor SR '%iogéeg‘?oégsl%lrﬁégesn 15%8 %.’ 61% an

agoni st, agRQgeitsitimpaedtd. diE h@hédCcanbe @bl 3. mqdetdk & teatmentdl Bore digirdtrs smal |
mol ecul e, or other drug candidate) to treat a disease or di sorder associ ated
with aber r axh appstenpaenstseBageRpdisease, anfpstogenesieisrpesigcta in a sybigsts for exgmple,
exanple, s . I, vhet : | can be

ef f ecti velt;/%g{g?neeane?‘ é%@%&% ﬁl%gi%@%aéb%?g tebglrn g(g% grrlghéﬂgllesordgrgﬁbslﬁcéﬁl{gésrgﬁg% eopor osi s,
Paget ' s di seaaent. Ghe paifdogmriesomparpés i ederence poofila ontoct prefilearbpandd, franme

i nvention features .a caonputer nedi um hayi lurality di gi,t

encoded dathg SHRIeSEPHET topEeaiM RS PLPHIQL Io pRSet ﬁ@ﬁ%glé&dsr @%ﬁ’ G&r 'fbe‘ét(ﬁllt(?ééfx t he
level of  expie986:69)0f LRP-1 or LRP-2 in a sanple, and a descriptor of the
sanpl e. The descriptor of the sanple can be an identifier of the sanple, a
subj ect from wHnaht anathes aspgstethgdiryedion feagres @angghod of qyalupting 3 testcogipayitbsi s,
or a treat Rcdnn: 'y r-aat . . r,r odi nent
t he di’ft a rggé(;%l(sf;’f g%{:%nen?g ‘B%S% Sﬁdé@%%lﬁges@g%&rlgglgﬁ?sfpﬁg%gﬁg alcgggﬁ(?%?éggxpr essi on
of genes @nhyund;vadnAtabiitiy the @st tdmipoing & the celhobainigenahjas sxaesioagprofileh an
LRP-1 or LRP-2- disorder, gr ot her genes on an _arrgilf,). The data record can
be struct ufdsiegoniacted gely and comparing thegbject giprespign geile frong qymaspedeendich as
a rel ati onglyngat @H@?I%ﬁﬁe%-igcludeaa viide [peaRRRL R NevelSr LIP- A € RPL2 S)haSfRn.

dat abase environments). 25 Also featured IS a nethod of evaluating a sanple.
The net hodin ayrtigtted epbadimgity thesubjsetreppressien profilefis ormpared toddtpreget progh:de-g-,

determ ni ng_a.gene expression. profile of.the sa wherein,the profile
"nct ules a® pRASOFa BPRaERE] Ao Gied S T aRRP Te (et fi5hRby kdSpBRe e
net hod canfabvorablyaf the Batjecd @xprosuar profletifi@oreaitBarab theergpt mbfile@hdn are. ,
multiple values) to a reference value or reference profile. The gene

expr essi oneXpression graftie pbfaingd frgmaanuggolectesteelpt ai ned by any of the met hods
descri bed herei Lo | el i : e and
contacting the Iﬂ&éﬁg?‘.casgg%{’c}%t %wgﬁidg??%%ég%fﬁééﬁ(ﬁ?ﬂhegaﬁlgg@ %éem’ esC gg@o di agnose
a bone di methdéshslas ) ebtamsigezomopisiren aBalgett, sg.diremasmregived, eqsiaogenesi s

| per ;Oect acalrggi\(’/ier %vlflgjo%gagns tlZe9 Zaznsp?f

& from the subject; b) determining a subject expression
profile for the sample. Optionally, the method further includes either or both of steps: ¢)
comparing the subject expression profile to one or more reference expression profiles; and d)
selecting the reference profile most similar to the subject reference profile. The subject
expression profile and the reference profiles include a value representing the level of LRP-1

25 or LRP-2 expression. A variety of routine statistical measures can be used to compare two
reference profiles. One possible metric is the length of the distance vector that is the
difference between the two profiles. Each of the subject and reference profile is represented
as a multi-dimensional vector, wherein each dimension is a value in the profile.

The method can further include transmitting a result to a caregiver. The result can be

30 the subject expression profile, a result of a comparison of the subject expression profile with

another profile, a most similar reference profile, or a descriptor of any of the aforementioned.
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13 NOVEMBER 2006 wherein an increase/decrease in LRP- 3 ressi on
is an indication that the subject has or is disposed i%ﬁhg\i}:lﬁ%&gﬁ one

di sorders such as osteoporosis, Paget's disease, and osteogenesis

i nperfecta. The nethod can be used to nonitor a treatnent for bone disorders
such as osteoporosis, Paget's disease, and osteogenesis inperfecta in a

subj ect. For exanple, 5 the gene expression profile can be determned for a
sanple froma subject undergoing treatnment. The profile can be conpared to
a ref er enc@hpresiilit ban & trdne@méttedraofoist & cebpraermetvdrk,ong., thheesaliloprebé inghe formtod

treatment or prior to onset of the disorder seﬁ, e.g., Glub et al. (1999)
Sci ence 286:8BPYIT raN§MYSSIONaH8e HEPMBERHAH SIgTHeCN ‘?/d@ﬁ@ CFREWAYEs a net hod of
eval uating a tegjs,GoReyih cobthutd Sfedfint RavingXdc8RMIB o SR AYFectingBRVE) - The
met hod i ncl udes providing a cell and a test conpound; contacting the test
conmpound t doliowdngseps; redsivgiasuhigctexprdssion profijgy ressss dntghast of referdénge t he
contacted cell:.and conpari the subject. expression-profil.e.to one or nore
ref er ehce eWSS"rsﬁné)&ﬁlﬁ@ng%%r |1)es§lelcﬁ%+nat§ém5 r%}%{Ieﬁcee F}rgggenéoesﬁflfnﬁﬁr %Ohtgel evel of
LRP-1 or LRibjetexpresscn @ofile ok i) detprfiheitl€st @ietvogiparsvn, schledostib@tilarity of
expression profile is conpared to a target profile, e.g., 15 a profile for a
nor mal cel fhegubieefexpesssipprofibs@iat [east oe refergrge; profilg e The 84bigch pgessipn;pEofile,

eval uated .faxanablefcd dxptdiBion PRIMG cab RERES b QRuP Fpbdsk Rirlgth&RVE! SHIRP-Rbr 1 O
ile t% Il a f

the target pro an an expression profile obtalinedfroman uncontacted
cell. In ahBPHrexpasspieot, the invention features, a nethod of evaluating a
subject. The nethod includes: a) obtaining a sanple froma subject, e.g.,
froma caregiver, e.g., a 20 caregiver who obtains the sanple fromthe

subj eat; bDethetien of iamugioas guMuwtonsexpr essi on profile for the sanple.

Optionally, the_pethod . further include ither qr. both of steps:.c

corpar. ng_ t he <B BERods S he Biverica<at e o bre dpchespe P BRLE hRRessi on
profiles; angLeP-2 sdloibleb@détbeninRb & LABRAWRM tHe@1tBRa gefd Wial Ask foPa 't he

subj ect reference profile. The subject expression profile and the reference
profil es i dispidgecharagtarized by prissegiationdn ERB-1 asJ RP-dprofeipaqtiviy opnugleip.apid
expression, i | ti Stl . I n {0 conpare
two refer gﬁég%go;nbﬁcﬁgg.g béﬁi&lﬁ%ggis( ]%é O?rt%{)}%?ézmgl’rggﬁg%?sg%%t ‘Izl[bO%Fe%gﬁfeLS%i st ance
vect ons t haimpsfectap Indiréferredanbodimenweahe mhthodsnacldodétb@ing, inacdample fidie tieubj ect
and reference profile is represented as a nulti-dinensjonal vector, wherein
each di rrené'i‘tﬁ?f'%it © Brevapcner ¢ eﬁ%é{?argseqﬂp@!terﬁ@ oIz Y FiFacheRe 8| ude
transm tti QerfdrCaitcling e EH GBI ¥ Bine chbRIi Sl 1R P-3 3P LR®-2-3itdifl Cor I R L
expression profile, a result of a conparison of the subject expression
profile w expressivatdféhe IR jor &RPa2 ganet Fei exiamate, sushegerstisarltoratibind ean ber  a

descri ptor dgt];ctg&] gy gsfcerttagr?ingh%r&is et 3f ae[qéast one of 1) a deletion of one or more
20 nucleotides from an LRP-1 or LRP-2 gene; 2) an addition of one or more nucleotides to an

LRP-1 or LRP-2 gene; 3) a substitution of one or more nucleotides of an LRP-1 or LRP-2

gene, 4) a chromosomal rearrangement of an LRP-1 or LRP-2 gene; 5) an alteration in the
level of a messenger RNA transcript of an LRP-1 or LRP-2 gene, 6) aberrant modification of
an LRP-1 or LRP-2 gene, such as of the methylation pattern of the genomic DNA, 7) the
25 presence of a non-wild type splicing pattern of a messenger RNA transcript of an LRP-1 or
LRP-2 gene, 8) a non-wild type level of an LRP-1 or LRP-2-protein, 9) allelic loss of an
LRP-1 or LRP-2 gene, and 10) inappropriate post-translational modification of an LRP-1 or
LRP-2-protein.
An alteration can be detected without a probe/primer in a polymerase chain reaction,
30 such as anchor PCR or RACE PCR, or, alternatively, in a ligation chain reaction (LCR), the
latter of which can be particularly useful for detecting point mutations in the LRP-1 or LRP-
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797783 1 -25 13 NOVEMBER 2006 The result can be transmtted across a
conputer network, e.g., the result can be in the form bYNOXEMERBIIWY
transm ssion, e.g., a conputer data signal enbedded in a carrier wave. Al so
featured is a conmputer medi um having executabl e code for effecting the

foll ow ng steps: receive a subject expression profile; access a database of
reference 5 expression profiles; and either i) select a matching reference
profile nost simlar to the subject expression profile or ii) determ ne at

| east one 6oERArTIHOMeMOATE MBludé R stpFbf @llebihgd sanpleofsiell f6in avupjeessi on
profile to at | east one reference profile., The subject expressi og%&{q?f,l | e,

and the refselatingeudsipped &-oneqmenNs, mRNA g hothhEpmdee samplg. entreiied %Y the
| evel of L%%I?%%arﬁ]lee withon# opélgfegggﬁﬁ%?ggﬂcg s%ﬁ%ﬁlyg% dize @3RN PRPMUT ati ons

The net hod I'nventi on e use etect genetic alterations
in an LRP- géneamdérRiBnditigansuch thae hetiridideiveand ampifficafiormofsthbLBEt1 ovi [LRP-1gene
altered gene is at risk for a, disorder chak([iacterized Bﬁ?m sre%l ation in

LRP-1 dr LAPPrsepbgcess adidetretine Be Prgwice PEabsERSs of an AmpLuealion PERIUGL 85 4 hone

di sorder ( getfeting e SAPK RS hiplifiAH6H | l%dﬁ’étsaﬁdi%%a@fng(@l?é IBRER BE S kéntrbd sample.
i nperfecta). Inpreferred e OdlﬁEﬂ?S, t he nethods include detecting, in a

sanpl e frofhis argicipatadjtha PCR ordl QR earebredesisablatosispeea preligingsy amplifiegtioa sigpi on

characterized b f I . af ' rity of a
gene. encodtg iRy e GenfBrestb P bR ri Rl TelcBed REEH L Y, r T
or LRP-2 gamerafriadly, @deipmelificdtioh ngetet desceibédticasin onknavaminkike amd edrelet wsdd.by
ascertaining the existence of at |east, one_of 1) el etjon of ope gr nore

. a
20 nué? eot i des Frapgihghempgslimeny, mptgpons igap LRPo) Ora[rﬁ%gchP‘f AMSFSAHRE SH Adr e

nucl eoti de : N i ' [ re
nucl eot i dege E)c%mgﬂri\]edL -eteljcugg 31%10%5 gg%ﬁtgcg%ln é}laz§ @Er%rg?r%&s% Qﬁerﬁia@r}g)ﬁ%}gﬁgﬁt of

an LRP- | eamplREmdcapnabDN) isasolated, ematifiesh(optiorahly), digested with oae oegeEnger RNA

transcript _of.an LRP-1 or LRP- ene, 6) aberra nodification of an LRP-1
o L. o g seicRG Effopdeigfser Aad fafRO el S ol Merdiea LECRLE O v 7 ke
25 pr esenceleétfophofteidandl témparpe Bifferedicédin faginetlendth sizeResedgeamYAnd

transcript of an LRP-1 or LRP-2 gene, 8) a non-wld type level of an LRP-1
or LRI 2- pfjitesl PNAyindigates mutatiogs i e sapple DRIA. 1Mgreopegpthis use Absequsitge 10)

LB oP L SR RIS Ry 0 RS0 G g o ot
reacti on, p@®8enseohspasifiemohationPGRdeveldph@int 80Bss afra, ritmizyrae platvagebiye. i n a
ligation chain %t Ce;[rier%rl])oc(lilfncéﬁzs’, gé[nb:tGi\c mutations in LRP-1 or LRP-2 can be identified by
hybridizing a sample and control nucleic acids, e.g., DNA or RNA, two-dimensional arrays,
20 e.g., chip based arrays. Such arrays include a plurality of addresses, each of which is
positionally distinguishable from the other. A different probe is located at each address of
the plurality. A probe can be complementary to a region of an LRP-1 or LRP-2 nucleic acid
or a putative variant (e.g., allelic variant) thereof. A probe can have one or more mismatches
to a region of an LRP-1 or LRP-2 nucleic acid (e.g., a destabilizing mismatch). The arrays
25 can have a high density of addresses, e.g., can contain hundreds or thousands of
oligonucleotides probes (Cronin, M.T. et al. (1996) Human Mutation 7: 244-255; Kozal, M.J.
et al. (1996) Nature Medicine 2: 753-759). For example, genetic mutations in LRP-1 or
LRP-2 can be identified in two-dimensional arrays containing light-generated DNA probes as
described in Cronin, M.T. et al. supra. Briefly, a first hybridization array of probes can be
30 used to scan through long stretches of DNA in a sample and control to identify base changes

between the sequences by making linear arrays of sequential overlapping probes. This step

allows the identification of point mutations. This step is followed by a second hybridization
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| atter of which can be particularly useful for detecti ﬁhEﬂ?ﬁ] @tions in
the LRP-1 or LRP- 797783 1 -26 13 NOVEMBER 2006 2-gen€. od can

i nclude the steps of collecting a sanple of cells froma subject, isolating
nucleic acid (e.g., genomc, nMRNA or both) fromthe sanple, contacting the
nucleic acid sanple with one or nore priners which specifically hybridize
to an LRP-1 or LRP-2 gene under conditions such that hybridization and
anplification of the LRP-1 or LRP-2-gene 5 (if present) occurs, and

det ecti ng &y thataslews theaharabiszation of spenifempitatidns &y iusing pmelikrcspecializeddet ect i ng
the size of the anplifjcation product and conparing .t | engt.n to control
sanpl e. |Pr0b%aw|°ema t%’ﬁtaﬁlﬁ’éﬂm&? OFL'&P%aEQ% ‘{%e(:%gsi gbpél%%lon i

OUS asa

prel i m nar ng;;Hg 5t £aRdliePProbL §ds, ohé cSrRplmBRhlyQs thei wild-8p¥ geie dnldahd alémi ques
used for dée/(% !l;dng r%‘ut aet?rgns dsescrfbe%lbher el:yn Al te?/%atgl vely, other

anmplificat cmnplmacmwsomsnutarb@dnmer ein or known in the art can be used. 10

col T chn b i dintl fious yBihieR pl, A pEFer Moueiing o BEA KGR & BERR' ©

cl eavage padnttRnisd toﬁﬁfecﬁy(mpér&:e theSloRP!1 @r &RE- zzgemta raod déRi ngatidsbat ed,
anplified (optionally), dlg sted restrict

one or
endonuc| eaSYBDArAE e SCQRSHP ﬁhé ﬁ@"{’ﬂ\q‘ ;Rfé]sora[r%l) aé‘fl the H‘EEeSp‘é“CB"g widtyps
el ectr ophO(c%E{ (21())9631? lf&npﬁﬁﬁﬁate&efqtlﬁ{cﬁ&%&eﬂﬁ'reg EWHQE@%M‘%&%&E& ween

sanpl e and DNA I ndi cates mutations in the sanple Mor eover ,

t he use of disgupstioesayssPE95) Bvtachbigussmi9st48y dacluding seguengigdy ess. Pat ent No.

5,498,531) can be used to score for the presence of specific nutations by
devel SbnenfPEHOPEEs of a ribozyme cleavage site. In other embodinents,

genetic nutati oDfhet Methbls for Géteétﬁﬁ-rﬂut@t@dhs li}ethle(]lﬂ]’f—l bt EHP-Q)genél}H@[udd inthvds a
sanpl e and control nucleic acids, wo- di nensional arrays,

20 e.g., cHiphishgetechen fpm cleyase %ﬁntay%usmﬂ (ifé?ét anﬁmﬁ?@mb@wéﬂ REdRNSses,
each of thPlQNA NR%{eEérﬁdlg dJ gxgﬁ% M'(ﬁb‘?ﬁ's‘éze{,&oﬁot 1%20@&% et ‘éldsfsﬁr ent

probe is |ocated at eac the pl'urality. A probe can'b
conpl enent &rgr. NVat! acmg&icms*mss 4397, Bilecbaer azLRl?92) Matthbés Enzxaiol] 216128&2950t ative

variant (e.g. | l.el i c,variant r eof r obe can. have,one or

i satthes i o B HlgnimedimSihess e Gitniagh Gealag Erdiod aiipOA Sg or HoR”

dest abi | i Zpfgeing tﬁﬁf&t;:sdg)a}ze]ihgnawea;b%s@&l@%ﬂd&mveest@nhwbmw chlfedodDnagldr esses,
e.g., can contain h eds or thousands of oligonucleotides probes (Cronin,

MT. et al migmadharpaitireaaymes) an defined systems fopdeteqipg and mgpping peint putatipnige)
Nat ure Medj Rbﬁee%h . ggﬁ%)obtﬁ?é A5 e &‘%@ﬁé'lforwrﬁﬁlleqnén{u Lﬂ%mje of’

LRP-2 can i mensi arrays contalnin gener at ed
DNA pr obes Eagli dexves AlaeG/A miSinatches andAht. th}emdmle DINA gtygosyBisk ﬁfohyHeIaa dells st
nybri gl zat o A 2GR iBn oo (e (1994) Carcinogenesis 15:1657-1662; U.S. Patent
No. 5,459,039).
In other embodiments, alterations in electrophoretic mobility will be used to identify
mutations in LRP-1 or LRP-2 genes. For examiple, single strand conformation polymorphism
(SSCP) can be used to detect differences in electrophoretic mobility between mutant and
25 wild type nucleic acids (Orita ef al. (1989) Proc Natl. Acad. Sci USA: 86:2766, see also
Cotton (1993) Mutat. Res. 285:125-144; and Hayashi (1992) Genet. Anal. Tech. Appl. 9:73-
79). Single-stranded DNA fragments of sample and control LRP-1 or LRP-2 nucleic acids
will be denatured and allowed to renature. The secondary structure of single-stranded
nucleic acids varies according to sequence, the resulting alteration in electrophoretic mobility
30 enables the detection of even a single base change. The DNA fragments can be labeled or
detected with labeled probes. The sensitivity of the assay can be enhanced by using RNA

(rather than DNA), in which the secondary structure is more sensitive to a change in
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30 used to scan through long stretches of DNA in a sanple and control to
identify base changes between the sequences by naki ngl} NQ¥EMBER28065 of
sequenti al overlapping probes. This step allows the identification of point
nmutations. This step is followed by a second hybridization 7977831 -27 13
NOVEMBER 2006 array that allows the characterization of specific nutations
by using snmaller, specialized probe arrays conplenentary to all variants or
mut ati ons detected. Each nutation array is conposed of parallel probe sets,

one conpl egRALALY 1t & pleRGratichbolinii®it IRGIbRBEMERS] BEINRE heteRMRpRRBAIIAIMot O t he
mut ant gene. 5 In ye? anot her enbodi ment, any of a variety of sequencing

reactions kepetate daublerstranded heteseduplexuselecules ofitheasisyof shapgehneelearephaegticy or
LRP- 2 gene_and. dget ect i ORS copparing the sequence of the sanple
LRP-1 or |_ﬁﬁggl%ﬁﬁﬁgFh@i@??g@’ﬁ’é‘?@%ﬁpﬁﬁd-type (control) sequence.

Aut omat ed sequemgienghapiep emBudiarnt @ héveriehl ofaRtantioe wildey pofragnuamtd ine

di agnosti c assays ((1995) Bjotechniques. 19:448), i ncludjng, sequencing by
mass 19 speelwahlémr#ge%mgﬁalw hgadicnt gt daeatuant 1?.@5%?@&151“&9@%%1@%3@%#4 or
LRP-2 gene | i \GEGE) | &1 RYOHS§ Rk 031 3:.099)C AR ANEGRIEMed ab S USEd
to detect ﬁ#lg?rég#gﬁedg&%ases ijnmlm RN,ZO\R orsgghk/pDNA het)er odupl exes l%I\/yé\lrs et
al . (1985) teanethakol2@6lydi8A2NAQw lItbemastified to ifsuggB)t it dyes oot ¢denpletdly aldnadare, USA
85:4397; Sal eeba

anot her e %&F%ﬂ‘?fbygh‘@“é%%%‘éﬁst@?%&5@‘%@3‘@ l?p(z)%ljhéértg%c? %%2)(?1%%%? Wé}yl |

proteins t paR. Nga Fattict embbERAL B @i fedfere RRtidicnt issePinl el b dogi@eridNA (so
called "DNA msmatch repair" enzynes) .in defined systens for detecting and

nmappi hY poBredictfoddensifsdiffgrenpespn 1hednot)ﬂmy-0£cerm%§n%&n@nlﬁpm (Reserbayy avd ~ of

cells. For pe; t ?PZ()S E. coli cleaves A at G A m smatches
and the th&?ﬁéﬁgmblg’f)%oés%f ase@gg%)fHeLa cells 20 cleaves Tat G T

m smat ches ( HsuExdmpés of(oild® 4echignes fondmentiag poibbmiGEdnsli@bRade, buGareBat ent  No.
5,459, 039) .. L.n, ot her enmbadi nent Lterations in electrophoretjc.mobility
W 1T be uelmEsty e Poecrlihonas Bt ngs Pguie dmpo npafaco el aimire.
singl e str gRensieH\{Saikivet 410N 986) Nty Bt 983); CRRCE)al (2989 Prod Qi a8t iS4
differences in electrophoretic nobility between nmutant and 25 wild type

nucl et acPe§23Wr ¥ further method afidptectipg peintautationsdathe cemiceldigatigs 00766, see
o0 ot SRRl e X0 0 o o BB MR
LRP- | or bRgondcleotides aneadmdisch selectively anneals to the query site, are ligated together if the
nucleotide at the query site of the sample nucleic acid is complementary to the query
oligonucleotide; ligation can be monitored, e.g., by fluorescent dyes coupled to the
20 oligonucleotides.

Alternatively, allele specific amplification technology that depends on selective PCR
amplification can be used in conjunction with the instant invention. Oligonucleotides used as
primers for specific amplification can carry the mutation of interest in the center of the
molecule (so that amplification depends on differential hybridization) (Gibbs et al. (1989)

25 Nucleic Acids Res. 17:2437-2448) or at the extreme 3' end of one primer where, under
appropriate conditions, mismatch can prevent, or reduce polymerase extension (Prossner
(1993) Tibtech 11:238). In addition it is desirable to introduce a novel restriction site in the
region of the mutation to create cleavage-based detection (Gasparini et al. (1992) Mol. Cell
Probes 6:1). 1t is anticipated that in certain embodiments amplification can also be

30 performed using Taq ligase for amplification (Barany (1991) Proc. Natl. Acad. Sci USA

88:189). In such cases, ligation will occur only if there is a perfect match at the 3' end of the
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wi || be denatured and allowed to renature. The secondary structure of
single-stranded nucleic acids varies according to seq VREEM Pﬁﬁzwgsultlng
alteration in electrophoretic nobility 30 enables the detection of even a
singl e base change. The DNA fragnents can be | abeled or detected with

| abel ed probes. The sensitivity of the assay can be enhanced by using RNA
(rather than DNA), in which the secondary structure is nore sensitive to a
change in 7977831 -28 13 NOVEMBER 2006 sequence. In a preferred

enbodi nent g LARNSHRAIARE itFBEIMIE 0 ddidc BRDrévei@0TE KRbWK nak@loyisi 8 speificsitpar at e
doubl e stranded het erodupl ex nol ecul es on_the basis of changes in

el ect r ophobytopking ferishe presencersbsenceaf anphlerfionr ends Genet 7:5). In yet

el Ll rﬁ%oth&rha% LRMAITEntRIn {n%E'E ro(tj' %&uﬁ:bé@ﬁdécsr FYEBAtRcludRs @

pol yacryl am de gel's conPalnlng a gradi ent o} turant 1s assayed using
denat ur i ngplgfatick @frﬁhgog&ileoenklac tachpifovhich is a( [DBER)rtig iy eomsplementhry (¢.2985FasNat ur e

'?(1)3| ﬁgfgae ?Mt@% e 0 580 oﬁ%ﬁ’ %Wﬁﬁg{wéﬂﬁfﬁ?‘?@%nﬁﬂé\@ﬁ%y a dllﬁdef Ing

cl anp of agppg%hgﬁkpkmj40 bp of high-nmelting GC-rich DNA by PCR In a

further enbodinment, a tenperature gradient is used in place of a denaturing
10 gradient to lindiemcﬁemd embgdimenfdbesat includes arfipt pad g,segpn@@lpﬁqnggc eofitld- dAppl e

DNA (Rosenﬁrs A se](;(g)r}d:2 31&% %otfd%%gr? hbﬁd&{aqgf &e%@o?ﬁﬁddlifgr%ﬁ ))catf;oﬁégpzl es of

ot her tech ns 1 nc ut are not Ilimted
to, selectire- loéﬂlgﬁngfgbﬁcﬁeqd@chybﬂhedbmplhmem,of&ellﬂf’t-l veL RPq2l gehé muemua, or

sel ective priner extension (SaiKki t (1986) Nature 324:163 Sai kj et at
(1989)0 Pr oﬁlffmqloc&ew candye diEtent byt oyt elzpses or Bon-QY4rRBPINg P PR SHBR G ct i ng

poi nt nut a??ggﬁst @éeb&mc&gah&&éoddw@ﬁ hﬁﬁld% tOLited QR GHel VR dFereisCr i bed in
Xu et al. Nat ur e ot echnol . Adj acent ol igonucl eotides,

one of whi sthangel ectlvely anneal s to the query site, are ligated together if

t he nucleotlde query Slt
conpl enent ary tg e[s'g C ‘ife oﬂﬁléiF'ith?Lng K‘tylsl Bgt&nﬂy&%s%%%ﬁ!ﬁ%l}lel Soorfed

e.g., by fLRPriesqeR®- 2d1/re§pnemhed1bb@mtehe e2dh digb@etide of ihdest. hadh déffeneriti Vel Y,
al | eI e specific arrgalgl fication technol ogy that depends on sel ective PCR
anpl i 11 cat NeHedtida a iPEEQSAHPNRSSItGRC 1 ¥iF SRbodinasp theset Hiefudes Pt i on.

Q i gonucl egi AgsihaRd @eh chhhERERah b a SRS icid fo%ﬁ§@?H9'Blzﬁ@ﬂf garry the

mutation o nterest ih the center o ecu at anpliftication
depends onpdlyfbgrhéniocws. hybri di zation) (G bbs et al. (1989) 25 Nucleic Acids

Res. 17:2437- 244862not?‘1er emb('g(i1 merﬁ tthe Seti nc:?ud Iilour oilggn%%le%{ll ergegac havmg a%rﬂjerent

nucleotide (e.g., adenine, guanine, cytosine, or thymidine) at the interrogation position. The

20 interrogation position can be a SNP or the site of a mutation. In another preferred
embodiment, the oligonucleotides of the plurality are identical in sequence to one another
(except for differences in length). The oligonucleotides can be provided with differential
labels, such that an oligonucleotide that hybridizes to one allele provides a signal that is
distinguishable from an oligonucleotide that hybridizes to a second allele. In still another

25 embodiment, at least one of the oligonucleotides of the set has a nucleotide change at a
position in addition to a query position, e.g., a destabilizing mutation to decrease the T, of
the oligonucleotide. In another embodiment, at least one oligonucleotide of the set has a
non-natural nucleotide, e.g., inosine. In a preferred embodiment, the oligonucleotides are
attached to a solid support, e.g., to different addresses of an array or to different beads or

30 nanoparticles.

In a preferred embodiment the set of oligo nucleotides can be used to specifically

amplify, e.g., by PCR, or detect, an LRP-1 or LRP-2 nucleic acid.
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appropriate conditions, msmatch can prevent, or reduce pol ynerase extension
(Prossner (1993) Tibtech 11:238). In addition it is dE%¥9§%M@E36mWntroduce
a novel restriction site in the region of the nutation to create

cl eavage- based detection (Gasparini et al. (1992) Mdl. Cell Probes 6:1). It
is anticipated that in certain enbodinents anplification can also be 30
performed using Taq ligase for anplification (Barany (1991) Proc. Natl.

Acad. Sci USA 88:189). In such cases, ligation will occur only if there is
a perfect matchpaly, ihisis3iesibdd Réreintan bé ﬁgr?&%d;fa%)é'a%lfﬂ@%gw&ﬁng@% S’
sequence making 1t possible to detect the presence of a known nutation at a
speci fi ¢ spackaged ylidgoesticrkits tomptisieg #reastonedrehe mksleigncid of angihpdy ®pget i on. In

anot her aspect he.invent i f et o [ Q ' The set
el udes. bt SRR SR iy Gihgcl A EPRARSL Ligse T

partial |y gainiseREBit@gsyhptots or Emilyetistbry & aSliétaseGO WincEOyoB g anddRB-192%
95% 97% 98% or 99% conpl enentary) to an LRP-1 or LRP-2 nucleic acid. In
a prefierr eBRB7£58¢-nent the set includes a first and a second

ol i gonucl eotide. The first and second oligonucl eotide can hybridize to the
same or to different |o ions of an LRP-1 or LRP-2 gene sequence or the
conpl ement Usg ofdRE-or LREr2 DCHES B3GR EC

. . } $8GerEEe5 10 Different locations can be
different but oygr| p—@'d?%RPQL‘ RRnRY gk laRBRLETE RMndrk&s §AdBordbk dPdiseasdhe first
and second ol i gonucl eot |

e can hybridize to sites on the sane or on
di fferent ststes,asdmrkefhfor peetursens ob disease ftates, as myprkers for predisposition eldigmee s, or

i denti fyi ific allel £ LRP-1 -2 | ferred di ment,
cach ol | gofteh gt FHER o es Tagtryell b BB BrofBe of o ™"

i nt er {Pgat kijecPOTihg G- mdtRod3nesRitod HerdmNMhe pkdlenceLdbsérte lov demtity\sf the LRP-1
ol i gonucl eoti des, each conglenentary to a different allele ag_ Lgfus, e.g.,
n 10@&10

a biall el i er JRP-2penloqwesisan e defecied. andcaRaaemielaisdyith fReRr marh faldes
four oli go&%b&oﬁdr%ﬁ%{)lﬁ%p& \-/% 59 ep gin{di&flan S ﬁ%hhggaté Rrafkers BAGR Ne,
guani ne, cytosine, ofr ymdine) at the interrogation posftion. The 20

i nt er r ogat bomoreakisordenoradtiseakxestate SitHoocontittiens leading fip éo dnsxtast states. Amusedot her
preferred enbodi pent, the ol,jgonugcleotides of the plurality are identical in
equence. « BTBHes THBOREF MapEe gt OPFItR rae Birebgerdr R chyean it Th

ol i gogcl eﬁ’ésbﬁ’&i)r%?éﬂem olf h AYse SR Gr WisbRilef iof (vith @R probresdicHH adiscabtCot didddder an

ol i gonucl eotide that hybridizes to one allele provides a signal that is

di sti ngui sfrebi witl the presencsior gbsened it thmen): The pregence @r geantifyoofsuglemerkgrsds | el e.

In still am&}nﬁnﬁem of the disease. Therefore, these markers can serve to indicate whether a

particular course of treatment is effective in lessening a disease state or disorder. Surrogate
markers are of particular use when the presence or extent of a disease state or disorder is

20 difficult to assess through standard methodologies (e.g., early stage tumors), or when an
assessment of disease progression is desired before a potentially dangerous clinical endpoint
is reached (e.g., an assessment of cardiovascular disease can be made using cholesterol levels
as a surrogate marker, and an analysis of HIV infection can be made using HIV RNA levels
as a surrogate marker, well in advance of the undesirable clinical outcomes of myocardial

25 infarction or fully-developed AIDS). Examples of the use of surrogate markers in the art
include: Koomen et al. (2000) J. Mass. Spectrom. 35: 258-264; and James (1994) AIDS
Treatment News Archive 209.

The LRP-1 or LRP-2 molecules are also useful as pharmacodynamic markers. As

used herein, a “pharmacodynamic marker” is an objective biochemical marker which

30 correlates specifically with drug effects. The presence or quantity of a pharmacodynamic

marker is not related to the disease state or disorder for which the drug is being administered;
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25 enbodi nent, at | east one of the oligonucleotides of the set has a

nucl eoti de change at a position in addition to a quer}® NO¥EMBER20Y ¢ 4
destabilizing nutation to decrease the Tmof the oligonucleotide. In
anot her enbodi nent, at | east one oligonucl eotide of the set has a
non-natural nucleotide, e.g., inosine. In a preferred enbodi nent, the

ol i gonucl eotides are attached to a solid support, e.g., to different
addresses of an array or to different beads or 30 nanoparticles. In a

preferred grhedt ROpretdi@e S uaafityIfitOmAMEd io HdidAeiSe 6fthe bresttkedr haivity of
specifically anpli %/ e.g., by PCR or detect, an LRP-1 or. LRP—% nucl ei c
aci d. 79778@1rug3o asebReVENBERNMINGE PhamacANAMIEMAS G B dndicatve AT N be

performed, for ex , il dib B Ak aeer aleARRAREH plebded 0B ONPI i Si Ng
at | east oﬁ%ncﬁr}tgéggﬁtgﬂeg?%g lgc%ddbléglggr%itglg‘%(’)giy reageﬁt_ descri bgd heroei n, which
can be conuamcebdd of nos@gressedyor,transcribled imi that tisswest inirelgidorshipdp sprlod of that | ent s

exhi biting synmptoms. qr. faml.y .history of a.disease or illne i;avol vi ng an
LRP-1 or SUgR -%‘ﬁg%ﬁ%?n’%%eeéléf'gttﬁﬂ% uBPai(ﬁﬁg?‘E M5 B8 glsonggreéaay rﬂgegate Mar ker s
The LRP-I armBeSddn R Sk @S ShitarB), @ prseidelor 38aniiy &fahe pedrmdicdyhalgics or

di sease states, as markers for precursors of disease states, as markers for

pr edi sposi triacker odn ki relateddo thetpaesence arsjupntitk ef the gretabplig prodpstnf @ rugy puchdhat
mar kers of ,t he phar nmac } iL].e..of. j: i ds
descri bed ﬁhé;rpé?s ?cet%gu%rgleggﬁqgg Hp& g‘%& lieénlg(élg%t}v%c? tljglr?tsr ?@99%@%1%@\&7&%%@%%}{53&% p- 2
mol ecul es @gavivhePkirineaidgnamiamthrkeanabof paticdhatse th inctehsing theaensitivigy dfi ol ogi cal
states in vivo. For e .mol ecul gqsvégan serve as

le, .the LRP-1 or LRP-
surrodht e HﬁF%&né’fﬁB’rg% gtrs)f RAttichiaTly ‘Q!PD?&P%I@?]@ "HP@@EFéjén 8¥SoPFHr
condi ti ons ¢ &atinid) dhfouhPofd &ﬁ@%_&‘n 6 Air8SentASadtHe€ mlIgpIe :rdShnd@ o%ﬁluﬂ&pﬁsggt.,%

mar ker" is an objective biochem cal marker which correlates with t
absence or apLB8enord RHA-2 madkes paanscriptioglios expiessionpthe wmphfiehmagkepegnediesn @n of a

di di d .(e. qg. th th b f h
or esence. of AR Ry oo sty ek e RSB BB SRR oy bl Rmore 1

Ther ef or e, eisn@<etetid Uad & théRateRrof thel Markérdiselfit for waaiphg usiag tiranétheds ar cour se
of treatnent 1s effective in_ |esseni nrg. a_di sease state or disorder.
Surrodat e dessriRed hereipcangifLigEnl or ERP 2 aniibadighean bewanioved dmebingpunsshased of a

di sease st ﬁét@ctgfn sgétérﬂrtgree{n 118P-4Qr BRPLI Hlein r:i)l?rk ; SEERPLINY Y, Shéaiar d

nmet hodol ogies (e.g., early stage tunors), en an assessnent of disease
pr ogr essi omdidatetdssli prefebsioeri be used tpdetesitan ARPyl clarRR2 mRNAImarkeralFughelporaat i s

(r:ﬁglcggfl el(’ gﬂ% Ligg/ gf] 3 gﬁa%r%ggo%ggémgfmagﬁgr%iag gﬁ'esrcn%c gnigrilﬁ)g&%eprgaé}&io%eof rrr%g Qué’ oi ng

drug treatment beyond the range of possible direct observations. Examples of the use of

20 pharmacodynamic markers in the art include: Matsuda ez al. US 6,033,862; Hattis et al.
(1991) Env. Health Perspect. 90: 229-238; Schentag (1999) Am. J. Health-Syst. Pharm. 56
Suppl. 3: S21-824; and Nicolau (1999) Am, J. Health-Syst. Pharm. 56 Suppl. 3: S16-S20.

The LRP-1 or LRP-2 molecules are also useful as pharmacogenomic markers. As

used herein, a “pharmacogenomic marker” is an objective biochemical marker which

25 correlates with a specific clinical drug response or susceptibility in a subject (see, e.g.,
McLeod et al. (1999) Eur. J. Cancer 35:1650-1652). The presence or quantity of the
pharmacogenomic marker is related to the predicted response of the subject to a specific drug
or class of drugs prior to administration of the drug. By assessing the presence or quantity of
one or more pharmacogenomic markers in a subject, a drug therapy which is most

30 appropriate for the subject, or which is predicted to have a greater degree of success, be
selected. For example, based on the presence or quantity of RNA, or protein (e.g., LRP-1 or

LRP-2 protein or RNA) for specific tumor markers in a subject, a drug or course of treatment
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as a surrogate marker, and an analysis of HV infectio usi ng
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clinical outcones of nyocardial 25 infarction or fully-devel oped AlDS).
Exanpl es of the use of surrogate markers in the art include: Koomen et al.
(2000) J. Mass. Spectrom 35: 258-264; and Janes (1994) AIDS Treatnent News
Archive 209. The LRP-1 or LRP-2 nol ecules are al so useful as pharnacodynam c
mar kers. As used herein, a "pharnmacodynam c marker" is an objective

bi ochem cabe pagdkerirthathis optirBided for thel tetagsens peihe fpeciid tymer tikely taube @edeatinghe The
resence or quangity of a pharmacadynani.c ker is not rel.a to the

i Soase. st SbtD, Sigltagetb PRITGA BT IO g oot ity PR HEP e | 7677831
- 31 13 NERRMBERAZ2086clatk DRIPEf 6 IERP-D igugXe §FoREE ETIRIusE UBPhdrindicdpbndhie mar ker i s
i ndicative of the presence or activity of the drug in a subject. For

exanmpl e, ampatkerstherefdysmparndts therdpplication obtheimnst epproprteireatment formaelesiibiest | on of
t he drsug i itﬁoxﬁihgirﬂgk&%mimsge?'ﬁ%tp&g .hat the marker is either expressed or
0 or

transcri bed or n Xpresse ranscribed in that tissue in relationship
to the level of the 5 drug. In this fashion, the distribution or uptake of
the drug c b | by the pharmacodynam c marker. Simlarly, the
presence omth()%snp b he pharmacodynam ¢ marker can be related to the
presence or quamhé prgsent inveetiongiravidés for both grophyladticeandthyapesitic methods of t he

presence or quantity of the rker js indicative of,the.relative breakdown
oo of t niredingg subifeudt fbK SERA PARGURTEHaNT CISEFLE 6Vined dorasa At CaI e | n
I ncr easi ng b@inBERWahdéd TRPO orlOR PSR BlebG6h S actling £f dRahereiMeltby! arly
when the drug is admnistered in | ow doses. Since even a small anount of a
drug ¢@n bétreatmeéntt isalefinedasitbe rppdication draidpindstrapion dba tierapauticeggelicto g patienin

- -2 . Kk i pLi i . lified k
e in 5 Uy i eAmPEREph8F o BhraPou EARERTS o Boleh Bl e FBET "

Al so, the paddngwhodias BdiseBreta syesom b dstRe beslp@uBpositisrowant didiscasd, vithe
mar ker itself; for exanple, using the nethods 15 described hereinp,
ant i - LRP- 1thspupse to e, ihgelaplleyiate; relisye. afen, Bsdyi anedigratentipaevs & aldect thet ect i on

system f or < : i e : R Johd C
%l of abel SHT oo ECr Es Ao pRIspRiorou i diseafl  FerdgeRC RN
Fur t hes nor éclude$ dutis @obliméedptoasmat mdienalrs, peptalek entibatbiesp fiberymes anduitsensbas ed

prediction Bf r lskt.ézlue to drug treatnment beyond the range of possible
di rect obs8&FAFENL S Exanpl es of the use of 20 pharmacodynami ¢ narkers in

the art incl udewildatgdigacootipprophyiftio 3dd ﬁé?a'gedﬂ@trﬁétﬁoc%tof@lfeam{em%aah Env.
Heal t h Perspect. 90: 229-238; Schentag (1999) Am J. Heal th-Syst. Pharm 56
treatments can be specifically tailored or modified, based on knowledge obtained from the

field of pharmacogenomics. "Pharmacogenomics", as used herein, refers to the application

20 of genomics technologies such as gene sequencing, statistical genetics, and gene expression
analysis to drugs in clinical development and on the market. More specifically, the term
refers the study of how a patient's genes determine his or her response to a drug (e.g., a
patient's "drug response phenotype", or "drug response genotype".) Thus, another aspect of
the invention provides methods for tailoring an individual's prophylactic or therapeutic

25 treatment with either the LRP-1 or LRP-2 molecules of the present invention or LRP-1 or
LRP-2 modulators according to that individual's drug response genotype.
Pharmacogenomics allows a clinician or physician to target prophylactic or therapeutic
treatments to patients who will most benefit from the treatment and to avoid treatment of
patients who will experience toxic drug-related side effects.

30 In one aspect, the invention provides a method for preventing in a subject, a disease

or condition associated with an aberrant or unwanted LRP-1 or LRP-2 expression or activity,
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Suppl . 3: S21-S24; and N colau (1999) Am J. Health-Syst. Pharm 56 Suppl.
3: S 16-S20. The LRP-1 or LRP-2 nol ecul es are al so useldANOXEMBERZMcogenoni ¢
mar kers. As used herein, a "pharnmacogenomnm c marker" is an objective

bi ochem cal marker which 25 correlates with a specific clinical drug
response or susceptibility in a subject (see, e.g., MlLeod et at (1999)
Eur. J Cancer 35:1650-1652). The presence or quantity of the

phar macogenom ¢ narker is related to the predicted response of the subject

to a speci ny Gdrfintebrin®to HedaBje@fand/RIYS oPLRPY dr @n gkt WhdhrmdédubiteERR-h@r dr ug.
By assessing the presence or quantity of one or nore pharmacogenonic

mar kers i nLRPQxpeassion ar alrleast onedsBiy ofhRB1 308 Vit sPublests sk poti &1 t he
bj ect, i.ch i dj gt _
sor bt od. OIS b BLBLEL By Mtinf UhGRhEA RGO SFLRD JSEREIM o

(e. 9., LRPadivaty canRPrdntifical 18 forekarmplé)anf or a sprabindtian dfidiagnostir degragnostica
subj ect, a drug or course of treatnent 7977?_53“121 -32 13 NO\/EI\/BERﬁﬁotQG be
sel ect®ed t AwAYS s dsysribag berging Jydmipistratonaf aprephylactiqageniean, Py AEQRIG F§ ke y t o

be present rdaHiféslthion%lﬂ%Bms Sharhdi@thi¥ of B e R ESENRP-2QUbeARREueh Bfat & Speci fi ¢
sequence nutatiton In LCRP-1 or LRP-2 DNA correlate LRP-1 or LRP-2 drug

response. iseasasedisdrdphiaprrvenige no aiternatinghk delayediie ite prageespien nPependiig on

application of t t ropriate treat t o~ Ubi et jg_hout
v ng- 1 o e Qo R ERR Gy S, bt RSP on LR PRERPHLRED B 1KY
i nvention pgeNdt@eERPOr oI IN2 phtagdhidt agénit cartliedused Esragatiig the sEjbadThef

treating a subject at risk of (or susceptible to) a di s_or&ger) or having a
di sor dér adBRIEPUAteaEeRf €47 bestsrmuiet based oRwergenipr asgys degribedpersiney pr essi on or

activity. As Usﬁgﬁpﬂsﬁh&mamﬁlé@{m JJﬁLl"{f’-rﬁr@fafBarHis"or&e?s 88fdenNGbse@SatiEt in
application or admnistration of a therapeutic agent to a patient, or
appl i cat i opasrbyaarabnorstat ketvelorf gee protime,roabe the presegenef a gena pradue exhibiting ssue

or cell ling fro . patient, who has a disegse, a.synptom of di.sease or a
bt e Sposi ALY H7 o i Sn 08 Rl B R PEauB i H TR PR B SERRU o0,
relieve, alptifg abduetR@nelidrEibh of @k&ded syRipenes. or affect the disease, the
synptons of di sease or the predisposition toward di sease. A therapeutic

agent 115 i ncl udés dissussed, suprsestylitrpatmeent e6LR Brwr LRRpl-edaieddisordersicpries,
ot ophyl act PIORENIER SIS HRPHEG o Tphipe B R BRI acti o O 80 2 Do
speci fi cal Ipyoduets! Boregkampleosthpounds, elpamadgan identfibdcoliey abdsaays@dsckibedn t he
(1l d o POALIRGSISNOM S Sunik RaLaTRS SRS R Ral BE AT SIS 1O e
appl i cat i ofPOVe thatp g ry Y
the invention to prevent or ameliorate symptoms of LRP-1 or LRP-2-related disorders. Such
20 molecules can include, but are not limited to peptides, phosphopeptides, small organic or
inorganic molecules, or antibodies (including, for example, polyclonal, monoclonal,
humanized, anti-idiotypic, chimeric or single chain antibodies, and Fab, F(ab'), and Fab
expression library fragments, scFV molecules, and epitope-binding fragments thereof).
Further, antisense and ribozyme molecules that inhibit expression of the target gene
25 can also be used in accordance with the invention to reduce the level of target gene
expression, thus effectively reducing the level of target gene activity. Still further, triple helix
molecules can be utilized in reducing the level of target gene activity. Antisense, ribozyme
and triple helix molecules are discussed above.
It is possible that the use of antisense, ribozyme, or triple helix molecules to reduce or
30 inhibit mutant gene expression can also reduce or inhibit the transcription (triple helix) or

translation (antisense, ribozyme) of mRNA produced by normal target gene alleles, such that

the concentration of normal target gene product present can be lower than is necessary for a
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20 of genom cs technol ogi es such as gene sequencing, statistical genetics,
and gene expression analysis to drugs in clinical devélBOMEMBERRNGN t he
mar ket. More specifically, the term refers the study of how a patient's
genes determne his or her response to a drug (e.g., a patient's "drug
response phenotype", or "drug response genotype".) Thus, another aspect of
the invention provides nethods for tailoring an individual's prophylactic or
therapeutic 25 treatnment with either the LRP-1 or LRP-2 nol ecul es of the

present i nyentd BRerdtypk RBr duchkasel RcRidRALhALANS BACRESH M eRprlefiabraet gene
i ndi vi dual "s drug regponse genotype. Pharmacogenonmics allows a clinician or

physi ci an tpolypentides exhititingheroal targst gengactayieinah be introdueadentoscetlpvisgenent s who

il fit f h d ' ' wh
w11 oxper fierp et MR SR IRt AL R Qe B RhTRAS afbrfIEE" * 10

i nvention prdashdesandefRéfoablelto coadRidién idgnalnargetehé potein intelieal er tigue
condition associated with an aberrant or unwanted LRP-1 or LRP-2 expression

or actf vi t ya ordgrgp mgEntainghe reQUIRAENBRR Sl or Hisus TEFisReAdIEYt o t he subj ect
an LRP-1 or LRE'é_%Rﬁ%rr ﬁ%&g@ §9th¥~%' n%@le[@ag%rﬁ&l@aﬂés%taﬁ e ﬁEli%édeﬁ’u%a&igR{reSS' on or

at | east one L activity. jects at ris or a disease which
i s caused oqreventirigra diseasedchatacteyizebley LRPHI oo LREAenpresdion RPthiough theRRe 2f

expression or actjvity can he .identif]j by, . for .exanpl e ny or a

conbi nat i oAPBTCLTY ﬁ‘8§%’§p8"'£'? t%‘br_rldglﬁcl)é’f DC{E% Fﬁéﬂfﬁys&%@ﬁégﬁ‘?%&y ahcé(i ein. _
Adm ni st r apdheuRE haviRg & BiMidrastrhcturd @@idh geARitohemto B%dciﬁcall? binld@o prodéih f est at i on
of synptons characteristic of the LRP-1 or LRP-2 aberrance, such that a

I L
di seade or ligands(¥ere-8.sOphasie at da(18P7) Gure.LrintGheen &iol.db|5aSiead Patel dy].
progressio } ety . - - d
Ecanpl o an AR (e BipCisR, Qo jcets Bld et AP pact Yy
ant agoni st nageeainvesiantheinttsdicted o targeatellsghdnhtherapdutie proteif meolddhlaaept bgr i at e
agent can be determ ned based q eni ssays described herein. It is
possi bl e ¢ RBEMEBRECT piethod by e LT & LYo Bigfeepd VK b RELERY a | cast
in part, bycaRe@RRA6WTRAe GY&ictiBh 0PEREs B AR Ghole@iestVhitN@nRa0S BREBoRAt & gene
product exhibiting abnormal activity. As such, the reduction in the |evel

or actifvit gffedts.such gene products would bring about the anelioration of

Lrp2- el at o0 arspaisdods BRRET watHE SER 3Ry M Bl oot Bt e (o

i nhi bit theedd¥PafRespaR ppsduacidtivity.ySesh dnbb@its @eNBerefdtq Gy atminifiored @xanpl e,

conpounds, .e.g., an agent identjfied using an assays descri bed above, that

proves to &WHPBESWhrsehYegRlivesRRAuAey JecheigeA arg apRreptiatlon disdreatment ebkRBm c e

with 1 or LRP-2-related disorders. For a description of antibodies, see the Antibody section

20 above.

In circumstances wherein injection of an animal or a human subject with an LRP-1 or

LRP-2 protein or epitope for stimulating antibody production is harmful to the subject, it is
possible to generate an immune response against LRP-1 or LRP-2 through the use of anti-
idiotypic antibodies (see, for example, Herlyn, D. (1999) Ann Med 31:66-78; and

25 Bhattacharya-Chatterjee, M., and Foon, K.A. (1998) Cancer Treat Res. 94:51-68). If an anti-
idiotypic antibody is introduced into a mammal or human subject, it should stimulate the
production of anti-anti-idiotypic antibodies, which should be specific to the LRP-1 or LRP-2
protein. Vaccines directed to a disease characterized by LRP-1 or LRP-2 expression can also
be generated in this fashion.

30 In instances where the target antigen is intracellular and whole antibodies are used,

internalizing antibodies can be preferred. Lipofectin or liposomes can be used to deliver the

antibody or a fragment of the Fab region that binds to the target antigen into cells. Where
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the invention to prevent or aneliorate synptons of LRP-1 or LRP-2-rel ated

di sorders. Such 20 nol ecul es can include, but are not 13NPYEYBER2Mnt | des,
phosphopepti des, snmall organic or inorganic nolecules, or antibodies

(i ncluding, for exanple, polyclonal, nonoclonal, humanized, anti-idiotypic,
chimeric or single chain antibodies, and Fab, F(ab')2 and Fab expression
library fragnents, scFV nol ecul es, and epitope-binding fragnents thereof).
Further, antisense and ribozyne nol ecul es that inhibit expression of the

target geng,,RauCAth@hiBolfakdS88l, ke sAfpe iR rirhgnédiehd: Bi@Btd 0B tdrgetr educe
the Il evel of " target gene ‘expression, thus effectively reducing the |evel of

target genantigen ispirefprredst Farlexample peptideshaping ap aming acifbicgBeice §OEEROMENGO) | | zed
in reducing the l.evel of tar eneqagt.lvit ' ] bodiod

i pre- el M gy b RGP Ein BE0G SR ey, MRLIARERTU R AR AT
ant i sense, thai KIad 0 @iracllulaf tapget aftidens camllctieladministered dSueh ©ingle 8lhin nhi bi t

mut ant gene expression can, al so_reduc r inhibit the transcription. (triple
hel i x)5 or antibagies ean berpdmipisieesdnos warﬁbgwéyreanmﬁ%ﬂf’%?ﬁ%&‘&?egﬁncﬂg?‘%m
target geng, le-'cﬁéiﬁ%mti)tgda‘fég Witk theltdetCRM BEAIALRN| (W Of., MBFB& orlaT(9%13) PR

product present can wer than i's necessary for a 7977831 -34 13
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encode and expregss. . target gene | j.d Lol Ll I : ene
ctivity can borFrraUtasaTPRensa O} LEER Uiy PR, prBileal

Al t er nat i Vg YdminfRteréttoarnsatentiantheRptuticaly tffsctet dgrn o mrevadaransr axdivmeel | ul ar
protein, it can be preferable to co-adm njster_ narmal get gene protein

[ ta
into the cBRP-lor [RFs2uelatsd disorsterserA therapgiticaldy effqchxe desgupisrsite that gmpungo
cellular op ti (GRVATE RV Q%ﬂﬁ : [l ot A p ic
acid ﬁD|€CEeég ?gﬁ“ﬁgh%$%F?fgﬁm?ﬁ“?¥%gﬁpﬁaégr pégggﬁﬁggngwg?gggggy%h@
char act er i thetchpbutid dRffedby of sucRRompewpis ears bodetérmindirhystandatdephameacetiticahpt aner
nol ecul es sggc'fic for.%R -1 or LRP-2 protein. Aptaners are nucleic acid
mol ecul es RROPIHEESAS 83059 §P%Ey uct ure which permits them to specifically

bi nd to protei NnTAOJ4th ORBIEd froREhe EelDoultufedasiys end Afimal studidd&hbe @éd in Opi N.
Chem Biol. 1. 5-9; and Patel, D.J. 1997) rr Qpin Chem Biol 1:32-46).

Si ncelhucl &rpulgsing a range efifesgge Bk upminhmang aEheddopage ofsuch cogpoundsdiss| y

i ntroduced - get 3 . J ' . ,
apt aner s Pl REHR ARk G oAb S RBRR b hahaLE: BBEERY AR IGRLE,
speci fi cal tokicitge @he dssade vari Vapyl tvithinethis mange degsdnding upbn theulysagerfomi aplopal ecul es

o B o i LT o s SROS T Lt re

invention, the therapeutically effective dose can be estimated initially from cell culture

20 assays. A dose can be formulated in animal models to achieve a circulating plasma
concentration range that includes the ICs (i.e., the concentration of the test compound that
achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such
information can be used to more accurately determine useful doses in humans. Levels in
plasma can be measured, for example, by high performance liquid chromatography.

25 Another example of determination of effective dose for an individual is the ability to
directly assay levels of “free” and “bound” compound in the serum of the test subject. Such
assays can utilize antibody mimics or “biosensors” that have been created through molecular
imprinting techniques. The compound which is able to modulate LRP-1 or LRP-2 activity is
used as a template, or “imprinting molecule”, to spatially organize polymerizable monomers

30 prior to their polymerization with catalytic reagents. The subsequent removal of the
imprinted molecule leaves a polymer matrix which contains a repeated “negative image” of

the compound and is able to selectively rebind the molecule under biological assay

797783_1 -36 -



reduce target gene product activity. Such antibodies C%O?}Eﬁhﬁﬁ%ﬁ%, by
adm nistered in instances whereby negative nodul atory t'echni ques are
appropriate for the treatnent of LRP- | or LRP-2-related disorders. For a
description of antibodies, see the Antibody section 20 above. In
circunstances wherein injection of an animal or a human subject with an
LRP-1 or LRP-2 protein or epitope for stinulating antibody production is
harnmful to the subject, it is possible to generate an i mmune response
agai nst L REbnHitivns L RBet2ilddeviegioftie tacbeiqad caarbeiseeni idiAotsglhiRe Jaettal bidbks (see,

for exanple, Herlyn, D. (1999) Ann 31:68-78; :

Bhat t achar §42" @Ffélt)ﬁ’@’f’r é’é?g"l(ﬂc?" A&y Eégﬁq ak‘.}ﬂ ig%éwgﬂﬁiéf"dfr’ BROVEES

94: 51- 68) . slibn@n: ABLIT3. ISHERtMriatedn bif@e YnduSxds BicreinaBid tb Ngandebindingral or
human subject, it should stinulate the production of anti-anti-idiotypic
ant i bodi esasseytsi whershiote dmmebiiged mpneclensl aniibodRemmpasent iRpepiaced by e n.

Vaccines directed to a.di £ r - - si on
can a0 - BEvGuis s Puffe BRFE. R AaEOLEER s mhufles MRS RN BE 0
anti gen i ssdeRtif ¥Cedlis)iGaler @998 dloruratl :b05i64% Thraigh sledyse off isbeipraddtieingg

anti bodies can be preferred, Lipofectin or iﬁ’iﬂfo ones can be used L g]teliver
the anti b8y fiee” eoneensighemoel eamroyad phishmaqauisiestheexpssssiqn of activify of ﬁg

anti gen i nbor geblcsn pYRelfy mb3FEFind A4 ISNMRBER RQPS  { ragments of the

anti body are use est Inhibitory fragnent that binds to the target
antigen is pref 8uchetimpiiated eaffinity matrigepeandds bealgsigueddn inglided]uneésdens grpuphce

di he . ion of th i bod b . ively,
<1 not & chaiioretiereiralng rETH B area e Raband o BRnaf ARG s Pl o ¥

antigens cgRgetb&Rpsidatigse chdn@ELehn bUWeddils hitgyed if haul timk usitigiapprdpgste can be
adm ni ster edg, for exanpl e, b?/ expressi ng nucl eoti de sequences encodi ng
si ngl e- chafiheraptiq dryéreadn wrn allewing dhe dose iy a ted)spbigefio baariskly cptimizsddasedypr asco

et al. (19 : tl, ' ; = » idgat ki ed
conpounds tg ﬁ?’ﬁ E{dﬁr}ﬁfllﬁl w S[O'a‘rlxé@lﬁﬁgleeﬂeweixgiﬂgﬁés(?gﬂ(ﬁﬁgg/oﬁt%@%%rs15133§:3%S§§\% 1t<ylk’can be
adm ni st er &detd (OYaUnaipticad Chemérrqp@d 1 X142-2l144 ef f ecti ve doses to prevent,

treat or aneliorat 10 LRP-1 .or LRP-2-rel ate i sprders. ra tically
L Toctf ve dose PapBreaspert ORI INeolin PR MEb RO RIned T o BRPZ Tt T n
anel i or at i egpredsioRTRENTE Bf thmseaicgﬂfp&és_s ActOrdirfzlyl, Yn aDékenipley @R6&dinent,
efficacy of such conpounds can be determ ned by standard pharmaceuti cal

pr ocedur es thegnefiudatery eethashod e inverdion anvelvss centpdimgfarcgthwitheanddt -1 on LRBr%e

assays and oxa@e%atsr}u%iﬁﬁ& Stor B‘?oréj§ﬁqe Ll&ivities of LRP-1 or LRP-2 protein activity

associated with the cell. An agent that modulates LRP-1 or LRP-2 protein activity can be an
20 agent as described herein, such as a nucleic acid or a protein, a naturally-occurring target
molecule of an LRP-1 or LRP-2 protein (e.g., an LRP-1 or LRP-2 substrate or receptor), an
LRP-1 or LRP-2 antibody, an LRP-1 or LRP-2 agonist or antagonist, a peptidomimetic of an
LRP-1 or LRP-2 agonist or antagonist, or other small molecule.
In one embodiment, the agent stimulates one or LRP-1 or LRP-2 activities. Examples
25 of such stimulatory agents include active LRP-1 or LRP-2 protein and a nucleic acid
molecule encoding LRP-1 or LRP-2. In another embodiment, the agent inhibits one or more
LRP-1 or LRP-2 activities. Examples of such inhibitory agents include antisense LRP-1 or
LRP-2 nucleic acid molecules, anti-LRP-1 or LRP-2 antibodies, and LRP-1 or LRP-2
inhibitors. These modulatory methods can be performed in vitro (e.g., by culturing the cell
30 with the agent) or, alternatively, in vivo (e.g., by administering the agent to a subject). As
such, the present invention provides methods of treating an individual afflicted with a disease

or disorder characterized by aberrant or unwanted expression or activity of an LRP-1 or LRP-
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15 formul ating a range of dosage for use in humans. The dosage of such
conpounds lies preferably within a range of circul ati}g\@® BER 2%6i ons t hat
include the ED50 with little or no toxicity. The dosage can vary within
this range dependi ng upon the dosage form enployed and the route of

adm nistration utilized. For any conpound used in the nethod of the
invention, the therapeutically effective dose can be estimated initially
fromcell culture 20 assays. A dose can be forrmulated in aninmal nodels to

aC hieve a gird E O?é]‘lln gl lREiPIES \?Blecﬁl@ NEEO @ttodindndBEmeihal invdtled d@irlidiingCo0
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i ndividual is the abl|lt(}/ directly assay |evels of and "bo?i{]
conpound i Protefneorguieleis ast lﬂ‘ﬁ@c‘ﬂlééﬁ therapy Ergompspiate fo §“éj§§?"sd @ Waﬂf’ iof POt i body
mmcs or en created through nolecular inprinting
t echni ques. ﬁl}rﬁzot?cagﬁffer%g@mh c ‘.5'&15 ble to nmodulate LRP-1 or LRP-2 activity
is used as a t$1rrmhlamcm of yRP-1 wpERRA awvnmiselcmtable intsguatioas inawhigh 6REainerz e

Ceagont s, TRE2dtewenan deeRbyded o b AT BRRETRES LeRE R RBART e,

matrix whi ﬁ)fhaoé)9b@déﬁ%laﬁeﬂf&pep&&elafhﬁegﬁnmmdnrm@ pér LRIQ a@ﬁﬂiﬁ}ﬂi‘sldés@mé i's
able to selectively rebind the nol ecul e under biological assay 7977831 -36

13 NOVENBER sito@®ns sowhichiap AR P- hodeR B2l isdownsogudatedser inpvhich '@ewmed&@Pchﬁr be
seen in Ansgll,. R J. 9 t 0 89-94
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"1 mpri nt edactiadty isdesiyabi@in sitaetsons e whith iRP- ontIoR]P-anaﬂﬂmhnml@r mmeg@ai&hmsn

wher eby t he j bili ant.i onent | aced by an 5
appr opr i at ¥high; %F?Sﬁéggp Q[rcéfgﬁﬁt“@'i?’dﬁgll‘egy ébﬁ%eé“céf‘? éf?fgh matri xes in
this way can be seen in Matakis, G et al (1993) Nat ure 361: 645-647.
Through the use of isotope-labeling, the "free" concentration of conpound
whi ch mduﬁ%ﬂi@%ﬁ’ﬁﬁ!&%ressi on or activity of LRP—_l or LRP-2 can be readily
moni t oy ed and upRAl RPL1 GRILRPLARLRBSIeO as Wel 8s agditshor hoRNABEsShickhdvenl TY

matri xes can al so be designed to i ncl ude fluorescent groups 10 whose

phot on- eni stimulglopraspetribites effectond K- yOtIh&h@@CmeelgedaRP heulBBt2gene ve

0 11, O kS5 o SAIRTAG o i RARABRCRN 5 B MR BE L. 72

test subj emidividuabao ttuﬁtc(biophylﬁétlcﬁ]l}l eckhbrap@ically) LRP-1 or LRP-2 associated disorders
(e.g., bone disorders such as osteoporosis, Paget’s disease, and osteogenesis imperfecta)

20 associated with aberrant or unwanted LRP-1 or LRP-2 activity. In conjunction with such
treatment, pharmacogenomics (i.e., the study of the relationship between an individual's
genotype and that individual's response to a foreign compound or drug) can be considered.
Differences in metabolism of therapeutics can lead to severe toxicity or therapeutic failure by
altering the relation between dose and blood concentration of the pharmacologically active

25 drug. Thus, a physician or clinician can consider applying knowledge obtained in relevant
pharmacogenomics studies in determining whether to administer an LRP-1 or LRP-2
molecule or LRP-1 or LRP-2 modulator as well as tailoring the dosage or therapeutic
regimen of treatment with an LRP-1 or LRP-2 molecule or LRP-1 or LRP-2 modulator.

Pharmacogenomics deals with clinically significant hereditary variations in the
30 response to drugs due to altered drug disposition and abnormal action in affected persons.

See, for example, Eichelbaum, M. et al. (1996) Clin. Exp. Pharmacol. Physiol. 23:983-985
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on its individual 1C50, An rudinmentary exanple of such a "biosensor" is

di scussed in Kriz, D. et al (1995) Analytical Cheni st 3NQVEMBER290614 15
Anot her aspect of the invention pertains to nethods of nodulating LRP-1 or
LRP-2 expression or activity for therapeutic purposes. Accordingly, in an
exenpl ary enbodi nent, the nodul atory nethod of the invention involves
contacting a cell with an LRP-1 or LRP-2 or agent that nodul ates one or
nore of the activities of LRP-1 or LRP-2 protein activity associated with
the cell. AaggeiMtwal JQe0d8Ies ER. U354108F: B netaBithodfdes bEt Y Can be an
20 agent as described herein, 'such as a nucleic acid or a protein,

nat ural | y- maomqogﬂgnt:amybtlonsmn be diftereptiatgd, Grypetic cgndluﬂmtzarﬁmﬁie&aﬁaé@glj

LRP-1 or ubs r an LRP— 1
or LRP-2 a Stﬁf§ erlggt&gnt gonFs el Sgih%e%%j ! ?hﬁ{e#ela? gtac% E Inpﬂqﬁqp
agoni st or raRimagdris Shlgledhct&tshﬁérlmé waptecbody ects bm dmge (zﬂtemdcdrmg nt, the agent

stimul ates one or LRP-1 or LRP-2 activities. | es %Eee
sti mulsat or retab@lismy. iThesepharmacpgsngti pgpditiogs Camrfcaf 'rhS’E%ﬁrﬁreeﬁ?Hetéf Fc acid
nol ecul e e ;lﬂng BiphateRha@8snatenhi bi t s
one or rmrgek%mRPg’ wenﬁiﬁg ag{ﬂl’?‘\sll}]% %@Q%éxhgﬁp g@%?r@u%ph al nhi g&t %Ernf} agents
i ncl ude anddfeense(GIRM)is @ cominRP-theritedleazymapethy imphibuhemainghnical RP- 1 or
LRP-2 anti bodi es t Thes duI to t hods
can be per?%‘?‘?]r’éﬁﬁcfwsgf‘?‘?(gys(%a%er m%ss/t'oé’u(f%ﬁﬂqla (PrWFe al&é‘ln}a lﬁm Yde gent)

or, al ternafalgésicy, nittdTurdhd)@nd Cobumphyn aﬂmmb@herl ng the agent to a subJ ect).
As such, the present invention provjdes nethods of treating an individual
af f1i Bt ed with Qnelphasmaogernmigs apprensh t Wantifying grnes dhas presisd drugesrORsGunwant ed

eXPI €SS 0Ny e Ydoh O ¥ hsbcRR1id, Ol kBRI A i ooNMEWPER 2006 2

protein or nucl ei e Sac u n"onele i ment I nvol ves
adm ni st er hurgan genomg emSls(tmg of alraady &gent gendeeimeﬂ mmrlkdw(eag sc'ibealiéling gassay
descri bed herei n) r . conbi na 0 at nodul at e

fooul at os BRgemA pishicarasy of EDulo REEel it ol vl BrsTes b e ppaR,
anot her enfodiREch omﬁlcﬂ%b% VAM4RLsY eﬁlcﬁqfﬁﬁ%ﬂ-@&&ﬁﬂlﬁﬂgeﬂ@nd—ﬂﬁ) p darPbe LRP-2 5

protein or nucleic acid molecule as thera conpensate for reduced,
aberr Ent, eympaeddaagaap offde aen@melplﬁpacz cé)%ptaéstmaﬂh signifigantingmbyr ofgratients at i on of

LRP- 1 LRP- 2
LR L o R aRii Lbhibe TP APPSRt SR 0T, L2
li kely tOOHﬂiaiWGd anigee&pbnm (&Isuiefeﬂéctt Alfeatatieelgrstiea htghirmllﬁton@ﬂihpcn‘an bRP- 1 or

LRP- 2 activit |s desirapl e.10 in situat in vvhlcha} laRP- LRP-2 is
downr egul 28598 aqu T9m g5 ml""r’R‘,“r SOMG tq_q_—\jpl ‘loq)ﬁnown single nucleotide po ymorphlsms

(SNPs) in the human genome. As used herein, a "SNP" is a common alteration that occurs in

20 a single nucleotide base in a stretch of DNA. For example, a SNP can occur once per every
1000 bases of DNA. A SNP can be involved in a disease process, however, the vast majority
is likely not associated with diseases. Given a genetic map based on the occurrence of such
SNPs, individuals can be grouped into genetic categories depending on a particular pattern of
SNPs in their individual genome. In such a manner, treatment regimens can be tailored to

25 groups of genetically similar individuals, taking into account traits that can be common
among such genetically similar individuals.

Alternatively, a method termed the "candidate gene approach,” can be utilized to
identify genes that predict drug response. According to this method, if a gene that encodes a
drug’s target is known (e.g., an LRP-1 or LRP-2 protein of the present invention), all

30 common variants of that gene can be fairly easily identified in the population and it can be
determined if having one version of the gene versus another is associated with a particular

drug response.
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LRP-2 activity is likely to have a beneficial effect. Li | Lahi bition
of LRP-1 or LRP-2 activity is desirable in situationshiml\?gﬁllk@g-l or

LRP-2 is abnormally upregulated or in which decreased LRP-1 or LRP-2
activity is likely to have a beneficial effect. Pharmcogenom cs 15 The
LRP-1 or LRP-2 nolecules, as well as agents, or nodul ators which have a
stinulatory or inhibitory effect on LRP-1 or LRP-2 activity (e.g., LRP-1 or
LRP-2 gene expression) as identified by a screening assay described herein
can be admi ni stgepshtively, 4 mdihod deraled thed' geneaaxpresgompiofiliag,t’ icarmbé ytilized to
therapeutically) LRP-1 or. LRP-2 associated disgqrders e.g., hone djsorders
such as osifignipeenes that predict d‘%‘gcﬁ?sgi%%e?ohﬁ‘&"@get ﬂ}gg%gﬂeegﬁpée%%ggrf P%%'?lgl)al 20
associ at edyabd Wit R AR, Ah LRPUASE BRP-LRRs1dcuds orltREP-2 0ALRPV iydulator 6fah¢ unct i on
w th such treatnent, pharnmacogenomics (i.e., the study of the relationship
bet ween arpresedi invehtiah) ean giaasn ipdisatipnavhether gensciathvayarelaed dtgrisirhag g
foreign c ound pr drug) can be considered. D fferences in netabolism of
therageut ﬂ%r%nguéﬂe(f%lad to severe toxicity or therapeutic failure by altering
the rel ati on bahpegticlogaeand fiinomdrethncemdt ofalid above pharimacqgeaomizs ol ogi cal | 'y
active 25 drug.. Thus, a physician or clinician can consider applying

know edge ¥BFRCRRsS2R he P%—S’Idéﬂ%Q?f?rmlﬂﬁéﬁﬂﬁ%@&eqcﬂﬁﬁge@éﬁé{eﬁmeé‘grqgﬁnﬂg&%‘%/m' ni ng

whet her t | 4bki i T fadividRlak Citi 1bdRR; Whét appiifd &

nodul at or %@&%ﬁégg{hﬁg&??l&?ﬁ F\e;atrﬁinéhg%ségg@? fweflgg{em%(i@;é “re idrgeﬁn of

treat ment dustrig cdrughRRlettian, carRivoid adylerse iactians or RRrapeutic faprezan leahance

Phar macogenom cs. deal s, wi th i.nically . significan rediptha hations in
the 3¢ restg'SrﬁBeé’%‘F(? r B?OQBQa%ftfeecfhge'g‘lyt“él}eé&re t?n&ga ? %Eeﬁé‘gpﬁﬁlgg‘kgﬁ%gra%%?ml action
i n af f ect egloReis BAERP-1%2 ¢.RF-D modilatop) stch & £hedbaundedificitbyadne of #R96) Cl i n.
Exp. Pharmacol . Physiol. 23:983-985 7977831 -38 13 NOVEMBER 2006 and

Li nder, M sxemplaryscreqningarssayeylessribeehleerging3: 254-266. I n general, two types of

phar macogenet i jofod i j . itions
Pransm tred as LedractveEiRRy fhodet fohloat 19 dhRam o Bl 0 oy
(al tered deangpisationgmnhatare tgsetbdn idemtdpid hgasthattmadudate theedtivisy ofiangloembect or s

altering t way t he, bod on drugs | t d 5 net lism) . These

har mifcogenidbt Eonea e ahecE by BBt maR kB 107 af LUE et SBe P or ' as

nat ur al | y- @¢&itioh] Whergia thd¥® bRdustiBan FOiss@XAEPOW RN rddlstines of e BEIRIHRAAL € _

dehydrogenase deficiency (GPD) is a common inherited enz%path in which
LRP-

the main clhempeysic agesmSpecilinallyihe activity abihg prajeins ercodechiperheildd - ber bBP-dant
drugs (ant ehg%%ﬁﬁé gxlegem Rtk B8 2sed AUV RE R GlentiBihg leHls3BPdveAhing

consunpti o fav eans.
agent resistance. By blocking the activity of one or more of the resistance proteins, target

20 cells, e.g., human cells, will become sensitive to treatment with an agent that the unmodified

target cells were resistant to.
Monitoring the influence of agents (e.g., drugs) on the expression or activity of an

LRP-1 or LRP-2 protein can be applied in clinical trials. For example, the effectiveness of an
agent determined by a screening assay as described herein to increase LRP-1 or LRP-2 gene

25 expression, protein levels, or upregulate LRP-1 or LRP-2 activity, can be monitored in
clinical trials of subjects exhibiting decreased LRP-1 or LRP-2 gene expression, protein
levels, or downregulated LRP-1 or LRP-2 activity. Alternatively, the effectiveness of an
agent determined by a screening assay to decrease LRP-1 or LRP-2 gene expression, protein
levels, or downregulate LRP-1 or LRP-2 activity, can be monitored in clinical trials of

30 subjects exhibiting increased LRP-1 or LRP-2 gene expression, protein levels, or upregulated
LRP-1 or LRP-2 activity. In such clinical trials, the expression or activity of an LRP-1 or

LRP-2 gene, and preferably, other genes that have been implicated in, for example, an LRP-1
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10 One pharnmacogenom cs approach to identifying genes that predict drug
response, known as "a genome-w de associ ation," reHeﬁ?%ﬁYﬁ%PFBﬁmﬁn a

hi gh-resol ution map of the human genone consisting of already known
gene-rel ated markers (e.g., a "bi-allelic" gene nmnarker map which consists
of 60, 000- 100, 000 pol ynorphic or variable sites on the human genone, each
of which has two variants.) Such a high-resolution genetic map can be 15
conpared to a nmap of the genonme of each of a statistically significant

nunber of paRpeRbSocih@Y dRBrdeREdn Beised Bharsead dut'l drl matkets of thePhediddypectsat i fy
mar kers associated with a particular observed drug response or side effect.

Al t er nat i varticulasgelh a hi gh resol ution map can be generated froma

combi nati on of - L . Si " i YL P&t
(2Bs) 1t nthe. ARERr el cbiyBBdR i DSy SHERPREl dea BRLACHE Bl adRn |
t hat occurfarige i2Boree isiplegitss transplanes, prbstheses er tha like.sThet ah atsb bohised #saithexanpl e,

a SNP can occur Qnce per ever 1000 bases. gf ...A SNP can be jnvolved in
a di séase TsuBrEYdcaly Ry RogEpaceyt lsv%rstl(’ﬂhﬁfft?ﬂaﬁyw £ Cll"?'iiajllvnﬁ%efme gg%%?%{]teed with

di seases. (3 ¥#n feRBERIR niRRoRASRE pRIImbLRIIOAGMERBRGE, Of such  SNPs,
i ndi vidual s can be grouped into genetic categories depending on a particular

pattern of SNAheimethdvsidesdribad shayesan bewssdvlone ar yrombinatign fardiagnpeng nent

. Ca | d.t ) i | )= PE s
Lok ng & g dstit RAEPERE bk AR ey AR T8 otkowThdine SouisPOF icafit?
similar ingidvedbvadySronfbérdighiesel y, a method termed the "candidate gene

approach,” can bhe utiljzed to identify genes that predjct _drug response.
Accor@i ng to t hihs indemied is plgo Qasﬁgﬂ%tlleﬂ‘&?x@ﬁ@gdésgo‘é?ry H‘f‘hbc@fetr%\? §ra41% Kk nown

(e.g., ano\{yfﬁf %ﬁP-qranld@?(PQQ Qﬁ(gﬁ]?h&s;ﬁhoséphgry iBR %PMAP"MH%&EHQ Bdne G¥chartitfhecOMMON

variants at gene can airl'y easrly identified in the population and
it can be cetlet Enainteeattioh betaveem icofieriv end LR 10ERPRe opkiAd Kinassuisbeneatrher i s

associated with a particul a rug response. 7977831 -39.13 VBER 2006

A tor nat | viargeee B e b s pifhen SERE R isp R Pt o e g sROENE, gl
utilized tigedtd@ng tfeYapegiesonpbahdPloetesingdidhkohesippse. For exanpl e, the gene
expression of an animal dosed with a drug (e.g., an LRP-1 or LRP-2 nol ecul e

or LRP-1 or LRP diagerstic segiodsif theavensior insielves prrapringrie lexel ofinferaghipn

i oL ISR R RSN EkLE yhoieySyEsh dengd o

appr oacheskin®sn itbe sangdel (¢ ©, aldineroncaréalagp fissnpsample) osagkbiramch test gatijoe mtith

egi mens ftgerlt in a sample prepared from a normal subject, i.e., a subject who does not suffer from a

bone or cartilage condition. Such interaction can be determined, e.g., by measuring binding

20 of lactoferrin to LRP-1 or LRP-2, endocytosis of lactoferrin mediated by LRP-1 or LRP-2, or
phosphorylation of p42/44 MAP kinase, or by any other methods known in the art. A higher
or lower level of interaction between lactoferrin and LRP-1, LRP-2, or p42/44 MAP kinase
indicates that the test subject is suffering from or at risk for developing a bone or cartilage
condition. This method can be used on its own or in conjunction with other procedures to

25 diagnose bone or cartilage conditions.

The invention also provides a method for identifying and manufacturing compounds

(e.g., proteins, peptides, peptidomimetics, peptoids, antibodies, or small molecules) that
modulate (increase or decrease) interaction between lactoferrin and LRP-1, LRP-2, or p42/44
MAP kinase in a cell (e.g., a bone or cartilage cell). Compounds thus identified can be used,

30 e.g., for preventing and treating bone or cartilage conditions.

The candidate compounds of the present invention can be obtained using any of the

numerous approaches described above. To identify compounds that modulate interaction

797783 1 -41-



prophylactic or therapeutic treatnment of an individual. This knowl edge, when
applied to dosing or drug selection, can avoid adver s& N@YEMBER204

t herapeutic failure and thus enhance 10 therapeutic or prophylactic
efficiency when treating a subject with an LRP-1 or LRP-2 nolecule or LRP-1
or LRP-2 nodul ator, such as a nodul ator identified by one of the exenplary
screeni ng assays described herein. The present invention further provides
nmet hods for identifying new agents, or conbinations, that are based on

i dent i fyi nget@g@nagofefrat anddRB-at IR R-DporgdRiqdiM AP &fnasm e spsterma eell syStemfortahe gene

products encoded by one qr, nore of th - r, LRP- of t.he present
i nventi on, CW@WW‘P}]&@‘B‘P%&@T@&HSB@i@ F%t%ﬂ“%(ﬁ?ﬁ’%eé@i“giedﬁce of the
cells to a,, tRRHIAG LdndRIRMompoRaLirdithdleldt of iMlera@fdn behwdenhctdfBRininat ei ns
encoded by the LRP-1 or LRP-2 "genes of the present invention can be used as

a basi s f okRP-dehRPRypmps24tfeMid Kinase inavelvatet reativede that inctbp sbsgpesof ty bl ocki ng
the activit f one_or re of the resistan . ] cgll s,
e.g., *hu ma?f%g Fﬁesc?“WW({'rgg &é ﬁflla S%Sger%iet%"vaesg’?t (e)l%t(:ac P g%& E@n@\?\ﬁo% g{lrgﬁa%ggéehﬁf &'% hat the
unnodi f i edcellb 381064 orfee kHa$ navefatly esresstianidfetrin anWBRPE- DITIRRY2 L drgp4RAfIM&RCe oOf

agents (e.g., drugs) .on the expression or activjty_of an - r, LRP-2
protein cakn#e, A that "Fﬁ“lﬂdiffﬁdé%laxﬂr?ﬁsé?@m t(@i‘éfﬁﬂl%?nq ‘1@?’5}9 ﬁggtzl’ fkness of
an - agent oeber fiAPaGnRY, Br S hiéin@REferfi aftEERPIIDEAPRELEp A/ APMATCT ease

LRP-1 or LRP-2 gene 25 expression, protein levels, or upregulate LRP-1 or
LRP- 2 act i kinasg genarfuded toronaikeogerws.i fihe levéloif gu¢rattiondiebvesh lantdfpmintandddRF-bi ti ng

decr eased -1 or - ene expressi on. rotein  |level,s, or .downregul at ed
Rp. ity LR a2 AP A RTRT) SF iyehRp R pRines Eudr i A0,

det er mi neddd¥nin®IVyaBAhOE RSG ¥ bbovdaad empethéirethoddknbRi-iR tHeQAE 1EhpIASEI ON,
protein levels, or downregulate LRP-1 or LRP-2 activity, can be nonitored

i n clini capf interagtian betwaen lgctisfestn andbdpP1i bRPg, pird2idA Plligase, o5 the Iryel of gene
expr essi on, [ ? = vi.ty. In such
clinical t'rnllez?l{fcgl?)ﬁltb E%’J egig{ag(se S P@ﬁaﬁlgggh?l{/(ﬁs ?/w%;l‘:ﬁ? gg]e f)ﬁéﬁb@:‘%ﬁh@@ﬂgwf%ene, and
pr ef er abl yconyidued tigenies it thaabseaveoftbe candidatel coatpednd, the dandidete@mppeyndasn LRP- 1

7977831 -40 13 MBER 200 or LRP-2-associated di sorder .can be used as a
"r eadout " ldsvtlfrfg%@wgeffgftl@ PlivXeRbing gad feating bgng ex @itage QafiioNEach of the

novel conpoundsTigf idvBhtfor AMBEHPrONd&A MR R deRing Hyn@pasatrmége ssHmAaRt  for
use in bone inplants, transplants, prostheses or the like. They can al'so be

used as ei adwinisBringta 2 subiset nouged thereop A eHetize pinowntsf agpmpesition, égpeci al | y
when clini go%ltalﬁﬁgglggé@l% of gn ﬁlt?g%ﬂ%t of LRP-1, LRP-2, or p42/44 MAP kinase. An
“effective amount” is an amount of the composition that is capable of producing a medically
20 desirable result (e.g., an increased or decreased level of interaction between lactoferrin and
LRP-1, LRP-2, or p42/44 MAP kinase) in a treated subject. The term “treating” is defined as
administration of a composition to a subject, who has a bone or cartilage condition, with the
purpose to cure, alleviate, relieve, remedy, prevent, or ameliorate the condition, the symptom
of the condition, the disease state secondary to the condition, or the predisposition toward the
25 condition. A subject can be a person who suffers from a bone or cartilage condition, who has
positive markers but no clinical evidence of the condition, or who is at risk of the condition
for genetic (e.g., familial), habitual (e.g., smoking), or environmental (e.g., radon) reasons.
Examples of such bone conditions include, but are not limited to, osteoporosis, rheumatoid,
hepatic osteodystrophy, osteomalacia, rickets, osteitis fibrosa cystica, renal osteodystrophy,
30 osteosclerosis, osteopenia, fibrogenesis-imperfecta ossium, secondary hyperparathyrodism,
hypoparathyroidism, hyperparathyroidism, chronic renal disease, sarcoidosis, glucocorticoid-

induced osteoporosis, idiopathic hypercalcemia, Paget’s disease, and osteogenesis
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condition requires both nutritional and pharmaceutical jnterv i,on. The
net hods descri bed above can be used alone or in conbi n}ftN(&ﬁﬁmgﬁkaﬁ@gnosi ng

bone di seases, nonitoring bone growth and devel opnent, or follow ng the
course of healing and recovery from bone diseases. o This invention is
al so based on the unexpected di scovery that lactoferrin interacts wth
LRP-1 and LRP-2 and i nduces phosphoryl ation of MAP ki nase in bone or
cartilage cells. The interaction between |actoferrin and LRP-1, LRP-2, or
MAP ki nas einiparfexa done trarsplanis| mapeheabing fractanes el broridefscisd ThchQmagiltfmqag and

compounds FBveeS B AYGHERS EmIaeh e RO Qb Rer BFRBISHHAC

i nvention issehiass /0 CRRE hﬂlﬂlttdaeaﬁ@féenlht@é adtdSlb@cSu@Q)bh@ﬁhd &eﬁmmraplhﬁeﬁmf errin
pol ypeptide and an LRP-1 protein, an LRP-2 protein, or a p42/44 MAP ki nase

in a sanpllangaasgace horsss aed ethercanimals a Guss Fh§§9@9§5d%% @ferb]”h@ﬁ‘(ﬁ}“’efﬂ °_F°r om a test
subj egt vmgolﬁ &Jﬁ%eathgéﬁﬁﬁ%a chWa%@ gidsrom a normal subject, i.e., a

subj ect who doed' ng roma ne or cartilage condition. Such
i nteracti on carSubjectiad be trezrtedjcand)egdenulﬁ'nyd rfeasxamiphy bbldctdmgmgoh@lfewtlaxft oferrin

to LRP-1 or LRP-2 endogcyt gsi.s t rr| n LRP-1 r LRP-2, or
o . ERPR, ol e i gt ’
phosphor y| 'teragHonpetiyge) L2 %@E Z{;‘? f b3 in the
art. A hi %}gﬁz ecPFroﬁ‘lQ%Bw!:t%%et%ds'd@ﬁ&ib@@ﬁb&@ bRhyROA df%ﬁélﬂﬁ&ﬁctlﬂn esnd LRP- 1,
LRP- 2, /44 MAP ki'nasé indicates that the test subject is suffering

from or at h:glnes ler roover deshe saippladroa the Aebjent thea that inggample fraintd mﬁmalmm%et hod
can b®s use q)é?c is a faglte 10r 6 gai}{aéﬁ? Glid hoa.ril e\ﬁ’eétnle% aht &Y O&?}%{lﬁé

di agndse bonéu Cars a € con he T'nventlion a provi des a met hod
for identi déﬁte@g:s@ﬂdlcl‘aﬁmftﬂélleuelldﬂglta@ﬂmw@dﬁeen (labt@fer,rmmndmmﬁ LRReptdrdes,
nmol ecul t.hat nodul ate

pepti dom netic pt oi ds i bo or s es

(i ncrease Wﬂéﬂﬁ@i‘é‘éﬁse i‘h@‘éﬁ‘g\lﬁ?qt %L?JE?‘W@%‘H‘W doclaéerlpﬁrf%rH%deﬁP”Vi’ OrERP-2. or
p42/ 44  MARyKINARSr iflcdhjiRtibn (’vﬁhgtherér EQ&Qh% pgartilage cell). Corrpounds
thus identifi'ed can be Used, e.g., reventi ng and treating bone or

cartil age condilniooain VIThepmam; d&teeape'drqmmpdstlm (etthea @mﬁmmcmﬁemng@ can
be obtai ned usin

dent ity compiRaeR el it irar R pRtesRERisRAR 534 BPS LR PRGN 2006

bet ween | aghbex & béll) adatinkiRBteted tb'ﬁlfés?hbje@f BhdtaAlg, NEBorkipaiadavilldeSisperdad(a cel |
systemor a cell-free sy stetrgg cont ai nin Iactoferr| n and LRP-1, LRP-2, or
p42/ 44 MARNRiphamRacewicallrAcceptably carricn (%e- él'iolP&tCél whirpand administensd orallyel  of

interactiog l@f%t%ﬂoJSE}ﬁqufoﬁ,rcfr 1ﬁje@(9&jor implanted subcutaneously, intramuscularly,

intrathecally, intraperitoneally, intrarectally, intravaginally, intranasally, intragastrically,

20 intratracheally, or intrapulmonarily. For prevention and treatment of bone or cartilage
conditions, the compound can be delivered directly to a bone or cartilage lesion or to bone or
cartilage cells.

The dosage required depends on the choice of the route of administration; the nature
of the formulation; the nature of the subject’s illness; the subject's size, weight, surface area,

25 age, and sex; other drugs being administered; and the judgment of the attending physician.
Suitable dosages are in the range of 0.01-100.0 mg/kg. Wide variations in the needed dosage
are to be expected in view of the variety of compounds available and the different
efficiencies of various routes of administration. For example, oral administration would be
expected to require higher dosages than administration by intravenous injection. Variations

30 in these dosage levels can be adjusted using standard empirical routines for optimization as is

well understood in the art. Encapsulation of the compound in a suitable delivery vehicle
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LRP-1, LRP-2, or p42/44 NMAP kinase is evaluated relative to that in the
absence of the 5 candidate conpound. In a cell systemI3NQVEMBER¢W6a,

cont ai ni ng bone or cartilage cells, the cells can be ones that naturally
express lactoferrin and LRP-1, LRP-2, or p42/44 MAP kinase, or ones that
are nodified to express reconbinant |actoferrin and LRP-1, LRP-2, or p42/44
MAP ki nase, for exanple, having lactoferrin and LRP-1, LRP-2, or p42/44 NAP
ki nase genes fused to nmarker genes. The |evel of interaction between

| act of er ri@ gapeiyln@Rc MicrdfartiélEs & imPlanBbR dbdichd)hdyi inarssse tior effibiendyanfel  of
i nteraction between marker proteins, can be determ ned by methods descri bed

above and dehyerptmeicutpsbyouRraldef¥fyin the art. If the level of interaction
bet ween | act of %l{ehﬁtigggkée'&ﬁ’ nubjeokife é(%l’talﬁ:h%ﬁ%géléé aMaRe KRS rco@ingthe | evel of

interaction between na roteins iIs er or lower in thedg;esenpe of
t he candi dadteferrinopupypeptidd daarbetdehiveredhtotthesuhirst fiorexemplehby thandé dizpadynsasigpound,

the candidate c ound is .15 identified.as bejng useful.for preventing and
t reat i’ng 3%?@8@35@8%??%8&88581‘?%3%‘!eﬁ‘ﬂlvsfyq 4?}‘/’%8? {%‘b%WI} 'll}rt_ﬁ%f%l? provi des a
met hod for treafjotr dvah) @ &chMve @plaké bLBE nGEAEIE kit @ushyg liRBeIngd, prepatedPyt 0 a
subject in need thereof an effective anount of a conposition,

§ : L €.9.,
cont ai ni ngstandadgaetheds. dihe ypctensican bhinserperatedrinne intp tireso deliyery,vehides quap
ki nase. An_ . i " I unt : b .S
capani e o gPbied WS BiperirR sE @R RuicRlaklf, GRTHEBIbAER AEMAL o o
decr eased do@jughte @bmpoded fofia plasmid@totie wedtacdtatiexdrto polyridlysineBy Electr&¥atR, oror
p42/ 44 NMAP ki hase) | reated. subject. The term"treating"” is defined as
adni ni¥st r &%V _@)‘ﬁmcff’rcﬁs'g%ﬁ%%é'iyf‘l’%ﬂmaﬁ)tde? ]&?B?g'@f?ar\%\’ga We?_sre&epﬁ‘l‘fr%‘ tBrrgetc“&Ilfi | age
condi ti on, CYstitholdd§l. (BISPLIMoIt RIeBUTE 47H)! |AgMhatifely, tRbhENReifiE @Jfgam chf gyent,
or anmeliorate the condition, the synptom of the condition, the _§| sease
st at e secosbigved byothe bee efdisdia-spseific dranschiptipnabriigulotesy elemants GhRENWhish aes
condi tion. lec . " suf. s fr. or. cartil age
condi ti on,kr@ﬁ%qﬁjéhs? ati'tpg%lr?'tvlp’@eoqrrrgr eg(rﬂs}]% 'e'n(kiul tE:lﬁllgtnal %&P%&F@gfégg %nf t he
condi t i on, in@dmudaalat, Sntedderm# Korglibdutheowsbite id anothet pleaigabathievd i@.vivo fam li al ),
habi tual (e.g., snoking), or environnental (e.g., radon) reasons. Exanples
of suéh bo¥eE€YAYi ti ons include, but are not linmted to, osteoporosis,

rheumat oid, hepatd &5@%?%%3&1&&%&’ gef%,osésngégf}&?%c%rg)g {HeKRER c AR &hhdke 1 brosa

cystica, renal osteodyst 30 o 0Si s, t eopeni a,
f i br ogenesinsedinge tdcwdersn pslypeptide seomenatively limkpdtogepramioter oderdrancer-promoter

hypopar at hyr gi. di.sm er par at hyr oi di.s chronic renal. di sease, sarcoi dosis,
o Cobeor 1 eBRitap i EEReS PR b Breth ST bneS et ey st FERRG opAERL <

di sease, avdlilRtROEERESh eni{édtaA furtBod ¥hHOMEARER vhPiable distaneed Reh the bone
transpl ants, non-healing fractures and bone defects. The conposition can

20 transcription initiation site, provided a promoter is present. An enhancer can also be located
downstream of the transcription initiation site.

Suitable expression vectors include plasmids and viral vectors such as herpes viruses,
retroviruses, vaccinia viruses, attenuated vaccinia viruses, canary pox viruses, adenoviruses
and adeno-associated viruses, among others.

25 Polynucleotides can be administered in a pharmaceutically acceptable carrier. As is
well known in the medical arts, the dosage will vary. A preferred dosage for administration
of polynucleotide is from approximately 10° to 10" copies of the polynucleotide molecule.
This dose can be repeatedly administered, as needed. Routes of administration can be any of
those listed above.

30 An ex vivo strategy for treating subjects with bone or cartilage conditions can involve
transfecting or transducing cells obtained from the subject with a polynucleotide encoding a

lactoferrin protein. Alternatively, a cell can be transfected in vitro with a vector designed to
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al so be used for stimulating chondrocytes, with the po i rtil age
repair, to treat osteoarthritis and other arthriti desiﬁé{’%&;ﬁ(iz lg6te

aut ol ogous bone and cartilage transplants in humans, race horses and ot her
animal s. Thus, the conmposition offers the benefit of 5 concurrent healing of
bone and cartilage injuries. Subjects to be treated can be identified, for
exanpl e, by determning the level of interaction between |actoferrin and
LRP-1, LRP-2, or p42/44 NMAP kinase in a sanple prepared froma subject by
met hods deigagdri, beHorabloyeus rédonitifationyehevg factiveqitomoteeupsticaraf it trans@ipebn or

|l ower in the sanple fromthe subject than that in a. sanple froma nosmal
subj ect, 1%t ﬁ@r@ﬁtﬁ ‘@Eqralil%o%uﬁﬁﬁﬁflg%ﬁeéo‘fsg?a?fggﬁ‘t%’F@ﬁfn %Ftcﬁl?éﬁemeeé]"ic@e

amount  of “5\0idh ! 8 IP&iled drB el R Wn A theRfter act i on
ReRQIPIHR “tAth orfeflRRSR @Jrgrf' p4g§§§, rbGe n®f t

between | actoferrin and LRP- 1, LRP-%, 0 P kinase in the subject.
The tr eat niefier splectimchnd @npansiopefaserhut expressesdaciefenin atwidgsireddevahdher in
conjunction wth. other drugs,or ther . ln.one .| i PRI

t her ageut itEan\é\%ﬁ’ﬁggf ?’gﬂu é%alls arg h@gﬁ%ﬁéﬁe{’ #Ootr}fe (S:%H%é;tﬁ #%gelg Cgllgg%@n%%und t hat
nmodul at es widk @4nge bf 8Pediativarg, wWiakdudliiitiioh, 8ok ol strédil-c2lls, @6tepBladist4 MAP
kinase in a cell) is admnistered to the subject. Generally, the conpound
will be sudpadraeves, P'hthalf;BFP&PWﬁ@e§PFft%ﬂ“I599ta?é@éﬁ‘t‘fﬁﬁpfélaétafeﬁ"é}{or(aé.lctjl.g,as they
physi ol ogi ?Jivéﬁ\'th{ﬁ)b'&?d adm nistered orally or by intravenous infusion,
or injected or 1np anf ed subcut aneously, intranuscularly, intrathecally,

i ntraper it onealThe exivina methodsintlyde thaistepyaffianaisting ceills froam@asdjdey; culturing the
intragastricall 20 intratracheal | or intrapul nonarjly.. For preyention
and (Peat rilb BRSERE B Rt A SEBE uyeaIor B ety B NE i 5 g popidtions

del i ver ed githisle fdriexpRsstorDONBe Pictofdfih bR T he@Sh@Rody aré Rndvai thé art 681 L i | age
cells. The dosage required depends on_the choice of the route of

adni ni st r anpleeplarttielognt Thedrangductipe step isasremplished bhanyrandard means eeddobiect ' s
illness; t ] ' S: S| J .ea, . : ot her
drugs: bei ra By e ARER pho i AR KRR cleckpdiifon, S ifeior

Sui t abl e doddjdstiapencitransfoe Abergativefy, Gp&bdmedOr fblymédkgmicvddetiokardanbe osed. i n

t he needed ) re to be ected in view of th ariety of conpounds
vai bl oGS R hernsaEssTapRT L ited B b beselsotrd. Fograepror
admi ni st I adxpRRsion Of the ¥RETE®in gehd| TIRAR10naY tah be hj¥ed & iRPlantdnRGied to

requi re higher dosages than adm nistration by intravenous injection.
Vari ati onssulBcin t hese dosage | evels can be adjusted using standard

enpirical routi {4 i i dJI gﬁ.intgfg art.
Enoapsutati on oReeRe i AR RICe Aol Ginstas AU SARRANCBEBNEET 43 13
NOVEMBER Zitfiffative of the remainder of the disclosure in any way whatsoever. Without further
20 elaboration, it is believed that one skilled in the art can, based on the description herein,
utilize the present invention to its fullest extent. All publications recited herein are hereby

incorporated by reference in their entirety.

Primary Rat Osteoblast-Like Cell Culture

Osteoblasts were isolated from 20-day old fetal rat calvariae as previously described
25 (Cornish et al. (1999) Amer. J. Physiol-Endocrinol. Metab. 277:E779-E783). Briefly,
calvariae were excised and the frontal and parietal bones, free of suture and periosteal tissue,
were collected. After washing, the calvariae were treated twice with 3 mL of 1 mg/mL
collagenase for 7 minutes at 37°C. After discarding the supernatants from these two
digestions, the calvariae were treated a further twice with 3 mL of 2 mg/mL collagenase (30
30 mins, 37°C). The supernatants of the latter two digestions were pooled, centrifuged, and the

cells washed. Cells were grown to confluence and then subcultured into 24 well plates.
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(e.g., polyneric mcroparticles or inplantable devices) may increase the
efficiency of delivery, particularly for oral deliver{3NOVEMBER2Z0We|y, a
pol ynucl eoti de containing a nucleic acid sequence encoding a |actoferrin
pol ypeptide can be delivered to the subject, for exanple, by the use of
polymeric, 5 biodegradable mcroparticle or mcrocapsul e delivery devices
known in the art. Another way to achi eve uptake of the nucleic acid is using
| i posonmes, prepared by standard nethods. The vectors can be incorporated
al one i nt acdiiRenee S8l ATstedaR hithiftinDésseriat b IMENIFO 194 Bdvird sehie- speci fi c
anti bodies. Alternatively, one can prepare a nolecular conjugate conposed
of a pl asralbbmip fest24dr beferethgrvestt t ached to pol y-L-1ysine by el ectrostatic or
10 coval ent forces. Poly-L-lysine binds to a ligand that can bind to a
receptor on target cells (Cristiano et al. (1995) J. Mdl. Med. 73, 479).
Al ternati \a0p-2 Celbine QlwiEd fi c targeting can be achieved by the use of

ti ssue-specifi h r LRk 0N . (. wWhi ch- nown
in"the art. Del iy npHRbR I RRRtpRb Rk e ifEBRS 2R HREN S
i Nt r aguscuiGABCOI It 06-046)rsapplementsd bvith 22hgb NaHE 1 Q56 10% FRYSo ik t 0 mbAmenicdlimchi eve
invivo 15 expression, | el .evant | ynucl eotides .Q., expression
vect ors), spﬁgtom@péﬁngQilglé(g-z@énégﬂs ”é‘ﬁ‘égg‘f‘%dn gg FQCPB%P?’?N%S%F%?E’[?{W de is
oper at i veljteh FRKRS F19A3sdWtRINR: BFol Fera@SREHA/S - Promoter  combi nati on.
Enhancers provi de expression specificity i'n terns of tinme, |ocation, and

| evel . Unlike a pronoter, an enhancer can function when |ocated at variable
di st ances H&ioh Re LRP- I 4RNIEF-D ich®BxbRididrat i On site, provided a pronoter is
present. An enhancer can al SO be Tocafed downstream of the transcription
initiation sitdRPSUandbRB-2gepe expyessionwastidansifipchby teversp trasseripdompalyerase
vectors sugh. as_her ' il I ruses. I DA Vil attenuat ed
vaccifi a i \Ré%%c,t“’%g’gg'rp@%g;&@'i Crelljhsdégl;si,iﬁgxdvé%g \?‘?l’rﬁ Sés{g@% égfrl]tgreéi éﬁ%— rsaéoci at ed

Vi ruses, aisoblastidaRs snd 4O kULl Anbdiflesmemhbd besiageistep suadiddiinn a
pharmaceutically acceptable carrier. As is _well known in the nmedical arts,
the dosagehifeyanaigsphgnolchinrefogn RN gyEasen (Ghomaerynsii 8pd eqebh(98f) Analyt.

pol ynucl egben, 5651960 SRRRPAERLS X200 EhockRbBes 0101 1d6hRNA

pol ynucl eoti de nol ecule. ~ This dose can’be repeatedly adm ni Stered, as
needed. Rowhemtrafioraghd mirisy werteidetermanad by measpripg thetdpoisal dehsityasingizdyene 30 An ex
vivo strat w™Or _treating subjects wi.th bone ar. carfilage.conditions can
ol e (TG SpiioB R RS ety Ml OBk R e AT B e dined Th
pol ynucl eddyi dietroplesreliigh 1% sagiosd 841/ RNARVBtRARd wihiBNaRtand RITYPCR cel | can be

transfected in vitro with a vector designed to )
amplifications were carried out following the previously published protocol (Grey et al.

(2001) Endocrinology 142:1098-1106). PCR was performed in an automatic DNA thermal

cycler (Mastercycler Personal, Eppendorf, Hamburg, Germany). After an initial denaturation
20 step of 2 min at 94°C, 35 cycles of denaturing at 94°C for 30 seconds, annealing at 56°C for
30 seconds, and extension at 72°C for 1 minute were performed. At the end of each set of
cycles there was a final extension step at 72°C for 15 minutes. PCR reaction products were
visualized on a 1% TBE agarose gel. The primers used to amplify LRP-1 and LRP-2 were:
LRP-1 primers 5 GAG TGT TCC GTG TAT GGC AC and 5 GAT GCC TTG GAT GAT
25 GGTC; LRP-2 primers 5 GTC ACC AGT TCA CTT GCT CC and 5 CCA CTC CCA TAA
CCA TTCC. PCR products were purified from agarose gels using QIAquick gel extraction
kit (Qiagen, Valencia, CA), and their sequences were determined on an ABI 377 XL DNA
Sequencer (PE Biosystems, Foster City, CA). Control RT-PCR amplifications were carried

out without reverse transcriptase.
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7977831 -44 13 NOVEMBER 2006 insert, by honol ogous reconbi nati on, a new,
active pronoter upstreamof the transcription start si13 SOYEMBRR 3086 ur al | y
occurring endogenous |actoferrin gene in the cell's genone. Such nmethods,
which "switch on" an otherwise largely silent gene, are well known in the
art. After selection and expansion of a cell that expresses |lactoferrin at
a desired level, the 5 transfected or transduced cells are then returned to
the subject. The cells can be any of a w de range of types including,

wi thout |imtaty Ctg&ﬂe tes,
or their pr ecur%%?ge SuchLﬂéfeI[ﬁ}s%?gPQg@)e é@h&g?e(;iﬁ%?ﬁ%?lgﬁ%ga}tﬁ&h@%?{g{gyl ong
as they s%a08-%eellsn LlRﬂi’eZ wabfoelod to mpe@ssaduvonrmmm@stmbdﬁs@dm n¢tan §e@pe of
harvestin ell s turjn g them
with an egcﬁﬁ%SLgth errl s been HElﬁe&: alljs an. osieogla% %go“étill&?c(fgr LP ds'ee{;{ 182%39{5%%%8

sui tabl e beVlrﬁXﬂll@SIS htﬁﬂul@lfes phﬁféramnaffenlmrad geesblaslibesis ofedthmdsseaaed known in

the art of nol ecul ar b| ol og The_ transducti on splttgp IS ccorrpl i shed by any
standdrd risue osigipatentlyard Inq deserlependenidnanser. Liag E‘h‘InEP%ﬁ‘i‘fcptHosphate

| I pofecti g omﬁlogﬁésf GROLLBARE of thdiRing dHcBEY MifereriitoR h?lzvhﬁt It Gimglp ANt er
Al ternative osones or polyneric mcropart es can be used. 15 Cells

t hat have sh)gefncamlszmcm‘smllhbynumbamfdmnedhmdrbonhmﬂum mwgdtmdpsté(mﬂastaxarrpl e,

for expre t cto rrln ene. be injected or
ol ant o SEe: Reetordin S Ahipih AEhelE e g bf Sirid A PLPTBHEEE o et ¢ ed
as nerely dsteloﬁﬁgﬂs aLhdt@ﬁerrﬂﬂﬁroﬂ@le inibifd dsBotMStogdnedib th 4 MIBhOBIGIE I@érrd“h@uure

di scl osure in any way what soever. Wthout further 20 el aboration i's

bel i eed tas5aY; @ﬁéogsmqt plectithe hone-resorbingpetivin ebmatyre estroclastsc thmblbw qf erein,
2 ReBlRRFRipdUBYBOEbAR ol it i BiEbEAak acfbpRilih Gkl 00
recited herein are I ncor por erence i n thelr entirety.

Pri mary Raduggastsahdilitiaby llm b to bﬁné innieo. Chtimdbbvh&t actofaren wae hdrhmibtdredm
20-day old fetal .rat c | var i revj ously described, 2 rnish et al.
£3006] ardp adut mige o PR ERR! R BAN AL oo There ot Hiose-derpsh e gt

cal vari ae éﬁsaﬁnﬁmc&%samdm@ofsmtfaﬂma@map@smta@éa bones, free of suture
and periosteal tissue, were collected. After washing, the cal vari ae were
treated twice with 3 nL of 1 ng/nL collagenase for 7 mnutes at 37C. After
di scaysdi ngntehRtisREwehaAchdrtiR Ahd NRPA, L RP-2 dhIEBVALNEP Kiigsecal vari ae were
treated a further twce wth 3 nL of 2 ng/m. co1|agenase (30 30 mns, 370).
The super nat antlsicigferrinag @aené«aumdmbmdgwgten@mmp@ pis of the, lowetensityf uged, and

the lipoprotein receptor family, LRP-1 and LRP-2/megalin. LRP-1 and LRP-2 are both

expressed in rodent osteoblastic cells, but only LRP-1 is expressed in SaOS-2 cells. It was
observed under confocal microscopy that lactoferrin is endocytosed by primary rat

20 osteoblastic cells, and that the LRP-1/2-specific inhibitor, receptor-associated protein (RAP),
abrogates this process. Further, lactoferrin activates the p42/44 MAP kinase signaling
pathway in osteoblastic cells. It was found that lactoferrin-induced osteoblast proliferation is
inhibited by specific inhibitors of MAP kinase. Lactoferrin-induced osteoblast proliferation
and MAP kinase phosphorylation are also blocked by RAP, implicating LRP-1/2 as mediators

25 of the mitogenic effects of lactoferrin in osteoblasts. Moreover, lactoferrin induces
proliferation in SaOS-2 cells. Lactoferrin-induced proliferation in LRP-1-null fibroblasts is
substantially less marked than that observed in LRP-1+/+ cells. Taken together, these data
demonstrate that lactoferrin is anabolic to bone, and that its growth-factor like effects on
osteoblastic cells are mediated in a large part by LRP-1. This work provides further evidence

30 for an important role of the LRP receptor family in regulation of bone growth.
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cells washed. Cells were grown to confluence and then §|51R VQ\,IKEWE% Hto 24
well plates. 7977831 -45 13 NOVEMBER 2006 Cells were @ro arrested in
m ni nrum essential nmedium (MEM /0. 1% bovi ne serum al bumn for 24 h before
harvest. Sa0S-2 Cell Line Culture The human osteobl ast-|i ke osteosarcona
cell line Sa0Cs-2 was maintained in DVEM 5 (G BCO 12100-046) suppl enent ed
with 2.2 g/L NaHC03, 10% FBS, and 10 m /L penicillin- streptonycin (d BCO
15140-122). Cells were plated in 75 cn2 flasks and when confluent used for
total RNA i sol @flealreedinpmsioniletrattumfdasefysin Beteyealpdthabit ls_snbdlylci@ddthRP-

Gene Expr nd L ressi o r rse
transcri pﬁfé‘ﬂ?‘%& ﬂ@?%@’é’e efg’aéwgﬁ’ﬁ ofngg@g] %ﬁr(’PR%hV\%F{&OIbQ$ ﬁen ‘91){ hea¥ was
purified fm&geﬁwetﬂéemap&drﬁwablé@tthamtmbnm@gtm@bdem meﬁma sB@’tdrs by a
nodi fi ed net hod of single-step guanidinium thiocy anat e- phenol - chl or of orm

RNA ext r acpalypeptidsarecpofensially dieesrpsutic hihererio ghsy pmmlw that gs Jagiefgiringig slowbs - 159
and G €Y eﬁro@fl do%opa t EH%?JS iR e gltfPeQYOb%ggag gga ggt)oferﬂ\ilﬁ‘ a SRRGE! '?éégl?r{a'l on and

purlty wer e det erny re measuring th ensity using a
Quant Tm sp}_ﬁaphd@pha&tofmﬁretha(lﬁsakemsho&m thbe Eﬁf@tl%&i Haotetial kiKingalmad dnfyea qual ity

was determn el .ectrophore nal%a arose. gel . RNA was ated with
DNase and ‘15@?1 OZRHF PHECat [ ?‘E%Fr"roit Otﬁﬁttmﬁ‘ggepd\ﬁoﬁffo%l’\‘ags p%??’? ously
publi shed pE@tAGPval @fp’ed%f i@dh -and fezQQée)d VERHE S 8MankdResbO9R; hé06) . PCR

was performed in an autonmatic DNA thermal cycler (I\/astercycler Per sonal ,
Eppendor f , osmgbuc gotividgrwas sinyilar pg the iroaroaded moddculgeimenlying thap theawngtselfisof 2 min

at 94 3 d s, annealing at 56C for
30 se(q:;onds 0(%9 a?fqeﬂrllesllggﬁée%éi}ggﬁcﬂé{{(&g gg)s%gérﬁgagerforned At the end of
each set of cycl es there was a final extension step at 72C for 15 m nutes.
PCR reaction products were vis Y agarose gel. The priners
used to anplify LRP-1 and LRP-2 Bﬁiﬁﬁﬁ%ﬁfw'%rs 5" GAG TGT TCC GIG TAT
GCC AC and 5 GAT GCC TTG GAT GAT 25 GGIC,. LRP-2 priners 5 GIC ACC AGT TCA
CTT GCT CC and 4l O%Af@mewclmmtb@&mé@mpew Bﬁmhm ed ipeAn¥ purified from
agar ose ge d K i ARt 00 ), and
their sequ‘%aoz%&ile@t@verga ﬁgt:ég@m (%gdéosgn Ig%% 4 1@7#1'0%5%3%% n%géri{e?rlg&%

Bi osyst ensfeatizssesingdht yamEGAajuivaeont; podimiar-fp@Rsanibhus uclassi xpsssigstatedar ri ed

out WlthOUt reverse transcriptase. C .
otherwise, €ach tfea‘%‘ure QlscRs&iS only an example of a generic series of equivalent or

similar features.

From the above description, one skilled in the art can easily ascertain the essential
characteristics of the present invention, and without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

20 usages and conditions. Thus, other embodiments are also within the scope of the following

claims.
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7977831 -46 13 NOVEMBER 2006 Unexpectedly, LRP-1 was found to be expressed
in both primary rat osteoblasts and SaCs-2 cells. LRP- 3 NQYEMBERFMS pe
expressed in primary rat osteoblasts but not in Sa0s-2 cells. Lactoferrin
has been identified as an osteoblast growth factor present in fractionated
bovine mlk. It stinulates proliferation of cultured osteoblastic cells of
rat, nouse, and 5 human origin potently and in a dose-dependent manner.
Lactoferrin is also mtogenic to chondrocytes, and is capable of inducing
osteoblast differentiation as well. It was found to significantly increase
t he nunber of mneralized bone nodules in |long-termosteoblast cultures.
Lactoferrin also inhibits apoptosis induced by serumw thdrawal in primry

rat osteob t i.n strongly inhibits osteocl astogenesis in a
muri ne bone%f&%v@&ll%%“ro assay, but does not affect the bone-resorbing
activity of mature osteoclasts. The ability of Jlactoferrin to induce

ost eobl ast anabqglismand. i nhibit osteocl.ast devel o ntin vitr. suggests
that it may be anabol @e?ggﬁgﬁéﬁ?}?“ﬁw ey ﬁage{t?aﬁswﬁgeﬁmﬁgé’f“ 0 re‘# 1flfq(nfo{/vas

admi ni st er egevelopin@dWohe fondRiob)themAbthad edndrisingcal hemi cal vari al i njecti on,

t here were dose-dependent and ubstantial increasges in indices of. hone
f ormatidn and bdﬁ%‘“g‘PéaFesﬁ%mﬂpFﬁ 1,8 PRYSHES Eﬁéé?ﬁs‘i_ (a3 remfhelaﬁat rﬁk&rl,

LRP-2, and gdeloftheMBn&idafRn, daact of errin has been found to bind two
endocyti c nenbers of the | ow densi t{\;g I iL%§pr otein receptor famly, LRP-1 and
t2H

LRP- 2/ negal i n. Lgweutifying@n expoessiog leye XpBEsed in rodent osteoblastic

cells, but Q/Hé%inltﬂpéx#)réﬁm?%%l%?ﬁl%iﬂPnl 205 the f81 damiplel ff dRFent BBRARM Gy Under
confocal mcroscopy that |actoferrin i$ endocytosed by pri mary rat 20

ost eobl ast i sorgel samples indicatgathat the patRpt is sutfesing &fomj af af vigki for deyeloping a bone
recept of - as§&(a'itf%_ed protein (RAP), abrogates this process. Further,
| actoferrin activates the p42/44 NMAP ki nase signaling pathway in

osteoblastic cells. It was found that |actoferrin-induced osteobl ast

proliferation i i nhi,hi ted .b ecific.iphibjtors .of MAP.Ki nase.

Lactof errin-i ndﬁzc‘;ed glfsh?eo%foéis C%{r%b ’i‘¥h§?eé | Sﬁes{ %ﬁlﬁel\}ﬁ\?’reg?rﬁ%{;r%mﬁﬁ%%hor yl ation
are al so bl agked by RAP, inplicating LRP-1/2 as nediators 25 of the
mtogenic effects of lactoferrin in osteoblasts. Mreover, lactoferrin
induces proliferation in Sa0S-2 cells. Lactoferrin-induced proliferation in

LRP-1-nul | fibrohl astsmethod sfidérmitingikhether @ patieitisksefferingdiont ot rigbfer ved in
LRP-1+/+ cells, Taken toget her b th%ts)g data, denonstrate that |actoferrin is
anabol i ¢ t o966i0RIngghene FRpdItiongthe MEHER CPaRASHIE: | j ke effects on  osteobl astic

celI's are nedi atggvilifiga tés@EMHIPR6h a XtiénRRmE%ted-BmEﬁféfﬂg roRY kg 8t Adiresher
evi dence 30 for an inportant role of the L receptor famly in regulation

of bone gr odgveloping a bone condition, and
quantifying an activity of an LRP-1 protein,
20 wherein the activity of the LRP-1 protein in the test sample, if different from that in a normal

sample, indicates that the patient is suffering from or at risk for developing a bone condition.

4. The method of claim 3, wherein the test sample is prepared from a bone
tissue.
25
5. A method of identifying a candidate compound for treating a bone condition,
the method comprising:
contacting a compound with a cell expressing an LRP-1 gene, and

quantifying an expression level of the LRP-1 gene in the cell,
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7977831 -47 13 NOVEMBER 2006 The three di nensional structure of ctoferrin
has revealed that it is subdivided into an N-| obe and a#EPVEBEWNQQ@h bi ndi ng
one atom of iron. The N-1obe has been shown to have mtogenic effect near
conparable to that of the full-length protein, suggesting that shorter

pol ypeptides are potentially therapeutic. There is also possibility that, as
| actoferrinis slowy 5 broken down, latent activities in either |obe my
energe. Lactoferricin, a short N-terminal peptide of lactoferrin that has
been shown to be effective in bacterial killing, had only a nodest
osteogenic effect. Transferrin also was not a potent mtogen on osteoblasts.
Wien lactoferrin was stripped of iron and re-loaded with chrom um or

nmanganese i @hein it@xpRei@OgRINbELACRPVI delle it@be Sredthtedf tlﬁd)cdnﬁrﬁbuhd ofdiffeaded
nol ecul e, |nply|n Rat the iron itself is 10 not crucial he. m t ogenic

activity of Frbmdisb ke shsench obiie GOBPRBEsind lcﬁs%tﬁm@mﬁmcm&a&rf% he
features d|§&&9§§gmkqm5mh&LspeC|f|catlon can be conbined in any

conbi nati on h feature disclosed in this specification can be replaced by
an alternative feature serving the sane, equivalent, or simlar purpose.
Thus, upil ess expy essie et de dainPs Mtairoiie cAE b @bl Focfll SHoBRATLS Onl Y
an exanple of a generic series of €quivalent or simlar features. Fromthe
above descr ¢qht orosteoaie skilled in the art can easily ascertain the essenti al
characteristics of the present invention, and without departing fromthe
spirit and scope thereof, can make various changes and nodifications of the
i nvention to adapt i tThe methadiobcisin?6) wissirethe eglldis e SadBLicdlls. Thus, ot her

enbodi ments are also within the scope of the following clains. 7977831 -48
13 NOVEMBER 2006 WHAT IS CLAIMED IS: 1. A method of determ ning whether a
patientois suffeing Theaetod ofitlain 5lwHetdin thelealelk apbiepcrstxeile condition, the
nmet hod conprising: 5 providing a test sanple froma patient suspected of
suffering fromor being at risk for developing a bone condition, and

quantifying an expregsnefhod 6M@bntFHin@h cdaidath c6@ ndmf&ilﬁgib@e%ﬂm&&@ on
| evel of the LRP- | gene in the test sanple, it different fromthat in a

the method comprising:
contacting a compound with a cell expressing an LRP-1 gene encoding an LRP-1

15 protein, and

quantifying an activity of the LRP-1 protein in the cell,
wherein the activity of the LRP-1 protein in the presence of the compound, if different from
that in the absence of the compound, indicates that the compound is a candidate for treating a

bone condition.

20
10. The method of claim 9, wherein the cell is an osteoblast cell, osteoblast-like
cell, or osteocyte.
11. The method of claim 10, wherein the cell is a Sa0S-2 cell.
25
12. The method of claim 9, wherein the cell is an osteoclast cell.
13. Use of an agent that modulates a level of an LRP-1 protein in bone cells in the
manufacture of a medicament for treating a bone condition.
30
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normal sanple, indicates that the patient is suffering fromor at risk for
devel oping a bone 10 condition. 2. The nethod of cl ai A NOVERMBER 2606 he t est
sanple is prepared froma bone tissue. 15 3. A nethod of determ ning

whet her a patient is suffering fromor at risk for developing a bone
condition, the nethod conprising: providing a test sanple froma patient
suspected of suffering fromor being at risk for devel oping a bone
condition, and quantifying an activity of an LRP- | protein, 20 wherein the
activity of the LRP-1 protein in the test sanple, if different fromthat in
a normal sanple, indicates that the patient is suffering fromor at risk
for devel opi ng a bone condition. 4. The nethod of claim 3, wherein the test
sample is prepangd fham:3¢ BRRPIs, bhsdne £2ntls » AudThit BAd eRloatidGRTRENI NO. 2
candi date conmpound for treating a bone c 3lt|on, t he net conpri si ng:
contacti ng moemnpound with a cell expressing an LRP-1 gene, and quantifying
an expression |level of the LRP-1 gene in the cell, -49 13 NOVEMBER 2006
wherein the expression |level of the LRP-1 gene in the presence of the
conmpound, if diflber emtusefof caint hgwhemrir thenaleseavidis ekpredsed mahgmmnadellsi ndi cat es
that the conpound is a candidate for treating a bone condition. 5 6. The

met hod bf claimb, wherein the cell is an osteobl ast cell, osteoblast-Ilike
cell, or osteocyke. A ustheclami ehefeincth@idinbis anRPAigrotedae cell is a SaCs-2
cell. 10 8. The nethod of claim5, wherein the cell is an osteocl ast cell.

9. A nethod of identifying a candidate conpound for treating a bone

condi tion, the et hod,¢QPEinS | 4] %hefeRthémbdiBndt SRARBWE ifMddliciRg RELRP-
expressing an LRP-1 gene encoding an LRP-1 15 protein, and quantifying an

activity of | pleginmmbongeelisein in the cell,
10
18. A use of claim 13, wherein the agent is a nucleic acid complementary to a

sequence encoding an LRP-1 protein.

19. A use of claim 18, wherein the nucleic acid is expressed in the bone cells.
15
20. Use of an agent that modulates an activity of an LRP-1 protein in bone cells in

the manufacture of a medicament for treating a bone condition.

21. A use of claim 20, wherein the agent is an agonist of the LRP-1 protein.
20
22. A use of claim 21, wherein the medicament is capable of introducing the
agonist into bone cells.
23. A use of claim 20, wherein the agent is an antagonist of the LRP-1 protein.
25
24.  Ause of claim 23, wherein the medicament is capable of introducing the
antagonist into bone cells.
25. A use of claim 20, wherein the agent is an antibody against the LRP-1 protein.
30
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wherein the activity of the LRP- 1 protein in the presence of the conpound,
if different from that in the absence of the conpound!3 NQYEMBER30G6hat t he
conpound is a candidate for treating a bone condition. 20 10. The net hod of

claim9, wherein the cell is an osteoblast cell, osteoblast-like «cell, or
osteocyte. It. The nethod of claim 10, wherein the cell is a SaCs-2 cell.
25 12. The nethod of claim9, wherein the cell is an osteoclast cell. 13.

Use of an agent that nodul ates a | evel of an LRP-1 protein in bone cells in
the manufacture of a nedicanent for treating a bone condition. 30 -50 13
NOVEMBER 2006 14. A use of claim 13, wherein the agent is a nucleic acid
encoding an LRP-1 protein. 15. A use of claim 14, wherein the nucleic acid

is expressed in,the . ) .24 M bP int £ fe t he agent
is an LRP-1 pr ogé'i n. R‘%{}_@oﬁ\@lé@?%ﬁgﬁ%&tt}n %ﬁ&\f\lﬁgtrlgicﬁ!al%e%#e |§Jél n% IS
capabl e of dnfibsdydutoiboge ¢dlle. LRP- 1 protein into bone cells. 10 18. A use of

claim 13, wherei,g the agent is a nucleaic acld. conpl n to. equence

encodi ng an LRP—Z?' prg‘(r@%f)& iféi.%teﬁn Ust “g]feﬁlg %%u%{ef%lgg\lfﬁeerﬂ?l éitfrﬁﬁgl%eaijﬁ%cff%i c acid

i S expressedtvelbpihp e bbwng caerildgs condition2(ie mdthed odmprivirpgent t hat nodul at es an
[ bone,cells in the manufacture of a

activity of an LRP- rotein j
medi canent f or tpf‘ié'é‘{’&?gbteét sﬁ’é’ﬂit?r}’é)gh?ﬁu[ble&?deL A use of claim20, wherein the
agent is an agoRkimifingtallevel fiAntbrapticit Rtween a 242toférin Polypéptiat akd 4l IRILL, wherein
t he nedi canent _is capable of introducing the agonist into bone cells.

protein in the test sample,

wherein the level of the interaction between the lactoferrin polypeptide and the LRP-1

protein in the test sample, if different from that in a normal sample, indicates that the subject

10 is suffering from or at risk for developing a bone or cartilage condition.

28.  The method of claim 27, wherein the test sample is prepared from a bone or

cartilage tissue.

15 29. A method of identifying a candidate compound for treating a bone or cartilage
condition, the method comprising:
introducing a compound to a system containing a lactoferrin polypeptide and an LRP-
1 protein, and
determining a level of interaction between the lactoferrin polypeptide and the LRP-1
20 protein,
wherein the level of the interaction between the lactoferrin polypeptide and the LRP-1
protein in the presence of the compound, if different from that in the absence of the

compound, indicates that the compound is a candidate for treating a bone or cartilage

condition.
25
30.  The method of claim 29, wherein the sample contains an osteoblastic,
osteoclastic or fibroblastic cell, or a chondrocyte.
31.  Use of an agent that modulates interaction between a lactoferrin polypeptide
30 and an LRP-1 protein in bone or cartilage cells in the manufacture of a medicament for

treating a bone or cartilage condition.
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23. A use of claim 20, wherein the agent is an antagonist of the LRP-1
protein. 25 24. A use of claim 23, wherein the nedi cabeNOVEMBERZOS e of

i ntroducing the antagonist into bone cells. 25. A use of claim20, wherein
the agent is an anti body against the LRP-1 protein. 30 -51 13 NOVEMBER 2006
26. A use of claim 25, wherein the nedicanent is capable of introducing the
anti body into bone cells. 27. A nethod of determ ning whether a subject is
suffering fromor at risk for developing a bone or cartilage condition, the
met hod conprising: 5 providing a test sanple froma subject, and determ ning
a level of interaction between a |lactoferrin polypeptide and an LRP-1
protein in the test sanple, wherein the |evel of the interaction between the
| actoferrin polypeptide and the LRP-1 protein in the test sanple, if
different fromthat in a normal sanple, indicates that the subject 10 is

suffering from gp. at Anisskf digifn dewhéreipititchgentiOseagotiistcd tiie LR E paotdiali ti on. 28.
The nmethod of claim27, wherein the test sanple is prepared froma bone or
cartilage tissue. 15 29. A nethod of identifying a candi date conpound for

treating a bonesgr canisébf@am ROWHérkin @b médQmERLH 0Hable BPInkrdiitdig théit r oduci ng
a conpound to a systemcontaining a |lactoferrin polypeptide an§ an LRP- 1

protei A, arf8owiskiBfoMPRs Hgatilagsells of interaction between the lactoferrin

pol ypeptide and the LRP-1 20 protein, wherein the | evel of the interaction
between the lactoferrin pol ypeptide and the LRP-1 protein in the presence
of the compound34if A4iuseefdsm ﬁs whereindke dganistisamexogenous btofen  conpound,

i ndi cat es H%@& %ﬂﬁ conpound is a candidate for treating a bone or cartil age
condi tion. 0. "“The et hod of claim?29, wherein the sanple contains an
ost eobl asti c,

10 35. A use of claim 34, wherein the medicament is capable of introducing the

exogenous lactoferrin polypeptide into bone or cartilage cells.
36. A useof claim 31, wherein the agent is an antagonist of the LRP-1 protein.

15 37. A use of claim 36, wherein the medicament is capable of introducing the

antagonist into bone or cartilage cells.
38. A use of claim 36, wherein the antagonist is a receptor-associated protein.

20
39. A use of claim 38, wherein the medicament is capable of introducing the

receptor-associated protein into bone or cartilage cells.

40. A method of determining whether a subject is suffering from or at risk for
25 developing a bone or cartilage condition, the method comprising:
providing a test sample from a subject, and
determining a level of interaction between a lactoferrin polypeptide and a p42/44
MAP kinase in the test sample,
wherein the level of the interaction between the lactoferrin polypeptide and the p42/44 MAP
30 kinase in the test sample, if different from that in a normal sample, indicates that the subject

is suffering from or at risk for developing a bone or cartilage condition.
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osteocl astic or fibroblastic cell, or a chondrocyte. e of an agent
that modul ates interaction between a lactoferrin pondéb%?@@“”%ﬁm&hd an
LRP-1 protein in bone or cartilage cells in the manufacture of a medi canent
for treating a bone or cartilage condition. -52 13 NOVEMBER 2006 32. A use
of claim 31, wherein the agent is an agonist of the LRP-1 protein. 33. A use
of claim 32, wherein the nedicanent is capable of introducing the 5 agoni st
into bone or cartilage cells. 34. A use of claim 32, wherein the agonist is
an exogenous lactoferrin polypeptide. 10 35. A use of claim 34, wherein the
medi cament is capabl e of introducing the exogenous |lactoferrin polypeptide
into bone or cartilage cells. 36. A use of claim 31, wherein the agent is an
ant agoni st of the LRP-1 protein. 15 37. A use of claim 36, wherein the

medi canent is capable of introducing the antagonist into bone or cartil age
cells. 38. A udd of Taf gehedof clairedle Fherendhetatt sBRF éxprerared from a bone or

recept or - agg@eiAtsqek protein. 20 39. A use of claim38, wherein the

medi canment i s capabl e of introducing the receptor-associated protein into
bone or cartilage cells. 40. A nethod of determ ning whether a subject is

sutferyng fromgr aty fL&kq $ﬂﬁent1§§n£§c‘!a%hﬂ?t‘e @Qrpgo@ﬁ'i‘& tfé%u ﬁdn%%ggarr]tgﬁ&di tion,

t he nmet hod conpr|5|ng provi d a test sa rom a ect,
det er mi ni nepnditioeth¢ method enmepraszngi on bet ween a Iactoferrln polypeptide and a

p42/44 MAP ki ng duICiIill ¢ cgmfwoql%h wi %npsysq%ra c?rﬁalgmﬁﬁﬁ%gof%ﬁ\é%lolggé t]:[dQ gnci nteraction

between the lactorerrri epti BhE%E in the
test sanpl p42/44fMA|Pfk1inas¢=,|and fromthat in a nor mal sanpl e, indicates that the

PRI CERTR AT AL R A e A
test sanpl mMAPBkifdsepared from a bone or cartilage tissue.

wherein the level of the interaction between the lactoferrin polypeptide and the p42/44 MAP

kinase in the presence of the compound, if different from that in the absence of the

compound, indicates that the compound is a candidate for treating a bone or cartilage

condition.

15
43, The method of claim 42, wherein the sample contains an osteoblastic,

osteoclastic or fibroblastic cell, or a chondrocyte.

20 44.  Use of an agent that modulates interaction between a lactoferrin polypeptide
and a p42/44 MAP kinase in bone or cartilage cells in the manufacture of a medicament for

treating a bone or cartilage condition.

45. A use of claim 44, wherein the agent is an agonist of the p42/44 MAP kinase.
25
46. A use of claim 45, wherein the medicament is capable of introducing the

agonist into bone or cartilage cells.

47. A use of claim 45, wherein the agonist is an exogenous lactoferrin

30 polypeptide.
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5 42. A nethod of identifying a candi date conmpound for treating a bone or
cartilage condition, the method conprising: introduciBGFOVEEREHHINE with a
system containing a |lactoferrin pol ypeptide and a p42/44 NMAP ki nase, and
determining a |l evel of interaction between the lactoferrin polypeptide and
the p42/44 10 MAP ki nase, wherein the level of the interaction between the
| actof errin pol ypeptide and the p42/44 MAP kinase in the presence of the
conmpound, if different fromthat in the absence of the conpound, indicates
that the conpound is a candidate for treating a bone or cartil age
condition. 15 43. The nmethod of claim42, wherein the sanple contains an
osteobl astic, osteoclastic or fibroblastic cell, or a chondrocyte. 20 44.

Use of an agentygst hats pRAULRIES7, IWHeREPRE eficRRRRBp b1 @}%@Jdﬁaﬁ%fhepol ypepti de
and a p42/44 NMAP kinase in bone or cartilage cells in the manufacture of a

medi canent eXogenous lagtefarmgpelyprptide mto koae of ¢agtjegeceldi tion. 45. A use of claim
44, wherein the agent is an agonist of the p42/44 NMAP ki nase. 25 46. A use
of claim45, wherein the nedicanment is capable of introducing the agoni st
into bone or ca% il dgeseoéllagn 45 Wherkinthe ageht is hmantegbBjst ohibe pfdd4 MAPagoni st i s
an exogenogsa&actoferrin 30 pol ypeptide. -54 13 NOVEMBER 2006 48. A use of
claim47, Wharein the medi canent is capabl e of introducing the exogenous

| actof errin polypeptide into bone or cartilage cells. 49. A use of claim45,

wherein the agent is an antagoni st of .the p42/44 MAP 5 kinase. 50. A use of
claim 49, wherelh tHEY glcléﬁgrg}?rtw eée“btgﬁgﬁplgmﬂ?m ?Srf'f‘P@&%%fi‘PthO%ﬂalﬂﬁg Hnt agoni st
into the beggyoalst@fythé bagereatilage celd. 51. A use of claim 49, wherein the
antagoni st is an inhibitor of a p42/44 MAP ki nase.

10 51. A use of claim 49, wherein the antagonist is an inhibitor of a p42/44 MAP

kinase.

52.  Auseofclaim 51, wherein the medicament is capable of introducing the
inhibitor of the p42/44 MAP kinase into bone or cartilage cells.
15
53. A use of any one of claims 21, 22, 32, 33, 45 or 46, wherein the agonist is a

lactoferrin N-lobe.

54, A use of any one of claims 21, 22, 32, 33, 45 or 46, wherein the agonist is a
20 fragment of a lactoferrin N-lobe.

55. A use of any one of claims 21, 22, 32, 33, 45 or 46, wherein the agonist is

lactoferricin.

25 56.  Use of a lactoferrin N-lobe in the manufacture of a medicament for treating a

bone condition.
57.  Use of a fragment of a lactoferrin N-lobe in the manufacture of a medicament

for treating a bone condition.

30
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52. A use of claimb51, wherein the nedicanent is capable of introducing the
i nhi bitor of the p42/44 MAP kinase into bone or carti TAGOVEMBER20PE 53~ A
use of any one of clains 21, 22, 32, 33, 45 or 46, wherein the agonist is a
| actoferrin N-l1obe. 54. A use of any one of clains 21, 22, 32, 33, 45 or 46,
wherein the agonist is a 20 fragnent of a lactoferrin N-Iobe. 55. A use of
any one of clainms 21, 22, 32, 33, 45 or 46, wherein the agonist is

| actoferricin. 25 56. Use of a lactoferrin N-lobe in the manufacture of a
nmedi cament for treating a bone condition. 57. Use of a fragnent of a

| actoferrin N-1obe in the manufacture of a nmedicanent for treating a bone
condition. 30 -55 13 NOVEMBER 2006 58. Use of lactoferricin in the

manuf acture of ¢ medigyreRiofdrRéin id @eidaf\gadurd 0NS megiofHidt 6 treatit bone

condition.
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