DKK-1 Anti bodi es The present invention relates to human engi neered

anti bodi es agai nst DKK-1 and their use in treating diseases in which

pat hogenewD20i118&di at ed by DKK-1. Dickkopf-1 (Dkk-1) i ®Ca/useniomso2sf the
di ckkopf fam |y of proteins that have been shown to be negative regul ators

of the canonica nt < sianal i ng. pat hwa The pathway plays a central role in
bone devel oprre ‘ e REEN ASREVERE P PAE She ERALPEDL it s
interaction with the Wit co-recept okAMER or LRP6 and the krenen proteins.

Dkk-1 prevents nenbers of the Wit pathway frominteracting with either LRP5
or LRP6, i - ' ;,gnal transduction. DKKlI has al so
been shownhﬁgg el n@QI%D@%&%%qg%gsi zing cancers, including nmultiple
myel onR, br eastThe prestémapplicationalairaathe ibandth odpeorignosnsl Patagl | | ung cancer.
Anti bodi es that, bind Dkk-1 have been described (for exappl e, see WO20060
15373), howelieationfyne /420,544 filgd Aprijte d09% the kirasRniEntE Ohngh 2B gi neer ed
DKK-1 ant} i W |1l inhibit the interaction of Dkk-1 wth LRP5 and
LRP6. In g@gﬁol?%%@%mm ew of the involvenment of Dkk-1 in the regul ation of
bone for nfAECOINICAIeFEEL® a need for therapeutic human engi neered anti - Dkk-
1 anti bodi es f&é ud[sée in bor’ie heal i ?g In additi on, i.ven the invol venent of
Dkk-1 in cancef &1 GpEpEOD Lelgteh iapelf Jrred Asarmirg T VT dyySufgTranckk- 1

anti bogli egcfipsred r €ati ng cancers, including nultiple nyel oma, breast and
non-smal |l cell lung cancers. The anti bodies of the present invention are

t her apeut BAAIKGROEBYIN| DKK- 1 ant agoni sts possessi ng a nunber of desirable

properties. Th resent h n_engin anti bodi es exhi bit, high affinity
(k) T o hurman BRGSO aonBdye D aled o fNetdY, Shpftet sen A3 1 b 2
DKK- 1. Anbihbefliids fieh suberRhesedimhtivheNh &frdting theDKidd, ipeidltesh stAhy bi tion
of al kaline phosphatase, a marker of osteoblast activity. Furthernore,

ant i bodi e® evidekingy weldhore.ibetheisinforsingdhe pirectaal infreribaafethe welbers. #ass

densi a ter ] [ iiC ' - i .defect in

Vi Vo %de%egﬁégﬁgﬁlgéﬂf ?%{agﬂg? gﬁﬁ@@%gﬁn tglfg(%&v?}lh%i%nd}%%mlﬁggn{oo (%!ﬁ(l)lﬁgs mal | cell
| ung xenogroahittson strivg, \epertukbBearp loése provideddn thexabipp Siringds tie Ruti@mnofthgi neer ed
DKK-1 anti body or antigenbinding fragnment thereof that has a Kd at 37C of
| ess t hanSBing crapopding path madieHoprRaes of dEgvelp AthousiyperfepationbriiRrs DKK- 1
(SEQ I D : = - kb KIS SERs  33),
and r abb:\ltgrg}l;%%sis J{SfQ&]g%eilggéggoﬂg%r eseﬁttﬁ?n ent i or?;lgs)éow ddegldgphuman
engi neer edniied materialsadylowring the matilignf thegmentndihe fomoflatwms deiing LCDRI  has

t he am no sequenc f. SEQ ID.NO 5, L has the. am no sequence of SEQ I D
NG 4750 L CORAURIE. dhrisrith s BUBALE GR SASTDPNGCAGS. RS SRS LR ami no
sequence @fio He@biRy Nether HERRERARDNINE], RBh M SRAYIRCR HNer@ERIIUDNIE 2, and
HCDR3 has the am no sequence of SEQ ID NGO 44. Theé present invention al so

provi des anlykdarseed end dtber pacioanhases ecangmioaaplrd rerongrediduiduthisrpactinyilateer ed  DKK- |

anti body or antigen-binding fragnent .thereof of the present jnvention and a
phar macoub T e AER: P EHTE pi PRt e Ve ERrar R RAFERT bRe pr ecent
| nvent onpiriowikdatn RGRHhichiantfulinberie seatily big BARIHBLAT i Ng

human engl neered DKK-1 antibody or antigen binding fragnent thereof of the
presehl | Huaisnicdpartithlatpraaddenk flow aawsagns. acsulsion caabersndiiberdst treating

cancer co LS 1, 0 I n i gﬂé I or
antigen b%#%{geﬂgf g%%l%gtaﬁék%g?% t eCtlg)?% glﬁg{ e:ﬁﬁg/en egr??rb\tﬂhg(rag%{en t he
cancer i sisfibechede tx@mlinpy @stdypndimnsicstisundngfpartidutariyl for dyvehlai@, breast

cancer and non-small cell lung cancer. The present invention provides a
human engPHERPEY SPRIRUMES Incpise 45V s t%mw%fe?s{) WdhF GeEgreHE 2 Cher eof as
descri bed i ‘y\,ﬁ)e i g i : 3 wohilk 10 11M
for hunanctg)lgglg-%}l&](ﬂ EQ %%k%gﬁgsé?%ﬂﬁ/g@%y%%? Iétr%gﬁ?{/)&fd%l tg(ﬁlgerqglggﬁ&’i \ﬁl\l}?egnti on
provi 8&s htuirasaren gna @essed i Ticiamttflund Ay waratheweys.gemiobs pbidnetidnrfagment

t hereof, wh in the antibo has Kd of, | ess tha .0 X 10~u, M for human
DR 1 ( S et Fyde Y e Apefandattd sl ysHataudiog surk gk Bibvi des
human engi,RaQEREN Rskmbli@nt i body or anti gen-bi ndi ng fragnent thereof,
wherein the antibody has a Kd of less than 5.0 X 10 12M for human DKK- |
(SEQ | D NO. 29 nuptheeopwell seradn filtratipie demgnsdave besneamployedp rAowicl serebuman
engi neered DKK:- 1. antibody or antigen-binding fra nt t.her .wherein the
ant! body fraamaiya Epeeearos o e B oAl eng SR a1 B Rlerith b
(SEQ ID NO 29). Further preferred, the present invention provides hunan
engi neered DKK-1 anti body or antigen-binding fragment thereof, wherein the
anti body has a Kd between 1.0 X 10 12M ahd 1.0 X 10 11M for hunman DKK- |
(SEQ ID NO 29). The Kd val ues are established by a binding equilibrium at
37C as described in Exanple 2. The present invention also provides a human
engi neered DKK-1 anti body or antigen-binding fragnment thereof as described
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t hereof conprising a LCVR conprising the ami no acid sequence of SEQ I D NO
14 and a HCVR conprising the am no acid sequence of SEQ ID NO 12 and
wher ei n twe 2huvmsi4@ngi neered DKK-1 anti body or anti gen- lpCmdiSagofos@gsrent

t hereof has a Kd of Iess than 2.5 X 10 11Mfor human DKK-l (SEQ I D NO 29),
cynonol gus DKK- 1 30), | D, NO. nmouse DKK-1
(SEQ I D Neﬁanﬁpassg atm% apee%tﬁésr% Rl )SuOI’%Séa é@ér ably, the
present i ﬂggr%ﬁtgancpgﬁw%%@&mmgeg}%& %lé?ﬁg Dﬁﬁ%sjp%&?"ct?l@ﬁ n 8f the
antigen-bin fragnent thereof conprising a LCVR conprising the am no
acid sequmﬂ@cn@én @EQakﬁnmccmuntath@lty@e eV taomeni Sirmgtiombkelpitmbe aci d
sequence of SEtglr and V\/nerel n the human engi neered DKK-1 anti body
or anti gefi*%M"A qﬁigasrwglé%ﬂllev%ql'eﬁyggf has a Kd of less than 2.0 X 10~p M for
human PKKSUMMNMBRY D NO 29), cynonol gus DKK-1 (SEQ ID NO 30), rat Dkk-1
(SEQ ID NGO 31), nouse DKK-1 (SEQ ID NGO 33), and rabbit DKK-1 (SEQ I D NG
32). Further prafaspecsencommassss &bk scraspaptenbhy bavang Heglopgatubiss PaNgi neer ed

DKK- 1 an I e

corpri s; e Rt raBP bOS e 3,08 ek BIERY etEheithe SATRLHEAOR Btor o1 ng
t he am noh@g:amhxsa@u&@moﬁfwr&ﬁsadlalaa Rt gdge anthnheratdatcRectivanmappagi neer ed
DKK-1 anti body or antigen-binding fragnent thereof has a Kd between 0.5 X
10 12M andt Bscgond, 1arzarigoes-of mishady coirpvideteoppsl o wisoywrapdgygndingus DKK- |
(SEQ > =oN 33),
and r gﬁb:\ltal tBK%%ud %E&gﬁ%djl\%g g ;Egll\%?g “%‘E“)SP éé?a%gstﬁe R‘ﬁﬁ Ahré eseﬁlteEPlt(l)r\ll\?entl on
provi des mehumwr@rigyeneered DKK-1 anti body or antigen- b| ndi ng fragment

t her eof conpri a LCVR co rising the amno acid s enc of SEQ I D NO
14 300 a FOUR, QORISR v Seiel S ganEE i = B3 BORESPPS and

wherein tRgg Eﬁt{"@@n‘é Qgil&%‘r&%’d Qiﬁ%o%d@d["éd fedy, ﬁ&t R 'Ag%amhag Reivignf ragnent

t hereof has a between 1.0 X 10 12M and 5 X 10 1IM for human DKK-1 ( SEQ
| D NO 29)1djawlnmthg1mngSI(K€Ild $SEQY & thDNH:S@))ll areaepebidite f@SE@gfltlﬁBtNO 31),
nouse abbi t. DKK-.1 EQ | D, NO. The Kd

Vel ueb” ar st b g L ns e B at 4 b P brineen Ao 48 bed
Exanpl e 2windigesih @8 eittrddNVA0Edcitn BF SikiviasScal dperdde RNgioReriechlBKKf 1 ant i body
or a binding fragment thereof, conprising a l'ight chain variable region
(LCVR) anthea#pprifiedsighiinesyari abl e regi on (HCVR), wherein the LCVR conpri ses

FOVR compr 1 ses Aot pA I o PR L r T PO MRS arino
sequence ﬁfetlﬁE[@nleD;ﬂ@ﬁle&gasd-@BRh ﬁlﬂc&ixﬁiﬁl@a%eﬁ@ra@@ﬂﬁ&ﬂ&@eﬁorﬁﬁ@lﬂg& NO 1, and

HCDR2 _has the uence of SEQ present invention provides
a hunth ewgqeﬁe@rbe qngéwmnﬁbﬂk}s o’?‘dJ%C%‘F ﬁal wgldmgéglﬁéﬁiffsttsﬁ%wwf teher ei n
LCDRI has equence
of SEQ | Do hD g Ol e v D RO ST IR s

t he am notleeguencepwitidBEQal DndiCzdro ghiGDRRt lhass ohhmedrﬂaya&ewqyp@é ostr SEQ I D

NG 43, an HCDR3 has the am ngQ s ence ,of 45, The present
Moot | oo R e erash G Bt T e e GG Saati SR Pagshii By or
bi ndi ng féﬁgﬁa%% oV Bel LAl A@E €irfl cb@@&lmha% dhbsudam éi'QsL %%gsiﬁ%ﬂ%eeﬂhe SEQ 1D

NO 5, LCDR2 has the ami no sequence of SEQ ID NO 4 has t he am no
seq uedte @ﬁstsm@mqsh Noen gTheHomRtudiead dirnensiomi Qféh@@gfdéhmeldééyesmemcts tNO, 1,

Coananes ot e aT | B Es AT OSE st TR R Tof vt B ohE T B9% lReamene neer ed

DKK- 1 ant sheay 1.9¢r i8 chiipdll B8t HiRgfi®néoit fefi@oiinddhggi the OB oh@metthe ani no
sequence of SEQ ID NO 5, LCDR2 has an am no sequence selected fromthe

group conkivstanlgigd sigpast layeno renchspd se thioptdcashpere BEeh lapemiofwaw, the CDR3  has
an anino f r consisting of SEQ ID NO 7 and SEQ
D NOLO. PO RERAAR St G5 LA R O lﬁigﬁﬁog‘dg&ém ID NO 1, HCDR2 has the amino
sequedke DFESSK[PTIO)NIOPZDMWIN@?@RB has an am no sequence selected fromthe
group consi sting. of ID NO 3. and SEQ I D NO 4. The present invention

pref erably prol?ﬁ?aelsls mSéﬁﬁ}q%leYléwoeSﬁkea(a%Fm&}dystsml ﬂmil@éﬁ- bi ndi ng

f ragment gfﬁgﬂﬁggf%g@&%&%@gﬁgheg_m LCDR3, HCDRI, HCDR2 and HCDR3 have
am no aci d sequences selected fromthe group consi sti ng of: (i) LCDR is
SEQ I D NO 5, ECDRA issa BEQetivaNdew®f ah EOREple sviSEQap Beibidh aidd bddEPRle. i s SEQ I D
NO 1, HCDR2 is SEQID NO 2, and HCDR3 is SEQID NGO 3, (ii) LCDR is SEQ
IDNO 5, LCDR2 is SEQIDNGO 8, LCODR3 is SEQID NO 7, HCDR is SEQ ID NG

1, HCDR2 is SEQID NO 2, and HCDR3 is SEQID NGO 4, (iii) LCDR is SEQID
NO 5, LCDR2 is SEQID NO 6, LCDR3 is SEQID NO 9, HCOR is SEQID NG 1,
HCDR2 is SEQID NO 2, and HCDR3 is SEQID NO 3, (iv) LCDR is SEQ ID NO
5 LCDR2 is SEQID NGO 10, LCDR3 is SEQID NO 9, HCDR is SEQID NO 1,
HCDR2|s SEQIDNO 2 and HCDR3|s SEQ I D NG 3Tepresent |nvent|on
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sequence of SEQ ID NGO 14 and a HCVR conprising the am no acid sequence of
SEQ ID NG 12. The present invention preferably provides a human engi neered
DKK-1 antwbadiyw/MmBaisei n t he human engi neered DKK-1 anti bedy/usonmposees a

i ght chain wherein the Iight chain conprises an am no acid sequence

selected from roup consistipng of SEQ |D NGO 19, SEQ ID NO 20, SEQ ID
NO 21, and SEQH[](% %’d%r%ﬁr?éﬁwéggﬁw Al 1B ¥ na}tam%@éea human
engi neer eg QKK | anti body, wherein the human engi neered DKK-1 anti body
conprises a heavy chain wherein the heavy chain conprises an am no acid
sequence sel ectHd 3vismdetdd sgteourpssessaisirsticwef of cBEQE 4 prici@rt will agrderSEQ | D NO,
18. More preferably, the present invention provides a human engi neered DKK- I
antibody,aﬁﬁgﬁg?n t he human engi neered DKK-1 anti body conprises a heavy
chain sand a |i git. IRiatcA 16 @6sTscSaaPRGO28a8 be thefprRiaktR1gr oup
consisting of (i) a heavy chain conprising the amno acid sequence of SEQ
| D NO 17saerh dspghbly oh&iG: Yormrvisg agartiselagictlop#bi d sequence of SEQ I D NO
19, (ii) a heayy~chai i Si ] ] NOo i f SEQID NO 18
and & 11 gnt onblG LS erl R dhiehis® e A B S &l 0N 20, (111)
a heavy chaembgonprising the am no acid sequence of SEQ ID NO 17 and a

|l i ght chain conprising the amno acid sequence of SEQ ID NGO 21, and (iv) a
heavy chain cohpeirsickaice Rambel Hothg vpdowehnwuings insic q@eeRts-17 and a |i ght
chai nygo0 HS| t i id sequence of SEQ ID NO 22. The present
inven%?o%@g?gbﬁsggopﬁgﬁ a human engi neered DKK-1 anti body conpri sing
two |ight chai Nsriousanmglamadgionk bfjiniveld Baicon esombiyses ptaveledm nonmeciich sequence
of SEQ ID NE 19, an% t wo.heavy chai ns. wherej n each h?av chain conprises
the am no“ACidPaseRiREAULHGIN S FHARKen ffom apHRCHAuaBNtCll P8t i on pref erabl y
provides gnhumRaSHS T8R! Gl Rked as@&hbl?%ﬁ}bl&;pmfrﬁ&ﬁb&&l WO whdItechai ns
wherein each light chain conprises the"am no acid sequence of SEQ I D NO
21, and t leychdagn. dhaius-laysewell nereait isshwbliss anpEpying ompgrigpscietie ani no aci d
sequence of SEQ ID NG ..17.. The present  nvention preferabl rovides a
marmn EnglHEar S rIaR bl A0S PREREML SRSy P “Giar b TS ef - each

li ght chaidye; eomidcsiag th &vir A degibal GRPHEVIEea pborIRQ P ey and two
heavy chai ns wherein each heavy chain conprises the am no acid sequence of
SEQ | D NOsubpyquemhlaygis e ABAMPIQY@e Mtifcotirap sefcen Hiyey canrapuilepesccHomimfetosengi neer ed

DKK-1 ant | omr.j.Si: . i i h Iigh in
conpri ses Wt&ﬁ%},%%i %Esogl%ilﬁgg%\ég\édﬁﬂg g’wg?ﬁe@%é%%ﬁ%&rggﬁ et%a\% ’ Tﬁutefgl{g/t; chai ns
wher ei n easdloheasi ohginlitdrpdd sbe tvive vaapped [agird vagowiaoeapped 8E0Q | D NO.
18. The present invention al so provides an anti body or antigen-bindi ng

fragmetht 1HEF €81EC ARSI MEGHBR XS ON} 21he Heohahhse elRefhRERIgd BRIKODS ant i body
or anti gepehi l@eg}sﬁﬁ%@@dl& 1R QEotins ! FieRIASRER LodiBY LA WnbRlapPlondli ng to
human DKK- | (tSE I'D NO ZQS as determned via an anti body conpepltlon
assay. Thettgghegeunbsdqneentdllonrehdag/cpy, i meghlayermerdibuteashraahposi ti on
conprising the_hu engi neered DKK-1 anti body, or. anti.gen-bi ndi ng fragnment
Chereof  oPYEReREE ORIl CRe G ner A S AR RABLGDBLCT Pk ept abl e carrfer,
di luent, aKdR¥GLIN, ke closdd RefidMI o AR foF %ﬁ@&rebtﬁ‘&@s‘i‘éﬂs(iﬁ'aﬂ%%%la?es a
phar maceuti cal conposition conprising the human engi neered DKK-1 anti body
or an?3 gewithilarge mg!lfscregmeenncriwen veds, aifd other ghicexéine tachwignes fonsecotjeg her wit h
a pharmaceuyt.j.cal acceptabl e carrier,..diluent, o XCipient. a gptionally
other ¢ norGHUGPH 1eRgP STl R Ry bl Syl e PRSP A MRl ent T on
provi des andmbhed] &fstsheal i ng bone conprising adm ni stering a human

engi neered DKK-1 anti body or antigen binding fragment thereof of the
present invent FHa.1 illpsteatdsiantamplesplbsystonh b0 prebilang a plyiading plowclbr ovi des a
met hod of I q e rd si dim 0] I: g 0j ed DKK-1
ant i body. e g O R 2 e SR SO R T er b it Rl B AR O

wher e3 t hevetlboedrt tha deviatesnabbiyzonedl o€ tiedtahtioly hdreogtadiipthe ouistisdrncay of

mul tiple nyel oma, breast cancer .and non-small cell |ung cancer.

Fur t her mof@C HiHBlCPedentt EHVEAD OTPnG B & rittrrRAT ORI Hisel etPorkK- |

anti body gf4 AHHNQIGD aRYAHELAD14 LABOERRFack PET §RE rQhaihdie o?'ﬂfesx%lfbo!rﬂ}’@ﬂt ion for
use in therapy. Preferably, the present 1nvention provides a human

engi neer edorplkted opan hble die. owitbmiticgeme)bisnphodgctfonagmei2 ¢xterde dfonof t he

present inventi or use in.the treat t f heal i ng bone or .in the

P eat ment WoHdReltouidfe MIBSHE 18aREao Mo whlsranamn e 8 Bt 21 dm t he
group consisting of multiple nyel oma, breast cancer and non-small cell |ung
cancer. Furthernore, the present inventidn also provides for the use of a
human engi neered DKK-1 anti body or antigen binding fragnent thereof of the
present invention in the manufacture of a nedi canment for therapy, healing
bone or to treat cancer, wherein the cancer is preferably selected fromthe
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| gG3, 1gA. Each heavy chain type is characterized by a particul ar constant
region with a sequence well known in the art. As used herein, the term
"nonocl ornalD 2aritbady” (Mab) refers to an anti body that PETASRINAE2EF oM a
single copy or clone including, for exanple, any eukaryotic, prokaryotic,
or phage clone, and not the netho whi ch roduc d. bs of the
present i ﬁwﬁwwaﬁlﬁeff?érsgglﬁ;}hﬁ‘e@aﬂgﬁw%ﬁweﬂ&&ﬁ)@eﬁ% SBIne AR al | y

homgeneoea?snrgomﬂﬁ{e' ﬁBduc%HBirﬁﬁg@ﬂ%‘éﬁatééq{iE)?dd%c%gf}ﬁﬁd’sY(le“gh%‘11“ asaBgh/ér | 1 ght
chains. "Antigen-binding fragnents’ such nondcl onal “ant | Bodi es i ncl ude,

f or exanpbeger ﬁalIdS)fﬁrqgmlmm@terlﬁatﬂn Fona gremthe, suFfpeds?(). Thefpradumtinn siringnd si ngl e

chain Fv a Mbnocl o anti bo d anti n- bi ndi.n fra ment s
Char dof o FRES Bue At Hos R s TS ) S oA oty

recombs nafie ahﬁﬁm@aé%b@ﬁle REAREoAkEPLAY a8 eGP cAoRSporBINbMNALT C

t echnol ogi es grafting, or combinations of such technol ogies, or

other t ecWﬁH‘DQfgllg@%kaW Wik geavel amddor sanchthsresnafier seferseghtorss gravelini zed
W th humga%% R c&({jx%%géﬁgé) 3 T %e‘flosfc{ee% E?sggn%v\%e E%Eeﬁgi @ﬁ%&)}%&hﬁ%z%a“ be

recover ed etéerm na posseSs bi ndi ng
and f unct alddalkoprupeatibrest Buids bawveéroﬂmpr@menslamngszz tahe setnédrdedy conpounds
di scl osed herein_can be assessed by nmet hods _di scl osed i n Exanpl esbel ow.
Ant i gen- b7 Iy %eaggmehp%cleww%ldseaéiﬁéﬁ@geaf Blragigmosest pasrenet hods.

Vet hogts f BlriBhigd G itk b DO RALIBPE 58 pailoai LaRPIBT DAL e
fragments are wel vvn Ih t e art and can or exanple, in

Har | ow ansbrhmse(rﬂlﬂ&@)prd&nde bedtbad stage biaflomaocmgrapd Maammaﬁgu@dlt@ﬁEﬁml ng Har bor
Laborator Press, 5[2 |1 % rbor New Yg rk, chapEerst 8 and 15, | SBN
0- 87969- 3 nsépasﬁﬁ%e rhegdqulate af nsctficdivizengd At srdpiorac py Hﬁloé]nsﬁlil%dy

contai ni ngpdonmai ns fromdifferent species (generally 2 species). Antibody V

is a chineric antibody wherein the light chain and heavy chain variable
domai ns cont ai Altheegilthhewnfmdm @nfaxt phehenmontad diell syktemdds weh ecreamst ant

| d k i gh
oo o hmBE B SRR e Rl L R RPR, R v SRR0S O

conpri si ngys@enﬁsﬁﬁavi@q vafitdl e dybstaffibi ReEbal Wellbord, mliktilaefrd] kclicdyktemisa and is
used in studies to reduce the likelihood of imrune response in long-term

pre-cl i ni bavingrpwéinic wrheorphdeydatingHinran cem@memlmr%mdmmheéwellr efers to
nmonocl ona b t r accordi ng
to the i nLe?l‘t'{;llgg jﬂ% %@h@%deﬁ%&dﬁ lrlg &glcﬁgr 8%1#%85&@2?%6% aéé@e?%l%)ise?;l%“ ally
human or Eaﬂlbméadmmathsmmmmjm@dﬁwﬂﬂﬁbnmlﬂréammreﬁ androrlothiean ant i body.
"ANnt i %in bi nd| ng fragnents" of such human engi neered anti bodi es incl ude,

for eXAnpPRRUCEUSt r agnents, Fab' fragrrents F(ab') 2 fragrrents and single
chain Py fragneps o iiGEARRIPEfre L6l QRtenCf30 R FRILN fr SRAHGREE! scheher s 1o
any one of framework regions Human engl neered anti bodi es and

ant i gen- bassdihly, ﬁuc.hgtmmﬂbcteheammbeynbbrfﬂ&swedwmqp fdneenpli3@sesitowmvent i on

i ncl ude nol ecul es wher ei e or. nore of franme k regions 1 to 4 is
CUbst ant | BHTIS Bp Bp HPT U AR PN 1607 TH Vg Wag sty | Phen g Oe e

conbi nat i %@foﬁfedIsﬂdétwaqiyefouﬁ&m%amyelfbymgecfuehﬂ myéwnm firageyprk regions 1
to 4, is present. For exanple, this includes nolecules in which framework
regi oS5 1 sareierk Bé)rnemlud% a yiabify of, suppentrelitds kn sosty esesllongithdirehmetser Ay egi on 3,
f r amewor k on subst ant i hupman

Suber ant | AIREORT et Firs AR S5 PR TE R Al B dorinatitel T 0o,
sequence hERdrded (&.8., VekiROVWratvdNBai/ Gestidriviie HohadEmwanrsseingivi@s) tor ef er abl y,
t he substantl al |y human frameworks have at | east about 85% about 90%

about 95%hesHp {ThggupReRfuair avira bt grosp the loagitndingl sHopair 198rtedforae

f k tical t
L Ko niSSERas, ATiodh BB K ggﬁen@é%f%&bﬁ.zahﬁﬁ*fﬁ%%@ wer el to
sequepes smnrtbewbnattaemﬂmﬂbhmna@mefﬁlheSCI(eJ:MBIO thd sippdred Iomhsi te

http://i ]%énes fr, or from Thel nmunogl.obul i n Fact sBookby Mari e-Paul e
%i

Lefranc a Feptly aEréPgeéjncFor&é%IH%lﬁ:1@SPF@é%StmEG%fuPHOSfBl\liOéf%hﬁ:l%l For
exanpl e, aﬁfsmnha?y hél&QF at%h@gser glfﬁr{ﬁmgﬁeﬁ@amo%r%Jeqeseﬂnfh%%ﬁ@e group
consi sting Al8, Al19, A20, A2/, A30, LI, LII L12, L5,
L15, L6, DBFICB 22,, tlﬁzperum:cbr 08 wuarvdagmdnslcreme 136 avl}abﬁhasubsfamaaﬂéy\mdulare g i ons

can be sel ected consi st 2- H2- 26

UhB- 26, - veEay: b coul! S BhS5ReRRE a6 po bt and bratisegry- T gty

VI-1 3-7, VH3-11, VH3- 15 VH3- 21, VH3-23, VH3-30, VH3-48, VH4- 39, VH4 59,
and VH5-51. Human engi neered antibodies ﬂn addition to those discl osed
herein exhibiting simlar functional properties according to the present

i nvention can be generated using several different nethods. The specific
antlbody conpounds dlsclosed hereln can be used as tenplates or parent
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for human frameworks at that position, such am no acid can be replaced by
an am no acid typical for human franmeworks at that position. This
back- nut avDan10criBt4@r i on enabl es one to recover the acti ycryusediowbespar ent
anti body conpound. Anot her approach to generating human engi neered

anti bodi es exhibiting simlar. functjonal pro ieg to t ant i body
conpoundsnﬁtageffso@é&a%@?@v%niaﬁ%ﬁmgter SSRGS b i gcoamhlﬁe& 'a¢Fds wi t hi n
the graft gd, (R {asifed GRRARALN foNGphsRIBUQLKIay&Rd Screening the

resultant nol ecules for binding affinity and othér functional properties
that are as gobuadistiartobetving astchaupper detiofr lastves, prorveime waant scbadyl 38onpounds.

Single nutatio can .al be i ntroduced at each i no.acid sition within
cach COR BBkt g LL L Betnep Al HFTagie VB dae AMMIEdeTBHESHT: ndli ng
affinigy gng dsBeipef 1608t S@pakts POOPRIVIdcESandIMPaf 1655 BdtivedsthBoadyci ng
i nproved properties can be conbined to assess their effects in conbination

wi th one aisteps 13 undribe layar bavstrhibare drsepipsdoh), slowing foiledde Agw

appr oaches,.i i - j n pecific

' armwor ksany SRR B Sapdid iR T AL b Rne e B Fk AR e
CDRs. Thi slongthdthod dg)ayes beseds, fhaampldNht@thedlase Hipd Fddpugh bawb bipeBi ol .
294:151-162. Applying the teaching; of the present invention, a person
skill ed i APHAESSAHD. diRertpdn NsEwfesn thesuppartulde cas by a lowgrigaugs pae e,

nmut agenesi i 1 1 Fydlal [,sql osed CDR
and f?@m&%?ﬁ?})gg%ggﬁé%%waeﬁdﬁ ?%{3@ lé gjsgzrnh\grlg\?%%%lgfg@e%\%g? fdg%?egdxﬁéeigi on am no
aci d sequsnagth Wehe ward Wnp rertde apweB esincsagubsiaebf Withcal the patat wire

natural ly curring am no . acjids.can be introdu at, a.specifi

Sabst ¢ ut 1S e WP Biseo f i bRy dBonet Stk TS A BIebd0F o scr een
these addipdd RRRla YRhlafRSor RALQRUBIPRNAALDrSBAYERE 88d/bPoihdBREdEY Sequences
having the indicated in vivo functions. "In this way, further sequences

sui t abl e satiopr Bpagxiangld imeataamigistreessetdic anter boi 18§ hand taangulpe ntvistidi ng
portions thereof. in accordance W t.h the.present nventi an.. be

Cdent |11 el C0RP SHEMEB T g Bt D eE it s bRy He TR RRReT ks i s
restrictegmﬁ@mg@qodéﬂgbmﬁkmiagg%npaﬁﬁﬁjons within any one or nore of the 4
i ght chalin and/or heavy chain framework regions disclosed herein
Preferably, anmhengingaseasstt may e dgsivgblciorise hédittord laysrsriasonjuaeted t o one,
two, or tfr L 1.5 D e r - ' hai n and/ or
neavy chaliBRGT makPRs ek e Aty REeTa odRof, R b 1 A0 2R 8l

f r amewor kor egiconsshaseetcCDRzradEXciouhEst dibmsed aiocal sioe pegpedlager NSt
preferably, these techpniques are used to generate further variable region
am no2%ci Altbeplonnt sReqis Sts‘%nwa&eioam%e FEaly seresndaysryhvl eanadditionely aci d
sequences | i : §gﬂgﬁ' ely. Human
engi neer eﬁldgﬁet?‘?dé%g?’&d %8r§§gnt{e?8%%}beﬁﬁé?ﬂ]gap§5%%¥gl@ 't'ﬁ{e%rl{é[g t ha%s‘ﬁ" conpet e"

wi th the mybetdl issoudktsictedsed diftreitmaner thhw s@rctvrappdoli sackehlayars DKK- 1 (SEQ | D

NO 29) at sjte(s) that are_.identical. to, or overl ing with, the site(s)
3t whi oh RALCEiat ehe TRt h EETHI AT S Ry PR LA a Rt ant | bod: es
or anti geRelRiaN{livigpct a8BOA R dith & C1Bhgif AP Sup e thé hRdh isft?picalganpl e, via an
anti body conpetition assay. For exanple, a sanple of purified or partially
purif?2ed womremamike-forn tho axi@aze prrpys dfgaradlet wiras boided tegegoit . An

anti body di scl osed .herejn and. a.test noclpnal i bady .or._anti gen- bi ndi ng
Fragnent , CHEIEEHEE FREmPHCE 25eF HreBass B Shesk B8 i Pon

| abel ed, aceh tahen 190dedk a hiesht p& ihébauatorrd éageiterd . tilbe181moabzl3ed anti body
bind to separate and discrete sites on DKK-1, the |abeled anti body wl|

bi nd to t Aed so0m), Yieldeng apseresin e mesh thay arcsuaiss than (auhibet filiyy agatdbody i s
present. e i £ i,tes. i: i re. i | cal ver | appi ng,
Phe-unl abETSain phbiad O o BoiBq 2! Rl R R b S e oy
bound3@ o tdyer BOU ik gelocted td file abawstirpadsagt bf & hallsrlspbefiadisiand fi faodyulats present

i n excess, no |abeled antibody will bind, For purgoses of tqe pr esent

i nvent i on’,thaecwﬁ@% Py theuitis WEHYICHRSEI B VBY AT O breregRmyenihi ndi ng
fragnent s Lhekegy AefulNBskst dak AeCIEeanE phenbLOdi A 9k bt RRoHogaENt

anti bodi es toSDKKf% bg ab%ﬁ?’SO@G Z out 68%; aﬁout 70&; a%ou?H%bWb about
85% abouts 2O lagdyol90. Iadéed odiffatsoume 90dyerDepeai hadesodizgsr icedubes for carryi ng
out such conpetition assays are.well known in the art and,can be found, for
exanpl o FAMPBE] (iR Eate (TSI AR egou el Goscr GHAsSTUHy vanual . Col d
Spri ngHar bor Laboratory Press, Cold Spring Harbor, New York, pages 567-569,
| SBN 0-87969- 314-2. Such assays can be frade quantitative by using purified
anti bodi es. A standard curve is established by titrating one anti body

agai nst a | abel ed version of itself. The capacity of an unl abel ed conpeting
nonocl onal antibody or antigen-binding fragment thereof to inhibit the

Y b1 I o . . T —y b o



medi canments in human nedi ci ne, adm nistered by a variety of routes. Most
preferably, such conpositions are for parenteral adm nistration. Such

phar macewoDcalo/laeposi ti ons can be prepared by net hods welrluskowomso2ss t he
art (See, e.g., Rem ngton: The Science and Practice of Pharmacy, 19th ed.

(eﬁg??eereédge PPE‘E?H;?F%@J%W?&?N%E%E’BG‘EEV HI38§H§?%)1%1§?%(EQ hlg%ig? yrl'%gggpt abl e

carrier, gl ll‘)%@]thlte Qt?orf‘g)%laﬁkz@ﬁrthmﬂ_é?ernéﬁﬁl%érsl9@f it AelRMsHPe assays
denonstrate that the rmonoclonal antibodies and anti gen- bi ndi ng fragnents

t her eof , d¢51ltahle tp pasedt addiiant profecty elayersf partiadarly Whece tharg ichvdaser.  The

antlbodles t he sent JnventiQn possess f desi.rabl e

o oper 1 eBeksb o8 ARERE0teA A BB A PG SR SEeRE 1R sRETBR has i nor eased
cheni cal  grkdpity Shioad 1562 danybe pRodd&D! Inttht tigaple AGaEBIsRhaingdhst udi es are
performed to assess the chemical stability of antibodies by incubating the
ant i bodi egripding ped Ficsion ﬁ@cqmﬁﬂeﬁmg@mt@lh@en ofithiefasscathily Bowp edongondi ti ons (pH

and NaCI %BB%| CaT? 26@@1@@?%&%‘ ggrgﬁ% lagr%r 1%}? an%g?%éfgan) &hllr?i%/haﬁitlty%eks

Chemi cal rons & antl n are

det ect ed bpertads largeeighiesiyem(chdage)) thint thiovpagfiapiiye sfpaspdatatizeretiar ge
variants (eg., deam dation of asparagine to aspartic acid) and LC M5

anal ysi s t&ipdentsresLsihemmehiavsi ¥, of degradation. Antibody Il has the

| east y@nount o rther
confi r(?red by Liée%g%ﬁ%liﬂ rpva%ﬁ%% @%%Qﬁ%@gﬁi é%d;g%a%a?%gdv {’82?}3&%5 in the
CDRs had B&m&ohsea&dlffanenwutemlrdeb&wmmmmt a:dllﬁfbmnewmp@ntgl‘mtcht @G, 2kt | bodi es

d bed h ft i bat t 400C f Sol ubi it
For  Ant§ bUYY e eriins P of Shisd Do DHRAAREG e RTE ESPS FORMRST il ac ed at
pH 6 + 15Q¢ BMrmglzed%graHﬁ%M@e Wﬁ'ﬁ%in 9@y thklenfiRd s@&@dﬂ‘@e@lngl?ﬂsﬁmnleht y of >105

ng/ mL when stored in whereas soO lity for Antibod is only 48 ng/ m.
and preci pllosfa‘togdthgmderwltah%’eatsldlml plmlilchnﬂlhanmg aAQWt)}z;t@lehgg@gmwhﬂECSO refers

to the_.congcentration of. an roduces. 50% of the maxi response
bossi b1 o PORh St aaftine g a8t HDoRe SPRCHEES | £ i Ptns AR S R hon
const ant whd Edvig2dhipl oaad. Clil @hRdmPYenidheations, Bl yaon Kstichd sédRs F030EX arml e

1- Production of Antibodies Antibodies I, II, Ill, and IV can be nade and
purified A8k lisiciumsly ipRsW BipPiraR winéas. £d0sely- \ytﬁpheégvmdepeszelﬁnegm or CHO,
is either n systemfor
secreti ngfgs:tt? H@%ﬁ%&tg@du%{dnss&ﬁ&lsysoﬁﬁ%ﬁ%%g@ggwﬁpﬁgggpﬁé@{%ﬁ glt or ratio or a
single ve@ahsfanayltz}tmgmmc(t egncbgtqh: dﬂ@ubﬁmhllgaogE@ bdﬁwé&a adf@enosut&EQ | D NO
24, and LC, such as SEQ ID NQ 25, SEQ |.D NO 26, Q I.D NO kB 27, or SEQID
NO 280 cwarh"fm@&g dn som¢ irppleprntationsnadiasnnt B%&WH%V%@% withingped, s
purified f3 gg[;anj t he

medi um may Mg@rﬂ%%%i en aggp I e(PﬁtT: gﬁgﬁﬁ%&gﬁﬁgﬁ&%@?dl Sep arﬁglggt FF col um
t hat has hlegordqubt bt adnenhumnslh ﬁha:guppé;bivtﬁee a&]af:éIEmmhugﬂmnahe phbsphat e
buffered sal.i ne % nonsp ecific

1 s e SRSt Bnifdl g Iep i s SrdTal it e TR AP 5y i
gradi ent 5%5@ @&h@sére&ﬂ SQ6thbm mmlest%ht&tat@ H1t6rc8 agana ptséygéeﬁl um

citrate buffer é Antlbod fractions are detected, such as
SDS- PAGE, tl@rmestlﬂewr ap qotedss Iﬁdtatlher axsally fupche hdrx)lbstwmnlﬂtmatter dependl ng
on the int endggl The nt ncent f at ed nd/.or ﬁgerl | e

bq
filtered Usih srevden %?C&Er gglaé%%h%ﬂp DY SR MU RPS may be

ef f ecti vebyual mvsﬁchul@yth@@ RO Al R St M cCiFParticuhed pedbdiidhySthe ScreXAddshbIy,
hydrophobi c interactjon, ion exchange, or hydroxyapatite chromatography.

The puri tWC@faSﬁltfe‘%@ttﬁéWfétaﬁé?ﬂlatt%%ée%W@ﬁﬂt Byneyyst 8psome great er t han
99% The 7 hilized.
The. am ot Henalint, A8 LITEAIAY 266 L ERT:dlon/ Wik sl R SidSEs 1D
NGs Exa0rpl 6r12051tAfnfed mlﬂlytrt(d@d:)o g@iﬂé em@gzt@ Heﬁﬁee@lﬁﬂyabetﬁm)htdﬁ@tdiea&nﬂfmgeﬁt abl i sh
a binding equilibrium a constant con tration of antibody is mxed with

varyi ng cBAUEPRIPRPT WHE WarPIpES- W ﬁédn SF“(@E’@ 19 VRS, WP SSEG | 180 NO 30, SEQ
I D NO 31, .56 NP BD beQhifdkR | D NO 33) (1 nM- 1 pMrange) in PBS (pH
7.4) + 1 ng/ L bovine serum al bumin ("BSA") or buffer alone and incubated
for several dayiGaA iBu@ratdwodast sdotroks-sadtingpl veacof opisorarewsléscreqm one set

at | ow concen of antib and on et at high co centration
of ant | boByorsh 57 A i iy S 1ot i GbPr & 1l Ll e orEh RN EXA 3000

i nstrunment (Sapidyne Inst. Inc.) is used to probe for the fraction of
"free' (unbound) antibody. Briefly, H s-6tagged DKK-I is coval ently coupl ed
to NHS-activated Sepharose 4 Fast Fl ow beads (GE Heal thcare) which are
packed by the instrunent to create a small colum. The pre-equilibrated
mxtur es of ant| body + H| S- tagged DKK-I are passed over the beads to

o = R o Y r o, =



The m nimal concentration of DKK- 1 from each species which fully inhibits
AP induction is as follows: human DKK-1=38 nM cynonol gus DKK-I1=I 1.4 nM
rat DKK- we=208/mif43and rabbit DKK-1= 25.0 nM Havi ng dePemrriSaed/o8¢265
concentration of DKK-I whi ch fully inhibits AP induction, increasing

concentragjons of an K-1 anti body are pre-i bated i.n assay nedi um
with an .Wb%rswse% Egli(i lgles GfPT%R%YVf S%Eﬂua eﬁE%@toé‘sto%P% ?‘5’3
tenper at Ug@und\E tlaBRidRAI NPt WveapdRteh Tyeed §‘§ndj§ﬁl%£ﬂ ta%'r ﬁ@oéﬂ@ carB@é Hh Ls are

reported as an EC50 (nM + standard €rror). Antib bl ocks -
1- medi at ebaderphpda?GSi dmadifior@R @ IE2viAP sciicon lattheZIDNKof Qntuélyumnﬁouuszvrgm?eug es, the

EC50' s (gi ven da erro 0. 41,
cynoml guse aR gl BhARARLT SR EhEbY % fhef g GV e BTt "yl
4: Corji caﬂneﬂ@g B&sk p(&@?eftﬂrey(é/ mayoﬁrammrabla@hﬂemquleﬁﬁﬁaw Dawl ey
rats are ovariectomn ze owed to | ose bone for two nont

di amet er thefead 235 af gicisaroen dayesanisibe seahed todhe basading ZRtto PesygRts wi th an
electric |J i i ext ends through both the
anterior ggﬂgc%lggf%%%?%%@%gg@@tpggvltelnr%@%?mgé;%fes is nonitored

| ongi t udi nal | yFhy, 3a61$1&$ﬁatés§pde@upprol?fal$ﬁb séeln@g thy efd BMDO) a tvbll@tigbn t he use of
quantitative conputed tonography ("qCT") for 35 daéﬁ)after .surgery. At the
end of thassewBby ﬁ@orparﬁrlﬁawl@rvéragé%yﬁr?i%e&haﬁad plethe giigragy e

Subl o edider 1 eAdeid@I3l0 Ve AR ALTS0ZhIRANG: FR AIGELLAIA RogrREhan ca
strength o e V\/no ySI S. odi es are adm ni stered subcut aneously
at doses arsh lagte? Madng aa&ndrpdrtmat&éd of At shipmdlylaydr 228 talbs eatriad ofi 0jplcofws 5

ng/ kg onc ever weeks starting one day after Go

g B 2505 Mg et e ey S a R b e i ot ufe SRy &1 o1 e
once ever Y2(§3‘&1W&%Hﬁllg%ﬁﬁﬁpb@gnt'a'tﬂ@mgﬁyﬁy&fﬂ@ranalééag }hng% rostraqﬁsa'iﬁssed by
gqCT at day 3 G oup showed a statistically signi 1g| cant increase in BMD

at both tlmaﬂte@md@prtm&@@tﬂ@rmoﬁl lamrtZil@@stwe@n@luqonﬁg SHbansldsheowsitlaydrst i cal | 'y
si gni cantln 'nBl\/D t th,.coriic ups 2 and 3
Shonelt a ERRRE CherhieRbst i SBRE SERL ARt Beta i 8P bR,

ef ficacy assay th ;(s‘oetrmlh@o@&rsuﬂfzcmm@ biIpifNAEE tHxessecEfiphoed

i mmunodeficient nodel # CBL7SC-M are acclinmated for one week in an ani nal
facility pupaylaygs &@éubampe 2Qﬁ tAcditionllysf eisquniferentistarsldR /0 parcle ar e
random ze non- smal |
cel l unggan]?(%:e?ﬁlg%%&i@e th%gn &ﬁrﬂf&gg% an%t’sjgéllgt%%g 1ry |n 6flp\g\é}lr?eear fl ank of
t he lr)ngle angh Ihymlsameslaﬂgpamﬂ rum S’h@@tdha?erlrma}ltotthﬁbﬁsg\{%bdliﬂis i@@/e]r&rﬁﬁ g
Antroyll 1 ng/kg. and 5 ), control 1gG anti body 1rrg g and 5
my/ kg¥? relaf(erﬁeéh%{?lpgrnsraaﬁl @rqy&rﬂr eraé@a%rl arf‘elegleﬁgsr%shmlélw SR [97e829% Tween
80) is adm ni sggr.e de‘éfg?ay%f&?ﬁ%tcﬁﬂ%%ﬁn Rl SGLERIble t%r}hé‘[ﬁh% src&%ﬁfngean?d
treatments separate he tunors are neasured 2 tinmes per week by
el ectroni otheadiarm@eswhem vodldad, gmmwﬁgraxmajropemngsﬂandrﬁdv& tardevabs o thomcslor ed twi ce

a week fo I d t and s of t ICIt unor vol une
P onour ool KRR R Ly 28 S H e Do 2B 2T Sk it TR oo
treat ment YOS cX BBl akidlg b%%ﬁcbﬂaemaﬂh,of@r%raﬁﬁlsédasrea%%%@ﬁo At growt h

i nhi bition of human A549 non-small cell |ung xenog{b s in vivo. Table 2:
Ef fi caTy openipg 2 Bouy compremids 48 sqalnprovitomg & nath|280 éod partigwipte tr witerdha

nccay To DGeDS: ENACERE kBt ERERP S RO BRI bAE B A S G Cont ent

i magi ng apad,bsit Sn bisened 275eAudtbyaRoRBAS dlleimitise 6 ph@80itd Birdnhidaedy 11 or
| gG control. Several phenotypic -based nmarkers are anal yzed both

quantit at Fh?éﬂ@ﬁha@wfé @l itatively to assess the cancer reI evant bi ol ogi cal

processes of a i pOXIa

i nduction (4 ugggg%ppgﬁagésor@% S}d@@iﬁ%@%cel 2 | on % and
apopt 8&i sa{s¢mbhi 1nedrp¢1ilé)8ngxla oKreEmelp lsadeeh 1aygs Bluﬂlﬁuzur tol%lsamwl((}:z& 1171({ Fox Chase
SCI D) nodel # CB1L7SC-M mce age 7 to 8 vveﬁks old are acgllna ed for one
week and APhewieens @drad dhe well rqrﬁrwﬁ%l?rYaT BPPRASINERRACAR O A5y 1Yy et ;| whi ch
> cont | nustledioa’ REIIHRGh OO0 JE ST EBARCSLIATQLATAC O 1 9in are
grown and divided in ? n"s media (Invitrogen #21 127) suppl enent ed
wi th 10% RBStaptialNg zérr(»geurge#m etairmtcti@f}d)ﬁchﬂdmrouds ap € fteuidlymlgped swidice,

#5140 r oty FobRgTon Iy R oBFEALER. S ppiron b Gopimide

concentration of 50xI 06 cells/m in PBS at passage 19 with 95%viability.
5xl @6A549 human | ung carcinonma cells are7injected subcutaneously in the
flank of subject mice in a 1:1 mxture of PBS and Matrigel (Becton

Di cki nson, Bedford, MA). Tunmor and body weight neasurenents are perfornmed
tvvr ce weekly Pr| or to treat rrent m ce are random zed based on tunor si ze

L T ~:r 4 " NN~ "



of hypoxia. Control IgGtreated tunors have an extended network of vessels
consi sting of both neoangi ogeni ¢ vascul ar sprouts and mature vessels that
are poorlwocowerngd3by pericytes. Control 1gGtreated tumrorgsh@avasirgpoxi c
areas (marked by GLUTlI) that are clearly demarcated zones sone distance
from perfused vessels and necrotic areas that are even further from

vessel s. 48 RERY SUEh # TR f@dﬁystf%tei@ﬁﬁt 2/31 AS SRR HORE fedaretgfon,

decr eased3peof Gt & raf Bger BIOLaHR6FHEFORY wWRBIthS YiEscEQNLEAAEHAhy HADEGhE -
However, this treatment did not result in a significant d|f¥erence in tunor
hypoxi a. Outat $hrewd hgtryl 95t WeldArmmiabp dye ¢r1d secieert efcbutersbrouddsenll 99 carebappear s
to consi st _.of fnaluer esa-netmg{ﬁed vegggls and mﬁtp Iegﬁ @%rigyte
coverage COMPST ¥HSPPINPRET SBAYT B 19GE StV ey B! XE SRoRR YR Tabl e 3,

| gG t reat g A ®Riuse BAY SecBbRB DS efi@ih REd bebiBh o€ BLites siR¥@Nayedi®t 1A Relded _

t hroughout, but al'so frequently display one or nore | arge areas of necrosis
that are aVGeandicaprovitiedatonadhe cpurpiopgck bberyeqn layass ond 365. nWald 30R=age i n
apopt osi s i non-si.gni fi C [.h

rol i or atstbiedfi oty 3 bdbua Prlaah Mol SARTFERSGAR IR0 Der cent age
of area ofecad gaishpBsgictof pitiodlacethtdigh thd g W3tpréddyd by suppeat eeb,t unor s,

whi ch coul d indjcate a decreased anmpunt of cells in the & cell cycle
phase. WEL PetaeriEpaie Rgmeids) apdapter Wit . dRezssamily WraPpERheARERCREERENCE TO
RELATEDAPPL ' [ ' tdOf priority
o U P R B T BB PR he et e
cont ent s afsemhlyc banapebymswothp diltadted sheced and ChEChN 638k piicEODe Thd of descri pti on

relates tp well reen sag%]ie for use.i.n subterraneaB gpllﬁorfs.
BACKGROUNDMEAHP % Kt (3P iPednreqiadiaf ofefwish @B xieod iR goYRie IQTPEEn&is Of nat ur al
gas, watef,pi@nd other fluids fromsubterranean formations. In extracting
the fluids, a production string is provided in a wellbore, both reinforcing
t he struct ural Thanegbérnaf cufer whes wimtings farmisgthashd sexgionS85 of thegvirs
extraction of, fluids fronlthetms$l. ﬁg a||OMLf|UiFS %o f|PM/intO producti on
stri nE% ap &I Y 2R MBI S T asBe AnE FEIYTSICRY L Y ¥ °The section of
the stringsse@blye HoeBinigle Wleltap Rl inddhdzeaes 305 Wilean@tihl width Mough
perforations allow for ingress of the desired fluids fromthe fornmation,
t hese per fasgagronak toapurglagyng|developingakiebepamsies in Hieaddioppldoyarmthet t he wel |
fromthe [ I i . i q } . aS
fornationﬁég%gyéﬁgﬂthggpggé%g@%P%@%}£%§g5$%#?ﬁ%%ﬂ8g5§§é%?i?ﬁ@%agﬁe t ubi ng
t oget her wiithtpafhio280atAdaitiddaily,dhe sonbarafmahdings t9teintlodedarend stétiinB05Not  onl y
do sapnd and. ot her particulateg g$ntaninate t he rg;overed fI%%d, this

Fi the sef

part i ¢l afd acsArdingly henpidth w@dend shspn 3P oumanks shictadhessem &or. For
exanpl e, I t i jament, it
gradualIyﬁgfﬁﬁgé@?ﬂgb%g%?%%% ??&%ﬁﬁgﬁggghﬁgyﬁggﬁ gggmﬁgghﬁlock flow
passages, accuAulmtter oficrmbadients of drednadntiad dhacobgpardesdrbedRepai ri ng and

repl aci ng productian ui nt d ed by particulate jin-flow can be

b eadi N Bty Tora R R o R DR  ohe N Ef i equi prrent
somet i mes jénedlEHomaNElRtit iAQUSHGE theBlveRRIO VA LRRIIRAY ! Sths SMIdkaRsts
Consequent 'y, to guard against particulate fromenteiing production

equi pAent arewhithie thetscopreoisheréoliowieg pleseser vi ng sufficient fluid flow

pat hways, various production filters and filtration nethods have been

devel oped and enpl oyed i ncl udi ng gravel packs and well screen assenblies. A
nunber of well screen filtration designs have been enployed. A well screen
assenbly is a screen of one or nore layers installed in the well, capable
of filteringagai nst passage of particulate of a specified size and | arger,
such as sand, rock fragnents and gravel from surroundi ng gravel packing.
The specific design of the well screen can take into account the type of
subterranean formation likely to be encountered, as well as the well-type.
SUMMARY An aspect enconpasses a well screen assenbly having an el ongate
base pipe and a wire wap layer with a wire wapped around the base pi pe.
The wire wap |ayer has an axial end section wapped at a first gage and an
i nternedi ate section wapped at a second, |arger gage. A nmesh |ayer is
provi ded around the wire wap layer. An outer shroud is provided around the
mesh filtration layer, the outer shroud sealed to the wire wap |ayer. An
aspect enconpasses a well screen assenbly having a plurality of support
ribs and a wire coiled around and bonded to the support ribs. A spacing

bet ween adj acent coil windings in end se8tions of the wire coil are
operable to filter agai nst passage of particulate of a specified size, and
a spaci ng between adjacent coil windings in an internediate section of the
wire coil operable to allow particulate of the specified size to pass. An



DETAI LED DESCRI PTI ON Various inplenentations of a well screen assenbly are
provided in connection with a base pipe for use in fluid extraction froma
subt er r anearowel1B143Sone i npl enment ati ons of the well screem/tsssemdi2zgs enpl oy
an inproved wire wap screen |layer design. In nmulti-layer well screen
assenblies enploying wire wap screen layers, it beconmes difficult to seal
additional layers on top of the wire wap screen |ayer, considering that
wire wap desi yMHATAS GLAYMEID BS:poor base for attaching subsequent |ayers.
An i nproved wire wap reen | ayer, can enpl oy sections of close wappings,
in sone instani‘es vvlgr‘@a\ﬁﬁcéﬁeﬁleaﬁs%?eblgucﬁgfpéﬁﬁgaI |y zero gauge gap, at first
and/ or second h@s@hiatdbaelpignds of the wire wapped layers, with wire
wrapped at a | arger gauge in the remaining sections of the |ayer. These

cl osel y wr apped VEcYiap Ay ce £9BRHSINR R WikcorgPridogeen e bawrnipathswee i ons.
These clo | - [ el |l screen
| ayers, iﬁ%ﬂh@?%gbgg%ﬁ$?§§25%&§% O%B%Q%Qg%¥%§%Qﬁ%%gﬁge%ﬁﬁggﬁéﬁ&%onding
(e.g. el sictign whagetdnga asvdhdrlagehgsge; and crinping. Additionally, these

cl osed sections also allow for well screen designs that do away with | arge

vel | screen coﬁﬁE%?‘BﬁfWPH §eéﬁH’WFWé?$%J¥Ehpative techni ques for securing
addi tional |aygfs§, Pﬂ%ﬁ&mePﬂPmE%M%B?ﬂn&ﬂﬁh&ﬂkﬂﬁe%h&?ﬁﬁé&i&%&d% #e result
in higher labor and naterial costs. FIG 1 1llustrates an exanple well

syst em 10wimgoVrapllaygr.a plurality of well screen assenblies 12. The well

system 10 i s shown bej.ng a hori n%a{ wel | ,. havin | | bore 14 that
deviates to ho?izon?ﬁf“@bsgﬁﬁg?ﬁﬁWﬁgﬁ? 1&8?#@%%?§Pafﬁnaﬂﬁﬁ§ Wt€rranean zone
of i n{@r eghroddis finfRAiaBOutkBe st BARALE thylh thkiMehtl isé@lonRPliid Wie of t he
wel | bore and coupled to a well head 18 at the surface 20. The renai nder of

t he wel | bwirap lager and dambprise ping, dpsethe sllescieen és scalaf ponst pesssagh . A producti on
string 22 _exten romyel | head 1 t.hrough.the well bore 14 and into the
subterranggﬁcg%%zm%Y&?ﬁﬁg?%gﬁ&E%Fﬁggﬁg%ﬁ%%@gﬁ‘packer 26 seal s the annul us
bet ween t he product Thawstlistign 2R3cabl dfEaig@ s, wigerdi@ thelfidt gigedsict i on stri ng
22 operates in producing fluids (e.g., oil, gas, and/or other fluids) from
t he subt epybstidtipllzere 2ot o the surface 20. The production string 22

i ncl udes one oy nor ' : Yok -

instag%es, theﬁannu?B%ﬁ%g€§%§§§§ﬁ§§§§§33???%ﬁ%g%gﬁﬁ§§%§ anas%ﬁgﬁgggn hol e
porti on ofhetwiee wedpl Ibpareoiprinasyadipecipackpdotmirt tigy aneelbutind/ or sand

(hereinafter referr to,as gravel packing 26 for. conveni ence),, The wel |l
screen assembl Pes 1§ﬂ%W811§_Fr§8%PSSB‘§EB’i %@@%ﬂ YRR IR Gr O SRR SR | Ui dis
bet ween t%d?ﬁg%%ik&iﬂftﬁé 54iNG%nd e ARF i?H Ftd A \ESHMef PR a%ﬂrallé_ﬁ%g&g?éle'

packi ng 26 provides a first stage of filtration agal nst passag

parti cul atrethamtbsh &ayger fragnments of the formation to the production string
22. The well screen assenblies proyjd second stage of filtration, and
are b iGur edbe o 1Tt SelagsrneReRlbo et Pt ifer B arintdfec T ed i 2o
and | ar gefyritet Borhifescl b QeudEtaRAI Sid $RBorRrapPed BOUBasMIN Lk dodu3e, faNt ext  of
a horizontal well system 10, well screen assenblies 12 can %e provided in
ot her wel Whesif thgurtermiasitaie sqctien isddisppsedbetiveen thadirst ang secomd a@l ey a

verti cal ?r.%ﬁgstantial vertical wellbore, nmulti-lateral well systens
havi ng nu ?lp € wel | bores deviating froma comon wel | bore and/ or ot her

wel | systens. A so, Tat hklughketlesemblas dlninal priodeiatsubagiany akof theel | screen
assenblies 12 can be used in other contexts, including injection, well

t r eat fent EFEICHRIGICHEPN bghi Subsientilky untiorm 22ueq.| | ustrates a wire wap screen
130 constructed for ' ; - reen
assenbly 12. Tgé mﬁFgéﬁfggmgg¥§%%m§§8ﬁﬁgms %&ﬂg%ﬁPgﬁggngﬁﬁgﬁﬁg%%?%hred base
pi pe 160. mEkefiltration \yap asd tlessutdr3@ravdnenprinate deorancaeihoffostaadil shd uct ur al  or

foundational. | ayer for subsequent, | ayers. The w screen 130 i ncl udes
a pl ural i $§FU8P t‘gg’ﬁﬁ&é@ lpwey e na%h'%&’&[;@%@eli‘ B%SW%E’%E& CRIHPESINE AR

addi ti onalycQuitie Misf RyQen? biR8ink IR sSaling!thCRst Mywauado AcoRd piphe _
| ongi tudi nal supports”and bonded (e.g wel ded, “brazed, and/or otherw se

bonded at i nt ePsect Tbawglisatcsi) assomblyeofStippot twherdinehawwpsshofudosit er wire 135
cross the_ | ongi uginal supports 105 to forma tubular grid. Al though shown
with a mfﬁ?ﬁ%%%ﬂl?gsubstantially paral | el |ongitudinal supports 105
oriented axially along the I ength of thegscreen 130, the supports 105 can
be differently arranged. For exanple, in sone instances, supports 105 can
be substantially helical at a |lesser pitch than the helical outer wire 135.
In the exanple of FIG 2A, the perineter of wire wapped screen 130
exhibits a substantially circular geonetry, but could be other shapes
(e.g., polygonal and/or other shapes). In certaininstances, the gap between
adj acent outer wire waps 135 can be controlled to be smaller than a

. v o o o o o - v e



than woul d pass the wire wap screen |ayers. A vast array of screen
materials, weaves, and aperture shapes, sizes, |layouts, and patterns exi st
and can bEOi2oponprsat ed as nesh | ayer 190. | ndeed, diffeceniS2emsbosayer
types, holes sizes, etc. can be conbined to custom ze the filtration
characteristics of the screen assenbly. Additionally, although wire w apped
| ayers 130 enpl oying relative high gauge wire, may be quite strong relative
a thinner, neshOIaygﬂNﬂQ&FﬁmﬁmﬁE@MMGN@uﬁéhéSs be desirable to provide
additional prote ti%e %q%grswﬂgan£afularly where there are weaker nesh
layers 190 di sPELEH YR PGB EhE Yy v e wrapped | ayer 130. For exanple, a
protective shrgwdrd @yled alb¥bd a@db&irich t@MedapporfBbE aGpaakt Bet@bervi t hst andi ng
the grinding and friction acconpanying installation of the assenbly down a
| ong wel | B&peent coil wardingsin e segHersof tgmvwwpa@aenah&?é? fiftgsagainshn apert ur ed

t ubi ng: hay] . i.cald L 4 he specified
size of pirralTRhLAR, LOLARE AR A o IHRE I Rt AR 56,

Ref er r i ngwaghngs ih an tGmcfste tdveiombof thewriapesicopeeabld Billoanpdndaidatt wb or nore
sections of different outer wire 135 wapped at a different w apping pitch.
FIG 2A sH5wWBCtiHFedzs0dasdns 305a, 305b, 310. First and second end sections
305a, 305b canjbe c i i : A I ntire
section being égsit?§%§§H§F§§gg?§%8§ﬁg$$%?¥gmhﬁfﬁﬁgegﬂé?ggaﬁﬁgﬁﬁ/?fch and
havi ng a howndtteppiragpifdgencshhirye opdjablegntfiltar agringt ppypagegy particsibde oon 310
are farther apapgt, .i.e. wapped at a |ower pitch and having a high gage. In
some ﬁ%plgﬁéﬁgﬂﬁ?%ﬂé?m5h?§$gne of end sections 305a or 305b has closely
wrapped wire wiap Wrhgiagsercth SsemyrVranR@d] WEha@smpitik A shRrudf i r st

and/ or second end sections 305a, 305b can be w apped or positioned with
subst ant i &lykyargenrdthganagh lavier end crivapegkesr the codiseations phthe yireroglagalinget ween

adj acent ﬁﬁt%%hWQﬁgbgéQgh S ﬁeln SQUE ig@h%g8@$%¥ions, adj acent outer wre
wi ndi ngs Wt hin 2n end section 368368 may nearly abut, in that the

adj acent wi ndi ngls eThbekllderehssambly (NCldign M tfudkdHcotPrkinpuausdy. The gaps
bet ween adj acent wi ndings in the end sections are mniscule, to the point
that the %hﬁmﬁk@@S@ﬁﬁ@ﬁbﬁT%ﬂ%eﬂmﬁﬂéﬂed agai nst passage by the screen
assenbly, i.e. 4he i i r i ge by the
mesh | ayer 190}&canEg?k%gééegg%%gﬁp§qgﬁjg¥#g’P@gfﬁgﬁkﬁgﬁﬁgﬁié§ bet ween t he
out er w r eemji3&. substamteniliyaicro gagscaieesdingdie | ar gest gap bet ween adj acent
outer wires 135 is equa or smaller than the | 1 es ize of

particul ate paié-ed gvn?th%é RS YEHHFyen aEHb RS B GBI e of
particulate paggsl ACISRANLEHFENI AYEE Wil 3OH8al FRLATRINELIARS, the
substantially zero gage end seg ions 305a, 305b can be apped or

posi t 2@nedoihberdet tabongandngage, (herein, adirsegfaos voetingem afljsasehnonofiter wire

wi ndi ngs),, Positioni.n f wire w ings within a mddle section 310 of
wire waplEEPlar onihed abdibsnvt BaSs B Wl VIR BT8R | ustrates a
detail si getioh 05 BreToAtwiRNRsitin8iVa0f néh-Rrb @hgart wel | screen assenbly 202.
The view is a detailed view of one end of the well screen assenbl y202.
Screen assenbl yrapg déagtens meghrlayeoventbe shrcounp iserpetr layoigso that thop of and
around a tradit.ional w.re een | r. 215 and,a | ayer 210, al
carri ed- ol b Bns G Bl bR 15N AR o BB IR Py P57 G
entir2dy wgukiber m w appi ng gage. Wiile these filtration |ayers can be

wel | -equi pped to filter against particulates entering base. pipe apertures
(e.g., 225, 230%vidipgshatd kyrnevedtheatisasionsrmeshdaysi e lpsitudingl end 235 of
t he screep: LS o ' t vent

parti cul a'? 1éllle?l)ré%h?)efnt er%lﬁghﬁgggﬁﬁagﬁ%ﬁ%gﬁ le%gt'rél gésgﬁlgn S1][2)639? S%Etfm& 3A

i |1 ustr at esdenlyingappeolaet ohoneelalaymg ahdie end 235 of a well screen assenbly

202 incorporating a wire w | ayer 215. The end 245 of. the wire wap | ayer
215 is wel ded 28 ptﬂ@\ﬂae §h§awf ﬁéerr%ﬁl;}t é%gi}“St&PﬁéW“r‘?ﬁ upg?r%gﬁg d‘%?tt i on 260 of
the mpgh baygesr2hcand riid ﬁ{}QudPﬁx&' BDirk@AnBfsed MR SERHGhd AYEI1ap20 to be
carried on top of "the ring 250. Additionally, in sone Instances, the end
portion 2B8wsetn theevishwoapdsctcay daycp 2@l thamighkshrawt layéry cri nped onto the nesh

| ayer 210 and sealing ring 250, to trap and seal the end portion 260 of the
mesh | ayer 210 between the ring 250 and shroud | ayer end section 265.
Crinping the end portion 265 of the shrowd | ayer 220 can al so serve to bind
the ring 250 to the outer surface of the base pipe 205, thereby securing
the screen layers to the base pipe 205. Additionally, a circunferential
wel d 270 can be provided in addition to the crinp to further secure and
seal the screen layers (wire wap |ayer 215, nesh |layer 210, and shroud

| ayer 220) to the base pipe 205, as well as reinforce the binding and
prevent axial particul ate | eakage between the screen | ayers. Sonme nesh
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wi th path 280. Additionally, the nunber of w ndings 195 included in end
section 305, and accordingly the wwdth w of end section 305, nay be

sel ect ed wa=et/us148he size of the crinp (at shroud end BBO)USP@OMBELSE O
secure the layers to the base pipe. A nunber of enbodi nents of the

i nvention have been described. Nevertheless, it will be understood that
various nodifications may be nade w thout departing fromthe spirit and
scope of the i h€ent iTbameodmt dilaigl 15, wherran therpodivraprsceceadayenduriicn t he scope

of the follow.n | .ai ns AT 1S CLAIMED 1S:..1.. A well, sereen..assenbly,
conpr 1 si g B SR aNELTE! waten s s S Hindhuhap S RREI RGN e

wr apped areudditiohel fiasBstiitRdy zbhegagtradw ap | ayer having an axial end
section wapped at a first gage and an internmedi ate section wapped at a
second, | ar ger "gaige: thy seeogd spiparof sheoimilds diseosgdbstwieaphs Bpeand thrd an out er
shroudSarg#ﬂgn§he mesh filtration |layer, the outer shroud sealed to the
wire wap layer. 2. The well screen assenbly of Claim1, wherein an end of
t he outer shroud i sTae heped cdlddaiin 16)evhersih tHel lbhdgiaidimahdingneion of bechaxi al end
section of the wire wap |ayer and the base pipe, and the well screen is
seal ed agafwg@%%wagén hroyid by e S ea\GEah DO It AL HGiland the base
pi pe. 3. VAN e ] i I i ge is
substanti g‘{bﬁﬁﬁg‘lé% @3@8@”@&%@%\% Icrls g%%?#éggﬁgg%%p%gfﬁgﬂaeitﬁ?% ,Cagmer ein

t he axi al s@tdnsection of the wire wap |ayer conprises adjacent w aps of

wre at are utting. 5. The.wel|_screen asse .of aim1l, wherein a
gap bL(?wee n adi?g'c e n:r Hgﬂ?glorqgog %é?mhj Y é”q\eﬁe“? ﬁrémﬁ%%g+é/gﬁlg Sglg)&’fiim@ﬁr is equal to
or smal | egechita @h@wﬁ%rhﬁ&%&ﬂﬁ%ér%ﬁwéeﬁ thdhréRSRydravalihe Base piR. Wwel | screen
assenbly of Caiml1, wherein the wire wap |ayer further conprises a second

axi al end sect 1%n wlhppethogtof § st bntfirdiar gompriging sigtbng envld ovbaghedfn t he

| nt er medi ﬁ]%ew'se\%a{ W eiersl 12?“6% %?essﬁqa %eta\{\l%%ﬁroég?a feir ostthe%gsde sleecond axi al end
sections. 7. The Wel'T*8creen ass@hﬁly 0 arm L mheré?%'substantially al
of the internedjat eTheaictiond dH&Saith BYbaieadit thrl ddjactiiti bfiwingiapge. th8. The wel |
screen_assenbly of Claim1l, wherein the wwire wap |ayer, the nesh

filtrhi ofitytagedion ofHie COHArQPRsEIONSH @beRI0 888% nate at or near the first axial
end section to forma first layer end, and the well screen assenbly further
conprising a weld at the first layer end, binding and sealing the first

| ayer end to the base pipe. 9. The well screen assenbly of Caim1, wherein
the outer shroud is apertured tubing.10. A well screen assenbly,
conprising: a plurality of support ribs; and a wire coiled around and
bonded to the support ribs, a spacing between adjacent coil w ndings in end
sections of the wire coil operable to filter against passage of particulate
of a specified size, and a spaci ng between adjacent coil windings in an
internedi ate section of the wire coil operable to allow particul ate of the
specified size to pass. 11. The well screen assenbly of Claim 10 further
conprising a nmesh layer around the wire coil, the nesh | ayer operable to
filter agai nst passage of particulate of the specified size and larger. 12.
The well screen assenbly of Claim 11, further conprising a shroud | ayer
around the nmesh layer and crinped near the end sections of the wire coi
sealing the nesh | ayer between the wire wap |ayer and shroud | ayer. 13.
The well screen assenbly of Caim12, further conprising a weld affixing
the shroud layer to the wire coil. 14. The well screen assenbly of C aim
10, wherein the end sections conprise substantially zero gage coi

wi ndi ngs. 15. A nethod for nmaking a well|l screen assenbly, the nethod
conprising: fitting an elongate base pipe with a wwre wap screen |ayer
conprising a wire coil bonded to |ongitudinal ribs, wherein adjacent coi
windings in a first section of the coil are positioned at substantially
zero gage, and coil windings in a second section of the coil wre
positioned at a non-zero gage; wapping at |east one nesh | ayer over the
wire wap screen |ayer so that the |ongitudinal dinension of the nmesh | ayer
extends to overlap at least the first coil section; providing a shroud

| ayer over the at |east one nesh | ayer, the |ongitudinal dinension of the
rigid shroud | ayer extending to overlap at |least the first coil section
underlying the at | east one nmesh | ayer; @and crinping the shroud | ayer about
the first coil section underlying the at |east one nesh |layer and rigid
shroud layer to pinch and seal the at | east one nesh | ayer between the wire
wrap screen |ayer and the rigid shroud | ayer.16. The nmethod of C aim 15,
wherein the wire wap screen layer further conprises a third coil section,
wherein adjacent coil windings in the third coil section are positioned at
substantially zero gage, and wherein the second section of the coil is
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