Ant i body Formul ati on RELATED APPLI CATI ONS [0001] This application clains
priority to and the benefit of United States Provisional Application Serial
No. 61/ 158038/10bished March 6, 2009, the specification eCTws2alo/oea0
incorporated herein inits entirety. FIELD OF THE | NVENTI ON [ 0002] This
invention is directed to a fornulation conprising an anti body. BACKGROUND
[0003] In the past years, advances in biotechnol ogy have nade it possible
to produce a variety of proteins for pharnaceutical applications using
reconbi nant DNA techni ques. Because proteins are |arger and nore conpl ex
than traditional organic and inorganic drugs (e.g., possessing multiple
functional groups in addition to conplex three-dinensional structures), the
formul ati on of such prOteinsjﬂﬁﬁﬁﬁxﬁngfﬁhﬂaﬁggleﬁB. For a protein to
remai n biologically active, a formul"ati on nust preserve intact the
conformational integrity of at |east a core sequence of the protein's am no
acids while at the sane tine _protecting the protein's nmultiple functional
groups from degradation. De FF@hAsgpﬁ JOsy proteins can invol ve

chem c hnst abi I§4. . O n i I I . i1l i.on qf the
proteiﬁbggﬂbond {%@%ﬁé@gﬁng}a%¥%9I§%§§?%%%Vf?ﬁ%ﬁ¥ﬁOgﬁﬁgafgﬁ%ﬁ?%%Pﬁg%qity)
or physigaicatiftss@hil Not ¥1/168,931, ROANGRSH 6,@00%Qh@gﬁbﬁ{caﬁ’6@@ﬂ’w§i&ﬁ ucture of the
protein). Chem cal instability can result from deam dation, racem zation
hydr ol yiB¢aporgicid digtdimty, itatizetel i mi nation or disul fi de exchange. Physi cal
instability can result from denaturation, aggregation, precipitation or
adsorption, for exanple. The three nobst common protein degradation pathways
are protein aggregation, degmpptOPTHOINVENEIONN. Celand et al Critical
Reviews in _Therapeutic Drug Carrier stens 10(4): 307-377 (1993). [0004]

| ncl udd8093 t he phhos Bivertiqusie dire@ed formtonaeiation eANPEYIpE peartibody. are

anti bodi es. An exanple of an antibody useful for therapy is an anti body

whi ch binds to oxidized LDL. There is a need in the art for a stabl e agueous
pharmaceuti cal fornul ation conprBAUKGROWENDI body, such as an anti-oxLDL
anti bo ich is suitable fqr therapeutic use. SUMVARY [ Q005] The

i nvent ﬂéﬂmﬁ? ovi de8 theopasiy &y RLercenprardgolosy havape ?it@agqlve&% P@Qtl?eve
amount 0farRR; GHrbRAIYor thallidedficATRbALBA iAW cOHbinBnt IR AltBdHgfy s om about
4.5 to about” 6.5, and, optionally, a surfactant. In certalin enbodi nents,

t he f orBashescipootcins agt latgdee amd mara empdexathan aditiond eugane 8@ ihorgamic dregmst 12

mont hs '(e.-lé)./, %iogs%lssliﬁ/g rntump?e Fu%gtlilcl)r{a? in'Orl]lpSa Ih SRS complex three-dimensional
structures), the formulation of such proteins poses special problems. For a protein to remain
biologically active, a formulation must preserve intact the conformational integrity of at least
a core sequence of the protein's amino acids while at the same time protecting the protein's
multiple functional groups from degradation. Degradation pathways for proteins can involve
chemical instability (e.g., any process which involves modification of the protein by bond
formation or cleavage resulting in a new chemical entity) or physical instability (e.g., changes
in the higher order structure of the protein). Chemical instability can result from deamidation,
racemization, hydrolysis, oxidation, beta elimination or disulfide exchange. Physical
instability can result from denaturation, aggregation, precipitation or adsorption, for example.
The three most common protein degradation pathways are protein aggregation, deamidation
and oxidation. Cleland et al Critical Reviews in Therapeutic Drug Carrier Systems 10(4):
307-377 (1993).
[0004] Included in the proteins used for pharmaceutical applications are antibodies.

An example of an antibody useful for therapy is an antibody which binds to oxidized LDL.



formul ation for use, e.g., in pharmaceutical applications. In certain
enbodi nents of the invention, the fornulation is a stable aqueous

f or nul at iwn.20lomoemnt ai n enbodi nents, the fornul ati on i sprPaTASallM @EgUEOUS
pharmaceutical fornulation. [0006] The invention herein relates, at |east
inpart, to the identification of the conbination of histidine and

ar gi ni ngergi a4108d fipthg ag foagstaﬁsaﬂmoeap grpceticpliorByleheR CBPTISRg #l at i ng

monocl opabodN koA aSinti &xREAl Al bw %ﬁlcﬂ %%&551@%14 hadp&sichi.ch are
susceptible to aggregation. The fornulation retards degradation of the

anti body product therein. In cert&UMMMABY nents of the invention, the

hi stidi nd ar gi,ni.ne uffe idine-acetate and argin acetate
butt or 10f80 0 St Bfendith pEhid RumBlipReATat i GepRbufoly AHeEHE

hi sti diggyuanef &1 itibbae abjilfffeﬁﬁlahﬁalﬁm@tﬁé %Hhﬂil BreSHES figth @bautd:.5 to about 6.5,

ar gi ni ne-succi nate buffer, pH to 6. In certain enbodi nents of the

i nvent iad, ontieaally erurfagthenlin @rt@tnefrmb@lmfmohq formalation austelle s of t he

5. 25 1 aoaryante PR P Clord R adun PR ARATE ISPl h sBiedutdlycint on

t he fOI’fBﬁhlﬂhill@ﬂfdﬂ&S@ 8.ghth pharmabedicabipplitations. Id tereét ¢abalieoedf tent s of the
i nvention, the formul ation has a pH of 5.6 or about 5.6, %@08] Thus, in
one as ;}é&ftntwflﬁée forpurtiosns & iableragucons formmlatian: di ceiéhp FmEpPdigcatsniioc! onal

ant | Dodyehflahbyehiudl e ARRbA ARGl oAggARRL 2t o bUffer, pH 4.5 to 6.5,

In a further e I ment IS a, e , e, pharmaceutlcal
formul d00@4]. | OOOH]e 1if{7m1$19n|harem1elaa$petdbast trhgart, ny detidonificaineesfitbe a

formul ati gn conpr.i.sin noclon i body in h| din ate and
Lot oL RAaT At ook 4 Mo 2 % d e i b BRI BURRLRE © 20 &
€.90. %ﬁﬁﬁl@tm@ﬁ%ﬁé@&%‘l‘hh%dlésoésﬁb'élﬁlw i leh Q%Qﬁbdd'ibs%@rﬁ&l@hﬂé sﬁé’ﬂ% 1@?6“ S,

t he h| stidine actetate or histidine succinate concentration in the buffer

i s fr omggtegatiors Thiviferonddsmutreth@d deitadatmorcefrthe pmtibedip pdddwehthsreirn. hla deitsini di ne

acetate hi st i dine.suc O centration t. 20 MV rtain
erboai reedm i SLAEREREODATHEENET MY B B R i dbnb ettt ri on 1

t he bufafrglhmeSacétramlﬂﬁetﬁH 50 oWt an2b@th ch®Bdidntd JF theinbahtiong FRAMiteRY s, t he
argi ni ne acetate or %éﬁnl ne succinate concentration is about 150 mv [001

1] The @depginiae lbéffgflﬁé tidineaficeipetc gadpIgniserpcingee uf&urFidddat.5 11 certain
enmbodi n”é%g[%%()g{ﬁ%ﬁuﬁé{{ti?ﬁh@ﬂ{vek rf %’ﬁ%&ﬁhS {&tle. POlysorbate 20). In

certai e sur concentration is fromO0.0001%to about

1.0% I[po@Artain Hretfoﬂnﬂewﬁm of tteebHter§ atiarias e phicet 5 at 6.8 fot 6xafrmp1énpabout
0.01%to about 0.1% I|In one enmbodj nent, the surfact ant concentration is

0.02% OFRe Pt FruPE L BroSat: ebPHérﬁaiq 3/6.c Brsriadeemkadiments ABthednypntionythe

gggg??tff)ﬁﬁﬁlgporplflasaabﬂﬁ%f 5 5TRAHbut 315 SRt lembbifn drd Stth@idveRi&RheopPt | onal 1y
formulation has a pH of 5.6 or about 5.6.

[0008] Thus, in one aspect, the invention concerns a formulation comprising a
monoclonal antibody in histidine-acetate and arginine-acetate buffer, pH4.5t0 6.5. Ina
further embodiments, it is a, ¢.g., stable, pharmaceutical formulation.

[0009] Thus, in one aspect, the invention concerns a formulation comprising a
monoclonal antibody in histidine-succinate and arginine-succinate buffer, pH 4.5 t0 6.5. In a
further embodiment, it is a, ¢.g., stable, pharmaceutical formulation.

[0010] In certain embodiments, the histidine actetate or histidine succinate
concentration in the buffer is from about 5 mM to about 100 mM. In certain embodiments,
the histidine acetate or histidine succinate concentration is about 20 mM. In certain
embodiments, the arginine acetate or arginine succinate concentration in the buffer is from
about 50 mM to about 500 mM. In certain embodiments, the arginine acetate or arginine

succinate concentration is about 150 mM.



chel ating agent, e.g., EDTA EGTA, etc. In certain enbodinents, the EDTA
concentration in the fornulation is 1nM EDTA. [0012] The fornul ations are
t ypi cal | ywbaniozm2zmmt i body concentration from about 10 npCEiUScaoabaue 250
ng/m. In certain enbodi nents, the antibody concentration is from about 100

mg/ m n certain enbodi nent the antib ncentration is
fFom atBafTi1s0° n@hﬂ AR CHgPRHOR i cRmpiSs i EAGR HBAEGAIN he
ant i bodyniRANREN, rtl"i’é §RRclafit £70PsiBatl(c 23 pBB/sBibatc208 bﬁ%ert%ﬁ@erﬂ%d’%entg 0013] In

anot her aspect, ‘the i nventi on ‘concerns a phar maceutl cal formul ation
conpri sth@@rfa(cal)nt eorfeghtiraticang froml @0 1&mtd aimyl 8Us depritbhentbod veas, et | on or

aggregat i i.n an unt a o / bout [nL; (b
g ¢ e ahtaf R BRSO s rork MO Bthee to AR AR kPR B o
pol ysordah&aGohfendidtigMBug2% " one ﬁbﬁmat@nfm{@b@o@ng%m riddencth@dd (el
anot her aspect, the invention concerns aﬂg‘yar maceutical fornul ation

conpr i git Bgonqeairatior off abopiehgeiml g mamelh) b f@}!’l@détm(ﬁ Bneptinalynospaist on |t n
an ano OU ; | na e
and”ar el R QAR ABrIREEr A By AR byt BBalTheped B EOPA b T AHGEM S

amount the @rmabioh 101 eiVYoBDT About 0. 1% [0015] In certain enbodi nents, the
ant i bOdé i s a nongcl onal antibody, |n certain enbodinents, the m)nocl onal

anti bod§01d a fulthe feﬁg*elﬂtlwtaff%@gﬁaklé foy an anfjbpdy qonegntragion fiom phpug &0 ¢ ai n
enbodi TRl to Lkt P gﬁ;'é glhc%%lhtéﬁﬁu‘()dlrﬁ Iﬁptmllap&'ycé@a&m&l 1% ﬁyglfragmt

conprising an antig ng regi on) For exa e antib
is a Faz&bomtl(]@(ra@’n)lito Qﬁ(ag]gémt Inlcartmerehmodlrmﬂtmdlermnbedy tdrecmation liofrai

anti bod i bod In cer enbodi nent s, the nonocl.onal
ant 1 bodons! Dsean A 20 L e Rain SribodiRea. PSR KBTI

anti bOCtyoﬂlgb&Qtz:s%yé)h@% it POO Rig/rhyophi I zation. [0016] In certain

enbodi nents, the nonocl onal antibody binds ox-LDL. In yet a further aspect,

the i niéAtilon codn@nn@maaSpmtrnlta@wntlctacorfcommlpditanmemmabfdrsiulvgioan ant i body

t hat bi nds tlo Qé_)lﬁgﬁ' 'en @'ulll% gh angle |n| e%rwgi éf er at & anrom about
4.5 to FWELETE: 4lexe Y3 é’ AP gt ES! gf‘ " 8%l
ant i bodinE@rRbSBSut hﬁm‘g/&ﬁl &bm)ut Qﬂhfngﬁﬂﬂ (whisa@lhe_aba%mna la}g’hﬁn@-@béiate

sequences _in SE? | D Nos. and 4, respectively, of Figure 2,

opt i ondluffgr, pFhéSde At ard (ca eglyoerbatcA04nan moght femnabaut Idk.% & %hwt §.1%.
respec , OfF anti bod
comor 08P U Th oG usned S R IR eSS A RB0 B3 TD
NGs: 1 mntpriding: ()@ lehpeh Ilgn‘i\zamtlb@dy @ks@tlbmltataggregmoﬁm iphamnmaoetfroraal

formul ati on conpri sing ox- in an anount fromabout 1Q ng/nL to
about Z00Uhlf) BE npmﬁqr%%hoar el %ze/é%lat@) Bi Xla? Jrefinaée apdetrgininepyycsiapte b a%ef

pol ysorhay & 39,5, W[ BlysiiBaRH0ah ah LAY th abbam.d 1%, i AB.RbAYS

[0015] In certain embodiments, the antibody is a monoclonal antibody. In certain
embodiments, the monoclonal antibody is a full length antibody (e.g., IgG1, IgG4, etc.). In
certain embodiments, the monoclonal antibody is an antibody fragment (e.g., comprising an
antigen binding region). For example, the antibody fragment is a Fab or F(ab')2 fragment. In
certain embodiments, the monoclonal antibody is a humanized antibody. In certain
embodiments, the monoclonal antibody is susceptible to aggregation. In certain
embodiments, the antibody is not subject to prior lyophilization.

[0016] In certain embodiments, the monoclonal antibody binds ox-LDL. In yet a
further aspect, the invention concerns a pharmaceutical formulation comprising an antibody
that binds to ox-LDL in a histidine and arginine buffer at a pH from about 4.5 to about 6.5,
and a surfactant. In certain embodiments, the oxLDL antibody comprises the variable light
and variable heavy amino acid sequences in SEQ ID Nos. 3 and 4, respectively, of Figure 2,

and optionally, the constant regions (H and L) of SEQ ID Nos: 6 and 7, respectively, of
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4.5 to about 6.5. [0018] The invention also relates to a pharnmaceuti cal
formul ati on conprising ox- LDL antibody in an anpunt from about 10 ng/nL to
about 200wg/2nlo/10k343t i di ne- succi nate and ar gi ni ne- succi naCe/usedmee41@nd
pol ysorbate 20, wherein the pH of the fornmulation is fromabout 4.5 to

The invention also r tes to an arti uf acture

22% i iggreéogléﬁ{ﬂgﬁweeﬂnw&ﬁa?% the mthwliﬁa@m Cﬁﬂlgrlﬁ%ﬁﬁt ?ﬁ%ﬂd'%r mul at i on

conpri sene&deaﬂyhﬁéﬁ@&&%laeﬁkbng&lfr@@t(sye 1BRORt] gfs Bn antibody, a buffer
mai ntaining the pHin the range from about 4.5 to about 6.5, and,

opt i ona[DOW] a surfheoteantion hlsocelnteaina phdyodiengiceisfoufiulahen conyersingoex- t he

buf fer . i sti.di ne-acetate i ni.ne-acetate buff H50t 6. 0.
" cor (o Aaidinihan FadG g «Pd AT ML BrBSE R . Fioiahd ddefid e
hi sti difgnflecebiaat it ffntndpalyRbibereSMC Ghbith pHf &the RiinAlabioh & Bord-abbik
certain enbodi nents, the pH of the buffer is 5.5. In certain enbodi nents,

t he pHthmub@\ﬁfer is 5.6. The invention also concerns a vial with a

St 0pPeroflf CeaD iy BB 09840 8 AN LSy Al ANLERSISAESL, L ank)

conprising-the fornu I'on 1 nsi ral or 8% frozen

form ILrDEenmlﬁidly irabagiot®iTe@m abdg 19imag/mar totadokt J(E)nfgt/lﬁLﬁhis@dmabmina?e 8C. In
certain enbodl ments, the vial is a 3cc, 20 cc or 50 cc vial

Mor eovend af&%@npﬁv‘éwt%huféffro%dc@ysgrb?& B avhsreipdha i ohths ﬁ@@#ﬁ@m i érézrn

f or mul A RuPbRY: (a) preparing the nonoclonal antibody formulation;
and (b%%g% 3at| r%l g%ym cal stability, chem cal stability, or biological

act i Vi t[90 Bi] the ridrdcyanmiah abotrelbesyo amartible of aranufaaturocomprddB] 3 comaiyet  a
furt her ect he i nvention relates to a nethod for stahiljzi .an
IR RN St A e I S A A T B

t her apegtdigebf aﬁftﬁb@&;tf thﬁlfﬁFHiéH{talﬁi‘n 3he ﬁ‘Htu'l BRAYn eaﬁ&ﬁfaB&It 4”?!0%%[1{‘6 Ag t he
pH in the range fromabout 4.5 to about 5, ag optional Iy, a surfactant.

| n cer taadnownaldy, mesntfactarft. tlmeentanwembodimentshétlmmwgrthnstha buffst is@di ne- acet at e

vent TR Bty 1e T PeE e Bl Birfe didathad SR Engritiatelee dere 1"

buf f er ,inyddtidn thé BufferSs a[QPidale-shBENAtE LD aﬂgﬂﬁn@bﬁ@uﬁfeoauﬂe SRS rm&b laad thor
reduci ng aggregatl on of a therapeutic nonoclonal antibody, conprising

f or nul acrtag cnthedinents ¢ls/phl of theriudier i ne- Bicsttanenzindiraenys. ihaet oF dcat e
buf f er e it 6 L ?he6 In@i—;ntl qtaher%%@é on Vﬁll %th%rs%é#p%F ﬁ]te Q@E %9 #g{l%e or a

r educi ngaggregati on o a eu i ¢ nmonocl sing
f or mul abikn@.d. haBstﬂﬁIeBstmd&)l tarrk) aorlnpﬁimgl thedfomtiglatidraingida mck aalgtrnarrke opmmgilpat e

buffer, pH4.5 to [0023]. In certain enbadi nrents of the formnul ations

and metih ér@éerhg}r@r fn C@Iﬁaén F’é‘rbﬂi]’:lpﬂlfsoﬂlei%alﬁ éag‘?és StpFFIGH EORHBARI IR STt e

For mul alyRith&hes tAPYiG1 YRBRC ARG 0k vfIOut
[0020] Moreover, the invention provides a method of making a pharmaceutical
formulation comprising: (a) preparing the monoclonal antibody formulation; and (b)
evaluating physical stability, chemical stability, or biological activity of the monoclonal
antibody in the formulation.
[0021] In yet a further aspect, the invention relates to a method for stabilizing an
antibody in an aqueous pharmaceutical formulation by combining a therapeutically effective
amount of an antibody, a buffer maintaining the pH in the range from about 4.5 to about 6.5,
and, optionally, a surfactant. In certain embodiments of the invention, the buffer is a
histidine-acetate and arginine-acetate buffer, pH 4.5 to 6.5. In certain embodiments of the
invention, the buffer is a histidine-succinate and arginine-succinate buffer, pH 4.5 to 6.5.
[0022] The invention also provides a method for reducing aggregation of a
therapeutic monoclonal antibody, comprising formulating the antibody in a histidine-acetate

and arginine acetate buffer, pH 4.5 to 6.5. The invention also provides a method for reducing
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25C for at least 12 nonths. In one enbodinent, the fornulation is stable

upon storage at about 50C for at |least 12 nonths. In one enbodi nent, the

formul at iwo 208/®eEl e upon storage at about -200C for arCirasge10Dh264mnt hs.

I n one enbodi nent, the formul ation is stable upon storage at about 50C for
at | east 24 nont one enbodi pent, the fornulatiqgn.is stabl e upon

st or ag élggfega%%?fh R S %n@@dwmémn@ém@atﬂ% e ARy 1h 2

enbodi B EnQfuckigtef aﬂﬂ%ﬁﬁhb@ﬁ&uﬁ@bﬁﬁrwa sheleed.n, the formulation is for
i ntravenous (1V), subcutaneous (SQ or intranuscular (1M admnistration.

I n one [88&1Ipl e, tlhecftanenibatinemty of thoforinvlagidns midsmethpdolreraindtht he anti body

concentyati.on is m.about 10,.ngy/ t ab t 25

Selpae S T R A T R e T R
concentrsatifgticst IORLABOUN & R Otimén, @1@ @oHnudadnEbtable uﬁ)@)ﬁ) 8t5}agb Rt
addition, the invention concerns a nethod of treati ng a di sease or disorder

in a smbp@fci Clonpirlpast hgmeathisnils pes ¢mbodiment erformaylpim 1t5@ta§1@§m9pét§tfag% an
amount eff et .‘%(Wé f}%Pat 1Eas%‘t1% Gl $8858 er%oﬂh]t%ﬁ{ g{%ran{uﬁQ@ A is s&b?e r@o‘nl |

further aspec i'on concerns a rea

conpri syto*rgg@ﬁrmsﬁmtsioerfbm léast Demapehyt icahd smieddimeiit] the farmimldiﬁornfs stable aqueous
phar maceutical formul ati,on disclosed herein to a manmal , wherein the mammual
has a d%@éﬁﬂ’é%geraéa'ilﬁ%%ctf%%lﬁ%ﬁg WMONHst he antibody in the fornmulation. In

yet a”;{bp‘?ﬂfjoas PeGh coftdlf ehf%\é&fﬁﬁén?é“ofﬂﬁé’i’dxﬁ%ﬁat Bn BRI A8n8ks ﬁe{g&ﬁt

at herosclerosis in a subject, conprising adm nistering %armaceutlcal
f or mul dbimulation tsHer mttb;yemohs (IN) wubarmwam ﬁQ)anmntvazmmmutar aM) a:dlrmmstratlon
at her oscl er osi s. e t he. ant]@gqg bi.nds ox-L | es of disarders to

be tredl'@d® F%?E]Illﬂlaet Oréy adppy5tiop 7. eaﬂ’&l PUY tHUFIEEP8dE s of the

i nvent i@y Whbit 108y O%XH)‘P% Sut £90 %n'@@ﬁle Iﬁl&hbﬂl@ldeﬂaﬁlpﬁé“%eafbhnul%ﬁzs fHESQR! PTI ON
OF THE FIGURES [ O Fi gure | ustrates the nucleic acid sequence that

encodesdmiviatritédyl aeldhleewylb@tiap@neanmatumrls &oimeatiouy P metral to abbutadd Oemg/mlox LDL
ustrates the a uence a variabl e

heavy dNH and PR SRR S AT o S bl SRSy Rt onst ant

regi on itlaadsickt doRP3RingRideHiiiSteBng tHelstnh@h@sh ©haugR VArdnaidsunoéffeditt t@XLDL
antibody by iclEF as a function of pHin the pH study of Exanple 1. Pl ot

shows d‘é\ecahthﬁtdwi?@e(%d&%@ﬁs) and after incubation at 400C for 4 weeks
(590t il L 03 g il A a0t BBl Pyl 2o
( squar esmprising adagkistefihg b ﬂtﬁgilﬁ&i)lcall@mﬂfeﬁﬁw amaﬁk of {heiagat@s phigprdcsiiticdy) .
formulation disclosed herein to a mammal, wherein the mammal has a disorder requiring
treatment with the antibody in the formulation. In yet another aspect, the invention provides a
method of treating atherosclerosis in a subject, comprising administering the pharmaceutical
formulation to the subject in an amount effective to treat the atherosclerosis. Where the
antibody binds ox-LDL, examples of disorders to be treated include atherosclerosis.

[0027] These and further aspects of the invention will be apparent to those skilled in
the art.

BRIEF DESCRIPTION OF THE FIGURES
[0028] Figure 1 illustrates the nucleic acid sequence that encodes a variable heavy
chain and variable light chain of an anti-oxLDL antibody.
[0029] Figure 2 illustrates the amino acid sequence of a variable heavy chain and

variable light chain of an anti-oxLDL antibody and constant region H and L.



[0032] Figure 5 illustrates CE-SDS WV (non-reduced) data show ng percent
mai n peak of anti-oxLDL anti body incubated at 400C for 4-weeks (excipient
study). [WO28jo/®eyure 6 illustrates ELI SA binding data fhorisagoand4ite oxLDL
anti body sanpl es incubated at 400C for 4-weeks. [0034] Figure 7 A and B

il t A t t f t1- LDL t
concontPAIons D L s Bhtor AE o LD bbb By
ant | bodyndon®rit £ pA ARSI ERLMBISL W ol S4RE o T@@ﬁéhofds W BatBor

illustrates per cent aggr egate of anti-oxLDL antibody wth various oxidizing
agent s ingibatjorsEC0 OEMAY WECKSHRSERISPTI ON Defini tions [0036] | . Definitions

0037 d bi t d t ood
Lhar 1 APE v ent el b tied et At EhFRL anihottS £ BRESST ST oo can
syst engt 4040 Q"Ibtc'sﬁﬂws 84ta GOVO ?(ﬂamMﬁ’dsy onletwdeﬁ (%ﬁ&si Bwo K cbl@i sy ahbhat t he

(0] (0]

term nol ogy used herein is r the purpose descri bing particul ar
enbodi rfewtseaknl(girclemép studpt i ntended to be limiti ng As used in this

speci fi 410n an I and
“her 188 de pr e SRESARRCCETAEEN, MR EREM Ay SR plfgent

ot her wiygek ofrhrusoxIﬂDL agieoyl igcubaetiar eofcefok d-v @kﬂpéxeqméxﬁ tudp)l onal |y includes
a conbi nation of two or nore such nolecules, and the |ike. 0038] The term

" phar md8&idli cal  fRiEwR Giljustietes BESAbinding dafashaats -tk antdbady such form
as to %ﬁﬁﬂésldﬁ!ﬁ 8019 A9cB} 436kkyity of the active ingredient to be

effective Whi ch contalns no additional conponents which are
unaccepdbabily t oxikigte AAsubl B cliustrate i) pbrctiteghmpatelofitintiox WOl adtibedy at

adm ni stered. Such fornul ati sterile. "Ph ceuti accept abl e”
exci pi eﬁﬁﬁer%e?ﬁcemé%twna&awsﬁ@éni)a 0 Reab i e A s A YR

adm ni sfigLeat Mc&tﬁaﬁghgﬁn to provide an effective dose of the active
i ngredi ent enployed. [0 A"sterlle formulation is asceptic or free or

esse nt i[80331 free Figara &illustiratvs pagcant egwogyant ensodddL whighadyspidr esique040]
Her e d.".frozer%' forsigb ation is one at a tenperature bel ow 00C.
Gener anXy,IZIPﬁélg?I}%E hul ation is not freeze-dried, nor is it subjected
to prior, or subsequent, lyophilization. In certain enbodinents the frozen
formul ati on conprises frozen dru? substance for storage (in stainless steel
tank) or frozen drug productDETAIEERDESCRIPEEIN guration). [0041] A
" st abl %)efinq{lm ation is one in which the protein therein essentially
retains’i

[0036] 1. Definitions

[0037] Before describing the invention in detail, it is to be understood that this
invention is not limited to particular compositions or biological systems, which can, of
course, vary. It is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting. As used in this

specification and the appended claims, the singular forms "a", "an" and "the" include plural
referents unless the content clearly dictates otherwise. Thus, for example, reference to "a
molecule" optionally includes a combination of two or more such molecules, and the like.
[0038] The term "pharmaceutical formulation" refers to a preparation which is in such
form as to permit the biological activity of the active ingredient to be effective, and which
contains no additional components which are unacceptably toxic to a subject to which the
formulation would be administered. Such formulations are sterile. "Pharmaceutically
acceptable” excipients (vehicles, additives) are those which can reasonably be administered to
a subject mammal to provide an effective dose of the active ingredient employed.

[0039] A "sterile" formulation is asceptic or free or essentially free from all living

microorganisms and their spores.



physical stability and/or chemcal stability and/or biological activity
upon storage. Preferably, the formulation essentially retains its physi cal
and chemwal2osymki4iity, as well as its biological activiPCy/uspan/ozd4or age.
The storage period is generally selected based on the intended shelf-life

of the f | atiqn. Var, us i cal. techniques for asy te|n
st abi | .[P@/@u re avaifisip & | %epﬁgoqﬁat@ﬁds %eeatraéér@%wr? heqe 2)&0‘39%%1 YPr ot ei n

Drug Dehi %igtdh fo?rﬂﬁaﬁ&%—ls ¥t ﬂ%@i&tdﬂe@em@qs it sh%reé"t%li t%eév subog'&lue New Yor Kk,
N. Y., Pubs. (1991) and Jones, A Del'i very Rev. 29 90 (1993)

for exdmplehzaspadmlqettym@atboldenmﬁmftheatfomléai@moad)rtsmewatchW@ for a
sel ected, time rtajn, e i t is stable at
Shout " aubetts BEioRg ab SufiEb S SRR St Seusd [Tt 8D ot °se for

| east ZohnBphdGen)and/ or stable at about 5C for at |east six nonths, and/or

stabl e at about 5C"for ,?‘t | east 12 nonths and/or stable at about -200C f or
at | eadP04llnmont hsA oytalde” fosmulation yseane in whihethe grateia mrsein wesentallyt tgtains its

for mul %gypall s?af?&tﬁ%h&/ﬁi%he% tsta%ﬁ ggﬁ&/ol’ 1%2 (1)0% %&tg’%lpglgg{o%{%eslgt%ﬁr&éf

about or s

st abl e th¢ faxbalitiob CsdeatiallyZretiirntibsphysioal/apd chtalthestaiiligbaditved 200 bibwgial | east
6 nont hs, and/or stable at about. -200C for at |east 12 ponths, and/Qr
st abl e 2&HVIECURAN storgee: Ths stosaed Resied 1y gameipblyisslected basedogithe wigdad mshElfe  he

formul %t?&fo&ﬁuﬁh?ﬁl\%ﬂ' &k Iaﬁey}wfi'&ll Fercﬁﬁﬁh&gfoﬁ !tzn(%asu gg g)rot‘al g g;%ht?'aﬁt Mﬁ%l@g of

the fornulation r exanple e reezing and
t hawi ngn tlﬁte&ba'tﬂd a:ryr@aﬂfwdnhné%eghmazzeﬁquah IDrag Oeébwa:lﬂ/-ml qfummhi LatEdely in

a vari if n tlon of te formation
(ror exisPerthiehdn: Bev ik b Mot gl G Abng: AbgFadubrabem i o ¢y,
and/ or oy 2§J9§l@¢93') %P@%ﬁﬁ@)Staﬁ?Mty%ﬁ%%%ﬁéﬁgur@&@{ Q&l&%&%ﬁ%ﬁﬁi& Yor4si ng
cation exchange chronatography, i'mage capillary isoelectric focusing

(icl EF)sek@r:tedalmd peaiogl. Ingueetaiwl contodopérds, ékd Ormakuiinoist @fﬂm ataalbootr40°C for at

anal yor b R B B R Rl o C T ISR MRt el a4 P8l

trypti cs°orfotaf$eds) sia @ﬂinytfsl sid/evadtiabd bgubiol BeLCast AT kidhkHsYan@lor 8fablegen
bi ndi ng function of the antlbody etc. Instability may involve any one or

nore of# oafgépéb&truabwastée@ﬂmh&m drlegse] yearAdm certamtmbediments, brifaraldion( e. g.

Met oxi; Q?t%lfz)lg bdu%? fo% %a'st?@ Q)ﬁthg n(ff%P sthl?lg %Féﬂo% 29’@ for 12 months, and/or

cli ppi ng y3| s ragmen ato 6

f r agmentatd am)aostuﬁ?@ fm Grmﬂmtlfspaiﬁmtﬂ stdble ambautrﬁé?d foryszt mlomh(s Sand/dNstablendt nal

ext ensi % Ctermn processin t\)/cosyl ation differences, Ef]é %0042] A
B 3ap e fher

I
pr ot ei PO R(nforiat lagymprt eyt a‘?qvtaZOpﬁawaé%H%aon %tion if
|t ShOVS,yi0aS@RS -RPPCUEE ¥ 15dst Mcsa}(éafrs Y RGA RS HR fofthh@BoRfRd/ or

denat uration upon vi sual eXam natl on of color and/or clari ty, or as

measur esthbily followingyfitezapatd, erd. ng0€r) aby tisivdeg ekihk deinahatcm; rekagpaphy .
following 1, 2 or 3 cycles of freezing and thawing. Stability can be evaluated qualitatively
and/or quantitatively in a variety of different ways, including evaluation of aggregate
formation (for example using size exclusion chromatography, by measuring turbidity, and/or
by visual inspection); by assessing charge heterogeneity using cation exchange
chromatography, image capillary isoelectric focusing (iclEF) or capillary zone
electrophoresis; amino-terminal or carboxy-terminal sequence analysis; mass spectrometric
analysis; SDS-PAGE analysis to compare reduced and intact antibody; peptide map (for
example tryptic or LYS-C) analysis; evaluating biological activity or antigen binding
function of the antibody; etc. Instability may involve any one or more of: aggregation,

deamidation (e.g. Asn deamidation), oxidation (e.g. Met oxidation), isomerization (e.g. Asp

isomeriation), clipping/hydrolysis/fragmentation (e.g. hinge region fragmentation),



[0043] A protein "retains its chemcal stability" in a pharnaceuti cal
formulation, if the chemcal stability at a given tine is such that the
protein iwocongioemed to still retain its biological acPcriusgoias2eaed i ned
bel ow. Chemi cal stability can be assessed by detecting and quantifying

chemcally altered forns of the pr in. Chemcal. alferatiqn may.involve
si ze noOYFFPICHEF BMERY .WW%YH@?HQ@%?%@%@%%@P ﬁ@&llﬁ@ipﬁ@%%%

excl usi MR NLAIREPAERREY ctcSDS- PAGE and/ or matri x-assi sted laser desorption
ionization/time-of-flight mass spectronetry (MALDI/ TOF M5S), for exanple.

O her t[Pp&€Y of chepiceh "wtdiey &t plonicehsthibe” chapbemakcewical foomulagowif it

i . |t of deam datj. whi. b | yated by. i h
chr o DErBRGIEBS Of wineBhiq GATER it prottis o b Ao B Rhrlge R i T oo
bi ol ogi&amimeibh bF Edor add/@ ARy HRGE widaGiabd Bgaumli%;tis@aterihg ok Bg/ skkol ogi cal

activity of the antibody at a given tinme is within about 10% (w thin the
error s BFflusiga cheseajggraphyt he bi ol ogi cal activity exhibited at the time the

phar ma j.cal fo in Q. - WA s .det enm i j gep bi ndi ng
assay, CI? gég]exarrpljge.gweg heffetaﬁgf% %ﬁggl%%gﬁﬁ%i 15 ya,.ﬂhg}srggc(;gﬁ&é?&gﬁ{f%t Ogdﬂes are
el abor ahecdhdngicaismbial ana g¢lved 4ol isHeudhithat thdprotadyiscdhsidatd Yo §till re@fin &s

nonocl gnal anti body refers to the abili t%/, of the antibody to bind to

ant i gerPiolpgicelastivify phdsfined Orlone CApmiwbiybilibnentg aswwssadtbvlsteciing 2idsul ti ng

in a g i i I W : I pfEo or in
R e R S e S RN TR
nonoc| anadifieattonkiogyclippirg) which améciavalvhicd usinpaizorex closien abparaggraphyr esi due

t her eof n derivitized, e.g.,to an aspartic. acid,.or an iso-aspartic
e d (OOl ey vt i ccsirelBp b bop e igh fow s one
conpri Ss;pg&rd[?%&arwﬂmwm@w s ?ffbl@@h&%%bsfcﬂgﬁéinfcgl HRrMANE L&

deam da ] An anti body whi chis * susCeptible to aggregation” is one
whi ch Ivherdeediarafion (g tascayge egatresultiof deamidetiommhigoehn beoivebated (by)ipn-

especi al ly upop freezi an r.agitation. [0049] An antibody which is
t‘suscepefilc%e}nﬁgtcgmﬂag%@é}&a ilglﬁ’?’ fo§%5?‘f8p‘\ﬁhi ch has been found to be cl eaved
into tvwooes) more A# agsay Sretdifd itehiaiglal adtivayhinngghai@ed@icdlfemanhtid)@50] By
"reduci ng deam dation, aggregation, or fragnmentation"” is intended

Pr eventthablodngiché eetevalyi ol gha Heibadp airt Sigen daans wﬁhimh?uta% Eyiahin dhe crears
) . ) Uit
vt or ! §0Er Blq iftoktat 18, BRRAEHRGRL Al a AR AL fothu il | P o™

pr ef er akdsyprgmsehnds dkdrininudrie aaant gasiindibg ysseg Fonéiaalgly, Otherodaiegad (e. g.,
free from contam nati n-% r ot ei n% et%i. ",E%senti ally pure"” antibody neans a
conposiAHBEY opeites 3goadics aigS{abarttt hooiaElP™aei ght of the anti body,

[0045] Herein, "biological activity" of a monoclonal antibody refers to the ability of
the antibody to bind to antigen. It can further include antibody binding to antigen and
resulting in a measurable biological response which can be measured in vitro or in vivo. Such
activity may be antagonistic or agonistic.

[0046] A "deamidated" monoclonal antibody herein is one in which one or more
asparagine residue thereof has been derivitized, e.g. to an aspartic acid or an iso-aspartic acid.
[0047] An antibody which is "susceptible to deamidation" is one comprising one or
more residue which has been found to be prone to deamidate.

[0048] An antibody which is "susceptible to aggregation” is one which has been
found to aggregate with other antibody molecule(s), especially upon freezing and/or
agitation.

[0049] An antibody which is "susceptible to fragmentation" is one which has been

found to be cleaved into two or more fragments, for example at a hinge region thereof.



based on total weight of the conposition, preferably at |east about 95% by
wei ght. "Essentially honbgeneous” anti body neans a conposition conprising
at | east wbaoto/©224 by wei ght of anti body, based on t ot alPCraisgé/ood414 he
conposi tion. [0052] By 'isotoni c" is nmeant that the formulation of interest

has es ally t not.i c. pressure as human bl.ood. .l sotonic
f or nul jﬁﬁ%dr]s will BQéfﬁ Cé"i‘% aﬂaﬂjfélogna%%fﬁ?fl% %?%&?F@@Pgﬁﬂ%’& 250 to 350

mosm 'p?@&e‘ﬂﬂhg bt é(ec‘f@a@m%QhéTﬁﬁéﬁﬁt%@ dé‘cﬁhlﬁgtl&h %g‘%@gat%eéﬁﬁﬁ%?n&ﬁatioﬁ%lfaﬁ@@%' ng
type osnoneter, for exanple. [0 uséd hefein refers to a

buf f er gbic swnatlpee anfnlatdyrfeemsltated@had@&sent mHpo 1@9 dnﬂﬁ@eladmr%n of its acid-base

j ts. .The buf f IS | h th
from a0002 a5t ol agisibod, Ghich phanlelisgerATEb S enBal o an ol apout
5.0 to e@%ﬁbllﬁh&no@ne&@ss(e% FrdcGfon? BOhmmalin® prodéifs é’tcpl"’EQ;Ent%l@ pw&" has a pH

of about 5.6 or has a pH of 5.6. Exanples of buffers that will control the
pH in tamflbocfmg@smrr@rrm@élt@e@p@pemng gelepsiabeut 99cly wareht O@ha@@tﬂmde

i St 1 900 61 b1 Rigrbf B PRYELNG ISORPL I LOANE0REN Lfiers. 100541 A

hrstr r co risin | es of

hi st dr”@eselnuﬁtﬂﬁh@mbmbwbe ahiilsddycdtheus altbaipbsidon boapiidhget laehide 99% 18t i di ne
phosphate, histidine sulfate, histidine succinate, etc. In one enbodi nent,
the hi SY5iites aaufqdérbrsaéﬁefqtale\aelgw Qffilee eSBAIEOR. herein was found to be

hi sti dgg@%zacet at g3y 1510%11;5? gr}ﬁ ??rlgg&ﬁ%uéﬁstgﬁl&f fﬁe%%g{ﬁh% ﬁhﬁffth@%&@r is

pr epar titrating |st| acetic acid
(1'i qui dysmotin pmsuraramhmnhmtﬂlonéri‘srstpnﬁ:ffm*nhula;tlmﬂmﬁ gondrhléy hore dnistiotc ne- acet at e

buffer is at H45 enbadi nent, the buffer has a pH5.5. In
one errﬁ’é%ﬁswr? th?@f‘? g?qf@aﬁﬁf OO BEAN e Qe HENE R AR EEHEFA n was

found tig.. peeg}h%{yrggro%oﬁ%prfg@éﬁmph@ one enbodi ment, the histidinesuccinate
buffer is at p 5. I n one enbodi ment the buffer has a pH 5.5. In

one entf@§itent, tfkreusbdﬁlfa@rn Hbsffa" pHensfto 5beffer[ed@@B]mmthahr@tstscﬁha%earilngi ne
buffer" rrsrn hi stidine, i |n|ne|

of b sipufe BerBlirard aSROBNE SRt P fEin) BIuERS ST M OB g A

hi st dltﬁeraagemhﬁat@rlgn Blt@ eb@g gl bEfrofl Sbith Beo MRS @lsableﬁarlgﬂbamrseo phosphat e,
hi stidi ne sul fate- ar}gllt ni ne sul fate hi sti di ne succi nat e-ar gi ne succi nate,

etc. | rabened Srasdes mehiof abpet i e hasianH af §Snorheas Bt efrabogehpior hage plﬂ of he
| I nth
exanpl &sq @Jaﬁfp'i‘es"é’ﬁ%uﬁ fé??aé%ll%gn@(%ﬁ{ré 181]'51”1? h"i‘&&!n ficflddla0L Q%yﬁf%&f‘ nthe

one enbodi men i'ne ace prepare ratl ng

L- hi st isdt¢iratéfglenbaskistidiat, ditratwy gl&cybglectlnearatmtder(drgﬂuc djid doffelsy titrating
L- arginine (free base, soljd) wth acetic acid ( I n on

enbodi k4] t he h'fslrlﬁfeﬁlﬂ%bbaﬁf@ rﬁ%@fﬁqarcpepﬂregatsﬂsmezroe #Weplss Ofe n one

it 1 dl et apenp oy BB P bR el R RPN 80 1o be

hi st i disaHatsulnistidiat wcamgtem Bmelnmmrb@tienenlt rthe histidine buffer identified in the
examples herein was found to be histidine acetate. In the one embodiment, the histidine
acetate buffer is prepared by titrating L-histidine (free base, solid) with acetic acid (liquid). In
certain embodiments, the histidine buffer or histidine-acetate buffer is at pH 4.5 t0 6.5. In
one embodiment, the buffer has a pH 5.5. In one embodiment, the histidine buffer identified
in the examples herein was found to be histidine succinate. In one embodiment, the histidine-
succinate buffer is at pH 4.5 to 6.5. In one embodiment the buffer has a pH 5.5. In one
embodiment, the buffer has a pH of 5.6.
[0055] A "histidine arginine buffer"” is a buffer comprising histidine ions and arginine
ions. Examples of histidine buffers include histidine chloride-arginine chloride, histidine
acetate-arginine acetate, histidine phosphate-arginine phosphate, histidine sulfate-arginine
sulfate, histidine succinate-argine succinate, etc. In one embodiment, the histidine-arginine

buffer identified in the examples herein was found to be histidine acetate-arginine acetate. In
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one enbodi nent, the histidine succinate-arginine succinate buffer is at pH
4.5 to0 6.5. In one enbodinent, the buffer has a pH of 5.5. In one
enbodi merwQ 20tvetokasfif er has a pH of 5.6. [0056] Herein, &CTAsedlaorcme "
refers to a surface-active agent, preferably a nonionic surfactant.

Exanpl es of surfactants herein inclu ol ysorbate (for exanple

pol ysortE%lP%e_ 780 ?ntpmeﬂ%w%a@e@tﬁ)huqﬁeﬁfw{awé?f ?Xé?ltjig“%lr'g‘ks&a&e (rgs) ;

Tri ton;p30dbidn WRHRYL asilll (i§8i8) 4ndS) titrfRYITUM SiRME e St sE AlBd) RAAMAOCT VI
gl ycoside; lauryl-, nmyristyl-,  lindleyl-, or Stearyl sul fobetaine; lauryl-,
myri st ydcid (ligiidol leyne covodimeat, yhe istidiosarpming buldiray ht-nH fprtp $t5 | In onor

cetyl bet ai ne; | auroam dopropyl ., -.cocam dgpropyl.-. |ingl eam.dopropyl -,
myr1 st amasRPetyTe DUt adht oy T oF sRERg e HEDRB S BBELRE (e o.
| aur oani&RETcary the; cxBbics harre RRME to be Piadidthé SRR argindie succinate. In

i sost ear am dopr opyl - di et hyl am ne; sodi um net hyl cocoyl-, or disodium

met hy| asc@ybogdgnatthe hishding ReccaMNATgATIG ryccsmitd kuffar ittt hdue 615 dBong ne. |

Pat - ; | : | f
ST R VI T T AT
enbodi Me0sa] t he dkrtiach adirfab@neirefeissto paufaarfaive agéht, $roQoably 4 Rodionic

phar macol ogi cal sense, in_the context of the invention, a "therapeutically
ef f ect i SvEfagapiuRtemples ahsusiieiaps dgrainmsiugde pglysprbaiedintcxampleepelysorpic he
prevent,] [ logl. e tr. i :
b e e N e b SR e LT
f r om t rsedtunehtrohsdlfate; sediant odvydyycodtde slavnytd ogestyt-hlinoey-,andtcaglt e di sor ders

or di seases .i.ncl.udi t hos at hol ogi cal, condi ti on i ch. predi spose the
marmal SUBoPHEG G hemyTiHY GuBEIRaror To0MeR SRy BEL A sR T € S mpound
whi ch qpmike lﬁ%a{nﬂa%ﬂo}ﬂylk%ké{ﬁ%pfq@?zf-f‘l%lcfl&.{nﬁﬁl)lﬁ%bﬁfl rﬁﬁis%&ﬁﬁﬂ#;ﬂo@&l‘-)’ reduce

bacterial action therein, thus facilitating the production of a nmulti-use
f or mul atairordopfopyl-corasgstearantidapnob @sbatding Gt & iaured midepropy b.amymssmidoptapge

oct adecyl di.net hyl benzyl  amoni um chl.orj.de, .hexapet honj um chl ori de,

benzal KGHURTRAPSR Bascpts R Eh S ey Sy PR OY CHRBHE chi or i des

i N whi clisddingn bl oyRtiRBat&@r8d HIRIFONAQU AN HAN M onad dudteelz Bichoni um

chloride. Gther types of preservatives include aromatic al cohols such as
PR

phenol ,Paisgn. Naht Pebathyl slarelop@yproayikglycdaandisenalysgetofzthyiencapd or propyl

b i nal (e | .
bne ontsaTAea 09y (£ EIARERS, pr @i B Aol BARERR, o AR EBFE R Lot v -

i s a sylodysartme: 20.t h nmul tiple hydroxyl groups, and includes sugars (reducing
and nonr educi ng sugars), sugar al cohols and sugar acids. A polyol na
opt i ondPP3Y/lpe i nclp@@élaﬂwor%écai wuatthecmm%ﬁog@

( _ e 1B Ptiraieﬁtl%ﬁomeﬁw%%llp%y yol s
her ei n Jpaugy SaRlfe ﬁlran\é\%g%)%]}eﬁégg'tci% éﬁ%ﬁtﬁ%ﬁeétmrln ARV EPBn Pk fnne T N the

range from about 120 to
of a disorder for the treatment of which the antibody is effective. A "disorder" is any

condition that would benefit from treatment with the antibody. This includes chronic and
acute disorders or diseases including those pathological conditions which predispose the
mammal to the disorder in question.

[0058] A "preservative" is a compound which can be optionally included in the
formulation to essentially reduce bacterial action therein, thus facilitating the production of a
multi-use formulation, for example. Examples of potential preservatives include
octadecyldimethylbenzyl ammonium chloride, hexamethonium chloride, benzalkonium
chloride (a mixture of alkylbenzyldimethylammonium chlorides in which the alkyl groups are
long-chain compounds), and benzethonium chloride. Other types of preservatives include
aromatic alcohols such as phenol, butyl and benzyl alcohol, alkyl parabens such as methyl or
propyl paraben, catechol, resorcinol, cyclohexanol, 3-pentanol, and m-cresol. In one

embodiment, the preservative herein is benzyl alcohol.
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"reduci ng sugar” is one which contains a hem acetal group that can reduce
netal ions or react covalently with |ysine and ot her am no groups in
pr ot ei ns wWodow/ftbeamr educi ng sugar” is one whi ch does norChaseloeseo
properties of a reducing sugar. Exanples of reducing sugars are fructose,

mannos | tose,, | actose, arabi nose, xylqse, ribose, rhamose, gal actose
and gl N Nonr%kﬂﬁ?"hlz 1%%‘5’5’?@“?%\?%8&‘){%188S%@r@’,‘ylt%’f%‘l"?ast ncludrpgas
mel ezi tRskicRRdng q{oilwaﬁ@m% f bt Qlgar X¥bid1Ohnd ﬁ%ﬁ g Qipol%zbhﬁg% Bptioray,bi t ol

and gl ycerol "are exanpl es sugar al cohol s. to sugar "aci t hese
i ncl udeclinghdesiondhefoamdlatren ali ¢ectagedrigodimentegfolyolhkereinihavele sialedlarhat t he

formul ation is f ~th le. the polyol i f eyabl ich d
ot or yeranT gt ke it T i IF Bt ioh B58 PR RS aBoRPI R oo

dest abiidaemgtshgard i drRaich Borithifs h AEmlicathl @Bup tHat 681 dedidd BHROhIBMNYeSst
nonr educi ng sugars such as sucrose and trehal ose are exanpl es of polyols,

wi th t reenalcebewhbilysinopanerasiar agiey gioupyidrigeisinspad asenreducingesugal’us Pemh

bi | i L 601 A , bl
ant 1 bodyRied R Bese A W b B, ERaIESr HERRDSHBI el 77
exanpl druckdsk; maB3nandsE@hddbsc, Hdcto BB arabindse? x [AIo8e, (ridogk, rhanin MAELUALB3AHD 7) .

ApoB- 100 is the protein conponent of LDL which is the main carrjer of

chol est@uese-iNPHetsH st eUminadydedaeiosn tiohalops. spibosg melgsipseand atfwessn it s
conver sj : t e part e I i i fi {0 drive
The i ni R S R B b PN L8 B L ERp TR I Rl ORS

at her ogolsegantacids,| thssic amcludOi0ghjcotate endimptadliodaltatheasttf| WhxiteDt dasned Bt vhei s

2- DC3 ich is a fully human nonocl anal | anti body directed ai nst
oxi a1 2 e Rior R B b Qe doPESd T B PR e DSt B navy
chain @F&z%@&éxﬁﬁé&t&és&@.rﬁg. oedysueh 1Rl Radyii2R8Be 8fittoddly Ve thel BrotlgksL h and
have been assi ghed SE D NO1 and SEQ ID NG 2, respectively. The am no

aci d seagtencododfmets nearcdabihe stgassspch haburrensdng sichalbsceart exgmpleheli n of the
anti body, 2 .are.gjven .in Figure 2 and haye bee ssi.gned | D NG 3 and
220 1 b R Bl Flob e Br bl phic oy Bfor R R e RS S AR e st gnad

SEQ I D tN@aloGe.and 7, respectively, as in Figure 2. 2-DO3 also refers with an

anti bodé with at |east the VH and VL sequences as given in Figure 3 of
W02004/[08@H07 ( orASEOXLDINgtibody anesed Bersin 198204 BEI)indsrig adetcioDR

sequenc - | y I i ] DA/, € €
Bi ol ogi aggilggﬁa%ltal%lt ?@gbéﬁgﬁ lé)ﬁﬁ‘i g%ex@b%}?agﬁrﬁ ?ﬁg&ﬁ?v\/\%ﬁg g?l%?%ﬁ%ﬁ% ’g&gjggﬁ%ﬂnd
opt i ongklgy in V@2004H030607 ). MydB-1 0(isabgigrotcdn s@hp@enactiLIPr. exedt istitemain
developnentégfatherosclerotic | esions (e.g.. as described in aninml nodels
i n SchiGpirrél chgloesterobadunp ssomy 93809 otk Iapimpagiant gehiritsact i vi ti es
I ncl udeacedpsehy ar} RS eﬁi@ﬁa{t}ﬁwa%ﬁﬁhé) iﬁitid%rrﬁ?cﬁﬁ&a?fohg BriveéftkRiihshed
at herosclerotic plaques I1n"the aorta after a Tew weeks of treatnent (e.g.,

formation of fatty streaks, the earliest visible atherosclerotic lesion.

[0061] An example of an anti-oxLDL antibody is 2-DO3 which is a fully human

monoclonal IgG1 antibody directed against oxidized LDL. The polynucleotide sequences

encoding the variable heavy chain and variable light chain of antibody 2DO3 are given in

Figure 1 and have been assigned SEQ ID NO:1 and SEQ ID NO:2, respectively. The amino

acid sequences of the variable heavy chain and variable light chain of the antibody 2DO3 are

given in Figure 2 and have been assigned SEQ ID NO:3 and SEQ ID NO:4, respectively.

The constant region H and L have been assigned SEQ ID NO: 6 and 7, respectively, as in

Figure 2. 2-DO3 also refers with an antibody with at least the VH and VL sequences as

given in Figure 3 of W02004/030607 (or SEQ ID No. 27 and 28 of US20040202653) and the

CDR sequences of antibody as listed in table 2 of W0O2007/025781.

[0062] Biological activity of an anti-oxLDL antibody would bind to ox-LDL and

optionally, e.g., would inhibit plaque formation and prevent the development of
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WO2007/ 025781) . [0063] Atherosclerosis is a nmultifactorial disease

devel oping preferentially in subjects presenting biochemcal risk factors
i ncl udi ngwermio/rogz41hypert ensi on, di abetes nellitus, hypecthisb@soesaod em a,
el evated plasma | owdensity |ipoprotein (LDL) and triglycerides,

hyperfbrlno nem a .and hyper a. At sclerqgsis is . a chraonic disease
Chat | cAAESUETo ERGR fog%y o d%ﬁ%ﬂ%eﬁ]ﬁé?%@rmp e %%a%pq Hed n%%oqe)w arge and
medi UM BZR3866LTUSLE 714 Illdie@tﬁé%‘é‘ﬁwﬁwﬁﬂlufdb QWn%'BﬁmﬂhQJ"tfhe ‘Eé’gi'&%lo'n%ﬁ ham a and
ti ssue destruction in organs supplied by the affected vessel

At her osxlistingt d¢stabligsidauisretslcadtopplagess imthewotie pftefa Heceekks of tredtoean, e eadi ng

to COHR?I ch as coronary and cerebral ischem c and thronboenbolic
di seas C§§§%@§§€§3d|a| and cerebral infarction. [0064] Atherosclerosis is

the majigpeyause Qﬁith@l@%@lbl%¥1@$§&lhﬁ[tlf@ét@ﬁﬁ&ﬁsdaMek&@lo@ﬁlgﬁﬁ%&nﬁhﬂWﬁlrsﬁlbﬁ:l:ts
infarction, stroke and peripheral artery disease. The disease is initiated

by accuneseatingbioghenicyapkdrcipnssnclydingampkipg.ppertensiang diabstey melitisul ar matri x

of the hﬁé&ﬁ&le&q&% Zlgdé?%\ﬁ Iﬁslh LRI Egﬁﬁgpré{%% rlﬁ?)ra%‘altﬁglgfr?@ﬁde\!,e

nodi fi cdtron. oXI C an es va

At her oggberfidsindgdnepriesehliyperdl feeiny AllRs@peicsis i8 arcﬁﬁmmgeafs@tﬁahi:eﬁlsésnj ury
including inflamuation and fibrosis. [Q065] "Treatnent" refers to both

t her apehickening abhgameraps 1pics ghy Ifé’él%a})@f &}rgep%kﬁ@ﬁcélamr%e secsistr Bglecrepssse in
need ofy, I reagy %ﬂf; t hose
i n whi bh(r)&ﬁ%‘g'?{s?%r é%ﬁ C?%%tlgéhblzﬁap%{gvte nt e%lélytrfjg% 6 OQ@WM? %PI \@%éuérlfg%zeéis of

t r eat mewssct.eAdresostlerativyl camsivelop assi £ medba®f decadnsml hunians | loaiimgtohunans,
domestic and farm animals, and zo et anl | s, such as dogs,
hor s o5 cogagariq it ayqororisr i it BT T HHS 5eB87Idhe ¢ or m
"anti bqu calB418hB cbisbiis BfalcRot he br oadest sense and speC| fically covers
nonocl onal anti bodies (including full |ength nonoclonal antibodies),

pol ycl dAgé4]ant i bolhesclongbisiisihe mdior causmefi deatidescyler, cgseasebmsb@mgfacutﬁ
ant i bodi es

b1 ol g BseefRgion Biks p ARSI SRety Ishals sl S ShdhialIRvhas been

i dent i fdcegmaBaton ePiaiopt &ingPHRrily @OV @f &d ckirGdBllalat empdneNthe fsstlt STHaad ur al
envi ronnent. Cont am nant conponents Of its natural environnent are

mat er i UL wAticls aegicgaty ar@pndsrgo giifaiveasedifiediondiQxidised BLay toxieandpeut i ¢

uses for, (N, a0l %gg%@r. LRI G MG RIAVIRS, r[RLIPNER b0k, A

pr ot ei naceous” or ernaceous ment s, Nt body
is purnﬁﬂ&dngbﬁh@mgﬂﬁﬁﬂ&ﬂiﬂﬁaﬂs9596by wei ght of antibody as deternlned by,
for exa the Lowy net Eg in some enbodi nepts,. to greater than 99%
by wei 9[55 65]( 2) toTaeaé@smeéefgliﬁft@ ptheherapeytis feament and prophylactic or

preventative measures. Those in need of treatment include those already with the disorder as
well as those in which the disorder is to be prevented.

[0066] "Mammal" for purposes of treatment refers to any animal classified as a
mammal, including humans, domestic and farm animals, and zoo, sports, or pet animals, such
as dogs, horses, cats, cows, etc. Preferably, the mammal is human.

[0067] The term "antibody" herein is used in the broadest sense and specifically
covers monoclonal antibodies (including full length monoclonal antibodies), polyclonal
antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody fragments so
long as they exhibit the desired biological activity.

[0068] An "isolated" antibody is one which has been identified and separated and/or
recovered from a component of its natural environment. Contaminant components of its
natural environment are materials which would interfere with research, diagnostic or
therapeutic uses for the antibody, and may include enzymes, hormones, and other

proteinaceous or nonproteinaceous solutes. In some embodiments, an antibody is purified (1)
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at least 15 residues of N-termnal or internal am no acid sequence by use
of, for exanple, a spinning cup sequenator, or (3) to honobgeneity by
SDS—PAGE\NOdeHMmeumC|ng or nonreduci ng conditions usingpCras2exangie,
Coomassi e blue or sil ver stain. |solated antibody includes the antibody in

situ within reco c since at | east_ on 0 e of the

anti bod§' ggear%ﬁfeﬂn;w ﬁ F&ﬁ%ﬁ@ﬁ%n%‘)ﬁlfa @?te%nif*r@égﬂrt n%pﬂq ﬂﬁrqum%mer
i 50' at eﬁd@ﬂ%&&@@ﬂﬁb&dlhienﬁeto@r@ﬂé}f tBgh @9% kw&gﬁ Fa H&grbé Mfﬁ&ﬂeﬁﬂo%{%ﬁh
[0069] "Native anti bodi es” ‘are usual |y hetef ot ramsrlc gl ycoprot ei ns of

about 16052800 wsidbesy NMmpoé edinddrnalwoninelegid s@menm lyphwse(af) foc bednmde,and t wo

i dentical heav ch |i C heavy chai n by
one codRnEAE b etiteraRRETy Chpmost iy B S W i reaycs vari oo
anong tiyardigemy cehd@tioss wingdFdrfch@ple, COMMARE KIReIb Alvies@hliPesolatEaghiveaavy and
|l ight chain also has regularly spaced intrachain disul fide bridge ach

heavy dhelidesiibgantibodyién eficwahinapqaativand ekt &ﬁnqe\ameaﬁto}memmowtézgﬂwmer of
t f VL
cons aghglﬁgé?(g?%&guraﬁ&mobfng{ﬁ wﬁ é @e gﬁ%eﬁ Yﬁ&fnﬁ‘}ﬂ;?gﬁ\?&%o ’ls&ateé?fnlﬁttﬁh({a?, (VL)

and a omain a t he con ‘mai N o e’light

chain nsﬂladel;gqgaded/\byditlédseoﬁeplﬁiﬁaaﬁmgtaplt domai n of the heavy chain, and the
light chain variable domain is aligned with the variable domain of the
heavy dA8H. Part' ™Netivarntthedics ar@wu%l%heaﬂe@traméﬂ%él%m@%fntw frgPwh an

interf t i 0070
The 1 er 2008 ARG, Llfndel BF nE R AT RIRY K AT R aRlce TP
nol eculchainav Each laglrmhancmlmsl@d\ted hamyrrchaﬁr;b}dor@ex(puelnmedlsﬂﬁéd: bcmi thilt ke ot her

ortion of the.i n obulin, the v abl e, donm whi ch con |ns t he
Dot gorBitat P TR AR ks e ACRY Cofi P SrerD! G arokean g o
?gga: :"gﬁc%tﬁ?ﬁgiﬁﬁﬂ Nely :an@ﬁ%h@éhahﬁﬁsd’%%&’glﬁm a@&ijlnfttla@ha%lsﬁl@iﬁe @lﬂli domai n of

vari abl e regi on' 'vari ab onaln of an
ant i bocE,aChéﬁ@rsschtam hdS@t ami ¢rot ayariahkl dodows( Yis foflow%bmeamylbmof]cpgmntc hai n of

v ek el SR TR R TR ol s By Bty % 7

Thes e CRgichg; the obemetabin dfiiie: MG chaahid @bined RathttBe Afst Sehstint HbRAGM oatnd
contain the antlgen bi nding sites. [0072] e term"variable" refers to the

fact tHhe hewychpin, pukthe bakt C@ﬁlmwablaﬁpml@sabamdn\glﬂather@rla@md@m@wef ly in
Seq“e”%ﬁ? %h%ﬂt ;Pﬁﬁ%'gl%?fa r&re‘él%l‘ﬁgs In b%f‘eeve? t@%rﬂwga’@ﬂ%rﬁg§8%t oGl % Of
r 1 gen. wever , e

each pa ar an s particular an
varlabuhﬂﬁymnﬁambha@yeHMyvdnﬂﬂédbmﬁmﬂ t hroughout the variabl e domai ns of
ant i bodi es. is_concentrated in thrEPe se%rrent,s é)%l | ed hyper vlgri abl e

r egi ons{O?WRs) boths (i { esirpiginmaim it idhe Rertioe &f v HAMNIQEPPHBY e domai ns.

The mor g BEASLYYiR@RFRIY EchsBRIh o Alid YRuLAR! 1E1aHOTR RS ofHefp&iAbh §Fthe

immunoglobulin, the variable domain, which contains the antigen binding site. The constant
domain contains the Cy1, Cy2 and Cy3 domains (collectively, CH) of the heavy chain and the
CHL (or CL) domain of the light chain.

[0071] The “variable region” or “variable domain” of an antibody refers to the amino-
terminal domains of the heavy or light chain of the antibody. The variable domain of the
heavy chain may be referred to as “VH.” The variable domain of the light chain may be
referred to as “VL.” These domains are generally the most variable parts of an antibody and
contain the antigen-binding sites.

[0072] The term “variable” refers to the fact that certain portions of the variable
domains differ extensively in sequence among antibodies and are used in the binding and
specificity of each particular antibody for its particular antigen. However, the variability is
not evenly distributed throughout the variable domains of antibodies. It is concentrated in

three segments called hypervariable regions (HVRSs) both in the light-chain and the heavy-
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the framework regions (FR). The variabl e domains of native heavy and |ight
chai ns each conprise four FR regions, |argely adopting a beta-sheet

conf i gur avpanio/weaamect ed by three HVRs, which form | oopeCtarse@onrdag) and in
some cases formng part of, the beta-sheet structure. The HVRs in each

chain are held to ether nclo roxim:t t he. FR eg ons and, wi.th the
HVRs f rdain Reable maa«%a. e %ﬁ?%&hﬁmosssfﬁ H‘é‘¥1f>6~°r Apyanghlegomajps arc called

ant i genhpﬁaﬁhb&er@egr%nsme)ntm%hsse Géssm%%?ﬁam%theab goleRsieseRh Proteins
of I'mrunol ogical Interest, Fif Edition, National %7 nstitute of Health,

Bet hesdampkise €01@@EI)egloiméangolwﬂamngi@hmﬂheeap@lﬁgmtatlomvmnnede@byéart:et y in the

bi ndi n an _.anti body to an but exhi bi.t varipus .effec

Punct | dhoRs e kit SpRS B B st cntel By s ALRE iS558 ndent

cel | ul agryt@rd. CTHYHVRO®Y &dch Th&in"akd BN taReHen i’ cl@sfe R%ikhgdyehe FR regions

(1 mmunogl obul i ns) from any vertebrate species can be assigned to one of two

cl ear | yandi with et HY p diom @aloﬂ@ﬁ chappantributaiedhe rmgaon of the patdgea-Wadinge ami no
aci d sequepces eét( QI arGPASH. a§%qu?;9ﬁy??¥ot% %9 7]411%7;,_ rlzeolé %JPI)?tQ;%st g} ype: or

subclass as us erernis miunogl obul i ns

def i nediditior, Natioh&lThstthte i e caltit, Ryeivs da, MMBI(22919). i Biid (!Iﬁlst@flt ddnedifis 40 nsﬁ ant
regions. [0075] Depending on the amno acid sequences of the constant
domai nsmt‘ﬁl"?%‘élfer“lﬁé‘aw bewhngmgf anEHYOREY A AHigRRMYG PEBRI VHJUSCHRCBE assi gned

to diff ulins: 1gA
19D, 1 RN R AT G WETH R Rh Rl T R Med (i o
subcl as[QQB](i sot yjii&siighml@ms” bfj @itibod & (imrhg®globutj@s), frdny Ady vatudbrdtgA2. The
T R R R T
struct UJaséd@mehﬁﬁﬁ%ﬂ@é@b@&@bf%nfdogs{mtdo%%nsof different classes of

i mmunogl obulins are well known and descri bed generally in, for exanple

Abbas e[OO'éﬂ] Cel | Thedernakg(G Msodtypé: rmrundllctag  asqespd b@eln(lmanismumﬂehes Co

2000 b f f
coval ent PN BT oUBEcn g o8 ahCieFieh 4R6 RRATTTRAEsRE T ot ner
protelnﬁngmngggbhﬁes [0076] The ternms "full length antibody," "intact

antibodé and "whol e anti body" are used herein interchangeably to refer to
an antilB8®) i n i tRepsndias anthaamipojagidaequanees el the constant Beraying phdisent s as

def ' neq} E§ %ms-rgﬁlbo%{ nﬂﬂﬁﬁdg@é‘guﬁﬁgyoc?é %f §5s1%n%l(<iqg dﬁﬁtrérﬁ %ga%se\g‘ t'[ﬂel{%%gé/ y

chai ns contaln an FC region anti for

pur posedvelrgjer tladsss aﬂmﬁndgﬁdmhhhagm @Dncng de@j Mgialth/ﬂ aho saveealtoﬁtmd} Cc noiety
or radi ol abel . 0078] "Anti body fragnents" conprise (E)orti on of an intact
anti bod??y]i?ﬁ’ Ly |v ed into subc asses (1sotypes) e.g., 1gGy, IgGs,, 1gGs, IgGy, IgA |, and

IgA,. The heavy chain constant domains that correspond to the different classes of
immunoglobulins are called a, 9, €, v, and u, respectively. The subunit structures and three-
dimensional configurations of different classes of immunoglobulins are well known and
described generally in, for example, Abbas et al. Cellular and Mol. Immunology, 4th ed.
(W.B. Saunders, Co., 2000). An antibody may be part of a larger fusion molecule, formed by
covalent or non-covalent association of the antibody with one or more other proteins or
peptides.

[0076] The terms “full length antibody,” “intact antibody” and “whole antibody” are
used herein interchangeably to refer to an antibody in its substantially intact form, not
antibody fragments as defined below. The terms particularly refer to an antibody with heavy
chains that contain an Fc region.

[0077] A “naked antibody” for the purposes herein is an antibody that is not

conjugated to a cytotoxic moiety or radiolabel.
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conprising the antigen binding region thereof. Exanples of antibody
fragnents include Fab, Fab', F(ab')2, and Fv fragnents; diabodies; |inear
ant i bodi e’ 28imgk1chai n anti body nol ecul es; and nul ti spegidseaoanddiibodi es
formed fromanti body fragments. [0079] Papain digestion of antibodies

pr oduc identical aptigen-binding fragnents, called "Fab" fragnents,
Gach wi PR si gl éﬂ&_ﬁ?%@ﬁgfgmimmsg é,pog%_al an daipghiaf! O@e'p?qf?ra@amm ,
whose napBishi |t§&£1§t%geﬁ $irfitg debdonttBerboty Thdhlpld & L@ WragRRAR! iRclhdERiYTEN
yields an F(ab') 2 fragnment” that has two antigen-conbining sites and is

still dapablad)ofand Fodmgnienisi digbedits; ganar n0dSDs; ‘Shgle-¢hairt dngiboilyi mum ant i body

fragnment whi.ch contains .a conpl.ete antigenbindi site, In one enbodi nent,
a two- dhan iy «ifBuseselnelid s iomhag far pPbediand one 11 ght - chai n
vari abligoggmai n ipuphinGiifostiBPBf &RBBHRE prods Q@G atii@icall dhtigeSbid@lg chai n Fv
(scFv) species, one heavy- and one |ight-chain variable domain can be
coval erftdgnantsarabpdpValy’ frhgnenss, sagiewith deingloasiger-hatingaic. s 1ehighel and

heavy chai ci.ate | ol ich L UCE UF. . t t ina
oo onaits B3eE, FAISH Rtk ioy TRk En B LIR, FBRIRIAE IR, of
each vamiFbibh’e fkaimdnn tHanhey @otantiQertedrbigingkit@n hndis Btk icaghbhgo fards-1kitghe
surface of the VH VL diner. Collectively, the six HVRs confer

ant i gerfBB#Hi ng specificity to the antibody. However, even a single

vari abligoggmai n (‘%’g%# n@hinfifln Ee(ﬁ%ggﬂéa' feRBw i@h\a‘oﬁtgfnﬁﬁ CBMBE%@%E c for

an antigen) has the Ity to recoghi and bi nd antigen, at a
| ower dfifiding siye. tlhane thdodinidnt,@ thiordiamgFsspceies FQBB1Y of Bhdameabf dncdgmeynt

contains .t he heavy- and. |ight-chain variable donmai.ns and al s ontai ns the
const a8 R bl ghavfibne e SPoSB G dhe oY ) o
the hegqyyrv§Rpiches, ittheal V- ARaRME $igf-Efa8 viLHM0 (Fctﬁﬁﬁaéﬁ E@r%‘@éﬁv%le%ﬂytliﬁ?ecg@dﬂ ron

of a few résidues at the carboxy term nus of eavy chain” CH donmain

i ncl udifleyitdepeideroker ok thait thedight ard hdawy aminpeayaskiomge ir @ (diowricFab ' -SH i s
t he desjgnation, herejn for Fab' .in ich the.cysteine.residue(s f the
const ant a0 MRSl ep aT Brent R stpiet o Ao Fed B3 ol dives

ori gi naliVRs weeLhRAANIE d8mam iRRkdcs tddefindlan ahfigd@Binting Whé 6h tHRavierabd Be
cysteines between them O her chem cal couplings of antibody fragnents are
al so kndWn'L foog2Collgithgle thhax A VRS cogfer agtigap-bigding spepylici fydgehanibedypr i se
the VH I ant.i J i ent in a
singl e %@?@VEég’ﬁg ?lggsﬁg?%ﬁ@éﬁigg%ﬁ S?WH? lﬁgk%éﬁ\?%%@)g%g%? ﬂgé&%gﬁﬁﬁgﬁf conpri ses
a pol ypppdifid €orl anrake per) éavveerabilhe tofdcagrdzednddandantewhiltbughadd leset he scFv
to form{;he esired structure for antigen binding. For a review of scFv,
see, e. Anityhge hefatirg Hingiwg sphar macol ogy of Monocl onal Anti bodi es, vol .

[0081] The Fab fragment contains the heavy- and light-chain variable domains and
also contains the constant domain of the light chain and the first constant domain (CH1) of
the heavy chain. Fab’ fragments differ from Fab fragments by the addition of a few residues
at the carboxy terminus of the heavy chain CH1 domain including one or more cysteines
from the antibody hinge region. Fab’-SH is the designation herein for Fab’ in which the
cysteine residue(s) of the constant domains bear a free thiol group. F(ab’), antibody
fragments originally were produced as pairs of Fab’ fragments which have hinge cysteines
between them. Other chemical couplings of antibody fragments are also known.

[0082] “Single-chain Fv” or “scFv” antibody fragments comprise the VH and VL
domains of antibody, wherein these domains are present in a single polypeptide chain.
Generally, the scFv polypeptide further comprises a polypeptide linker between the VH and
VL domains which enables the scFv to form the desired structure for antigen binding. For a
review of scFv, see, e.g., Pluckthiin, in The Pharmacology of Monoclonal Antibodies, vol.

113, Rosenburg and Moore eds., (Springer-Verlag, New York, 1994), pp. 269-315.
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113, Rosenburg and Moore eds., (Springer-Verlag, New York, 1994), pp.
269- 315.[0083] The term "di abodi es" refers to anti body fragnments with two
ant i gen- bwoadoroglogisies, which fragments conpri se a heavyPchaispowaeisabl e
domai n (VH) connect ed to a lightchain variable domain (VL) in the sane

pol ypept | chai VH-V!, ys a linker that is too short to,.allow
pai ri ngbh& ween t %@Myws r%fﬁ%ttﬂ Anibady fragments With R atigRa-bRding o ced

to pai rgiaf, t\xﬁhléﬂ‘ﬁa é‘d’iﬁ%ﬁs%%%e@@y%hdﬁ v%a@@@&ﬁﬁh VPE'cBn&@%d% Gdlofi-t WO
ant i genbi ndi ng SI D abodi es na bi val ent or bispecif ¢ D abodi es

are desahmnb@dahlnrdenfaul (WL)iin thef &ameepo@rn@p@de ERIMOA-007; BDisigoslioker 161 ;
Hud 20 nd . Hol | | .. P . Natl.
o " oo e Yoo Bing b6re S50 b ik Sarmt SRR B adinains B2 oo

descri bpgtel fo pHAGAR tiRd ccﬁﬂlpleméiﬁﬁry d¥RchinsBfha8théBéhalAiRdreatt BOS4dtigthe term

"monocl onal antibody" as used herein refers to an anti body obt a| ned froma

popul atbiedingsitesubebedidsandybalordgemsbispceifiei Bothodiss aes dgscrihedeaneradully dual
tib t t bl
anti bodj eg, 8’?@1{1&?&{%‘?@@ W@‘ib%ﬂo?%la &Le& al. C&'ﬁ ﬁf%dgg.lgé-% 2@;0%9 €

mut ati ons, occurring i ons, e pr
m nor eamiau{ﬁlﬁngefbucﬂ., Prbe Nalduta® Sci. rzn‘mo&tﬂ 641494 64481((:19931): exiadbbéies bdd act er of
the anti body as not being a mxture of discrete antibodies. In certain

enmbodi rfgftbodics geaplsp %%‘?ﬁddﬁﬂudé?ﬁ ?tb"éﬁlﬂyaf %dc%lllz? 3A&7QHds an anti body
conpri S[bﬁ‘gﬂa pol gﬁ%&&ﬂrﬂﬁgﬁﬁ&‘l’cﬁﬁ?&ﬁ% wg éh@reﬂgﬁ to é‘f{“«ﬁﬁl@bﬁ'}{ﬁ fined

target -bi ndi ng pol ypepti de sequence alne rocess I ncl udes
t he selfemth laqmpuiﬁtlem sff suhbtenti Alygdwimdgienabius @,ntpbﬁdyq:se@gl ﬂE mélqumabmtfoodim; a
process can

plurality of. po i de se uenc s. For exa the selectio

et he <clirgciahe B 555 AUEHGh 8P bl BOPHF Hiv4P o &1 el Buch as o
pool OfocENIli’ﬁlg%ﬁ@tl(ﬁfsoﬂH@tsmayDB@ﬁ%s&ﬁ AB$nor Ao REOTRLN ML mBIWAE! ones. |t
shoul d be understood that a selected target bindi ng sequence can be further

al tered mdnorsloeada mpdieatest the plrmamreofalnef amibogy ﬁ@nottH@mgtaamg@ure of dishaghaani ze t he

t ar get d ence t0| elts uct.i n|n cIture to

redace THBS ACSHRRER o RTS8 o B bR S BBl oS Thoay

etc., amndbddadonditisaittd 151;191% eptid@REquehdtdhhittend 4 @rge v&@wﬁ&hebmfgét p@digauence
|

is al so a nonocl onal_ ant ody of this invention. In contrast to polyclonal

ant i body)l}meéb@ﬁ @au@m@ Waﬁmbtahnqdwpf | &CRIPPSPS Fre mméie&irhefSékémn el sipglaitasgct

dir _ect gggg%e Aaleh2nte ﬁ&%‘% O@h g;('?fﬂoﬁﬂohg(ﬁ)ee§ uenec% e’%%' nal.

antlbo y 0 para |rec agai sf a single
det er nisoRotiorOproasss 2ai b@fh& seﬂeﬁtl(ﬁd@ﬁ 4 urdud dotideom agpealifyi dfl donhes,sacioad onal

anti body preparations are advantageous in that they are typically
uncont anﬂOﬁ ”39%?%?—?@ ,ml%ﬁgﬁ@av%ameﬁ%m ingrd A %B.SL fi%ermnom onal "

indic atﬁﬁe{sfb%dqm L AEHEled Qefr ‘?rlld:j‘ﬁ sR08Ycedsn IBE 'ﬁ(ﬁ}%e? biabaad: &a?ﬂﬁl@ to

substanti a hoaneneous on of anti and I's not

const r uegras alfﬁmty foir tige tpreot tm):hmmanmé thie hﬁgarhmdmglyecmyn@mo qurovecltﬂ ar rret hod.
For exangéuchon in cell culture, to reduce its immunogenicity in vivo, to create a multispecific
antibody, etc., and that an antibody comprising the altered target binding sequence is also a
monoclonal antibody of this invention. In contrast to polyclonal antibody preparations,
which typically include different antibodies directed against different determinants (epitopes),
each monoclonal antibody of a monoclonal antibody preparation is directed against a single
determinant on an antigen. In addition to their specificity, monoclonal antibody preparations
are advantageous in that they are typically uncontaminated by other immunoglobulins.

[0085] The modifier “monoclonal” indicates the character of the antibody as being
obtained from a substantially homogeneous population of antibodies, and is not to be
construed as requiring production of the antibody by any particular method. For example, the

monoclonal antibodies to be used in accordance with the invention may be made by a variety

of techniques, including, for example, the hybridoma method (e.g., Kohler and Milstein,

16



nonocl onal anti bodies to be used in accordance with the invention may be
made by a variety of techniques, including, for exanple, the hybridoma

met hod (ewQ.2p10kokd4e¢r and M | stein, Nature, 256:495-97 (19¢H)us2Honga1et al ,
Hybridoma, 14 (3): 253-260 (1995), Harlow et al, Antibodies: A Laboratory

ah, | Nt CP R DR TS E Qs ah Pk ey B (BoReoaba uan Het Ry by |

N.Y.,  188%bNiest £EQHOLRRN WMWY, (@Glﬁ%ﬁn %@oorelagovatoér PresPat@ny. MN&s),
4, 816 567), phagedi splay technol ogi es (see ackson et al, Nature,

352 6%@2&1@2%@,,ln1\fdpk®l@wl dinjibddies o T- CBildfybrlz’Q@as 5@5}6819(73661@@2) ; Si dhu

Shocs) N Yo hese o DR mEled T s i Preiakd st dRead o
12467- J@%ﬂ%hkaﬁ% icsaRek, b@e @hckabn edul., Mamwnzsdz 62@5?@@1@92}3M&k3}kt al.,J.

119-132( 20 t echnol ogi es for pro ucin uman or human- |

ant i bodV@lsBiCH i ) -897 P2 h didhupi il s /. ddolaBio 9&38(%e2%hﬂh(20%m%@1?bﬁul in

RTITE L T erah RN R R P R T (5 VN
Proc. Naub7-12¢2(2060); andJSée 8Qil., 256ibnlb2 9B hodseisabiog): 11 $0-482@004 Natdir e 362:

255- 258 (11993); Brug emann et al, Year in |munol. 7:33 1993); U. S. Patent
Nos. 5,sdmolnges fer adugpgphumansediygsan-lils amibodiogin aningals they Baveppitsergh1, 016:

Mar ks . ture 368:

856, ssé&fe‘?%%%@ (BT ARRRAS 00 A8 ROl an RIS BpqpendRL

Nat ur e (BteobgchM@ll%&/%&% V8611 90639696; W(I@u]@@ﬁ@éms NHOU]@@IBO@!GEdhkmjovftsl 826
(1996) d erg, and_H | nmuno - 995).

[0086] | et PiRoR bR i y@é%?%’é#ﬁ%@%&‘?@“&éw N d Sontter b

anti bOCt'l@%)' Bni@gbﬁﬂn@eﬂ%ﬂr by WphiPEL. h%@‘(Y9@3dUC§ Phﬂeﬁf‘No§ kajsg dog; | denti cal

wi th or honbl ogous to correspondi ng sequences in antibodi es derived from a

parti cUl,245,806e0i5€8.83p; i)éii;h'{ﬁ APIBd25; palr. 001y Manks dody Bl Bssnapgsllicl ass,

cor e pona Ty Lo Lt Nt SaerPOLr S, i hter e CRueREE R ) ©

bel ongimgo4)oFigRwildes a/aNdrbeBoelass 1ar 8431RS1 A996); Akub&ktr, Aarnfeagnent s of
such anti bodi es, so Ion% as they exhibit the desired brol ogical act|V|ty

(see, eBigrechpld4: Bae 6HO0Nend 4oghwg 58 Husere, utsyn.i Resnlneungl., 1pp&93 Nat | .

Acad. %«% )USA 81: 6851-6855 (1984)). Chineric antibodies include

PRI MATI %%(r) anti bodi es wherein the antigen-binding region of the anti body
i s deri[0egh]f r om arhcanéndetuyil mrbddteederbm spec@cally inolude 2¢higetrieicagibedispnkey s
with the antigen of interest. dEOC}O871 "Hupani zed" forns of non-human (e.g.,

mur i ne) P 3G iybRrrEen gf Bedsretidiordignt et Bddeniisel WEhORIMMAIPEPURP sequence
deri Ve%o{feﬁﬂnaﬂl@ s@%@e§ AHAeSHi QRddvBd bk PPMrticular species or belonging to a

particular antibody class or subclass, while the remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies derived from another species or
belonging to another antibody class or subclass, as well as fragments of such antibodies, so
long as they exhibit the desired biological activity (see, e.g.,U.S. Patent No. 4,816,567; and
Morrison et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)). Chimeric antibodies
include PRIMATIZED® antibodies wherein the antigen-binding region of the antibody is
derived from an antibody produced by, ¢.g., immunizing macaque monkeys with the antigen
of interest.

[0087] "Humanized" forms of non-human (e.g., murine) antibodies are chimeric
antibodies that contain minimal sequence derived from non-human immunoglobulin. In one
embodiment, a humanized antibody is a human immunoglobulin (recipient antibody) in
which residues from a HVR of the recipient are replaced by residues from a HVR of a non-

human species (donor antibody) such as mouse, rat, rabbit, or nonhuman primate having the
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enbodi nent, a humani zed anti body is a human i munogl obul i n (reci pi ent
anti body) in which residues froma HVR of the recipient are replaced by
resi dues woemozalotMR of a nonhuman speci es (donor anti bo@g)/usaalo/oast10mouse,
rat, rabbit or nonhuman pri mate havi ng t hedesired specificity, affinity,

and/ or ne i nst ances, resi.dues of_the. hu noglobulin
are repﬂc élﬁetsr,r %&Pﬁ?@r ﬁ%ﬁcmnlgﬁowgrﬁtr@gs ﬁi’urerii@?il%n Be Wilani zed
anti boqm&&gbbbﬁm{e'r%ﬁaée%sdﬂb% J?ﬁingét{o% MR anf RYUBEks] rl”uirth@nﬂd%&' pi ent

anti body or in the donor antibody These nodifications may be made to

f ur t herhunefized aatnlnodwdy }p@mﬁmrmm@es thrat gesrmet &bundan thermaaipeatiaboidpodin wi | |

b | 1y. : i abl
Gommi nare ATARRiOGH 1 Pheft moBeBiandiiy i P oRe RyER wiPbDi ¢ Toops.

corres qreﬂ@nhshctehm BerRkal 2a RRadiEdiBhtibOALRAOE I deRubAidiadl lal F aslelgbaat i al | y
all of the FRs are those of a human i nmmunogl obulin seguence The humani zed

ant i bodyd dyipalydmoy vagiable @qr%n%@myh@@llatr subsé@mahiy pdef therhypervarpable
' mmno%glgs‘qoh%s 036 ke éﬁ@h& 1 ?ﬁ 1mﬁl¥l%gci8ﬂdi% Bxgtﬁiu of su stQﬁlri%&aatu of the, 1

|nnunog ure

1 522- 52R a9 Bfoke oﬂ Etﬁ:rhﬁlfaﬂmn&ﬁog%bullnl\dattluﬁh% 33126 B&ﬁmﬁz’.’&l a(nﬂle&&) optﬁjﬂdllf’r est a,
Curr Cp. Struct. Biol. 2:593-596 (1992). See als ., _Vaswani
Hani | t o¥ill akiarcomgrise phlast AQOHiAD @aﬁﬁﬁlﬁainoglfb&bsc%@t reﬂms(f c), riarrai”é/ that

Bi oche d9

o1 ot oo ‘d0in GRIRBERARS Fof fPRE SRR 28 lonbl) 4, PRGNSR ke,
[0088](A9&ﬁuﬁunmmMM1bomybhnse6mk3ﬂh82%(bm85esé@&mmnCaw1ﬂ@)Snud'Bemuence

whi ch tq that of tib od d h d/ h
becn maae aang Oy S5t SERet e SR ElR R ki 1g. Anrsh MO bOAPGETRE

di scl Osleﬁ)ﬁlFfﬁdtl'998)TF1a§rlsd%"§dc%ﬁz' . ?ﬁan@a&%@@ﬁ@%@@%’(l@l@?ﬁ'Ffdrfé%hhy excl udes
a humani zed anti body conpri sing non- human anti gen-bi ndi ng resi dues. Human

ant i bodiness, Can. 5. ﬁr@dtbcédﬂﬁs%ﬁgl%r)i andsU SeEMan&ré&Q&%rf&Amndﬁ &etart ,

i ncl udi hage dj spl a ries.

205 5010058055 - Khe ittty ol S3ipe MAARRRISTL ARGanE §GH p5honpd Mgy oL
for th&oﬂ%ﬁ}ﬂﬁlﬁ@id 1B &tanbuﬂ%uyg;ﬁamde@rwla aiidnb@dioe fadb@niRideedmedasori bed in
Col e et al, Monoclonal Antibodies and Cancer Therapy, Alan R Liss, p. 77

(1985) :thetsshmignesdpr making uman gpiibrslics aEAIi?SGIC)S@(BBeTQB ilggctqﬁnltsweof&i hygagan Di j k
and Vaga ggoc}é\z; sg)léglﬁcal%%{clua%p B%Umpﬁﬁbwggroidx ﬁ? Q%gén %&%ﬁtlé}%rﬁﬂdln& c

anti bo e prepare ransge

ani mal redidgiesh@dbmbmemtivodicS d:a&thetp?oclhfo@dlUQﬁg Szaiﬁdsusaacthnbpﬂs esowmin thspanse to
antigeni c &halleng bu} whose endogenous | oci have been di sabled, e.g.,
i mruni 2Be/U%8A SR ipRlay librarigs. Hepasnbengp and¥integ, o35l 189! id -3 | {509 B4

c5er Oy SENEURg ) oshankomn) S et SRR oblufl L, P

gener atmohoci(mahathﬂmdm Brearéthodsydesérdmdan Cetdwial. obfpnoclonal Antibodies and
Cancer Therapy, Alan R. Liss, p. 77 (1985); Boerner et al., J. Immunol., 147(1):86-95
(1991). See also van Dijk and van de Winkel, Curr. Opin. Pharmacol., 5: 368-74 (2001).
Human antibodies can be prepared by administering the antigen to a transgenic animal that
has been modified to produce such antibodies in response to antigenic challenge, but whose
endogenous loci have been disabled, e.g., immunized xenomice (see, e.g., U.S. Pat. Nos.
6,075,181 and 6,150,584 regarding XENOMOUSE™ technology). See also, for example, Li
et al., Proc. Natl. Acad. Sci. USA, 103:3557-3562 (2006) regarding human antibodies
generated via a human B-cell hybridoma technology.
[0089] A “species-dependent antibody” is one which has a stronger binding affinity
for an antigen from a first mammalian species than it has for a homologue of that antigen
from a second mammalian species. Normally, the species-dependent antibody "binds

specifically” to a human antigen (e.g., has a binding affinity (Kd) value of no more than about
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[ 0089] A "species-dependent anti body" is one which has a stronger binding
affinity for an antigen froma first mamrmalian species than it has for a
honol oguewof2oton@r24ant i gen from a second manmal i an speci @ST/UNIMARE4Y) t he
speci es- dependent anti body "binds specifically" to a human antigen (e.g.,

has a bji ndj af fi.ni Kd) val ue of n re tha boutl x 10-7 M

pr ef er ao¥ $b-?{§wp r%h%ﬁ_g mf%%tha& a ?%d-%?%@ﬂ &n% P@?@?@MW TRy r]‘?%“eabf’lﬁ’ahx about
1 x 10-19-dMvpt h&kaasbiﬁdiﬁirg!ﬁﬁﬁrﬁﬂz i%fﬁh%%bbgﬁ@Bf@aeQﬁﬂ?énoﬁ&ﬁ aQbcdlagioaRthgen from
a second nonhuman mammali an species which is at Teast about 50 fold, or at

| east ahoumab@Ospeoicsl whanh iant leastgbowrh0 dold 1000 [fast abounelikitd, ohanlcast sbditndi ng

ffinit t he .h .ant i .y jes-d dept t.i bod b

o the DOPTBds e G R ES Rl bRt S0 N e Rl s o
humani zgdbedy éuﬁr&rhna@‘fitm%ﬁoui 8880df ahifiBodies M ddfnBeEVRfl Bl (RefoRBIyPRL" " HVR "
or "HV," when used herein refers to the regions of an anti body vari abl e

domai n humaakzed oe hwppe prtghadsbl e i n sequence and/or form structurally defined

| oops. rally, ' ' ORI | sk s phee | H2,
H3), ar{g8 %tﬁr ee | nThtaeﬁ%%ﬂ%%p%ﬁa%Eg{B r%gjﬁ’ Iﬁ@ﬁ%eﬁghmeg |Se£$erg@ Ié%r_l%s tI(_)3

di spl ayth¢ hegiom i afl hvtebosly tviriahlc Ubmami whitl/Rs, hypeathatitble ih equérce uhdor fem
believed to play a unique role in conferring fine specificity to

ant i bodfasturatiydefigedjloopse Generafy, an%baﬁmwmmewiﬂﬁ%@m in thepfd dil.and W,

in Met {\N j i~ : : - , wa, NJ,
2003) . h?%?e%d?%%%&?%ﬁeyﬁég%g%% %gﬁc%n‘éﬁfé %ﬁ%oﬁgegdlﬁggﬂgg%?{i S?F‘l%’ r%éro g]ta heavy
chai n ahvorsity &f thesictHVRsland i} istpatiicalar s hdhevabegicea ofiqhé gt incdvatanringee,

e.g., mer s-.Cast er nan et ., Nature 363: 446- 4/ . Sheriff et al.,
Nat ur e TSRNIET ORI G anC80Bs Sishe pa 88y L o150 A Lo 0B INRSERFRheat | ons
are | ”_Wﬁ?in%é’thé&ﬁn%@&ﬂ?@sﬁz%%ggéﬂgﬂms (hecKalatha CPRRL EMRANL ¥003).

Det erm ni hg Regi ons (CDRs) are based on sequence variability and are the

nmost cdnveedl yatwsdy ofdabing canelal antibgdigs eorsessing of Pheavei ahginginly mafnndtiogilc al

| nt er est Ed. Public Heal t.h. Sefvice, tional lnstitutes of, Health,
et hesd! st e itghdclay ) S rials &8 e Berhlh b e Vil T

st ruct w4al(1930pSheriEhatahi FaandSk-eskpibl. IMB3-73i (@h96)196: 901- 917 (1987)). The
AbM HVRs represent a conproni se between the Kabat HVRs and Chothi a

struct UPBP1]I oops,A anwaberra H¥R debycatipnbing invbiceand| aa¢ ercoptmmpsea hetsgdyodel i ng

sof t war " y - ' f ANl e
conpl exlg%braggg Iz]illpises %ﬁaﬁ%lr)geléséﬁﬁlﬂ?ﬁeg 1&%@?%&3@‘%@%@2%8%3 eqt?lﬁ%éseg%ﬁ%? It%%gil not ed
bel ow. Lo thekada tobivhGhatd (Ratao bt @G tSedutenb@ddof1P3dteld 4f Liddhuh6gic@2ntedly1,. 36 L2
L50-L56 L50- LlﬁggLSO- 152 L46-155 L3 L89-L97 L&]’,t%- L97 L91-196 L89-L96 H

H31- H3 55311 ﬁéﬁE é{qqéth_Sﬂchq,@@pp@ag gnstitutes of Health, Bethesda, MD. (1991)). Chothia

refers instead to the location of the structural loops (Chothia and Lesk J. Mol. Biol. 196:901-
917 (1987)). The AbM HVRs represent a compromise between the Kabat HVRs and Chothia
structural loops, and are used by Oxford Molecular's AbM antibody modeling software. The
“contact” HVRs are based on an analysis of the available complex crystal structures. The

residues from each of these HVRs are noted below.
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(Kabat Nunbering) H H31-H35 H26- H35 H26- H32 H30- H35 (Chot hi a Nunbering) H2
H50- H65 H50- H58 H53- H65 HA47- H58 H3 H95- H102 H95- H102 H96- H101 H93- H101

[ 0092] HWRe 20my10empri se "extended HVRs" as foll ows: 24P86/useo1B42a340 (LI ),
46-56 or 50-56 (L2) and 89-97 or 89-96 (L3) in the VL and 26-35 (H ), 50-65

or 49-65 (H2) a 93- 9 5102(H3) in the VH The variable
domai n resi i(f@?ngbé %Me é@%}ad. N 'Kabat et al., supra, for each of
t hese definitTons. [0093]'““‘FT anewor k" or "FR' residues are those variable

dormai n resi q[qeslagtﬂeé{ tL'Z@rLdSMheL n§3§eS|ngq§36as herei n defined. [0094] The

term"variab omai n resi due nunbering as in Kabat" or "am no acid
posi tion nuriiferiLigLas L30HHGat [.50-262 vadbdidsons thereof, refers to the

nunbering syst chain i.,abl e domains or light chain
vari abl e dorte] ﬁ[;% ﬁ&? i%éo@% é? Eﬁ \@éﬂr'a%’odi es in Kabat et al., supra.
Using this rITﬂbHBl-@ESSEY%%TTHﬁBeP@%IM | jBeai3s5yM no aci d sequence nay
contain fewer or additional amno acids corresponding to a shortening of,

or insertion i(labat MurRRromg) HVR of the variabl e domain. For exanple, a heavy

chain varia i ipecl in Lho acid insert (residue 52a
accordi ng tgﬁﬁaﬂgﬁhgf {T@%’%?@‘é 3'326%9§of %@% inserted residues (e.g.

resi dues 82a, @2BthiaNdmBegng yetc. accordi ng to Kabat) after heavy chain FR
resi due 82. The Kabat nunberl ng resi dues nmay be determ ned for a given

anti body by &} i gaPrEld aHW%@%n@ﬁrﬁ%orr&ﬂ%W&f t he sequence of the
anti body wi t a0 S AN gaﬁg' %&atH%ﬁngf edH eqHghce. [ 0095] The Kabat

nunberi ng systemis generally use en re erring to a residue in the
vari abl e domai n (approxi mately residues 1-107 of the Ilght chai n and
residues 1-1 13 of the heavy chain) (e. Kabat et ﬁuences of

| munoll889dal | ntIéYggmayepﬂlpeae “Pndee “tan f@&m éé 36&5@ ordl1) Aétﬁq ut es
of Heald s%egfggzgﬁjc%ewor ?9198@ dlnTﬁ@vi'%HdgHgi%ﬁ(ylggso%s&em ?@E%%I | ndex”

is generall n referring to a resi i mmunogl o n eavy
chain cSIiHHIZa[a# 102girén-1(02. (@13) ut the VAU Thdea«ia’o&p@rﬁaanl résiduéabatnuetbeadd, supra).
The "EU i ngex a n Kabat " fers t he, resi due nunbering of the human

| g@ EVCERtingdae f‘to?SQ 15111% wa%g ﬁhs dofinffions. anti bodi es” refers to the
ant i bodpgssdescr '”lf‘?ﬂné%rga%tfq{ GbsiBhes aed 838 PIrRbRI dbnklf reslutOdthedPar - 1062) .

Briefly, these antibodies conprise a pair of tandem Fd segnents
( VH- CHItha/BVBHrepidwed astherdin gefitasly vv| t h conpl enentary |ight chain

POl YPenhIS. | Or e far 1A BT B RO Kbk 25 AL €5 020
position numbering as in Kabat,” and variations thereof, refers to the numbering system used
for heavy chain variable domains or light chain variable domains of the compilation of
antibodies in Kabat et al., supra. Using this numbering system, the actual linear amino acid
sequence may contain fewer or additional amino acids corresponding to a shortening of, or
insertion into, a FR or HVR of the variable domain. For example, a heavy chain variable
domain may include a single amino acid insert (residue 52a according to Kabat) after residue
52 of H2 and inserted residues (e.g. residues 82a, 82b, and 82c, etc. according to Kabat) after
heavy chain FR residue 82. The Kabat numbering of residues may be determined for a given
antibody by alignment at regions of homology of the sequence of the antibody with a
“standard” Kabat numbered sequence.

[0095] The Kabat numbering system is generally used when referring to a residue in
the variable domain (approximately residues 1-107 of the light chain and residues 1-113 of
the heavy chain) (e.g, Kabat ef al., Sequences of Immunological Interest. 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, Md. (1991)). The “EU numbering

system” or “EU index” is generally used when referring to a residue in an immunoglobulin
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nonospecific. [0097] As used herein, "library" refers to a plurality of

anti body or anti body fragnent sequences (for exanple, polypeptides of the

i nvent i orw 20r0/tb=1nucl ei ¢ aci ds that encode these sequeatasomioecisequences
being different in the conbination of variant am no acids that are

introd ced nto these sequence d|n to t nmet h ds of enti on.
[ 0098] e@ﬁé&@ﬂh?@ﬁr%mg} (& & é@%ﬁﬁdﬁ‘iﬁ A )péﬂ? are

di spl ayigge.as ih kebhan r%f&ttS'tl{bSreEﬁu@ﬁurhﬁéﬁig i 3 tll?@lﬁﬁﬂlé}{‘lg@ m%umfg,t ein on the
surface of phage, e.g., filamentous phage, particles. Autility of phage

di spl ay009ds in tHe ebcamtssmlhélundaaalgéokheb'r‘ wifére & bt antbatoes deectisd on €apata

vari ant f nt ted for ,those sequences that
b nd t o 4t Lot Feb s BRER o S Gr g SRS R Eha pr ot ei n
|'i brar itgsdcanF® nb A HRERN v&dmpm&ﬁr BthBiwith hbﬂl@l&ﬁleﬁfa@ﬁéh/c&ﬁﬁ)ﬁl' des for
ones wth specific blnduggmpropertles Pol'yval ent phage d ay net hods

have bawhyngaberst rmdi figeshrailing regiawm Lgeent iediglkodigscan F@a%wpp@lﬁ@ el ns
througqn&ﬂﬁ %P% to either gene Il or gene VIII of filanentous phage. Wlls
and Lowra % 9 %) Curr. Opin. Struct. Biol. 3:355-362, and references cited
t her ei r[0097] a monay@ed hitreft) Atbrach spfedyto aplpratityedfruntibode@tantibody fagnynti
fused to a gene Il or a portion thereof, and expressed at |low levels in
the pr ﬁ@?@éeworvw@pley pelygentisics pf the imycafian)s or tﬁlﬁatwlsw@éisw@%qdéé @Fspl ay

d
one CORYqRncEQ P% 2 uetnlags l%}éfﬁg%&’igfg&[nﬁ tfihB Sombitaflod ¥f @Iﬁaﬁ?&rﬁgglraﬁdg ?ﬂjdl %lt%l’ i nsi c

relative to po at sorting I's on
| i gand iafrédurid mtodnasle Mqagtmafs deovedihg resthameethizis abf thehinedntionnpl i fy DNA

mani pul |1s (1991 ods: 0 ion to ods |n
gyl BB5: 205 E54s Aidgoy - fechiiag bivtinch G SRa vat gl iy

bact er i @lioRpiddéifls Rf at 1GR! 4 F&HiLRBF c&at Broteifrdh fho sudfdde 8f GRRY, OF ﬁﬁnieﬁkﬁﬁ ge n' c
regi on of a bacteriophage. The phagem d may be used on any known

bact er imbphagerticlasc Audility of phagrstitpdaslidsan ttlwrﬁaciphad@ga hitirarizsrofiendomized

ot o B PR R b8 Ry S et &0 PR R ke S b s R B Gb e e e

pr opagai@deawith hasnafdsity, WRPlag&f hepthrraa ﬁ)k(ﬁtgmtlfbeﬁfbs\éﬁqﬂl@g@ha@%erpﬁ&‘dl ded
with all genes necessary for the production of phage particles, the node of

repl i cder scaning malignsg oty pepiadrgder quss mﬂhl spagifie Bméil@ prepartieatRabyvalent

generatg gé) %h@ﬁ}g %{eﬂ%@ig habd @E%% Qg £ als gﬁl? ofh N, &Re gﬁfdléggﬁd ape

partl C| rmin non-1n I OUsS phage
parti cllﬁstemihlms)uglefumm@w udes g@{balglecmgéﬁe WIiH@)Iﬁ fitammdnddus phagha@ellcadd protein

gene or_fragnent thereaqf |inked t a_heterol us pol ypepti de gene as a
gene f JRIEUIR2Y bigt YRe- ﬁ%’c‘%‘r@lo Forrs- Yok Wgﬁg qrefees site] tgslreaye‘% %n t he

surf ace, oovhRGt ARRYQiPRYL 4 flofein bPpildc HibrarYRAGSed B SAE T bPY pStfont NE

| nvention
thereof, and expressed at low levels in the presence of wild type gene III protein so that phage

particles display one copy or none of the fusion proteins. Avidity effects are reduced relative
to polyvalent phage so that sorting is on the basis of intrinsic ligand affinity, and phagemid
vectors are used, which simplify DNA manipulations. Lowman and Wells (1991) Methods:
A companion to Methods in Enzymology 3:205-0216.

[0099] A "phagemid" is a plasmid vector having a bacterial origin of replication, e.g.,
ColEl, and a copy of an intergenic region of a bacteriophage. The phagemid may be used on
any known bacteriophage, including filamentous bacteriophage and lambdoid bacteriophage.
The plasmid will also generally contain a selectable marker for antibiotic resistance.
Segments of DNA cloned into these vectors can be propagated as plasmids. When cells
harboring these vectors are provided with all genes necessary for the production of phage
particles, the mode of replication of the plasmid changes to rolling circle replication to

generate copies of one strand of the plasmid DNA and package phage particles. The

21



[0101] The invention herein relates to a fornulation conprising an

anti body. The antibody in the fornulation is prepared using techni ques
avai | abl ewpreotow@2m1t for generating anti bodi es, exenpl aPgTmstéoase4aé whi ch
are described in nore detail in the follow ng sections. Typically, the

formul ati ons. are stahl e agueous fornul ations. tain e i ments, they
are phéﬁ’ﬁ&?f@@tm'@ém?ld?ﬁﬁﬁl i A1 ‘itﬁfél]Spii* Q%Q@er@ﬂn@wﬁjﬁ‘éd agai nst an
anti gerbhe%emfag %fh?&ltconf’aﬁ@ﬁ %ﬁé’ﬁ%' cdat ﬁxﬂf‘éuﬁgéﬂegﬁ@rag&eﬁ‘t tBbr%P&&lé‘eﬁ'tJ)){ i mpor t ant

pol ypeptide and adm nistration of the antib to a mamual suffering froma

di sor dértaalegowqul ypcpidagdices a;gem fusicnesmel thtat ihn hetesalogauspalypepiodeaser ,

ant i bodj di re ed eptide antigens are al so cont errpl at ed.

[ 0103] (J\}\Wi?f‘yé’dtoﬂ fg Pﬁ’f ﬁ egﬁ’af%(g ‘t| de, it may be a transnenbrane

nol ecul[g1¢®. 9. rq{i@ﬂb&Hs)fo@Caﬂr%/lﬁgmﬂuﬂﬁ J8ventidHCh as a growt h factor.

Exenpl mg@ﬁgtlgens i ncl ude ecul es such as ox-LDL; ox-ApoBl100; renin; a
ne

gr owt h i Thelinvantign haremreiitesvip e fasruleien comprising aneangibedi. Thor none:
h h |
o nond PR A KRG 1A5:Peq AAREICKRALE LRNIRES b O] Snblaf; 211 10

B- chai rumlbmmwémplarﬁmbﬂhb@d @f\sﬁlbhﬂuﬂeaiemg)ehm moRedetgiincthe dsllowing ut ei ni zi ng
hor none; gl ucagon; clotting factors such as factor VIIIC, factor |IX, tssue
fact or SeemSvW ly et dorarulations gre stahhe pausppy formylatiget Jpsedyish as Prot ei n

C atrle%llbola éﬂt&"tﬁ%)ﬁﬁhﬁ‘&h%eut MG skfiget ant; a plasm nogen activator,
such as uro I nase

man urine or tssue- type pl asm nogen acti vator
(t-PA ,[Olb(&ﬂ]bem n Tltemnuhd»dyns divecrog egab it @an gnmgmnl’ofﬁlaetestr Prdferably, the @antogdins

factor-.al bet a; in RANTES ( d on activation
nor el 119 P e deuPol Lt ek Ky oRHR: e B ERAGEST REIn ory
prot ei rhuffMlEg Froma! @SGler @an%@u%%ﬁ't}@éi%eﬂtlé BEk:fASn MRAMSEN Wb R REM N;
Muel | eri an-inhi biting substance; relaxin A-chain; relaxin B-chain;

pror el Mlhodlmt@mm@tmmplwal@magw peplse denteraplatedr ob| al protein,

ant i gor (L) - SBReghe eRHeat i R e bF n e HERIPAH BlRRGH R

growt h rbaptary of MEt) ¢.g VRIGhRs heeepthdh&or. BxeRPly Snti@hs hRiuieMScdlcsGuit h
factors; protein A or D, rheumatoid factors; a neurotrophic factor such as

bonederﬁs@écL%mmAp@% Hi % rm@taogrowﬁdmnonﬂenel@dme BHmgn growth, horrsonfband 6

I(O:\rzli-t gl et- er%ly(-)rm?i1 h@go?%l\/\f% ggac hh% gf%ﬁ‘)ﬁeaglpg L&ﬁl 61‘('1\'?%%‘31%?6 UCh as

aFGF antnhiff{thng hemld@er m@bplgtamg blphedtmm(yﬁﬁ,) msalrnam—s:hanmnegugBmllﬂf act or
(TGF) such as g ha and TG-- betqal including TG-- b 1, TG~ b 2, TG~ b
3, TGF-oipsulgy fathigle s msl lating harmensy ¢ etﬁvwmlmeeg B?rmonanalucqgon( ¢lefting angd

L ol o P bR SR S B S Rl Sl e

ost eoi rfdetotsisueh dsalooris C; atmirbimotiactio $icta; lnopesurfactant; a plasminogen activator,
such as urokinase or human urine or tssue-type plasminogen activator (t-PA); bombesin;
thrombin; hemopoietic growth factor; tumor necrosis factor-alpha and -beta; enkephalinase;
RANTES (regulated on activation normally T-cell expressed and secreted); human
macrophage inflammatory protein (MIP-1-alpha); a serum albumin such as human serum
albumin; Muellerian-inhibiting substance; relaxin A-chain; relaxin B-chain; prorelaxin;
mouse gonadotropin-associated peptide; a microbial protein, such as beta-lactamase; DNase;
IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), such as CTLA-4; inhibin; activin;
vascular endothelial growth factor (VEGF); VEGFR receptors, receptors for hormones or
growth factors; protein A or D; rheumatoid factors; a neurotrophic factor such as bone-
derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT4, NT-5, or NT-
6), or a nerve growth factor such as NGF-f; platelet-derived growth factor (PDGF); fibroblast
growth factor such as aFGF and bFGF; epidermal growth factor (EGF); transforming growth
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nmor phogenetic protein (BMP); an interferon such as interferon-al pha, -beta,
and -ganmma; colony stimulating factors (CSFs), e.g., MCSF, Gv CSF, and

G CSF; i nverzbmutoezas (ILs), e.g., IL-1 to IL-10 superoxipd@/useemioase;
T-cell recept ors surface menbr ane pr ot ei ns; decay accelerating factor;

el ORI, Skl AR o2 B R LR S

i nt egr nEGR.A) o@?G 5l ﬁlsul(ﬁghke BrowtPadiér1 SABLE (1@A.1LEAGE \Y’Bpﬁé's ﬁ@)il(Yﬁ@\M a

tunor associ ated anti gen such as HER2, HER3 or HER4 receptor; and fragnents
of any (bfaint KeF-dhoselin-lise etbvrtblfayqb@mlnctiegpm[t@ns)ﬂD proteey sushps EBofDfeNnt s of
the inyv ecu ar t gets .for_.an odi.es enconpas ed by t he

i nvent |@2§’|(2[§ u%‘ﬁ%ﬁgé f(ﬁ’ob %%Odld‘?%ﬁ? hie N lglmlinf}fc)d;}% &P8 is one

whi ch bhegsodddchd PR M@b anl 1ﬂte@f@ﬁ>n€sﬁbﬁ)§i§ iﬁ?éi’feroﬂ-h]l@h@%ét@% -bah@un is one
that bind to human ox- ApoB100. Olo_d(SgA Preparati on of the Fornul ation
[0106] catanyrstipruggimededtens (6PFDhe saM-Usbd (pMCSEnand €s¢SK; énfgrleultlei:@hs)ques for
pr oduci di &s r iyl

e R b B S S R A G A

conpr i Sicagerating facpreviddl adtigdnrsucietd, a?mrbxeﬁipﬁda@seﬂm of tieAHDS ei@typet O be
formul ated has not been subjected to prior |yophilization and the

f or mul a{fqnéwrbpror%% h@@tngﬁei&@itwsa' agddggasing; reRUEoroRTAIFNSt NG5S fick @ CR 142,

embodi neRt §, g a@bug%wdmavmuaﬂwe% %hbwysmlaed%ﬁ &roedi gent the
antlboylnthe ornulation I's an anti body fragnent Such as F(a

i n whi dhER2SERS obHERE redeqptornand ﬁnagm@mfran&@tf thdm)ofvulhbted englpb;)tajesl body

(such i ppi n of the i bod ma d to be addres The
{hor apdt FHal Ty "dp et uDMHRRILS b ity U5 ESErHISY t aehdor SRRANEE T on | s
determ éﬂ@&nﬁé’ss&ﬁﬂﬁl’ g 1!1%90@%9&&30%@%dﬁ?bﬁ&&n@&ﬁﬁeﬁ{@{h‘é 'Eﬁﬁb e'i‘@iﬁ"?s( s) of
adm ni stration, f'or exanple. Fromabout 0.1 ng/ to about 0 ng/nm., or

f r om abwgtwhich lr:ngdm huonaatnsak DROOn ooyt mqumremtheeabub@dmrwg/lmnet thatdbodit 175
mg/ mL |s an exerry}o ig% anti body concentration in the fornulation. [0107] An
aqueousOPEPAT PEFIIP 08 or epared comprising the antibody in a pH-buffered
sol uti q()l()s'ﬁhe bquePre@ﬁratlbhsfﬂh@\f@ﬁh{ﬂ@ﬂoﬂflaS a pH in the range from about 4.5
to about 6.5. In certain enbodinents the pHis in the range frompH of 5.0
to 6.0,[0606]i n t heAftemygeraratiomabithanmibodyyobinsest b-¢. fechitiguas ﬂ@lemtimm pH 5.3
to 5.6. f { | at as a pH
of 5. 5 SHBHELM AR ETROARILSL R gl hRel RAERLYR b sk Biofihe]

wi t hi nthmznnﬁﬂgem)nmb q@danmemtwaEfomugtlob cempdiingitacpiepired. ar girime acet ate,
sodi um acetate), succjnate fuch as histidine succinate, arginine

succi nPoduBghts ﬁh%%lépﬁ&f%lye ognptatsddias nocheep suliceleditogirins Iy hiizatien aci d
buf f er s, gnfk £ATHN8E bPREertARERH is af REu LIS FSInEAAEH Leth O Kiin Bfis fthom

antibody is a full length antibody. In one embodiment, the antibody in the formulation is an

atIOI’l

antibody fragment, such as an F(ab') ,, in which case problems that may not occur for the full
length antibody (such as clipping of the antibody to Fab) may need to be addressed. The
therapeutically effective amount of antibody present in the formulation is determined by
taking into account the desired dose volumes and mode(s) of administration, for example.
From about 0.1 mg/mL to about 250 mg/mL, or from about 10 mg/mL to about 200 mg/mL
or from about 50 mg/mL to about 175 mg/mL is an exemplary antibody concentration in the
formulation.

[0107] An aqueous formulation is prepared comprising the antibody in a pH-buffered
solution. The buffer of this invention has a pH in the range from about 4.5 to about 6.5. In
certain embodiments the pH is in the range from pH of 5.0 to 6.0, or in the range from pH
5.25t0 5.75, or in the range from pH 5.3 to 5.6. In certain embodiments of the invention, the

formulation has a pH of 5.5 or about 5.5. Examples of buffers that will control the pH within
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about 1mM to about 600 nM depending, for exanple, on the buffer and the
desired isotonicity of the fornmulation. In certain enbodi nents, the contain
hi sti di neworotoe2zoncentrati on from about 5 nMto 100 neCarus2ele@2@n@i ni ne
is in the concentration of 50 MM to 500 MM In one enbodi ment, the buffer

is hi st d| ne ac about . 20 MM - arginine acetate,.(about
5.5. ’éé?ltg&“ﬁc g %&f ﬁcfﬁ% hisfidmeagetpter argming acetath, ﬁ%dlé%}c?&?tﬁ%?g SUPHB it 20

m) - ar Qhiinng h%éﬂﬁﬁie%ﬁ&ﬁnz(t@@%ﬁhn&%@cﬁﬁ@te SB!ﬂuﬁl §1001[119t%9%1uc6n§t@r51§§tE%H8 can

optional 'y be added to the antibody formulation. enplary surfactants
i ncl ude)tlmmrgﬂmm:acsd:btﬁﬁ@“s and eorgbiofricns tlmtqfsﬁhebbmfé@ c()ecegtrapml %Uxelfmres 20, 80

Such CratBl PARER debfathoRE RPaTRE RithembtC ol TRdh R en it REHE G, 219e '

m ni m ﬁﬁtﬁoﬁlbﬁy bPhEESinfatfn. RA¢d fafrfBRBmebits, tth@ccﬁlﬁalﬁlhhmh@nnmd/ or reduces
adsorption or exanple, the surfactant may be present in the fornul ation

in an meﬁmatl%ﬁm&b@@m P 104 @omAhend thg asgming iseindhaemngentrasionmh S0 mM. 005%
to ab f t %% %
0 aboyf 50 %ﬁﬁg'ﬂ? rﬁﬁf&?ﬂm {h%”t?u?i% hlsrqr%iglfes%:gtgt 2(3&?[& 28-ivh- e{glfg%] ' one

enbodi nment, ion does no Ffactant:

enbodi rmaﬁate (talstaltflso N BpEDA 5 C dntcaitsis ciibedmbave thicdeififer s tectidugenicsingte. 9. ,
anti body, buffer, and/or surfactant) and is essentl ally free of one or nore

preser\)(él?(?lkyégml\éléréﬁg“&@b‘&‘?WFe @P%Hépmlﬁhéﬁ%ﬁ m cresol , chl orobut anol and
|
benzet @T(')Sijm a. Agy %‘?an‘?g%ﬁ%déﬁgﬂ bl Q@defdQBméﬁttle))@ fé)%ﬁlgﬂ% EBfé id |n the

preservat | | n anot her iment ;- a preservativ
f or mul auifactantp ardudeuloaidnyc smfactanﬁsheclf o pulysatbhadss (bg. mlmdrbatdnma 80@tcmot ation.

The concentrati n of prese may be ip the e m about 0.1%to
Tbout TR gy oRBR EocheGrEat o wabnruidCane sh i facBine:

phar Wﬁ%%gégﬁﬁéﬂ Jf € ﬁﬁﬁﬁﬁé@é@a&ﬁ% P‘(}@ﬁcﬁ@)r e HcStoRhatRhafiphitZ8lfesSH et as

t hose described in Rem ngton's armaceutical Sciences 1é)th edition, Gsol,

A Ed. foore@ejomendie redusicn siésdrmitiont Fer dxompld, gtci sorfagam\zn@tebb priosent fthidy do not

carr one A S SR EbRPIOL LM i Nt Dalh o Erb B ahed b FRe” " ©

dosageso abnsut®aIY% R FTtiaBRSrEARbAN O 130 €h dvdat 01de;. Tadedt thdBaimdatfher i ng
agents; co-solvents; anti-oxidants including ascorbic acid and net hi oni ne;

chel at i fRgnelaéen docs mehcamaprsoRAuriAgtan) conpl exes (e.g. Zn-protein conpl exes);
bi odegrigdagl e polyngr Em%g&&e%? RO {o%%ﬁfa% Crﬂﬁﬁé ¢ ab 1Je8{1ﬁ&??%e %L{” erions.

[01 10] I'l e the various descriptlons ors hereirn o Us on

EDTA, iafntlhbd}} bbffera pid/eciuafaednt) hﬁﬂ 1msl§@mal‘r?1ﬁab of o @hﬁbx&tp@éssr\aneesakm
enconpassed withjn the jnvention. Me ion chelators are well known by
t hose cﬂS%@RW P} poly plengt tn-gregol; ﬁfépwéetanﬁmnd&eézqsl&n%&s%%m y limted to

am nopc@rﬁ/&)ﬂﬁ?&ﬁy&@%%ulgBE%OQ?ﬁ&ycloﬁﬁﬁgé Qmég%%vé’?‘ﬁ? Qﬁdtl‘fer%ﬁib@hment, a

preservative may be included in the formulation, particularly where the formulation is a
multidose formulation. The concentration of preservative may be in the range from about
0.1% to about 2%, preferably from about 0.5% to about 1%. One or more other
pharmaceutically acceptable carriers, excipients or stabilizers such as those described in
Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980) may be included in
the formulation provided that they do not adversely affect the desired characteristics of the
formulation. Acceptable carriers, excipients or stabilizers are nontoxic to recipients at the
dosages and concentrations employed and include; additional buffering agents; co-solvents;
anti-oxidants including ascorbic acid and methionine; chelating agents such as EDTA; metal
complexes (e.g. Zn-protein complexes); biodegradable polymers such as polyesters; and/or
salt-forming counterions.

[0110] While the various descriptions of chelators herein often focus on EDTA, it

will be appreciated that other metal ion chelators are also encompassed within the invention.
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EGTA (et hyl ene gl ycol -bi s(beta-am noethyl ether)-N, NN ,N -tetraacetic
acid), NTA (nitrilotriacetic acid), EDDS (ethyl ene diam ne disuccinate),
PDTA (1, wopnopwbrmedi am net etraacetic acid), DIPA PCT/US2010/026410
(diethyl enetriam nepentaacetic acid), ADA (betaal ani nedi acetic acid), MCA

(et hyl gl Jnelacetlcald jonal l spe odi nents herein
conpri e %ﬁ’&&ﬁ BIAISAP E@g@w&%%&%e fﬁ%hlaf]&é*ar} NEWAP A S i ment s,
the forfrulaihigminfetidhRsndPelyth Mok PGtcs [ﬁiTAJ(hhmﬁedl%m&e%faa&&c Q@lrd?' n nay
al so contain fore than one protein as necessary for the particul ar

i ndi catE@hAlfethplgne gyaolelds(bptaefranadshyl cthens . NN, I -tadrapéaticentdaryTAct i vi ti es
that d d he oth t. le, wh th
e body PRl R BEBERLE FhuA® FURRE MR EURL PR F I oot e sgent
(e.g., IﬁprlﬂwdiHrﬂlﬁétet@iacén@é’dﬂd)OEWP% (dieet v gl rifnap dhl aa QRN AEAD A (e CoA)

reduct ase, e.g., stati nséI | es of nol ecul es that can be conbined with
ant i - oxalainegiacetioenid), MG de(ﬂlfiﬁtylgib’@n%%ceﬂp gridb@ta ddiiogally, spmevast at i n,

cerivas t t Y
ooty acriicner; B BhlrDise bRABRARnoTRUAR A1 QbR ARBR.
combi nadnit@idirhehtnidifoisulatiah c@ttanehfe&ﬁcbmm for the purpose i ntended.

Typi cal I}{ the statin is fornulated for oral admnistratigon. [01 12] The
formul d4P1bHs to behederauladon heicipingy alsmecaitain mers Bﬁn%%m%lel’éés BEEPSAIB. This
is rea I i ranes,
ori or 410t e BARRIRL LRfEHoRYohnich Rl ABCHHIPHBS: SR birBichlonkf ALLRAIRAR

Adm ni stormatt ladm:rm‘ly afffiect Emrothlérqtrotem EOﬂex]aﬂiple‘[ lwehefecothpaht@iddens ati-axinhi st er ed
to a mmm in need of tre th t ant i efe ably a hunan, in
ocor o AP gty e tametinsR TR Aol daehtlS enabdmsBir ot e A bolus or
by Contﬂl&Hﬁ‘ﬁlu'tdﬁlU&Jeﬁfyrﬁé’ﬁr H%d@f@d&)dre@ﬁctés‘en@g RtiAd)! EQ%EEHB?&OIGCMGS

i ntraperitoneal,” int racerobrosp| nal’, subcut aReous, ‘intra-articul ar,

i nt rasyh@i\aaalbe; combinad abainti-axl R, atttdrpdy:alclud@rbui amaioahnmnd togt®es. | n one
errbodl t.he for stered.to i.nt ravenous
o nt s ceBlattaRs A B O PE R, PR TR Bertialt a oot g 2
SYri ng&imtasydtia, a. $uéhl pro@ins fafl suedBIFPr&ent iR cOR®iRIBRH dRHints thlaear%or mul ati on
is administered to the manmal by suUbcut aneous admi ni stration. [01 15] The

appr opraffeeevaies thyepurpask éntapstedt ¢ bynisallyf théétatmés tompylated) foppral pdmantiiaberly wi | |
depend exa A d
cour se O;P‘{]he con&lﬁtﬁogﬁuﬁgﬁ ﬁﬁggh%én ar{]tVl 351&1%%&@%1%}?3 1%?%% f?fg'rTﬁllg
preventis wedidy atdoaipighsd bycfijpuatipotesyghpteile ﬁﬂlﬁatﬂ)heﬁﬁmmndshprlcmabj @nt's
clinical history and r frs1tgonse to. the antibody, the type of antibody used,
and t hdoUP¥mEeRTeBs 29 ¢ TPy physician. The antibody is
sui t ablpga ni st g§ rhfﬂttrlaﬁrﬁ) {h e time or over a series of
treat r’rﬁmt fsjj?and may 1%1 m n?s'?ﬁer ggbnﬂﬁ i

[0114] The forrnulatlon is administered to a mammal in need of treatment with the

antibody, preferably a human, in accord with known methods, such as intravenous
administration as a bolus or by continuous infusion over a period of time, by intramuscular,
intraperitoneal, intracerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal,
oral, topical, or inhalation routes. In one embodiment, the formulation is administered to the
mammal by intravenous administration. For such purposes, the formulation may be injected
using a syringe or via an IV line, for example. In one embodiment, the formulation is
administered to the mammal by subcutaneous administration.

[0115] The appropriate dosage ("therapeutcally effective amount”) of the antibody
will depend, for example, on the condition to be treated, the severity and course of the
condition, whether the antibody is administered for preventive or therapeutic purposes,
previous therapy, the patient's clinical history and response to the antibody, the type of
antibody used, and the discretion of the attending physician. The antibody is suitably
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to the patient at any tinme fromdi agnosis onwards. The anti body may be
adm ni stered as the sole treatnent or in conjunction with other drugs or

t her api eswo=efoo2i4m treati ng the condition in question. PEOUS@D/0AGH1@
general proposition, the therapeutically effective armunt of t he anti body
adm ni stered w | | be in the range of about 0,1 to abou m%ék Hatent
body weidgHRISIFFRItRIC IicBY oBf U OXp Tt PEEFARENtS e S?g‘%tﬁlie range
of ant Ita@tﬁeypdﬁ%ﬁdattaﬁ ﬂﬁleefﬁgﬁ'ﬂla%ng’sﬁ &@QﬁytTh%Qnﬂl%dS&na Phe @cﬁﬁmst&ecﬁameabout
15 ny/ kg, or about 3 to about 25 ny/kg or about 0.3 to about 30 ny/kg,
adm ni sokrteghtrdentloy jn ¢Qmu®taanrw1@ othfmdrtmwkItlyeramcﬁruseﬁémpt@tlngrthé omdgxanpl e or
bi ronthly. However, other dosage regi nens may be useful. The progress of
this tHgﬂﬁg§lPs eaS|Iy nonitored by conventional techniques. [01 17] In

certai moerdodi "eri$a Qéne?é]@rdﬁbﬁﬁ@h'tﬁ@th&é?ﬁ uBEyifietiiad ArfsurR bf thRQnfipsdyul at i on
is an anti-oxLDL anti body fornul ation he deposition of nobst chol esterol

i n the admigipipragawill hegn deg fageciof abemi Q. bito abaot SO@gﬂ?@ofrmmt vady weighbf
chol eSt\Sﬁe%er'bﬁ [ﬂ% TR hor Lt AR sMe W 't %b%%c@h%é‘&?nn%o useeﬁso%[?wtg“ BoyStep in

its conversio an ‘at herogeni c par i on and regu on of the

i nfl anmad ar gbopt DELpekgl bﬁﬁbo@haeacwcsutzle&n@(kg s tabee. Do @bhelmglkgrcmm s can
be correlated to i mmune responses agai nst oxidi zed fornms of LDL
At her oSOPEY Q3 faahoyt 3G menks, a@m&aﬂ%réd pily dew xample. sarrveklya Ry cBamplshes for

artery ghsy g?esd? bnh&%th RE ARG P f eé’gjlﬁ%sn@g% bQﬁgéﬁtnl. Fnd E%{g%%?kiﬂh%a' 'y

effective anount of the anti ere otr
atheroshheppSKsmhﬁmpnmmambyemn&nUmﬂmmmquaﬁt|body can be used for secondary

prevent i of cardi ovascul ar,. even in high-ris atients or ta reduce
Prcar oMot o HEreRORamSRorbas tyPufty HelrBi i P ontos g

di rect igesuhd- oIcLEE‘aﬂ%lB@d}DB?rﬁhﬁtlQ&pPI%é dSobifioh BEnRLL &Ble@ierd@ﬁ khe dri26) Wee but
are not limted to acuté nyocardial infarction (M), stroke and peri pheral

art ery isdeweasdronTh&lant DL oxthDimaam cirbiodyf dbatestaiad an hemars stuhaind dhcher
activitie

i -oxLDL hi bi t
o e PRn oDl SRR Rl A8 b S B R ANR PeiFane
(e. 9., g résaionsT thd‘hnﬂﬁmﬁﬁltorﬁl'?ﬁﬁieék thi chahicRptcLdll fhges 028 dios¥€osis can
2004/ 030607; US 6,716,410), and actively induce the regression of

pr e- exi bstdorglatesstp ABUSR SesDeRYse ARt oK SiAcd fpnascRfdddk Mithpreseleiosis intheer a few

weeks %%}Bl; gaits{"ozpécu s’tro 19(95&%‘8)%%%1? gﬁéorprki%«l.as]é t%e cmtdfl?iﬁ Wi &Eﬁr ation

[01 19] I'gen Preparatl &%ant i'gens or fragnents
t her eofantibpdy, aniadrhpeuciod]yugiicede imowitloé thenmkibody @ay be admbesteise t @sat

' noga?l?e%osfc erlros%]se nlggraegclar?lgleaggt{ ggl?ll)fsantltl):oodry ctarrl%gige% o{r 2er]c%ndary prevention of
cardiovascular events in high-risk patients and/or to reduce fatal risk of atherosclerosis.
These cardiovascular events, which are a direct result from atherogenic deposits in the arterial
wall, include but are not limited to acute myocardial infarction (MI), stroke and peripheral
artery disease. The anti-oxLLDL antibody can also be used for other activities as well. For
example, anti-oxLDL antibody was shown to inhibit plaque formation and prevent the
development of atherosclerotic lesions (e.g., as describe in animal models in Schiopu et al.,

2004; WO 2004/030607; US 6,716,410), and actively induce the regression of pre-existing,

established atherosclerotic plaques in the aorta after a few weeks of treatment (e.g.,

WO02007/025781).

[0118] C. Antibody Preparation

[0119] (1) Antigen Preparation

[0120] Soluble antigens or fragments thereof, optionally conjugated to other

molecules, can be used as immunogens for generating antibodies. For transmembrane

molecules, such as receptors, fragments of these (e.g. the extracellular domain of a receptor)
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nol ecul es, such as receptors, fragnents of these (e.g. the extracellular
domain of a receptor)can be used as the i munogen. Alternatively, cells
expr essi nyotzhw/weamsmenbr ane nol ecul e can be used as t hecCirasanogyediio Such

cells can be derived froma natural sour ce (e.g. cancer cell lines) or may
be cells \regl ch have been transforne y..reconbj na]ir;t technl ues to xpress
the tr S48 RENETLAdDGBIBELeSSD. CYFaR! ,.Cal%wpé?famga A AEALEANERRIPEHIS £ or

preparidgpa %Eé&%‘%@ﬁn%ﬁé eQeSLﬁﬂ%ﬂﬁ Bin E@défﬁi@é ?roh{‘a ﬁﬁﬁra@ﬁ&rrcc{ @2&nckt 1)
Certain Antibody-Based %ho ds [0122] Pol yclonal antibodies are preferably

rai sed deH lmm)rmlnslyﬁye aellb whmhélasclbcétmtameﬁmme(i by)reoomhlmﬂmt wpkmiguete akpresyp)
injectlﬁn§ of the rel eva nt| n and bﬁ ? Aty be useful to
conj ugdt'®e PR TE AR 1‘3 1g8nsp?' SMA° PHED P%eﬁlrﬁﬂhﬂc?a%rﬁﬁgc in the
speci eSanh@odﬁes WINbaphabnt & Bose ikeydate | inmpet henpcyanin, serum al bumi n,
bovi ne t hyrogl obulin, or soybean trypsin inhibitor using a bifunctional or
derlvaﬂpigﬂg agerfti) Ceg#in et Baped Mietiodobenzoyl sul f osucci ni ni de est er
(conju n thr e (through
[yoi ne D4 uce) PbGHT MRRRIAER QRN b AAEIFOAINE L B e

wher e Ruaadaﬁbua(se) ok flﬁeaqemoxahlk(yﬂ) igjleOtitss. of&l&k%&]vaxﬁmnﬁgérsa@raa ddioviani. 2ted
agai nst the anti i nmunogeni ¢ conju%ates or derjvatives by conbining,
e.g., IT0® hyussuldo ﬁ?j%gat% the r%‘%‘%“é?ﬁ“&ﬂn e gy fgatthats prmpnggsnicd e ni ce,

respectd I §HHM i nj ecting
t he sol t&lei'%)%t)olb\r%ﬂtd;nadﬁH 12681 %Ige ﬁeﬁmk{:ﬁrﬁ %}gleglote es. &%ﬁn%%h%ﬁ?g? 21? gt he ani mal s
are boahmengMhm(ﬁb&ﬂkﬂnmﬁﬁﬂnumdnanngmgaﬂnﬁmDMMmloﬂdnbpﬁmdgagmudbnjugate in

Freund's copple e a 'uvanng subcut aneous injectiqn at nmultiple SI%
Seven tFMR agHIOF K eS %PH‘F&FIEH% GSE?FZ tipp E1rQ SiemegsSdYSY for
ant i body_p Paﬁo%suc@ﬂﬂhﬁﬁ'e?th%%hhwﬁé RAdUaY) élu‘@aﬁﬁdéh'yﬁ@rsu@&ﬁ‘&%ﬁh‘?drldar %elzabl Y,

t he an|na boost ed he conjugate of the’sane anti gen,
conj ugatr N%ﬁFéHﬁnﬂﬁﬁaﬁnmdﬁ#@ﬂ%@ﬁkamdﬁbylwhumMgh a different cross li nki ng

reagent nj ugat so_can be i.nant cel.l culture as protein
fue? ond015oh 9 i aBle iR ke Be i PR oS ie s Brnance
the | MULAGaESBYNDBEDIRIR M)J@%ebm Aiheiph@idinass cohjulite (fonyMbitk en can be
made u3|ngathe 2ybr|é$n%2ﬁ%th |rs$é8escP?%ed b; o%le§ et ah, Nature,

256: 495111(09;9?@)60“%15) Wil 8 wehmwé% Fravad's cemglete adiuvagheps! iastecting theyblutigpne, 14

(ng i ng Efaa%% ﬁ%t%%p%l{clgﬁ sit, > Ofle Iﬁ‘%t%'féﬂ%}] tﬁéfglgﬁ%ls ef%{jg(ps? (P\Llct)ﬁ ¥/5'Y8r1$"ﬁ‘i the( Col d

Monocl m@na@\ambbnxchfeep@mbﬁoﬁ‘ﬁdghﬂdyb Fraads somp B+Ghlluvakt Bﬁsluhetltan&d)uX 1981),
and Ni, Xi andai M. anyixue, 26(4):265-268 (2006) regardin hunan;hunan
hybr i ddRgstionsanylfiplsSHteHSEHads lﬁrﬁémlféertﬂi*f‘o@emaé gls%an %erse@saawm e, in

U.S. Paatssay%@ for anglggd}ﬁgt@r. &8 RIaRboosted until the titer plateaus. Preferably, the animal

is boosted with the conjugate of the same antigen, but conjugated to a different protein and/or

through a different cross-linking reagent. Conjugates also can be made in recombinant cell
culture as protein fusions. Also, aggregating agents such as alum are suitably used to enhance
the immune response.

[0124] Monoclonal antibodies of the invention can be made using the hybridoma
method first described by Kohler ef al., Nature, 256:495 (1975), and further described, e.g.,
in Hongo et al., Hybridoma, 14 (3): 253-260 (1995), Harlow et al., Antibodies: A Laboratory
Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling ef al., in:
Monoclonal Antibodies and T-Cell Hybridomas 563-681 (Elsevier, N.Y., 1981), and Ni,
Xiandai Mianyixue, 26(4):265-268 (2006) regarding human-human hybridomas. Additional
methods include those described, for example, in U.S. Pat. No. 7,189,826 regarding
production of monoclonal human natural IgM antibodies from hybridoma cell lines. Human

hybridoma technology (Trioma technology) is described in Vollmers and Brandlein,
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production of nonocl onal human natural |1gM antibodies from hybridoma cell
|l i nes. Human hybri doma technol ogy (Trionma technol ogy) is described in
Vol | mer s wodoBrmexdliei n, H st ol ogy and Hi st opat hol ogy, 20@8Y(32M093:1¢ 2005)
and Vol I ners and Brandlein Met hods and Findings in Experinental and

ybr 1 QR QP U DA To00 sabd B1Tlss SHORMESBEHEIRGP |
nuTEN ol adESHE %@9,@4 DB 205 AR 1R VS 200800545 s’

2005/ 026229; and U. S. 92 507. An exenpl ary
pr ot ocdD124dr pr ocﬁmwalgoumberllwhadoramemmeu@s sags .99 H&@%ﬁﬁﬁ%br{ﬁ met hod is

descri In on odi ) her propri ate host
anlnalQﬁ®8@§3%§Jéﬁmg%%?@}mn%@gyghgﬁﬁggﬁﬂpgsgf%gf%aﬁvﬁgﬁ%s s that produce
or are 9pabbs4®RUPT@IURIEDW; ANH NP LNENFL078I4bD a8P2aBE 50R! AN cRbmflalp t he
protein used for immunization. Antibodies are raised in animals by nultiple

subcut anelece! fpsprpdesing mopaglendl aaheedics uspig the hrlridosrsmethod ippdssgiogiasde of
h f
R B e e L R

| mmunodhemnifedsealicihlyniphocytedthai prodine d‘t/fE}e capapleloy peyplutitg adfibddie thaweilit i on

(e.g., antigen) or a fragnent thereof be prepared using nethods well
known isRegifigallyrtind t b PEicip aiseshor § RPN Po 8 ntiagiRs ant rajiefl dhariPelSFy t her

d t
escr | B BRGh A RRLU &qmram&ieaﬁ@%ﬁgjeg%@ J3 RETRYE 68k §Qhe ARLAGGNt | gen

anti bo and booster 1 mrunizati ons ar m ni stere
Ly nphooytadsmaghrenntharviofiaing apradawentngichns nmnbplgmphcamt h}indch é‘dPh}/&ehadm;Ieat ed.

AIterna.iveI , tes. be i ize 6] acyte

are th sl e R B Tt G MG e et B Tt IRBeh, ac

pol yet mfltﬁé’i%vﬂ{ti(ﬁl b.g., LBt B} Qﬁlaﬁ%ht‘:{%@oﬁﬁh} be Eareg uglng R Gvell

Monocl onal Antlbo i €s: Principles and Practice, (Academ c Press,

1986) . KW@monﬂleceeﬂ Isechnasyre renhisad mdtlndsf e @rwmch mtﬂn;thersiﬁmtbﬁd hetteab| e

hi gh-1 roduct i on f ant i.bod Ve th l ecte tibo oducing cells,
ong ar TRt B2 il Sy et P SRR o R BRSNSl el o co 1 5

i ncl udelmnlauﬁza@bﬁs fQloptibidl tyedndi@istcadr iLyenpRbeyteRotianfBals piclciag ahfiose
derived from MOPC-21 and MPC-1 1 nouse tunors avail able fromthe Sal k

| nsti t vnEgaeintibofics picHselpisn. Gdiametivelsadmpheeytes 1Ty bg BRANRZCISA Vitipd SP- 2 or
X63- A | | T | t f
OB ey TR e R TR SRR R R BB

Rockvi uman nyel o nouse- hu er ony
| i nes alslpadypolecthgein gl@scﬂ[lotibdnhmlybhdikﬁnzﬁ)bﬂﬂlﬁﬁel ag., Qi‘odhignmnaﬂmﬁl onal
anti bodi es (Kozbor, J. Imunol, 133:3001 (1984 Br odeur et ah, Nbnocl onal

Ant | bod@fﬁpéﬁaclfﬂwl%@%ﬁcﬁf@ge @ﬁé%l&émﬁea@qﬂaﬁ resypl 988 ) - Myclomsresls MYk ker |
I nc. '\B%Vﬁsé@{ﬂét fu%@ gﬁ?)o}legtl%ﬁ%{pélr)ré Hﬁﬁlerh\fg{ le@@ﬂﬁ’o&ﬂtloﬁ of QH@OO%&WE@Q&I@C‘%@H S eeded

and gromm In a sult
antibody-producing cells, and are sensitive to a medium such as HAT medium. Exemplary

myeloma cells include, but are not limited to, murine myeloma lines, such as those derived
from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell
Distribution Center, San Diego, California USA, and SP-2 or X63-Ag8-653 cells available
from the American Type Culture Collection, Rockville, Maryland USA. Human myeloma
and mouse-human heteromyeloma cell lines also have been described for the production of
human monoclonal antibodies (Kozbor, J. Immunol., 133:3001 (1984); Brodeur et al.,
Monoclonal Antibody Production Techniques and Applications, pp. 51-63 (Marcel Dekker,
Inc., New York, 1987)).

[0127] The hybridoma cells thus prepared are seeded and grown in a suitable culture
medium, e.g., a medium that contains one or more substances that inhibit the growth or
survival of the unfused, parental myeloma cells. For example, if the parental myeloma cells

lack the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the
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medium e.g., a nediumthat contains one or nore substances that inhibit
the gromh or survival of the unfused, parental nyelonma cells. For exanple,
if the pawernvaliompael oma cells | ack the enzyne hypoxant hiPo@/usa@aione10
phosphori bosyl transferase (HGPRT or HPRT), theculture mediumfor the

hybri domas typj.cal wi | ] .i ncl ude oxant hine, am nopterin, and thym dine
( HAT négﬁul;ﬁffylg%ﬁﬂéjﬂly @a@g@% %Ple%ﬁwﬁfweﬂl&? W%aaﬁllffqeﬁfﬁmoamncﬂ t cells.

Prefer %Midi { B{eﬁﬁmﬁ)}/%icﬂ%ﬁﬁst%'eé &UE&t%ﬁ@gM@QﬂHG@R@-&@%@em& Bellseduce
use of ani nmal derived serum such as fe{)al bovi he serum as described, for

exanpl ereferabby eeruet-fre¢ hybrifloenadsllicnltBicanahddsairogsed tQ a¢d@y¢ usk0B-anddal¢ 2006) .

0128 i tid l.s f [ . duct.i vi t f hybridon |1
cui  ur G PE R TG Sv et EHaE T Rl RSURbRal Shef bty HeDalr ch.
111- 1228i67LARNegySPAS), fliosalogy 20 andar d cul ture media are enriched with
certain am no acids (al anine, serine, asparagine, proline), or with protein

hydr ol 2838 f r act@ligepeptided aapnobt 95 ispiesipgisodicyrity pEhviridpmapsh cekeres by
synt het | .. | des ST f, three | X1 @M Ao~agdd residues.
e U S o R e R e R P
Cul t ur eSpeeidicuilly, istainddrd chltingbnédioam cadthed vaitlecgrabnampormeids ligagias ayene,f or
production of nonocl onal. anti bodies that bind to an anti body of the

i nvent i4PRTAgIAG MEPIE) Y vafeRptaE hydfolyratahineionsnad apepiosisdnabeygHlicddyby
hybri d i i i i Latian: or. in vitro
o el g BRBELSy TRDS: Ak B RO L LAl By

i mmunogatptddsent passayt iHELMSAY or Tighebéandemimptiafi.i ni ty of the nonocl onal

anti bo n be determ ned, for, e le, by Scatchard anal ysis. .See, e.qg.,
tinson A O SR s in VoA BB o meRs) S S ag AR b Ryt detm coll
are i depbifctigf of BahoRbRH YRGS (RADiEBt0Un dnbiBodlest the thveR@s. fTifd Yiddin

affinity, and/or activity, the clones may be subcl oned by Iimting Qi1 ution
pr oc edupesfigitdofynoneridnal sntihodies drodercébbls hytSalomaecet)s magbdidagrmmggd ba.

Sui tabl.e cul ture.nmedi a for thi. rpose include, for example, VEM or
vt - 1ot GiFERh S i fofifo RUBRRE S St i s Bl Ry 5
asci t esenzyRBiBkédlindAu@ddididbent MORAOGEDIBAN ). arkeithRilh@8fiHae betiRtndocldmal

subcl ones are suitably separated fromthe culture nmedium ascites fluid, or

ser um iptibediveantticalstarmineduios gkaprici by Prstdhprdcamalosh. ProceguMessa@idlas, for

exanpl e r I , hydroxyl apatite chromatography, gel
el ectréqprhagrée%é?}!se?l" |0§§%?ﬁggﬁ§r affinity chromatography. One procedure for

i sol ati[on3@lf pr otAftarshybridombydis dointifitd hai grodecantibedicd of thiSd&DRE/ 176122
o U S M Sl W R ) L 3T
amount sprgéedﬁfeg and %ro%ﬁl Wfﬁﬁt?dairc{]mteﬁl%dg | S'ée', 01 ’RAGES Supra. Suitable culture media

for this purpose include, for example, D-MEM or RPMI-1640 medium. In addition,

hybridoma cells may be grown ir vivo as ascites tumors in an animal. Monoclonal antibodies

secreted by the subclones are suitably separated from the culture medium, ascites fluid, or

serum by conventional immunoglobulin purification procedures such as, for example, protein

A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity

chromatography. One procedure for isolation of proteins from hybridoma cells is described

in US 2005/176122 and U.S. Pat. No. 6,919,436. The method includes using minimal salts,

such as lyotropic salts, in the binding process and preferably also using small amounts of

organic solvents in the elution process.

[0131] (i)  Certain Library Screening Methods

[0132] Antibodies of the invention can be made by using combinatorial libraries to

screen for antibodies with the desired activity or activities. For example, a variety of

methods are known in the art for generating phage display libraries and screening such
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[0131] (iii) Certain Library Screening Methods [0132] Anti bodies of the

i nvention can be made by using conbinatorial libraries to screen for

ant i bodi esowntonoeiae desired activity or activities. Forpexamsplio/o2@ivari ety
of nethods are known in the art for generating phage display libraries and

screeni suchlibraries for. antihodi es. possessing. t.he desired pinding
char actlﬁag?%isife%%nt@aélﬁs RRTASHE the gesarégirfdb%%&? fiFy SR KEsgom ot al
in Met f&@éﬁueg gg/%rwlmo@eﬁt&gﬂetlmn@w%o sc?nf%z@&z@tm_%kogy 194:1.37Human Press,

Totowa, NJ, or exanpl e, one nethod of generating anti bodi es of

i nt er edO’Byen tirabugh, HhmanPecsof Taowhdge 260t)i Fodyxdniile.amy naghatkesicri bed in Lee
et al., J . .Ml. .Biol. 004).,.,340 . 1073-93. 33] Ln principle,.

oynt heid BoRDR iR Eh oIS LR AT ok by F PG n

cont ai nidRet RNIISIH Bibl. d2aalh.a34ovariooyssf ragnent s of anti body variabl e region
(Fv) fused to phage coat protein. Such phage |libraries are panned by

af fi ni tP1&Hr omat dgpapeipleageitheiic anbodedprasdrasrlararby Crenew Mwpe essi ng Fv
fragnme C . i ndi.ng. esi i . adsor. o the
it gen Uat AR B e B A o ABo e R e BB L RRERERRREE S, " e
bi ndi ndusddanphagy @at peteie! Silichchhhpohbiakies avpagesd, byaufiiniepchromafogrdpher

enri ched by additiaonal cycles of antigen adsorption/elution. Any of the

ant i bodigaigsighe desared RpEeERN drloBeyPXBESSHBE BY NBEMEYTs gaRaMPIRYNENg (i tssicerednt | gen

screeni f BN f owed by
const 1 O AS gt © (EEn LBl e e B O e e T r o

t he phdgearyl dihe bofdingdtlenasie thanl chiutkd fadrh ehconigb@anind cegbo furfhec ynrsehgdibpces
described.in Kabat et al., Sequences of Profeins.of..| nol ogi cal |nterest,
Fi Tt B0 SRIGHOPHYI R 2REH G1Soar, AR O HOS AR MY T RSgR mVayioe.con By =
[0134] Jumik&l Bfﬂ‘dlé@ig%ﬂ*ggﬂédﬁﬁﬂfesantig&ﬁsc‘?‘&hh&eﬁ?o&dﬁfy BB thePha@claid bibody is
formed fromtvio variable (V) regions of about 110 am no acids, one each

f r om t hetetdsgfollopod py anestivetoy off A/f)1 lemgth mstibadyalongatsmggheEeatquehges érom

h i apl . (HVI . | taritydeternini e .
P B BB e SOR SRR GBIl 5 b B Bl e £
si ngl e-ghsbquehdes(FProrrink bAGIRIMSogitdl DM-GR FYith BaRioMLNEH @ubleasdbe ot 134t nked

through a short, flexible peptide, or as Fab fragnments, in which they are
each f UddkesdoMD ¢Bi9dd.amts- domai n and i nteract non-coval ently, as described

in Wnt t al.,. . Ann.. T Y A -4 4 p ein,

scFv e @?)%jlﬁng phalaéelg?lg r?e\séogln agrleea?ﬁl(t:léé} Rgﬁﬁgﬁadg’gﬂag‘%gﬁﬁanéﬁéd@ﬁ?‘éﬁ?ﬁ vel y

r ef er r eftbrh owasaridble Qhaggioas of®ut Y0 drnoakidsasme caflOh3m] th&Epler(Va)) aeé of VH

and VL genes can be seggrtﬁtely c| oned by pol ynerase chain reaction (PCR
Q

and r edBABY D) shsibothe PEER e ByRs Y @ &bIgherph(FE A RSk sAMpE e ¢Yed f or
‘igt I geny R ARG r G MMFEDRS). A0 &SI P88 Ails Wb Edisfihy ! functfdRBHy &EY¥hademmunol ,
either as single-chain Fv (scFv) fragments, in which VH and VL are covalently linked
through a short, flexible peptide, or as Fab fragments, in which they are each fused to a
constant domain and interact non-covalently, as described in Winter et al., Ann. Rev.
Immunol., 12: 433-455 (1994). As used herein, scFv encoding phage clones and Fab
encoding phage clones are collectively referred to as "Fv phage clones" or "Fv clones."
[0135] Repertoires of VH and VL genes can be separately cloned by polymerase
chain reaction (PCR) and recombined randomly in phage libraries, which can then be
searched for antigen-binding clones as described in Winter et al., Ann. Rev. Immunol., 12:
433-455 (1994). Libraries from immunized sources provide high-affinity antibodies to the
immunogen without the requirement of constructing hybridomas. Alternatively, the naive
repertoire can be cloned to provide a single source of human antibodies to a wide range of

non-self and also self antigens without any immunization as described by Griffiths ez al.,

EMBO J, 12: 725-734 (1993). Finally, naive libraries can also be made synthetically by
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433-455 (1994). Libraries frominmuni zed sources provide high-affinity

anti bodies to the i munogen w thout the requirenent of constructing

hybri domawo 28l0iee2¥at i vel y, the naive repertoire can be eCorsdomwoq@iovi de a
single source of human anti bodies to a wi de range of non-self and al so self

antigens w thout any i ni zati on as.described by Giffiths et al, EMBO J,
12: 725Tomne %f@@@an%wqw 1950 segmraty frop AT s Sk REBESsynt heti cal | y
bycl oni Rgtafdifg %ﬁ@ﬁ%@ﬁf&%@'to%&@&@th%%%@@%@riafb‘l@@bﬁ@%%i@ﬁé b toABChnRIsAY PCR
primers containing random sequence to encode the highly variabl e CDR3

r egi ongeamhgtweaicdo omtp assteserdzdrbaridergenbodnmand Wintens. Hes diohed7b3B8 IHXgenboom
and W%ﬁé J . MIl. Biol., 227: 381-388 (1992). [0136] In certain

enbodi ZQ‘, filanmentous phage is used to display anti body fragnents by

fusi on [He3gihe M NacesatenidoOingIns, PildnhontdRHhagy is ReEtof di iBogpn be
di spl ayed as single chain Fv fragnents, in ich VH and VL domains are

connectieagments hefusiapso gsinyipentedat prottiapHL by heaartibedy laemgets ypepe ilidplavgshcer

e.g. as i . — i , ) 1991), or
s Tran P ERRAREC T HolRRER i utRr vttt VP BhPhe coffeiedfimattps o i

secr et gblypepadd tHaibech dexible pudgicptidd spapart &gl astasuitedd yadsikebl yi., of Mal.
Fab-coat protein structure which becones displayed on the phage surface by
di spl a(ﬁza@ 2328 loP9t HEMN: PHas Kabelragmagntsy i waichont ghyjn isiiselbogised the,

Hoogen Qﬂﬁéﬂ?%ecﬁlted infHBk ba&E 'Qshoﬁec%llzpelliﬁl:aséjvgl%? 4§s§gmﬁ)lkqg]a)l3ab[c%%t:ﬂr el
general, nuclelic acids encoding anti'body gene 6%ragme* ts are obtained from
i mmune strebtuse Which dstaakesfdigpiayied manke phraganunfadedy digplaing samar of the aslddypan f avor

of anti-antigen clones i esired, .the subject is i iZ Wi antigen to
ener atGaHOBI Bags Cetishde HoamrbemaL AT oae's Grufor 1o T Ak g 6 el <
ot her q@g@lg_her al blood | ynphocytes (PBLs) are recovered for library

construction. In one enbodi nent, a human anti body gene fragnent |ibrary
bi ased [Dh3Flavor df gamral, ancleigenids eoenelsng antibbdagenedrdgynegtsrree abtiaimgd fiom

anti-antigen anpti bod sponse in transgeni g mnmce carryin functional
hurmn RIS SE Db O i LR RS oLairRe I} oy Ve hixe” ehasaiisst

ant i bodyorek PuGirtQMhSHBIRN)s ifmethitddatitiaaitigge o bt Zaditodgrdspende] &1 to B
cells produci ng human anti bodi es agai nst anti gen. The generation of hunan
ant i bodplogn sellscindpriciranlgiemBechs etdcr reripbeiet bloed henheogytcp OABIY apddi ti onal
enrich r J, = [ . re IV - 0 ] [,hed by
st ng 2Catiet pEMran AR Rt b GnflingC Bl AN R ESLRe A

ant i geritepgdidsed imfanbr ehwatibmtigeh elohdésiodytained By ,gelyraiigd dn @gpattigehon usi ng
antigen affinity chromatography or adsorption of cells to i

f1 uor oCHHBALL IealrEP et EHSBYUHMAE J2EWEE Dinelinl henay, wrggnegdouliggeps ng

(FACS) -array (and lacking a functional endogenous antibody production system) such that antigen
immunization gives rise to B cells producing human antibodies against antigen. The
generation of human antibody-producing transgenic mice is described below.

[0138] Additional enrichment for anti-antigen reactive cell populations can be
obtained by using a suitable screening procedure to isolate B cells expressing antigen-specific
membrane bound antibody, e.g., by cell separation using antigen affinity chromatography or
adsorption of cells to fluorochrome-labeled antigen followed by flow-activated cell sorting
(FACS).

[0139] Alternatively, the use of spleen cells and/or B cells or other PBLs from an
unimmunized donor provides a better representation of the possible antibody repertoire, and
also permits the construction of an antibody library using any animal (human or non-human)
species in which antigen is not antigenic. For libraries incorporating in vitro antibody gene
construction, stem cells are harvested from the subject to provide nucleic acids encoding

unrearranged antibody gene segments. The immune cells of interest can be obtained from a
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[0139] Alternatively, the use of spleen cells and/or B cells or other PBLs
from an uni nmuni zed donor provides a better representation of the possible
ant i body weperwioeze, and al so permts the construction eCTams2@evedody

l'i brary using any ani mal (human or non-hunman) species in which antigen is
not antigenic. For libraries incorporating in vitro antibody gene

Const r JRHFGHAT aairEthsBetiTss Sughes ARt fragmqwg%jl@&net FfKotIde nucl ei o

aci ds efaeQfll MYviRr REdARALS ANt JbRA%gene segnents. The immune cells of
interest can be obtainéd from avariety of animal species, such as hunan,

mouse, [P&0] | agomdugitiaacid gpeddueg argdoidnearidbdd gene scgoenss eclubbogiVvite and il ne,
and avi an _species, etc., .[0140 ucl.eic acid e i ant i bo vari abl e gene
At b i S S CRR RER A Rk S O A e

i nt er esyHaRd van@neflivedics) the UBEred INCA @hn be 8btamiRE ¢ i\thtAptheMbmAEDR Al drbr ar i es,
t he desired DNA can be obtained by isolating genomc or MRNA from

| ymphodyRE frem|lpmelodyies pellgmst taseolyhetape ehaarrcreiton (BCR) with pripeismer s

O anaita M e Ao 3 coBROP Bl GBI ARERL AR A5 SRITR oRBRBEREN. R0, LD,
meki ng RioveN@&e AMagdeSie (USAEISoB33s3§30r(1e8Pr diemibe makilediVergeNagnean be

anplified from cDNA and genonmic DNA, with back priners at the 5 end of the
exon erfERAITHES fHexprestioR  WLy¥Bsnes RRderakided oM ¢RNS andLsaomicANA- t he

J- segmepiy g%%?@g%%?ﬁﬂig%%fmxoﬁ%n di%@%éﬂaﬁ&%ﬁl/-ﬁ%ﬁ%ﬂ %gg g Nature,

341 : 544- wever, for anpli romc priners can
al so beprbhasetased withén thedebepmentan dascribed ar Obeadiienal 61P&9) edd @l WardBiraf.echnol

9 : 88-89 (1 , rimers wi.thin_.the nstfant regi on as
descr | Butiuten et 100 HopBer ResarP ihpd ol S RoRRR prisests S 732
(1989) .bheTRAsd¥BiXithd Z8dGUNBH @mg%é&iﬁ,Jo%%?gg,rﬁgkcE%.,9388-@9@9@?5,%1@0' in the

primers as described in Orlandi et al. (1989) or Sastry et al. (1989). In
cer t ai foevdsddiiment withihithe emptadi segrogias ylesasibpdixi Bastraras by, roc.nyarPARagriarver s

targete V- m in order to anplify all avail,able VH and VL

L e s S s P o A et s IR ey P 820 Vh

descr i bfebrporatclen MRtJHRELrO his MatKSedeih Glandi dra/NDYH89)BIr Slastr?dZil. g389).591§ g- 1991)
es .

or as described in the method of Oumet al., Nucleic Acids

4491- 44982 pouRyimenss, librasnidivgrssiy is maximged iy esdinORER primsresapgaseskiosacly ect or s,

e ST, SRR YA s L B » 9
anpl i f iigmbdnerciinubicie dcalggamplQrigres dasribiesianhdedthon oEMasksanl el i/, Nature,

352: 624-628 (1991). [0141] Repertoires of synthetically rearranged V genes
can be &jefr; %?@d5$]n5%7 (1%8 1} PGt ags bR 1%@5%19%‘%/&!\%%‘{“ ¢rals %’édﬁifrr%ﬁﬁdwsgene

T o S
restriction sites can be introduced within the PCR primer as a tag at one end as described in
Orlandi et al. (1989), or by further PCR amplification with a tagged primer as described in
Clackson et al., Nature, 352: 624-628 (1991).

[0141] Repertoires of synthetically rearranged V genes can be derived in vitro from V
gene segments. Most of the human VH-gene segments have been cloned and sequenced
(reported in Tomlinson et al., J. Mol. Biol., 227: 776-798 (1992)), and mapped (reported in
Matsuda et al., Nature Genet., 3: 88-94 (1993); these cloned segments (including all the
major conformations of the H1 and H2 loop) can be used to generate diverse VH gene
repertoires with PCR primers encoding H3 loops of diverse sequence and length as described
in Hoogenboom and Winter, J. Mol. Biol., 227: 381-388 (1992). VH repertoires can also be
made with all the sequence diversity focused in a long H3 loop of a single length as described
in Barbas et al., Proc. Natl. Acad. Sci. USA, 89: 4457-4461 (1992). Human Vk and VA

segments have been cloned and sequenced (reported in Williams and Winter, Eur. J.
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Mat suda et al, Nature Genet., 3 : 88-94 (1993); these cloned segnents
(including all the major conformations of the H and H2 | oop) can be used
to gener ave 2diveesie VH gene repertoires with PCR pri ner @Cenuseaiongs4tBd | oops
of diverse sequence and |l ength as described i n Hoogenboom and Wnter, J.

381- . VH t | b d th all th
sequen?@’”&ﬁ”ﬁ T %55’32@1@@@3% a F%}{\e ‘E% ﬁé%‘g gﬁgh%ﬂéheg@ag%beﬁ%ﬁw%“ : ©
descri bggcfc V%(é?fésrgﬁ'émﬁjes Ha5Q%n Nahbe omﬁcimdsfl fol&ésénd 83 and 4B 1eAdthd

(1992) . "Human segnents havé been cloned and sequenced (Teported
in W I Iwidrecadechniibadies of Emmdeﬂlblerﬁmnmral divzssityl Aoflowaglanil §83%i9n and- can be

used to nmake nt (o I| haln re rt0|res Synthetic V

Faper t grPesteotBlan sl "o Do RRE v TSR ae e AT P e B @ s,
will er}ﬁ&ﬂ@dsa&m&fgeh&%npﬁn@wm&edgwbt Bisit, nagtIgalgsdiiyernsi ty. Fol | owi ng
anplification of Vgene encodi ng DNAs, germ ine V-gene segnents can be

rearr ar{Qe‘&P-]l n vi thapcgecerafiangbedy ﬁqumm constriseRgentrsorhining N mecer, J
Mol B gg‘%.?rgp%@()jlre%?r%e%e?%‘?%ﬁy{el[a?%ﬁﬁ ]Eﬁecﬂ% QS 2aPhe %%{gggl?ﬁlffeg‘&gnent S can

be constrdacie re ertoires in several

ways. Eacforg, e@@fﬁemebermmrbaned aatied, d. g\ @ly de‘saﬁt&:dtmvmgtefé st alabnbhi@8vect or s
reconbined in vit as descri bed i.n Hogrefe et al Cene, 128:

119- 126 (9119294)199%01" iB Vw%v eynipaiii deigetion lgnft]é‘?:]thBﬁYSt%fngiescrtbﬁ@ in oxp
syst em\%«%ﬁ{du&egt AINNVBL QLPRYSE, S 23bs- 25'&&L196§3 dfheFi‘?z%vo I%C&nblﬁ%tﬁﬁl 2266

(1993). e I n vivd reconbi nation approach exploits the two-chain nature of
Fab fr appentls eXpioms/tée Mtlmhéllh @aturaf Fabrirdgnamay tp oszmz_emle nposad doylibEarycoki

transformatl fflClen VH a .VL perypires are cl pne

epar atBpyeeE i g S TSREEN oyt NoF Y b PG GERES . The tvio
l'i brar 's%ﬁar@treﬁy Bﬂ@ﬂlt&ﬁ’i}ﬁé%'éﬁﬁd BYd m@mrhﬁéeﬁhg&&iyphﬁg% At £ &ehao
bacteria so that each contains a different conbination and the library

si ze i sonibmicdeéy phaky infgctiohef phm@end@bntaeﬂmgsbq@tee@emtha(tamelllcrontammes) Bot h
vectors nt a| n..n vivo Lec rrbl nat i.o and VL genes
are recigThCie Ry o i B PR Al b 8 pifhetdalhe B hage

viri OnS(ab&H’ﬂQS@ @S, IBAI @kdt6S chhitai id&ivrcBembbie! Sgils &8 thet the Vanindodi es

of good affinity (K 1 of about 10 8 M. [0143] Alternatively, the

r eper t of k @gnayeyc Iseombinaé Qnt@eﬂqwm%@ replicgn st a5e chpackemed se Phage Vérigns. as
descri bﬁ%sé S%ﬁ%?’zﬁ%&oxﬁg? lf_ail Y ;n‘tg%g)f dibS %antl%% ies H?‘Abo@a%ﬁmzz Zlgfbﬂc?@ 2

(1991), or a and en c scribed in
d ackscuboeftl(lﬁM)Nature 352: 624-628 (1991). PCR assenbly can al so be used

tojoin VH and VL DNAs with DNA encoding a flexible p spacer to form
singl e [@k&iln Fv (Alsrostivebpaiaigpsriaites mpy tck?metswntl@@wﬁ fﬁe Same el | PCR

assenmbl eygn ab SedtFiBey thBé}BEQf’ét'L‘z? {Méaﬁgtlvﬁm@e@ SUMtzgée F7917% VE%@%?)S oy PCR and

t hen cl one repertolres of genes as escrl eton et al, Nucl
assembled together by PCR and then cloned, e.g. as described in Clackson et al., Nature, 352:

624-628 (1991). PCR assembly can also be used to join VH and VL. DNAs with DNA
encoding a flexible peptide spacer to form single chain Fv (scFv) repertoires. In yet another
technique, "in cell PCR assembly"” is used to combine VH and VL genes within lymphocytes
by PCR and then clone repertoires of linked genes as described in Embleton ef al., Nucl.
Acids Res., 20: 3831-3837 (1992).

[0144] The antibodies produced by naive libraries (either natural or synthetic) can be
of moderate affinity (K" of about 10° to 10’ M™), but affinity maturation can also be
mimicked in vitro by constructing and reselecting from secondary libraries as described in
Winter et al. (1994), supra. For example, mutation can be introduced at random in vitro by
using error-prone polymerase (reported in Leung et al., Technique, 1: 11-15 (1989)) in the
method of Hawkins et al., J. Mol. Biol., 226: 889-896 (1992) or in the method of Gram et al.,
Proc. Natl. Acad. Sci USA, 89: 3576-3580 (1992). Additionally, affinity maturation can be
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Acids Res., 20: 3831-3837 (1992). [0144] The anti bodi es produced by naive
libraries (either natural or synthetic) can be of noderate affinity (K 1 of
about 106wOaomQMM2Mi 1), but affinity nmaturati on can al soPob@/us2emokado i n
vitro by constructing and reselecting fromsecondary libraries as described

in Wnter et ra. For e mut at i be i ntroduced at
randomHeﬁfOVP?‘fJ@’ éﬁ?gﬂ@ 3h‘6u 19%%%%&@5&&%&@%?3@% tgcﬂ’“ﬂ?“i.‘é?ﬁ]ﬁ’énget al ,
Techni q4&iond se %@née%pﬁt%gﬁé;ﬁl)e GIﬂRtobﬁlt%@sthﬁ%ef&tem{fﬂﬁaﬁv @H)nechmdNbl Biol ,

226: 889 896 q1992 in the method of G amet al Proc. Natl. Acad. SCI

USA, 890r636i?1§-f®5lagh€(rlaﬁ"gﬁ)y clgatdi WO %07354 (@fblishied y4 Metrclr 29960 dessaied a
b f n1 t at PCR with
or  mer anaid P bR S S k- SR RenBR b o i BPLEY T Cel oot ea

i ndi vi dgdhunoBlobliRf GhtaNding6 cRAR aﬂﬁlbrﬁf?foﬂli%h@ﬁau@@éﬂe@' W¥oGPBESivMO 9607754
(published 14 March 1996) described a net for inducing nmutagenesis in a

conpl em@nmph tsyto dieqoartiniha ' H engrdoafalrssrf’eleﬁwa by phagudisplay quhtremﬁ@ilrﬁs t 0
create g |, u?il%{}i{c[c&trl glym&fﬁ%ﬁa fdln&ﬁ‘%%ﬁﬁlm%&dﬁ%edl &’o%o?s%ﬁ%&%@n

reconbi ne omal ns S reper OI I‘ES

of nat llﬁ@idr)lffﬁﬁ‘@uﬁ rse\regalvoﬂmwflhammsamﬁfﬁngahﬁ cbasaetd:dflﬁ mlrlamrrmumdtadmdbnor s
and screen _for higher affinity in several rounds of chain reshuffllng as

descr i H@d77%7%(1k9 2bt Thp tecm@%émthe prpdugtion qigatipedigoynd aiibedy echni que

al | ows di anti body fragments with affinities
of aboufir&%be%sqﬁlﬂ%g%ﬁqglseg f?%%dﬁg? c?ggeg“lgng of the libraries can be
acconpl[0$4dd by ar¢cnus dfelbhhbrguiescanrbevaacomplished by tvaridtartedwanpes knovemt i gen
can be .used tggpoat t e wells OL adsor ption £H§$%§’ exgres ed on host cells
af f i xed™t HhsHEPBRICHRUIER OBt OGeed 1 HOE g WEIGY 21 ATgPEPn RBIPUTAFSES o

bi oti n JnQosE s Fith st%gﬂtﬁiﬂtlﬁytbgb{hs‘é@% &4 §% or SnjsRd tobihy et her

nmet hod for panni ng phage display |ibraries. 146] The phage library

sanpl escaptuee wohstaetteddin:coatadrbeads, bt vsed imany @fhm weitied forgadiing phsgesui t abl e
for bin in%hﬁgr}east a portion of the phage particles with the adsorbent.
Nor nal | &"#d%di ti ons, including pH ionic strength, tenperature and the

l'i ke ar[gi44l ect edmeq)hagénlsra@hsampméme G(Q{ta&&fldlthhlﬁﬁ@blleB@aﬁi‘g’kﬁ%d&OUﬂd to

the solid phase are washed and then eluted by acid, e.g. as described in
Bar bas %endisions mrighle fpbinding@heastadiorimpof 8 phamgrerijdevith the pylsorbentpy

al kal i ’N(ﬁt}%ﬂxaﬁe gg%(ﬂl Iﬁgglcldezh%ﬁ—!f Sior? & sﬁg Pg], te%éraﬁlr llﬂd tﬁg %F% §I%%e%gt;egg 1991),

or by an ure S|m e antil
conpet itb ingimi¢rpliadogital Coadikenn Hic Iﬂllagesl‘mlud & thd5alid ﬁ]?afl;e a8y 4sh9Pand thehages
can beé‘znrlched 20-1,000-fold in_a single round of selection, Moreagver, the

enri chedutphyasdcag adesrbgh M Rabas e/ats Aroce difludeada e WihiS8e! ¥8-18% ur t her
rounds (%9 1%%19(8; d1R4);, e.g. as described in Marks ez al., J. Mol. Biol., 222: 581-597 (1991), or

by antigen competition, e.g. in a procedure similar to the antigen competition method of
Clackson et al., Nature, 352: 624-628 (1991). Phages can be enriched 20-1,000-fold in a
single round of selection. Moreover, the enriched phages can be grown in bacterial culture
and subjected to further rounds of selection.

[0147] The efficiency of selection depends on many factors, including the kinetics of
dissociation during washing, and whether multiple antibody fragments on a single phage can
simultaneously engage with antigen. Antibodies with fast dissociation kinetics (and weak
binding affinities) can be retained by use of short washes, multivalent phage display and high
coating density of antigen in solid phase. The high density not only stabilizes the phage
through multivalent interactions, but favors rebinding of phage that has dissociated. The
selection of antibodies with slow dissociation kinetics (and good binding affinities) can be

promoted by use of long washes and monovalent phage display as described in Bass et al.,

34



[0147] The efficiency of selection depends on many factors, including the
ki netics of dissociation during washing, and whether multiple antibody

f ragment sworeow/®e2agl e phage can sinmul t aneously engage wPCH/UsRe104926310

Anti bodies with fast dissociation kinetics (and weak binding affinities)

Coati nd e £y 00 BEo G b B3 SRaa he g b dibaSh of idebary O
stablIQ%§§ﬂkaqngﬂ@gg%ghrgggghmwlQOV@hﬁmg;u@ggyactlons but favors rebinding

of phage that has di ssoci ated. The selection of antibodies with slow
di ssoci [QH?ﬁn ki ndt 1sq3$>ss(1blndlo gdod bbindn mga@f dnitthpdic el dlﬁfawnbéﬁprt@mved by use

of | on es a oV e di scribed i.n Bass et

pr ot AR M SRR 6 G i Y BB gt 7P HREBAT g
den5| t Yanﬁf)o i e p@$orARY G kcﬁﬁ@aﬂfﬂltyﬁrﬂéﬁ&aﬁén fkhniqisPisaatenoto. givdrisc489- 783
(1992). [0148] 1t 1s possible to select between phage antibodi es of
di f f er engnyanfianist nesf, bn@i;@gltqmmllgerafafld mf@\ivé@ﬂtmalaer@fﬁmbfr Withdimitige f or
antige 1 t I f ormed
n Sone%nglé?v@%% high a?ﬂgm}g%et%é{é@ corn etseﬁ o%f 'E(gre%]% aﬁ%g%mg gﬁflglgy%?ut%g%y
nut ant sphap®sdan tble mebubgtet ovighndxicgs rbaotﬁmhtai érﬁﬁgewmlhwﬁﬂlgln@bloaﬁilaﬂad taptigddidt h
limting antigen, rare high affinitz@phage coul d be conpeted out. To retain

al | hi gheamegtratian of lower salarity frandhe tasegt mplarn alinibasqugton) 1o apfkgees S he

biotin t ation
of 1 oney o bR ks Wi dlel B8 e Ll B R B e R e
hi gh aﬂhmhﬂeqﬂh%mmmngﬁmhagﬁsw&ﬁmahhbnhhﬁo@apﬂnﬁedahym&hgepmahhﬂhﬁﬁenﬁted

ar anagnet.i ¢ beads...Such "equi.li.brium capture” allo antib es to be
Cel ot SHTREAN) Srgsiiaty at PO i T GRuERt iy Wb BT T y ¢ hat
per m t ,ihRQLAtdiQNr&h a Pla®BEcesd SNRgW W ith ﬁﬁvér 'a?ﬁﬂlﬁy @)ntdﬂﬂ)ng Ak iRivaRRhe

affinity froma“great 'excess of phages with |ower affinity. Cbndltlons used
i n was mhagesgioage & berlivtbhase eansdda ek phrigelated o dissomprataemihpbbsis efl t o
discrlqhggte on thF basi s of dissociation kinetics. [0149] Anti-antigen

cl ones HOLKINEYSSad based on activity. In certain embodinents, the

i nvent i[on4qgr ovi desniitigeatldrge mag bt isbiRet@Badeiah abiiAeh. tia deitiing cel I's t hat
naturally express antigen or bind to free floating antigen or antigen

at t achenbogdinaerie theavenfioarpreyidescantir adigerrgntglogins $hat indede gwmﬁ Gegs thet such

ant i - drgl%pe%&'s Qﬁﬁg Sor b B %%io%?hggn en(o%)anhg 31' a%tta & té‘%pler c&ihaden

cl ones from-a rary as descri ove op 1onal Ty anp |fy|ng

t he i saotratweksp &pldics om&sbomﬁge) Gichnes- dyiggn amibogiddeat besgeqed By (Ign in a
sui tabl e bacterjal host sel ecting antigen and a second proteln agai nst

whi ch BF‘S%%%@“aﬁEI“%?@rP&fPI@é @OHga BRAGEVOFFY 2 deisred dhoMg, andordesilbed; (3)

adsor bi usi ng
20501 D5 B0 1,80 0B B0GERAEL PRFS: St AP € PAAIRT nf

rec og_mba_eteaa]t higeri2) wiavdng gnt@heanmarsemmﬂ padtemhegeinstr Whiph blockimg agh aoed wth
the bi %qg)cqgng activity, respectively, is desired; (3) adsorbing the anti- antigen phage clones to

immobilized antigen; (4) using an excess of the second protein to elute any undesired clones
that recognize antigen -binding determinants which overlap or are shared with the binding
determinants of the second protein; and (5) eluting the clones which remain adsorbed
following step (4). Optionally, clones with the desired blocking/non-blocking properties can
be further enriched by repeating the selection procedures described herein one or more times.
[0150] DNA encoding hybridoma-derived monoclonal antibodies or phage display Fv
clones of the invention is readily isolated and sequenced using conventional procedures (e.g.
by using oligonucleotide primers designed to specifically amplify the heavy and light chain
coding regions of interest from hybridoma or phage DNA template). Once isolated, the DNA
can be placed into expression vectors, which are then transfected into host cells such as E.

coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do
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determ nants of the second protein; and (5) eluting the clones which remain
adsorbed following step (4). Optionally, clones with the desired

bl ocki ng/wonetwweliing properties can be further enrichesChyuse@paadsing t he
sel ection procedures described herein one or nore tines. [0150] DNA

encodi ng hybri doma-derj ved .l onal . anti badies o di splay Fv clones
of the I}Oﬁf?é‘ﬁwléﬁplioéu?eelgHP‘iu}PQ@H I3 PERICIANtY @éﬂﬁ%éaathag GeckoBt onal

pr ocedufgiscldhabantBbdids ili@e Pbdopibitint RO% CEI6s. BLdVIRY SrtidRS bgm&%n{tﬁna%@em fically
anplify the heavy and |light chain coding regions of interest from hybridoma

or phagepBiAon enfricstrg)of adhomtyr@cbding ONA fmh[clﬁ%sl@an ebel. fliace@dpinivnon
expression v e then tran ct into t cells such as E
col i ellm"? §1 #n%gﬁ (%I) ??Q‘Ck%ﬁflr(gg’gmﬁ’ ﬁq&ﬁkﬂ ?% cells, or nyel oma
cell's tibasijdonot PrAGHMbERg ﬂfeqelm&wsmmgb&imhlcan BE B&:@bitcd WAhARbALN t he
synthesis of the desired nonoclonal antibodies in the reconbinant host

cel | s. [P¥Aisequaaces iceding hepacdhat andmr lighpehasseamtaphreginns £4-2.ghof

256 ( 1058700ERG BRACKNHRE 4 A Bl Roye 8 Spr G PO bl DA™ °

encodi ngcoddieg Ml & pangs |@igtit hewly aué/ot hgln chains.br mnmblap@écmddhh&mGMa@NA
sequences, encodln heavy chai n_and/ or ght chain constant regions

the apgfeipps aélymmgf‘e@a dseed @éﬁhlbéu%’ﬁﬁeail%&ﬁ“#% a4 kaMaleletlgly and Igﬁpr é) to
formcl c%ﬂ&%nt%gl‘é}% gﬂd E{é& Lucﬂrcoﬁaﬁﬁt' @%oﬁse&%tﬂ% Joeave 28R §h{u'nQHE &Hﬁ‘l'af‘s 't
wi |l be apprec at é at const ant gi ons of any |sotype can be used for
this puppose,An Reklode dgrivgiGrorhgihd varghle dogiain BINA bénccammsslastchrasdiuons) and

t hat such .const egi ons can be ined froma human .or anj.mal
haei epeiE R B Sl a e dan TR Lot SRR CIENA fofm SRR

(such agqhuEE®) fo? PRAIRS' ﬁﬁqeﬁéﬁ? Heafv‘;’/%ﬁgmtaﬁdﬁ)? 'Hgﬁtadﬁtalnrl@ HPpcPNMRf  anot her
ani mal speC|es to form codi ng sequénce(s) for "hybrid," full Iength heavy

chain ad@ﬁ,hmonqu @Hnm@hai and "hiybrid| andibady ms wded haesii. nintdeingimbodimenss, iao Fvand
"“hybrid enbodi nent s Fv.cl one

d h i,
ao el MR R e e A i S R e B 2 IA K BfONA ¢ o

form cadiding ss@ameasEos Fulf-@f phital-tength H@idn thvy eND6Midhd BRAnd€avy and/ or
l'i ght cha?%s [Olgé?&%NA engodlng gntl-antlgé% antlgggy derlved froma

hybri ddfBSdf t he PNOHeoEng efirantieen apEbedyadcrived fropy a bylxifema ofshe
b
T SR e S e e (I

S den

cl one (lRagy- aad light-thuen cetshodd@haivbin pla@roféiontllogoulPhgine &quenceéﬁiadvecﬁm
USA, 81; 6851-6855 (1984)). DNA enc ng.a hybridoma- or Fv cl one-derived
anti bod{orpih @rh@&ﬁ@lﬁl@ clons (p& %St}?tﬂﬁ-‘effletgre‘élpf N@aﬂw ¢ 8LaleRt VgL AR ¥ to the

o B B 0,968 S bl ARt D OGR4 =

ant i bodragmeat eanprecfosthednodifitd havevatlehfelybomdlgng tepeohnagldbpliofcoding
sequence all or part of the coding sequence for a non-immunoglobulin polypeptide. In this
manner, "chimeric" or "hybrid" antibodies are prepared that have the binding specificity of
the Fv clone or hybridoma clone-derived antibodies of the invention.
[0153] (iv) Humanized and Human Antibodies
[0154] Various methods for humanizing non-human antibodies are known in the art.
For example, a humanized antibody has one or more amino acid residues introduced into it
from a source which is non-human. These non-human amino acid residues are often referred
to as "import" residues, which are typically taken from an "import" variable domain.
Humanization can be essentially performed following the method of Winter and co-workers
(Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988);
Verhoeyen et al., Science, 239:1534-1536 (1988)), by substituting rodent CDRs or CDR

sequences for the corresponding sequences of a human antibody. Accordingly, such
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the Fv clone or hybridoma cl one-derived antibodies of the invention. [0153]
(iv) Humani zed and Human Anti bodi es [0154] Various nethods for humani zi ng
non- humarwearnioboei4ses are known in the art. For exanpl e, PaThISe@®ENI02&d0

anti body has one or nore amno acid residues introduced into it froma

sour ce \hi ch. | o - human. . These non-.hu m si.dues are often
referre upngnizedaniadics arFéE}%fiHé’s“‘n“\aml%@geﬁﬁtyﬁP &) ({]j PARGRTHE om an

"i npor tsubé’c%tia"ﬂ?'l@ss@Mﬁednﬂntamnzﬂhagl@ d%ﬁﬁnpﬁas%éﬁ musaiultea RethE or med
follow ng the method of Wnter and co-workers (Jones et al Nat ur e,

321: 5220825 0hd 886k qudRice hmesnmoreburadn spebias.Un @rac8se haadnzad al(ltllgﬁl&)s ard/er hoeyen

géqﬁénc@égé ng %%%¢P§§%B%§Fﬁ8gé%gﬁ%#%5§%1SUb%h%%§h3ﬁﬁ?Fﬁﬂgvml 8Fd|ngly,

such” hLsﬂamtat@al%ymﬁd&@%ﬁﬁa@[@oﬁmlf@ﬁﬁ fodht ikddilies (U.S. Pat.
4,816,567) wherein substantially |less than an intact human vari abI e domain

has bedA13ibst i t ukhschpipeohbuman veighbhdemyns dgthelight and beava, iedis-Usedrin

speci e re .t I t.i bodi es
R e e JHIBNATE 30 Rl o Rl SBleERLLY AWTREREI BPTL 5%y
r esi dues-datledn'tzeafigottbod |th@&quéncé©ﬂ&r¢tvaaalblleldediaﬁs@fa[ﬁal&ﬁ]anﬁ'bt&iyclhm ce of
human vari abl e domai ns, both |ight and heavy, to be used in naking the
humani zséffe&?ﬁ ffg@wr e epgre\)éqrwqﬁ%s?wamm@ V%@N@:@%ﬁlﬂ S§@YANEss: yhe AwdaR di ng to
t he so- of a
rodent SR TEoMa® glorest b e KAy MRAGEpRA e HAbbP R R BRI R)

vari ablfer tlharhamanae«naﬁﬂmels (Sihisect U dmseqoiencé : 2286 ¢1r99|3$ Hotlse st alt, 0. Maat of

th d h f kK (F humani zed
ot body ok T ot it st Ee P o5eHa 999y bt BBt 3. ML
Bi ol - bARN9ALAASRLbE all ABALABHERIARKH 2 Yu i BRI ALH bARRNO rcﬁaﬂ:i@r i ved

fr0n1the consensus sequence of human anti bodies of a partlcu ar
subgr ouheshmiifgimeverk haabyg U@mfom s¢veT¢1 alifferoms Hunsmiaed ektibaljesii€ariered af.or

several , dif ere t . hu 4 i i Acad Sd.
o ol B S BB SR U9 e 1GhurPhitss F5 0 £ o15E) Y
i's furtbeso] rrpor tlaﬁtfuﬂmtm@aﬂmc@maﬁumlémmmmm&ewlﬂl re@h86 bOKigRf hi gh
afflnlty for the antigen and other favorable biological properties. To

achi eveffimitysfogd antiger ancdipthey fevoreble bistbegilmsencrigds. Theckietid, colimani zed
ant i bodj r yences
and vari-Sdhds BhEPALSA . & B ARART. Rln 1R Bl b PraRAIA pRETRT S or
t he parcﬁ“rahabzs@bﬂthlalpﬁwﬂ'taz setjuseeisand earioukltoaespiarbnsboined priotustn oghgtud-n
nodel s are conmonl y avg‘ﬁl able and are famliar tq those skilled in the art.
Conput eiMepBefehmedsls ©f Sgnarenttl endApmranized srapprace HRee-insr)alor obabl e

three-q r{ﬁ{h%lg%ﬁhn GRAERG F@(fdn?rﬂ@tld %"véﬂh%;é‘a{n%lsaré’fanﬁﬁhret‘éttﬁ&e%ﬁﬂ% G art.

|nnunog n sequences nspec Ion O
Computer programs are available which illustrate and display probable three-dimensional

conformational structures of selected candidate immunoglobulin sequences. Inspection of
these displays permits analysis of the likely role of the residues in the functioning of the
candidate immunoglobulin sequence, i.c., the analysis of residues that influence the ability of
the candidate immunoglobulin to bind its antigen. In this way, FR residues can be selected
and combined from the recipient and import sequences so that the desired antibody
characteristic, such as increased affinity for the target antigen(s), is achieved. In general, the
hypervariable region residues are directly and most substantially involved in influencing
antigen binding.

[0157] Human antibodies of the invention can be constructed by combining Fv clone
variable domain sequence(s) selected from human-derived phage display libraries with
known human constant domain sequence(s) as described above. Alternatively, human

monoclonal antibodies of the invention can be made by the hybridoma method. Human
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these displays permts analysis of the likely role of the residues in the

functioni ng of the candi date i mmunogl obulin sequence, i.e., the analysis of
resi dues wbaviombtiqauence the ability of the candi date i mromagkalombkdé4mot o bi nd
its antigen. In this way, FR residues can be sel ected and conbi ned fromthe

reci pient and i npo equences so that the red anti b characteristic,
such asmyﬂe%a%@*oaw W%@hqtﬁpnkya@ntaa%e&éfnea rit weé Clond! fiRFBved. I n

gener almoddeforly RRIVBATL BN SR AL QRILEE SHEAUGE A, By K I B61 ). ym%%m% 3001
substantially involved in I nfl uenci ng anti gen gln di ng. 57] Human

ant i bodil@$H)oBrader ertrweMonocriomdpAméomﬁmduwmmﬂerquamMMZcﬁmm pne

! or ar 1900 HOR A Shen SoRSE a0 AbAS Bosagditel <5 uBohebl Mied above

Al ternagoyely, human nonocl onal anti bod| es of the invention can be nade by

t he hybridoma net hod. Humannyel oma and nouse- human heteronyel oma cell 1ines
for thdOp¥&dduct i dhisarosHblede PrasHecirarapnia arinddices Migokthplewsn cewdble bpad, f or

exanpl Qi l\/bnocl onal
Ant |ml;od %gé{? rp%qdecc W@lelg eé%“ﬁ%%l &5 ?%tﬂ%ddléé gﬂ]aﬁ%bé% {: %gr cel Dekker,
| nc. Nﬁa‘dbg/shbks 1n319817()g10‘tﬁﬂ\1¢l pBedicriel. i cedmple,it hdtsﬂtﬂﬁdﬁ (dbsc;rlb\ad\ﬂhat 8k (1991).

[0158] I's possible to produce transgenic. aninals g., mce) that are

capabl élona%&oqsmﬁtfpa@f ﬂ@rﬁnﬂmd}pb%whwe JRIntg TEEipR g@ﬁ@rl@ B isrand
anti bo Ok For
exanpl eﬁﬁ Hn%a tqﬁi%gg%glrt?{)eﬁm?&tg% mtl ormzygg ée et |d§ﬂﬁ&;dCHEe ant i body
heavy- C]’ransfer] aditing lmgnzxre@rmnllme]ﬂal)mlgmgk)tiuhn (ghmemrayunandl gemAkind metanumart ni ce

results i n c pl ete i.nhibition of endogenous anti duction. Transfer
of "t he T g8 PIOHEC Py 1B B GaEn 2R 04 SR R Ger f | | ne. Mt an
mce w J‘akotfo%ﬁkl bt all PrdchRar AYUCE; onsRf 9@2‘5@"( 1 9@3?)' P&@b&%tslb@ an MpLigen

chal | enge. See, e’ g., Jakobovits et al, Proc. ad. ScL USA, 90: 2551
(1993) 3623256&;?(5\&(11%93@1Bmgg¢1’rmv@t el,, Y382i0BBHDES 7(139(99?3) Bni@gehmlrm abt al .
Year (1993); and Duchosal et al. Nature 355:258 (1992).

[ 0159] r}@ﬁree %Eu?fsigl(ﬂ%%)can al so be used to derive human antibodi es from
non- hurransole. g. r@&ERIhufffd EdicStse useh e gerlvRenubtiiBintiBoditPREM ndahusiadl | ar
affinities and specificities to the starting non-human anti body. Accor di ng
t o thi <-greedrad anfibodies. wherd the humpn agfibodpiheppeilanpfifingtas vgd spesifidiéss tohe heavy
or lig r n, Of r ai ned by
phage dre Ay ab B Su S Al R W XL I i BB S Uo7

of hu namp\o{nd@gﬂ;l Eithqgelineltcavg beAghtryaia vadpbik addiemnofd nsrohurhaaniboligifasngn

chain scFv or b chineras. Selection with antigen results in jsolation of
a non- Hﬁ),t@ép]edclwapah@,gﬁ g}mlﬁlyéq:@in]ﬂues as described herein Es r%placed with a repertoire of

—+

human V domain genes, creating a population of non-human chain/human chain scFv or Fab
chimeras. Selection with antigen results in isolation of a non-human chain/human chain
chimeric scFv or Fab wherein the human chain restores the antigen binding site destroyed
upon removal of the corresponding non-human chain in the primary phage display clone, i.c.
the epitope governs (imprints) the choice of the human chain partner. When the process is
repeated in order to replace the remaining non-human chain, a human antibody is obtained
(see PCT WO 93/06213 published April 1, 1993). Unlike traditional humanization of non-
human antibodies by CDR grafting, this technique provides completely human antibodies,
which have no FR or CDR residues of non-human origin.

[0160] (v) Antibody Fragments

[0161] Antibody fragments may be generated by traditional means, such as enzymatic
digestion, or by recombinant techniques. In certain circumstances there are advantages of

using antibody fragments, rather than whole antibodies. The smaller size of the fragments
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chimeric scFv or Fab wherein the human chain restores the antigen binding
site destroyed upon renoval of the correspondi ng non-human chain in the

pri mary pNagelodiogptiay cl one, i.e. the epitope governs (ipeprisate)2d4ne choi ce
of the human chain partner. V%en t he process is repeated in order to

repl ace  t he renajnln non- egpaln uman anti body is %ptalned (see

PCT \Aoaél%é%rgpl&&&q YK, tollgmve BREGSR P §ST3HY H3sHeralF R draHs % at i on

of nonhyseA.iARKIRRYI f tscgé% @ﬁ@&ﬁwa C%RBB)SN&zemB' Styey_p5HVvi des conpl etely
human anti bodi es, whi ch have no FR or resi dues of non-human origin. [O

160] ( \,{))léfdit i bodyVé#Erg mhnmu{:mM]beﬂndavt@myd fq:ratgmwgctrmgofbat@@hfer ated by

traditi t t ,
techni drnenf HREEHA, PR C R SR EFE PR radoaicHBEN 030 anti body
f r agmeningibodiad (364, e@"%oﬁﬂ@kﬁet%ﬂtJ&@%l@?Bz&%@n%ﬁ&Bzoﬁhﬁ%a@M&Ws

fragmentsal l ows for rapid clearance, and rrg]?/ ead to I nproved access to

certai R4 105sUs 198D ang Besnnasvetad., Saiencai 2%t (1988). Howgyasrthese fremontidson et
| 20 b
gevefopgngor tth &Eﬁed o %Bgﬁg%Pngﬁ %@%% pgq#%h%9$&#$§§ﬁ%F@§§fIy?e?hese

f r agrrerﬁ@m@tﬁadaﬂlbe&ﬂpms@dﬁﬁ Qﬁd&ﬁﬁcydtd:(bfrdngSbh ohuoillowihgéie facitd bodi es (see,

e.g., Mirrinoto et al., Jourpal of Biochem _cal and Bi ophysi.cal Mt hods
24 1o7-p1061uﬁt1(>119§@yge apRHNg ffhess feagments, Agtibedyclgagmonts g bedsnalyy | romoméver,
t hese fa'hﬁg ﬁBraH’:%\ﬁvgi%@?sB&P%%dAﬁérh&?Jepy Y- mmgabg@@an Bo {frec(f
Fab, Fv and ant | ragnents can al [* ' be expre in an se reted

f r om E.recoleied ftdmnﬁ adli alwl d@nanlyfcaup]leé tqofomahU( b b’ )zm‘ragﬁlehar(@ertarﬁbaht s of these

[ bt ar VG TP RSSO oG (19D EPirspidies el R E e EGR DETORT ect |y

recoverigdats ﬁﬁb& o&th ire@mthithe TG L YuleRERa8Anl @(J&%@a&&@& With flcRAGRNT S
(Carter et al g»o/Techno | ogy 10:163-167 (199 ccordi ng to anot her

appr oach Vl\@(lailbf N2 compymmgtsslvegar eb@wrﬁﬁontangdplmneefwdly%fam)dﬁsmbﬁdnb ithant host

| i [ f-1if
corpr | SN E AT ur Quleh RpA PRI Ein st PEETHGRRE Tk Betlad Bhea i n 0. s
Pat .  NapphreBOS,tRdkilléd frastitioneh Mh 6etRSn E@bodiRRnRY AfARiLANisAf siddlt ChaA Y
fragnents will be apparent to the skilled practitioner. In certain

enbodi rfEsment @ﬁF%Sﬁ%W@ 93/4 6885 iLhgl Rat.hes: A. 5#\1/ 8Pt candent8 [ ASSFPY. andseF v
93/ 1618§e thtlejﬁ)ﬁllyn{) %E::]tes NOF:inRet b r? ﬁ% s{f‘%%wﬁ’a?gc?e %?(ﬁof OJ: %;tgﬁ'tdre iRy (RS thege only

species W conblnln are devoi constart reg

t hus, trheybemitable fSMﬂeﬂﬁ(fHd&lthIfecff&dﬂﬁcﬁdg dorisp@oiive GsebbdRyi fagon prdteigs may vi Vo
use. scFv fusion prot i.ns be constructed to yield fusion of an effector
prot ej rbeacpn%trttCFréirtOtywé % egﬁ?ew& BIHER ¢t ?@Fﬁfh‘?&‘éﬂlﬁ? opthe sabYXy See

ANt | bOd[é{m'r:[HQé ORI dPY. se%%nt@%)? E}t?ﬁﬁgéﬁ ﬁsgcp(?%rrﬁig%%saﬂ%hp%}é ahfi nt rmay also

be a "linear antibody desc 41, 870, for
fragment may also be a "hnear antlbody" ¢.g., as described in U.S. Pat. No. 5 641,870, for

example. Such linear antibodies may be monospecific or bispecific.

[0163] (vi) Multispecific Antibodies

[0164] Multispecific antibodies have binding specificities for at least two different
epitopes, where the epitopes are usually from different antigens. While such molecules
normally will only bind two different epitopes (i.c. bispecific antibodies, BsAbs), antibodies
with additional specificities such as trispecific antibodies are encompassed by this expression
when used herein. Bispecific antibodies can be prepared as full length antibodies or antibody
fragments (e.g. F(ab') » bispecific antibodies).

[0165] Methods for making bispecific antibodies are known in the art. Traditonal
production of full length bispecific antibodies is based on the coexpression of two
immunoglobulin heavy chain-light chain pairs, where the two chains have different

specificities (Millstein et al., Nature, 305:537-539 (1983)). Because of the random assortment
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exanpl e. Such |inear antibodies nmay be nonospecific or bispecific. [0 163]
(vi) Multispecif ¢ Antibodies [0164] Multispecific antibodi es have binding
speci fi ciwpDesi10fwe24at | east two different epitopes, wher@CrhisS2@piocapes are
usually fromdifferent antigens. Wile such nnlecules normally will only

bind t dlffere t e itop bi ant i es, BsAbs), antibodies
with addifrBRgelospin: haavgapq eéﬂtsf@ewsa@gﬁygﬁﬁemﬁ ‘Fdf é)cnrgéucarae

enCOWa}ﬁﬁ&@l&lbﬂll)&ﬁ'ﬂG%f@b mf?e%éﬁt%u H&@&leb%wmh (ﬁﬂ}$91?&ﬁJs'tHe éditdcpodi es can
be prepared as full length antibodies or antibody fragments (e.g. F(ab') 2

bi spec|tf1$p¢c1£1ntstrbcidree§)mﬁ@@1bﬁ©]f thmoh@dtsrnbbculmkhln@ 1sblsggiéscd¢nedoyaafﬁnlby)d| es are

known |n th art. Traditonal roduction,qf fu ecific

A DouhitmiaBhbiy T80l BR oRRSTHE, 8 B s TR Bt RRIHogyy

chai n- I jrgd¥idufl alddiRabded in WO 08/08BE0, ah@ it MaluRSckBAME] dEMm gntospeeRbici ties
(MIllstein et al., Nature, 305:537-539 (1983)). Because of the random

assort m@P?0f i munogl obul i n heavy and |ight chains, these hybridomas

(guadr gﬁ?@éAI produg coﬁm?g{oea{‘&lh%ie P‘a@}r%c% Qriubjoﬁg %Mtft‘é §0hai E'Wn?‘%ﬁ'é’ fpLgeul es,

of whi y one correc ure. url |ca "OR of the
cor r ectbindihg spilct]citidsi(adtibiodyagtigdn andﬁﬁlﬁg bitesatifd fabddyto dinnmuiBglobilaphy st eps,
is rather cunbersone, and the product yields are low. Simlar procedures
are di SONYaSoningsIgeIsssts, fu%lﬁ%l PTQﬁe‘?glé[d%‘é@kéﬁ igpugpglopppdicavy ¢hringss- 3659

(1991) t E%EP i 1l omai ns
wth tﬁghge5|rggﬁggﬁg?ﬂ%n %E%?$|%ﬁ$?§%1?§%?i odg?%g?ﬁéé %%g@%kﬁﬁgﬁg?tes)
are fudmde the ﬁmmuamg-lcbdm lcomsta mguan(CHlb)rmhmirﬁeg]ﬂErsde sccchirey fardighhchain
preferably is with an inmmunogl obul.in onst ant

Corpr | ST eitn hHE G o HE AT DA pecarie G EGRSARReY ¢ypi cal
to hav echﬁfﬁ%glbﬁsséndhﬁ%ylr&h HNnEARDLRBLLIA ﬁghtct‘ﬁal(nqﬁle)m&%a AtokGardibe site
necessary for |ight chain binding, present in af |east one of the fusions.

DNAs  errxprissign vémsoris nandriog t@bansfwtdrﬂemvya shtable HQSBOIlgn@SIanIIhIS ipfoviidssifoed, t he

i muno n.light ai nserted i e essipn _vectors,
and. ar g e ity b athe BVf PEBPLRRs oF b GERPERH B EEEOR e S *F o
great fdngbodihéits Whidudjublisiatiogoft the thed m%@ypd@h@@@matmms%dm th%%nitﬁfcﬁ@n

pol ypeptide fragnents in enbodi ments en unequal ratios of the three

pol ypepudide divaiphismuns gigldsnlt ishboweyrst naseibledn Hpﬂeﬁ\th@@)dm%seap@n%fﬁrywé OHs. |t
Is, ho Vﬁ%e’e gﬁ&%@é‘g&e chiafhs i SRE & tr&“s‘lo%%%btwwﬁ V\ﬁqﬁl%%%ﬁlsesglgﬁ of WaeRf ¢ three

polypep I ONG  eXpY 6451 6N VEEL o expression of at |east

two polpopgepiidiectaiaiinsqidl r&ipsatsultain bigh Iyﬁ:$d,l;| drsvlicn thé gahoy belodsoartivhin t he
ratios are_of no particular significance. [0167] In one enbodi nent of this
appr oact8" ¢/ 8<hi speci f ¢ anti bodi es are conposed of

[0167] In one embodiment of this approach, the bispecific antibodies are composed of
a hybrid immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid
immunoglobulin heavy chain-light chain pair (providing a second binding specificity) in the
other arm. It was found that this asymmetric structure facilitates the separation of the desired
bispecific compound from unwanted immunoglobulin chain combinations, as the presence of
an immunoglobulin light chain in only one half of the bispecific molecule provides for a
facile way of separation. This approach is disclosed in WO 94/04690. For further details of
generating bispecific antibodies see, for example, Suresh et al., Methods in Enzymology,
121:210 (1986).

[0168] According to another approach described in W0O96/27011, the interface
between a pair of antibody molecules can be engineered to maximize the percentage of
heterodimers which are recovered from recombinant cell culture. One interface comprises at
least a part of the Ciz 3 domain of an antibody constant domain. In this method, one or more

small amino acid side chains from the interface of the first antibody molecule are replaced
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a hybrid i munogl obulin heavy chain with a first binding specificity in one
arm and a hybrid i munogl obulin heavy chain-light chain pair (providing a
second biwoOiag/wpm=ei ficity) in the other arm 1t was fowrod/ush@b/ordiis
asymmetric structure facilitates the separation of the desired bispecif c
conpound. from unwant.ed i nmunogl obul i n chai n conbi natons, ,as..the presence
of an i%%(%e@ra@aw #p (Gt YIONEF AT iTH g PRISHOBE CEHECHI U “fg r

mol ecul m 5AYI A8 $hd Bfoctidadialn®s) WY crefted BRMcahicPAce diths s@RRA 9RGHbdYS

di scl osed in WO 94/ Qf690. For further details of generating bispécif c
ant i bodhelscdeby réphacingxlargs| aninGacid stileehaiab withigstabedenes fe. Ersdymmd gy, 121: 210
(1986).,[016 ccordi,ng to ,anot her .approach described in WO6/270.11, the
v 1 ABOBEE LAERTEOHAR BRoBRErD B RBl B Pe SRREH BERehBeRaR e P

maxi m zgwaRdRAl GBS ueH aRSBsdaehcrer s which are recovered from

reconbi nant cell culture. One interface conprises at |east a part of the CH

3 donmilAl&R] an arBibprstic andihedianinchisaerass-linked o 'diciepadearigaign entdrodigsy Eors mal |
am no [ i L NS rem. ' face 0 f k1 b ecul e
rer e atinf o8 BRidRTiA I HaSCaRER Qo b Eall G b BRL P
Conpengadtd. Wucle amitodes havd, fordsainptabedr propasel & tagic énindné bgtdnatgh tei de
chain(s) are created on the interface of the second antibody npol ecul e by

r epl acifyanigdgellatl aoPycNe: 49 Hedthaandsontreaimentedfi Y Bfresion WY HP@HI0he or

thr eo”i\N@92/5(5’(1'3973%@‘@}"6@8@?1rfgegél‘ggéﬁ%’gaft&éndb'aﬁfeﬁ}?&g% %ﬁmvéinﬁéﬁg"f the

het er odi mer over other unwant oducts suc . [0169]
Bi specidonecraatt ichsshliakingmedthotis. Suicdée drosskladking agehestaee e kpoagatetheant | bodi es.

For exanpl e, .one af. nti bodjes . in the heteroconjugate.can be coupled to
oot i n g wbdlerdtin Lo g o Ao g ybpraE e phA S e, bean

pr opose[gchtnglutegr get inmmune systemcells to unwanted cells (U S. Pat. No.
4,676,980), and for treatnment of HV infection (W 91/00360, WD 92/200373,
and EP [080H9). Hekwshwgoes foyatrsraimgibbipdeidis anayodies fnerd entilxidydragmentsdraveni ent
cross-1inking nethods. . Suitabl e.cross-I|inking.agents,.are |1 _kngqwn.in the
o 0 i gFEPRT R YR B SR BEI B i i BF pher iRy o
Cr 0SS- | dhBiiidaglihleEh NBRHES: ct[ad 1I0bncEETIMBYYEIS 5h BEscEBOE hadcetere WIRREE idtdct

anti bodi es from anti body fragnents have al so been described in the

| i t er ataifibodiFpgre preipqlliecallickigsed fo geneiata ekl eBagmaents d heseeleaneentudieng

chem cal || ~.Brenn -1 i 9. 1985 .J.he a
proced %re %dclvevﬁ Ig? 21:3 " r%%ﬁ?%ccﬁqgeﬁ{hiﬂﬁélcﬁogfp Q%xrqfég %%eg ? %Oéilu)l/rﬁ iagsgfuljfeg%c%%g@%d%§1§ ng enerate
F(ab') &fhidgamhpsvent hesendeaduieliidublide ferm&tbnc €le Fib' filagmpnie senaatedbire he

di t hi ol _ conpl exi ng agent .sodi um ar@eni,t e .to stabilize vicinal dithjols and

g '
pr eventth¢heaBsERIhiRptipbsaoricdd NERAsHY b1sS: Qreotrthp Fal TIBERt wiyehsr at ed

ar e t hep. LRBYRAIHEE td Bic FabMIdi b9 PERERE! Fith INRapHSAt M Ahink8Rd i M A wilNi
Fab' - TNB derivatives is

equimolar amount of the other Fab'-TNB derivative to form the bispecific antibody. The
bispecific antibodies produced can be used as agents for the selective immobilization of
enzymes.

[0171] Recent progress has facilitated the direct recovery of Fab'-SH fragments from
E. coli, which can be chemically coupled to form bispecific antibodies. Shalaby et al., J. Exp.
Med., 175: 217-225 (1992) describe the production of a fully humanized bispecific antibody
F(ab') , molecule. Each Fab' fragment was separately secreted from E. coli and subjected to
directed chemical coupling in vitro to form the bispecific antibody.

[0172] Various techniques for making and isolating bispecific antibody fragments
directly from recombinant cell culture have also been described. For example, bispecific
antibodies have been produced using leucine zippers. Kostelny et al., J. Immunol.,
148(5):1547-1553 (1992). The leucine zipper peptides from the Fos and Jun proteins were
linked to the Fab' portions of two different antibodies by gene fusion. The antibody
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then reconverted to the Fab'-thiol by reduction wth mercaptoethylam ne and
is mxed with an equi nol ar anount of the other Fab'-TNB derivative to form
t he bi spewOfR20w/@med4ibody. The bi specific anti bodi es prodecedscan/obaiused as
agents for the selective imuobilization of enzynes. [0171] Recent progress

has facilitated the direct recovery. of Fab'-SH fra ts fromE. coli,
whi ch QMBI YR Ed RSP tha hipes @gwgrtﬂqf%ﬁgﬁ@ewﬁré%gﬁf Baercsylizedda| aby et

al ., J.fofffPhe MeBody ﬂ&ébd%%&s.zﬁlgs( %%&)%8)531@@1%&5& Qﬁliié&%ﬁh@%&g&fuicf?& gf a fully

humani zed bi speci fic anti body mol ecul e. Each Fab' fragnent was
separ atatihodelaameedinhefsy bhe Klialwolyl' teghuolegibilesctibal yoHdilinget &t dl. cheni Yad.

Cechni et s U G LB Eh BRSSP bR e ey S mlBhindibeas v ecer y
from r eggrbifRantibes) ﬂra%ij;@ntté.l The fia¥Mets TOMPASNa BESGLdhbRdariEble dBXRAT(VE))

bi specific anti bodi es have been produced using | eucine zippers. Kostelny et
al ., J.conngpigsoo a lighgchyin vamabte dogain(Yobly) a limkes whiekisrieo shosiyerallpwprairges from
t he Fo i X\ﬁq [ ap' <por.tien - i fferent
anti bo |ees&6‘jﬂggﬁ({egérﬁé§ﬁ%%. ﬁ%ﬁlg% i?lgb‘égﬁ%gr%%]igf’r@re s\p If/\?glenrde@lr g%fﬁ%nel%gf;?&t he hi nge
regi on fragnicnt dcrfonedey gaiawith thegoniternitahly Agcardovf dsrmuink of atihdd daygment,
heterodi mers. This nmethod can. also be utilized for the production of

ant i bodCTRBWEUMRE Y0 apfiger-RingBisdites. WIS By £ crakingbipRecH antihgdy et
al ., Procm Nty thGadof sﬁ?gler:;g ih gvgﬁi ﬁﬂﬂ;@ﬂéﬁalé&ﬁ%g)de dPEQVEGABY: an,

al ternative mechani sm for I specl c anti ragments. T
f ragnment égnmongpy 1 5e538H@99%4)- chai n vari abl e domain (VH) connected to a

l'i ght - in variapl omai. VL) by a linker which ig t short to allow
ot r1 ndObbiween CRET OGS QUIEHE i e L e EsT R Ry Ene VH and
VL domg}iQseclic M6oditeiBit prafLed. QLA aL 9. PRhifnon 1uh: §bh@ ooyl ementary VL and
VH donai ns of anot her fragnent, thereby form ng two antigen-binding sites.

Anot her[0$T4]at egy (Vo) SimgktPembingpdibofliesc ant i body fragments by the use of

si ngl e- i.-n Fv (;sFv) diners has als een reported. See Gruber et al, J.
rmanoll0 . 53647 gsHPOIgRSy AT eda c U 8 T ReR A al enc e
are coningbpdyat £dingfodorfaa aRfitodytis b SRER! fol¥peaitd ket t@tipeane Beops pordibed. Tuft
et al. J . Irmunol%. 147: 60 (‘1g912. FO 74] (vi iﬁ. Si ngl e- Domai n Ant i bodi es
[0175] afrthskassy shibaprgiie domain cxgiliopadgrtish af e lighy shaih yarigde dompingifandomai n
anti body.. ingle:: I ' I Si e ] hai n .conpri si ng
21 or bt Ao AN, AR S BRI MR SRR DT O O
the |i ghtibedyaiDonvatis At ¢ Widthamn MA; sae et UlSodytent No.0E2485 I Bhbddionent s, a
P R RGN i St T R g

domain of an antibody.

[0176] (viil) Antibody Variants

[0177] In some embodiments, amino acid sequence modification(s) of the antibodies
described herein are contemplated. For example, it may be desirable to improve the binding
affinity and/or other biological properties of the antibody. Amino acid sequence variants of
the antibody may be prepared by introducing appropriate changes into the nucleotide
sequence encoding the antibody, or by peptide synthesis. Such modifications include, for
example, deletions from, and/or insertions into and/or substitutions of, residues within the
amino acid sequences of the antibody. Any combination of deletion, insertion, and
substitution can be made to arrive at the final construct, provided that the final construct
possesses the desired characteristics. The amino acid alterations may be introduced in the

subject antibody amino acid sequence at the time that sequence is made.
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enbodi nent, a single-domain antibody consists of all or a portion of the
heavy chain vari abl e domain of an antibody. [0 176] (viii) Antibody

Vari ant s WOX@y1oes1sone enbodi nents, ami no aci d sequenceCmusediovadsion(s) of
the anti bodi es described herein are contenpl ated. For exanple, it may be

desi rahl o i nprove the binding affinity and/or other biol ogical
properﬁpgghof thé”éﬁ?ﬁﬁ@é¥tmﬁﬁ¢ G%aci d sequence variants of the antibody

may be pigpared bphel AlibOARCHNE: ARRAART AR GRAGIRSi A & dRiMkdifRad de
sequence encodi ng the anti body, or by peptide synthesis. Such nodifications

i ncl udeonprateinacao woicted bui ansnéwom thapd/and ré¢addgayviibabée. i Intcortaind/ or
substitutigns of,. residues.within,the .am no_.acid, sequences of e anti body.
Ay cortitieaiRaft sbd BRIeEs Srittb T eled ATt B S PR R ohb e nae t o
arrive plyrh&ls NoRalmiGiag sdrsies oW @gblé patymieRanéiudalbue SR ot igitePRESESSES
the desired characteristics. The amno acid alterations may be introduced

i n t he poliystlodencaglyqah GG h wppdymeisdf sByylrag gbycat/propelens givcolhat sequence i s
de.[0 i i i j 7 i i f .th
LGN e e N O e T R

nmoi et i eBotdiate, polg-1koutiotdnct dikylaid/malett anbadideycopvBintcadatyanhifoguidd @itier

enbodi nents, the noieties suitable for derivatization of .the antibody are
wat er  SOMARCEMES 9iigpdom apRlymaTsY.iaRg dextErmar el dn-vit eyrrebdansinolyséyiens: s

i ncl ud t it . ol yners of
ot iyl arly i prEBpihe LB a8y ¥EIDAOBAE SOUADL L RICbxdE 8RO VITer s
pol yvi mglyrmirsafetioxypbb vty ) lan), byl al Ghoimkobtes thoreor.

(0] -1,0,0-1I1 0Xghe, etn nmal el an rr de .copo ner. 0] am noacl ds
ot ¥ horP T T PR oS B hg At et % GBS - vr y|
pyrr ol i gme), R LMEk Y hEpay oy 5L bo BY ORY ABKLEREWEIHE Ahd RATIR:MERES or

prol ypropyl eéne oxide/e?hylene oxi de co polyners,” pol yoxyethyl ated polyols
(e.g., wbymehal. )Theguinber nf/polmneshattachedrid the antibpdsmeheroind Polorethapl ene

gl ycol propjonal dehyd hav dvant ages..i n manuf act yrin ug to its

0t 2o 1B PR TR B LB R B B e R Bt B g mmy e
br anchefinffer bitPsepo86pol fhersMgsdRIr defiviRhiisris Ridcashatddttasdéden anti body may
vary, and if nore than one polynmer are attached, they can be the sane or

di f f er ensideypens ineluding, bys met lmited toe theuepegula megnsrtiasyps dunstioppphither s used
for derj vafizati ] ' ti [ di ng, but
ot |1 el B B o F Ry Pt SRRy ARG R B0 AR R A e B I body o
be i nprdefiacd comdétidnerett.he anti body derivative will be used in a therapy
under defined condjtiaqns, etc. kpl80] x) Vectors, st Cells, and
ReconbilA& Met hdyy  Vectors, Host Cells, and Recombinant Methods

[0181] Antibodies may also be produced using recombinant methods. For

recombinant production of an anti-antigent antibody, nucleic acid encoding the antibody is

isolated and inserted into a replicable vector for further cloning (amplification of the DNA) or

for expression. DNA encoding the antibody may be readily isolated and sequenced using

conventional procedures (e.g., by using oligonucleotide probes that are capable of binding

specifically to genes encoding the heavy and light chains of the antibody). Many vectors are

available. The vector components generally include, but are not limited to, one or more of

the following: a signal sequence, an origin of replication, one or more marker genes, an

enhancer element, a promoter, and a transcription termination sequence.

[0182] (a) Signal sequence component

[0183] An antibody of the invention may be produced recombinantly not only directly,
but also as a fusion polypeptide with a heterologous polypeptide, which is preferably a signal

sequence or other polypeptide having a specific cleavage site at the N-terminus of the mature
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[0181] Anti bodies may al so be produced using reconbi nant net hods. For
reconbi nant production of an anti-antigent antibody, nucleic acid encoding
t he anti bwdyoiglopsel at ed and inserted into a replicabl epeceatses10f26416 urt her
cloning (anplification of the DNA) or for expression. DNA encoding the
anti body may be readily. isolated and sequenced usi conventional .

pr ocedUe§ (¥ RglypeB quTl}?g}l%quleﬂml@Hf ?w@eﬁeoﬂﬁtf@gteﬂrgmaﬁf_e b 1&8}3%1%1%15&

bi ndi NG sRAGH af@plotedsOd BEH 8 ARA NYolal BeIRBYY bMEL hdsORLL. Gl ns of the
anti body).” Many vectors are avail able.” The 'vector “conponents general ly

i ncl udeprolpuryotar leshedtls thatidp edt teoggroreandrprogasea ofitivcratibody swhalgequansd, gnal

) i qi f | icati . k h
of ement ™ SERH SHHRAFe Db ET By e orokaXesis Mesihieturics Ao eihdREE S 82]  (a)
Si gnal fs&fuengsusenpearatind PlshatdR, petidipdye, §fp, bhBedt-IMBRIdn@RIGRY e
produced reconbinantly not only directly, but also as a fusion polypeptide

wi th a lpastess dlos geass sgsattigndpe nafeve sigmakseqpengmedydicatybstitated ibynag. d8gigarice or
ot her pol ypeptide having a specific cleavage sit t the N-ternm nus of the
et ur el BER e, g e ReE PRI sFa TR antied «0f KRk o2 Byt o et ed
pref er abddérd) SorQRRI HRPhattake 1RESY HicZE /BRI fcRESAde (Qder, or Begved by a
S|gnal(§Fpt|dase) bé@ﬁhe host cell. For prokaryotic host cells that do not

r ecognideecreied ipMNJe 894 364tk alni pemamtipbesdhexpregpian, Bagmehaesiged scqicgers as
sequence.j s. . S i .ok ti.c_signal, .sequen el , for
exanpl ev,vel,f ?Sovrhya?aéeprégt?%ﬁga(g%s’ ? %Igexaﬁn%g%?lﬁehe eS%%‘%’é%’ég e,Sl%éﬁflf:el a}vg}q%bgg‘e, | pp, or
heat -stabl e enterotoxin Il | eaders. For yeast secretion the native signa
sequendel1s$dy be Sup6Otiginudfedplitioe. g., the yeast invertase |eader, a factor
| eader (i ncluding Saccharomyces and Kl uyveronyces a-factor |eaders), or

aci d pHOspHat ase Bahdepressidreand. claing vemars gbntemarmichkseadie adpenceghatt he si gnal
described jin WO 90/ 13646. . In mammual i an cel |, expr,essi on, ..na | i.an signa

S quendBab IS GeRion® G pcae Bl ar iye reicates St FOB° TeRisi B e e pec

si mpl exycgiarSthainabucndé & dh¢ahdtahhifles he 18&br fokplfdatcindeRhdéR! dreRd hayp [ 0185]
Bot h expression and cloning vectors contain a nucleic acid sequence that

enabl eschi¢msospaial BNA.@nd épsludes 0rging of iplisptioppraupapmengy repseties| | s.

Cener al | i i tors i e i ne -t h e l.es vect or
Cor ot TR iR R R RE Feb Rhows S e S e bR SRR R pl e

ori gi nsorighn 6&eplicaiboh Gvndthecdldsaiid PBRSDY iy sfthble &b Mgst SRapargadve fdehia,
sequences are well known for a varienﬁ of bacteria, éFaSt’ and viruses. The
ori gi n tBe 2n gpemideiign 1§ yiablerfer yrasts andivasmms yoral ariging EX0erelyemapst

G am negal J&is PRGY R iEbv) b ueRIRb A Bhifle 64iSHs T hﬁnﬁﬂégiaﬁ%ﬁ f@%ne}‘?ﬁgé the @nd
various viral origins (Sv40, polyons, %denOV|rus, VSV or BP are usefu
for cl amigngoMepltication iCOl:I]JpB]ﬂHmiid ran nealed $or @amerabihi yxpredsonorccigra(tiaf SV40

replicatjon co nt i s pot, needed. for nmmal i an expressi on vectors (the
SVBfO or{g(l)n may typically be used only because it contauqlﬁs1 the early prorngte?). (

[0186] (c) Selection gene component

[0187] Expression and cloning vectors may contain a selection gene, also termed a
selectable marker. Typical selection genes encode proteins that (a) confer resistance to
antibiotics or other toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b)
complement auxotrophic deficiencies, or (¢) supply critical nutrients not available from
complex media, e.g., the gene encoding D-alanine racemase for Bacilli.

[0188] One example of a selection scheme utilizes a drug to arrest growth of a host
cell. Those cells that are successfully transformed with a heterologous gene produce a
protein conferring drug resistance and thus survive the selection regimen. Examples of such

dominant selection use the drugs neomycin, mycophenolic acid and hygromycin.
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origin may typically be used only because it contains the early pronoter).
[0186] (c) Selection gene conponent [0187] Expression and cloning vectors
may cont aWo 20818®kReti on gene, al so terned a sel ect abl e mwaTkseo10hy@EICal

sel ection genes encode proteins that (a) conf er resistance to antibiotics

or other xins, e.qg,, anpicillin, trexat r.tetracycline,
(b) coﬁﬁﬂ@ﬁm a%?#lf‘dﬁﬁ?@p@af St pedestat m@@s% %ﬁbaagﬂ%ariafl.ce%% TRAPFent s
not avahiiahh®le ftl{&ﬂbr?tﬁma{l&i(oﬂ@éﬁl's RomPetdnt totu!aé @%ﬁb@&‘ﬁ@xﬁioﬁ& '?fu%ie?é‘édi'@

racemase for Bacilli. [0188] One exanple of a selection scherre utilizes a

drug t cugh a@EHF@r glatamio Smthﬁzts&e (&) thymiosekioesel metaﬂathumem bugkdbsful Iy

transfor het 0gous gene roduce a rote| drug
ool ot dEE LR ERTS MY e R8T EPhaRt T oRuBg ee T et
dom nampig! ect i (Fbr@ﬁﬁnf)l@eceﬂ'é AR FORRMWItR theMYIAPRILAG hicGd@tifidd Bpd
hygronyci n. [ 0189] Anot her exanpl e of suitable selectable markers for

manmal i atuges ths tensformeyein heatltisnaistlian epatdidasmatheierpieMit), e sPMpctétbitpet ent

to take e nucl a t
synt netaLRofROARSCRGREL A UBURloRa; Pk s ey it 8T Ry 1y
pri mat a)tlrmtcaltfantsﬂ‘mﬁaenmblgelaaa Arad0knesd HmM@mnye(@HO)wenuinlaldeﬁcwnt in

decar boxyl ase, etc. 0190]K For exarrg cells transforned with the DHFR
gene ar@dpgranbs PHER aivittil g gr PG G GRLII0ME MY RaNE i n a cul ture nedi um

cont ai 2[0%]”9'[ hOtAl‘? t%ﬁ ﬁM:é(ﬁs’ trﬁ]st?ﬁQ&Wﬂ% tM@G%’}g%ﬁQ%‘ id ntﬂfedlag‘ Bltu

t hese I'tions, gene 1s anplified along wt
co-tranbé tramnﬁd*nmmtsl 1e|acculmliedned&1rﬁ:r¢omeﬁmg1hmmbnm\<taul;fm(lﬁhi@) (Msad)larﬂ i ne

defici ent e g us, DHFR ct|V|t L- 9096) may be used.
or04] TRIPLPREG S o peetdarr cordiiby Bkt h PG oS gans oreY EhER T od by
cul turipgsfohaed hanst QbiaanthS GS“se@ecﬁHhﬁaHl'bﬁﬁHﬁﬂin%ﬁbt@ﬁ%@j% @dlia et hi oni ne
sul foximne (Msx), an inhibitor of GS. Under these conditions, the GS gene

is anplqombe@tlahmglbhpDHFdhgelwﬂ@eéanmhfmmmﬂysmddasmbeél aboeci d. The GS

sel ecti nplifi corrblntlon wi th.the DHFR

Sl oot MR | AR BT TR e R bRE SO HR B0 Dot Sl et B hrost
cel | s (IPAFR) &bksBbrnedWr bétﬁaﬁﬁ@rtﬁ&ﬁ'&ﬁhm s&ﬁﬁh@ds&n%ﬁi@@@fﬂ%&o%ﬁﬁ)
transfornmed or co-transforned with DNA sequences encodi ng an anti body of

i nt er egnterap, wdld-type DbHERepenend anethea adediallc surles sag @ aminegycosifel as
am nogl ¥GOSI A& Ferasd (K Qﬁ@h rb%’léle@t%&‘% é@@%ﬁ%{‘m% i ﬁfa@?&lﬁﬂé%eﬁ%én growt h

in medifumicontar ni ng ction age e se rker such as an
am noglagenstblihe salratﬂablle@ﬁarker saclgas arkanaoylgtosidio antiiocfic) e.OrkadmfcinSee U. S.

Pat ent No. 4,965,199. [0193] A suitable selection gene for use in yeast is
the tr pIeopeR o @4 Bht Sqell ShRatgdNe. 45103sh%0d YRo7 (Stinchcomb et al., Nature,

282: 39 [() i‘&ﬁg) ) TRGuitdb sc8R06n Q&%Vfofl fist i9 yeast is the #rp1 gene present in the yeast
plasmid YRp7 (Stinchcomb et al., Nature, 282:39 (1979)). The trpl gene provides a
selection marker for a mutant strain of yeast lacking the ability to grow in tryptophan, for
example, ATCC No. 44076 or PEP4-1. Jones, Genetics, 85:12 (1977). The presence of the
trpl lesion in the yeast host cell genome then provides an effective environment for detecting
transformation by growth in the absence of tryptophan. Similarly, Leu2-deficient yeast
strains (ATCC 20,622 or 38,626) are complemented by known plasmids bearing the Leu2
gene.

[0194] In addition, vectors derived from the 1.6 um circular plasmid pKD1 can be
used for transformation of Kluyveromyces yeasts. Alternatively, an expression system for
large-scale production of recombinant calf chymosin was reported for K. /actis. Van den
Berg, Bio/Technology, 8:135 (1990). Stable multi-copy expression vectors for secretion of
mature recombinant human serum albumin by industrial strains of Kluyveromyces have also

been disclosed. Fleer et al., Bio/Technology, 9:968-975 (1991).
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sel ection marker for a mutant strain of yeast lacking the ability to grow
in tryptophan, for exanple, ATCC No. 44076 or PEP4-1. Jones, GCenetics,
85:12 (19vd)010fiez24pr esence of the trpl lesion in the yeast/uses/oealid genone
t hen provides an effective environment for detecting transformation by
gromﬁh %ﬁhe absg e of trél%8 han. Simlarly, ZeM-deficient yeast
straind cC 20, BpBrogrotaygogency, ¢ conplenented by known plasnlds beari ng
the Le ne. mm.ci r cul ar
bl s ﬁb BB ah T rsigh A1 Flopl ep AP EBNT Shhidich UEFTigr i Beliield

Al ter nady tHE€h¥st oBMNBXPERIIS oPEYably S kB {iudlAE GEd SR denAOAIGbERPréhoters
reconbi nant calf chynosin was reported for K lactis. Van den Berg,

Bi o/ Techtahledyr,usg wibrokayguic, hostsamlédemhle tAhodapgmetepr Bdadtanasgand b1t or
secretion of ma unman _ser ustrial strains

o Kt ey Tl oIS BT R e TR o RE & TRk Rom B Pl aaf oo
9: 968- %kbrifl bASHAdtelsQhObhs the acHiromBicer HoRORANEREr KidhIB]ackXRl MBsiotdts aRd

cloning vectors generally contain a promoter that is recognlzed by the host

or gani switelle Pronyiers 471 ypcin pacserial sysiey dpe Wik eentainécdinegDalgaraat(® sbly .
Promot ef.8, Sl B@Qgﬁygl e BSnON] Bﬁc%‘aﬁ{g’a%tdn%b&%its. i ncl ude the phoA pronot er

, b- | actanase ose ronD al i ne phosphat ase pronoter,

a tryptjopdgn (tr mrombwfr@é@m&y&teeknovanﬁr byl yadeqd rinmtidy sll suichyd@i dehes t ac
pronoter. However, other known bacterial pronoters are SU|tabIe Pronot ers
for usdavhamadrich @glwgf%%ap@r%mﬂeﬂx 23 nitthasesunssm fiog) diaske Wherep, )

SequenQEmBHﬁﬁﬁ@hynﬁﬁQ&fQA&ﬁh&hﬁ 8@0@ SG%FfﬁhBERQMIﬁ&ﬂ%ﬂ?&m?%ﬁ”nter
sequences a nown aryo |rtua aryotic genes have an
AT- ri chranegipionlod cang geagsps @ﬂN@AAEyean whe@(N bayds angsucleamdd. romntht Be site
where tr cri t|on i.s initiated. t her sequence, found 70_.to base

Upst r ecAT BiRst FHNABIOLE EoRys i fiy SEHGES AP GEAAE Teel R Pbgi on

wher e NhEBylyRetaANY tﬁwleﬁ@bffﬂl% colihg kBficdce. end onheﬁ@s%hu@ﬂ&%é‘ﬁﬂé%ﬁit@olQenes is an
AATAAA sequénce that may be the signal for addition of the poly Atail to

t he 3'leﬁmwdmﬁohehﬁwdungp§§@QeWC@08AlI of these sequences are SU|tany

i nsert to eu X ssion, vectors, t abl e
or oot 4019805 venc A2 G RS Bl Bibud P ey el Bph SR Re B gt

3- phospheabiesions Hhlssphashcortcatige of bihePLlybbltie BiFRs, sushiabesgasenol ase,

gl ycer al dehyde- 3- phosphat e dehydr ogenase, hexoki nase, pyruvate

decar bastysesddehygeraspiventiateddmrioasaase diekisascs Pyhualp Hacadabermvanho-

S Dnoe RSN SR B 1AL R LSRRONBRI R BB,

whi ch aflesdphﬁhpthaﬂaIm)n}m’rmpplﬁ)"sﬁh@wmg isoheraedintdighrakinase.
[0199] Other yeast promoters, which are inducible promoters having the additional
advantage of transcription controlled by growth conditions, are the promoter regions for
alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes
associated with nitrogen metabolism, metallothionein, glyceraldehyde-3-phosphate
dehydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable
vectors and promoters for use in yeast expression are further described in EP 73,657. Yeast
enhancers also are advantageously used with yeast promoters.
[0200] Antibody transcription from vectors in mammalian host cells can be
controlled, for example, by promoters obtained from the genomes of viruses such as polyoma
virus, fowlpox virus, adenovirus (such as Adenovirus 2), bovine papilloma virus, avian
sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus, Simian Virus 40 (SV40), or

from heterologous mammalian promoters, e.g., the actin promoter or an immunoglobulin
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advant age of transcription controlled by gromh conditions, are the
pronoter regions for al cohol dehydrogenase 2, isocytochronme C, acid
phosphat a®0,20thei@emdat i ve enzynes associ ated with nitrogeaTrest@bobkdison
met al | ot hi onei n, gl yceral dehyde-3 -phosphat e dehydrogenase, and enzynes

responsi ble faq | tose and gal actose uti]ization. Suitable vectors and
pr onot dFEMPSF trpwe o %%l%RrOEsg?EFF% SEPGe el ORISR ceecurT Doy Vil 9 hest 657,
Yeast enphapgehs al so are advantageously used with yeast pronoters. [0200]

Anti body transcription fromvectors in mammalian host cells can be
control[D2@ll] for eéNwmrmptlg andlatpponmsteas of thistSHi4fedrus romeanivenigeshiortdsined avi r uses

h Vj. f owd i d i h. as,. A i 2),
povi ne pany 1 BRa0 Fuem BT oo BTS00 LR shRUER TP GER e T ovt s,
hepat i tiimsnddiaté batS; %&M@@fiﬂem&aﬂ(by(&ﬁ@g%mg isfdoaRMaits kLIRS amammal i an

pronoters, e.g., the actin pronoter or an imunogl obul i npronoter, from
heat - sHbaRIIpE spstietion frapment. dAgysfemtopexpigssiag PMaf an awppadliap hestausing thre host
cell s . - ly..an I t 0 SV, | re
conven ST pHRE " 38 « SR B IRl PO R RSt P S Pltdeof P

t he SVAQT thik k@dternid dpseriladd in @S I Raadnit Vo, 4,00€,978MnBek sls@Rewssley aprammier of the
human cyt onegal ovirus is conveniently obtained as a Hndlll E restriction

f r agnem97:5R8Pd (&P on caRispEas Phgp b iHerearaPNEhinHBetss cals wefer e bovi ne
papilla vi rUs,. as: a Vv (o] L8cl in 4U.S . Pat 14,419, 446. A
Pon 11 cagt o AR APk Larp B B bR inieBvirS AMrRByeif o878 See

al so ReSugsonet Vilis lobiatteenal 965caOEM R Lis¢d 88B} pesin@¥Pr essi on of human
b-interferon cDNA in nouse cells under the control of a thym dine kinase

pronoter from herpes sinplex virus. Alternatively, the Rous Sarcoma Virus
| ong t éPAiHal refBRENRARACTISEEIRIEGORBORGEE promoter. [0202] (e) Enhancer

el enent onent. [ 0203]. Tran iptign of a. odi ng,.an, ant i body of
this 1 H9SR on by g HERoRbRaP G SicofBegneBibpR FaES L ST hEBIbFng an
enhanc efukssats iesftdnh&cifRe by ekdefing MiNaRRP JRYGEHcSBBUBEH C&SordManfOW known
from mammal i an genes (gl obin, elastase, albumn, a- fetoprotein, and

i nsul i rephanPgpsasaknoes ategewkerowiofiemyidrhmakian gamce (ghelrnis.calastasomlbureimker yot i ¢
cell vigus. Exampl.es.include . the SV40 enhancer on the late side of the
Conl | B RS S syt bo fo ey Ehralash g dteu Bt o b Gt
enhancefius! BRamplcy AR RIRAIVED cRthint & B RitS 188 oPthe k& Biche bigdh i

_ | hgqm(w—i gin,
and adenovirus enhancers. See also Yaniv, Nature 297:17-18 (1982) on

enhancii§).éhepdomegdlovirusceily aranantciombengesrthopolyope snipaneerson thpdatepidanter may
be spliged i.nto the.v f.at.a L11oneS org3. to th M ﬁ'_ codi ng
sequenci Faliphfe B R4 8o Rl s B PIBh LS To & o iy, A RS0

on enhancing elements for activation of eukaryotic promoters. The enhancer may be spliced

into the vector at a position 5' or 3' to the antibody-encoding sequence, but is preferably

located at a site 5' from the promoter.

[0204] (f) Transcription termination component

[0205] Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant,
animal, human, or nucleated cells from other multicellular organisms) will also contain
sequences necessary for the termination of transcription and for stabilizing the mRNA. Such
sequences are commonly available from the 5' and, occasionally 3', untranslated regions of
cukaryotic or viral DNAs or cDNAs. These regions contain nucleotide segments transcribed
as polyadenylated fragments in the untranslated portion of the mRNA encoding antibody.
One useful transcription termination component is the bovine growth hormone

polyadenylation region. See W0O94/11026 and the expression vector disclosed therein.
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[0204] (f) Transcription term nation conponent [0205] Expression vectors
used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human,
or nucl eawecowmelobzsiifrom ot her nulticellul ar organi sns) WwCTIUSalvO26@0Nt ai N
sequences necessary for the termnation of transcription and for

stabili t he Such sequences. are_co nly available fromthe 5

and d@%‘g(ﬁonall ggeleﬁma&aéﬁ% flé’an?tlé@‘i(%r]i’QStdF %uiaryotl c or viral DNAs or
e regqi ontai Leot i de se

ool yade[§£|@t e Pr IR P S R ATRR R DA e oriReein 5 i ng

ant i bodye pl‘aR@ry@EeeFréHst lof BIRHEF dukhtyre ¢tk Ataibt® Bb&RMBARESIE ptdkatdeesFovthine

growt h hor none po yadenyl ation region. See WP4/1 1026 and the expreSS| on
vect or IHFRASE decdilerdybpcenn, [S@@%]Gl@glfn@é’rl‘é%tﬂi ErnEAASIH YRRIeRy pRatPoM s Ihost

cells [ I f r g in the
Cect or SHObaRHLBR RM ALK, GO R 2L £ . B Qon bR EARMDOKIDSIR
descri U@dte@zb,o‘smno;&bdat ag.l Samankhl& yoheaofuon, &hiaaa,tmg pS@@anmhxcdﬁcaeutmdt eria,
such as Gr neg e or Gampositive orga r exa 3 )

Ent er ob%& %L Wla%wlt%% ey et and &7, r}wm m% 48 %H{Tz%@m%}ll’

Er wi ni adlsc'fés%@%d B foo, A0 FuBlished F2! AHIGIOka. pﬁezgzomo% JRASS PAadBbIEAY™
Serrati a, Serrati marcesca , as Bacl'l i such
as B. s‘inm)rdmwearﬂnﬁorefarmﬂéhwbla)plmmg{lﬁ)s‘gls,E Bolz BQ%b@TﬁZCdﬂ;ﬁ%) 4ltRowtihscl osed

in DD 266, 710. publi shed ril ugi nosa,
Lnd o B SRt R Car B Bl R TEC BT e & BT i FEES S (e
g;‘-_ ‘51;1%217 ﬁ5§ Q&%ﬂﬂa‘tﬁé h%ﬁ&%%%@t‘(ﬂ%&%ﬂéggu%%g)ge ré%ﬁ)ér'tha{%[ hrgtltlngoll_'h Xl 776 (iA\TCC

, E. coli are suitable ese exanpl es are
i1l ust r[QiZ@SJe r at Hal lengih antibadyi angiboflp fe8in Iﬂ‘meImSL @mqulbadw frgrgnts eant bdbody
f usi on telns ndat bo i.n _bacteria, in
bart 1 curodieg BRvadit B0 R P A R RS T B B i e e such

as whemebiel, Eﬁtﬁra’sﬁﬂiéhltﬁ‘e aleialpbmdyaﬂnbo@yamdéﬁﬁgadd t®a aytﬁb()&ﬁie@éhtc(e%eiﬂt (e.g.
a toxin) t hat by itself shows effectiveness in tunor cell destruction. FuII
| engt h tax) %ﬂbﬁegsqh%ihéwg eaetsienplin tymgreell degtiyctign aFuld bengthy dibedicohavien E.

i i t
rr agen S A0 BB prbilelifh B coliJE ARIRBRERPLRLARNE LN cart r
et . al )expkdsSon bf BDod P Grafhomty ard pallypeptideSin lﬁi,cfbﬂﬁ 15:236 ¢ SUSosi8ex37al ), whi ch
descri ' Lati

opt m ACagestpeagison A oalaeribi U 8os ki st Bl nt aner Ashdergibes
Mol eCUltf"arnsl%h% ﬁﬂtYatloMQE ogﬁgl %%n!fs%nall-sgquéﬁges foHH?@:i?zng &?%ssgﬂraﬂé[va NJ,

2003), pp. 24 CI‘I g expression of agnents in E. coli.
After &mpleamlﬁm?alim@heahm M&zodx&yM&deaM&bé@chﬂnﬂ&@ECd@ ed.cel | paste

; bl b
col trm THEBERIG: SHOPRE A0 par- Bivar Bt Preanp i tar sEioBer Fhedots,
si m | arintFo cdMeAREOSSS oAl the Hﬁt‘lﬁdﬁiy"iﬂaﬁlgbt isB1aRY from the E. coli cell paste in a

soluble fraction and can be purified through, e.g., a protein A or G column depending on the

isotype. Final purification can be carried out similar to the process for purifying antibody
expressed e.g,, in CHO cells.

[0209] In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or
yeast are suitable cloning or expression hosts for antibody-encoding vectors. Saccharomyces
cerevisiae, or common baker's yeast, is the most commonly used among lower eukaryotic
host microorganisms. However, a number of other genera, species, and strains are commonly
available and useful herein, such as Schizosaccharomyces pombe; Kluyveromyces hosts such
as, e.g., K. lactis, K. fragilis (ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wickeramii
(ATCC 24,178), K. waltii (ATCC 56,500), K. drosophilarum (ATCC 36,906), K .
thermotolerans, and K. marxianus; yarrowia (EP 402,226); Pichia pastoris (EP 183,070);
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expressed e.g,, in CHO cells. [0209] In addition to prokaryotes, eukaryotic
m crobes such as filanentous fungi or yeast are suitable cloning or

expr essi onolosy®2f40r anti body- encodi ng vectors. Sacchar eEYAS301002@YE Si ae,

or common baker's yeast, is the nost comonly used anong | ower eukaryotic

host Howeve r of other ge eci es, .and

strai nﬁ%@%?m%?%m Q?SF%{ﬁPe?%‘m%nEs’}é?%PSmé‘F e "1%39“ gﬁ’r&‘ﬁa’%{’é myces such as

Schi 20%%%9%19%&%%&9%% 'éh&'YiYa@ﬁ&l%{fé%nél%élﬁassk'gh Nédros Kﬁm@z Pe}ﬁczlin%t I'S,
Kfragilis ( 4) ul garicus (AT . w ckeram i (ATCC

24, 178)Toligocimaliuri, |an(l/4TszB:IZg56t§ 'liom sudh asdt wlybmslaad drrn(gAJT d®r36c908) , K .
ther not pl er ans and 2269t Pi chi arr(gtast oris

B Lo ah et et ver TR A R B R Pk pupaadiy o b S B s s o

Sch\/vanrye@ra/g;e@e@gﬁ}gs N BNRRMOMoEs 1a¢gogignt al i s; and fil anmentous fungi
such as, ., Neurospora, Penicillium Tol ygocl adi um and Aspergillus

host s s[Q%H)]as A Grrtgin Bungl andoyeast siipige maypsrselgcicdin whichi dyaesyetien t he use of

yeasts b
gt el LU B G L TS A
fun g| acﬁrcfuly;emahaxs guyabgysanﬁﬁypams Ske elged iichaMhVaxhBigkeyh 0BY2 HE-2 T(2086)hway s
have been "humani zed," resulting in the production of an antibody with a
parti al ﬁwcabl%muwnﬁaﬁ%ogqhy@b@yﬂé%wrpaﬁmacYelrln”lcfS@@an@rl@) and (ergerog ¢t Nat
Bi ot echy %rglo 215 (2006) (describing humani zation of the glycosyl atl on
pat hway Tn"Pichia pastoris); and Gerngross et al., supra. [021 1] Suitable
host cdgD2El]f or t rﬁanteklprlmsisueﬂsl fafthgtyprosionath g@rcasbtlatbd)dmltwdg aad deo denicded

from ticellular organis vertebra brates). ,Exa es of
AR N T A S A R el s e it Red
strai nspapge ffl@ﬁt‘ a%ﬂtlﬁse@t"&llg ONLARRARMabE o P81 Firsinh Xﬁ‘d baﬂ?a%?st an'ﬂ%he%hhﬁﬁgf rom
hosts such as Spodoptera frugi perda (caterpillar), Aedes aegypti

( Mos qui rteonissiAe @t@sctehlobtxmlls g lqcmssqlgh ta$)$poabpt¢s©ﬁhgllpardmf(lcanmgl@s) eedes

fruitfl b t d,
St ai el EPEREL AR e ey e s el Gty L e of
Aut ogr aphehy&aldrf BivRiteen NRMHART A Reri&inos vEhl stdaths T6r tRORRYHomBcipubfMy and such

viruses may be used as the virus herein according to the invention,

parti cuivarabje.feqr, the hnkFaseant ehdpgiapbdopiferrica WRYi asertemBeed pigainp6212] Pl ant
'l duckweed
e oA S5 0f NPOL bR uch Uklscd il Al Pusch QY REA R REIINI Aprd TR fe | TuCkiee

(Lemaceae runcatu bacto can & lized as

host s. ibemtior, guticullfsl Pt entstann ob SPpadhplerd fiRisdhdn 98, 6, 420, 548,
7,125,978, and 6,417,429 (descyibing PLANTI BODI ES(tn) technol ogy for
pr oducilAg!Hnt i bodlay orlf cplturs fesation prosmnofato, sovhesp. ReswriapRAt. fetkneetmy be

used aszbARlGue R adall QPIAH LM OindBHARBAH 156 B Lifliddd as hosts. See, e.g., US
Patent Nos. 5,959,177, 6,040,498, 6,420,548, 7,125,978, and 6,417,429 (describing
PLANTIBODIES™ technology for producing antibodies in transgenic plants).
[0213] Vertebrate cells may be used as hosts, and propagation of vertebrate cells in
culture (tissue culture) has become a routine procedure. Examples of useful mammalian host
cell lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651);
human embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture,
Graham et al., J. Gen Virol. 36:59 (1977)) ; baby hamster kidney cells (BHK, ATCC CCL
10); mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980) ); monkey kidney
cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-
1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK,
ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells
(W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor
(MMT 060562, ATCC CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci. 383:44-68
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culture (tissue culture) has becone a routine procedure. Exanples of useful

manmmal i an host cell lines are nonkey kidney CVI |ine transfornmed by Sv40
(COs-7, AVOCOORI2M651) ; human enbryonic kidney line (29IBCWUSZ®B/02@II05
subcl oned for growth in suspension culture, Gahamet al, J. Gen Virol .

36: 59 Ki d | S |
cells g@ﬁ% %Bﬁef e¥l§|hl§$?tq%é I ce at 1(11135@@;:%2 gagy g:alt IosI
(CVI  ATmfaian’ st cAf ﬁﬁé@%'clﬂd[ee@ﬁin@&%ﬁi(étéf b@ﬁ%&ciﬁ@)'o%m Y@ﬁﬁlﬂg DHFREC CRL-

1587); human cervical carcinoma cel 2); canine ki dney
cel | s (MNBOKIARGEUBEE aBARrochNEA. a40adr&az GJSA/éV 42136(@8())3m_nd3Ayelmﬁ@CeltRL 1442) ;

mouee IR o i ez eviApSS ceTR pyarpfandfi| & (1S waffeens oy 00
Annal s Mbocﬁﬁl@l@du&ﬁin 5383 4484 &19&39\)1) MRS s n mzé@zar%ézo?ﬁlm ;24nd a human

hepatona |ine (Hep &). Ofher useful nanmalian host cell nes incl ude

Chi nesdB %I@Bﬂéred}\/ﬂ\ﬂ?m{@l@s detovg, NIn2003dinpg2 FiH$8-CHO cel I's (Url aub et al,
Pr oc. E@%{pﬂ / Acad. H(%cf ellng§éA‘trZ s{féx%ile% Vglil'hgl%g)ai)OV aﬁ'e%c e%l Ce§§£| r«l:loﬁl% such as

NSO an 0. Fora'revie certai n manna I neés Suitabl e

for ant\iebmdyfopﬁﬁlﬂjﬂdtylp(ﬁcﬁducﬁéleancECLgtuIedYaZ:ahVen@Bdal\Mhmdﬂbhﬁddl&nd)dlﬁMDhsaCu| ar
Bi ol ogy, Vol. 248 (B.K C. Lo, ed., Humana Press, Totowa, NJ, 2003),
255- 269PP{QP21ﬂij0F6‘§PCIB% ProgneifTs. selosHag Srnernyants of #erliyiiedhegenssi bed

expr essi @ik el R8s gts for antibody production and cultured in
conventse%nonéﬁénutr?lent e}jreﬁ{ca nodi fied as appropriate for inducing pronoters,

sel ecting transformants, or anplifying the genes encoding the desired
sequend@215][ 02 15]h) Chiturthg thehosigelhe host cells [0216] The host cells used
to produce an antibody of this invention may be cultured in a variety of

medi a. [B3Hier ci alThe hevisgallabes teweedice ae Rntakpdmaditys mventia) garbe cwtuipd
E t
oo B et e T M i 040 af T GTEARBERE S oot

cel | s. Es@etﬁﬂ(ﬂMddﬁfm ((ME/M@f(Stgm)nEBIMa-MQS(Slgman ahd Didibeced's ModiflddtHagldsnz.
58:44 (1979), Barnes et al, Anal. Biochem L02: 255 (1980 u. S Pat Nos.
4, 767, Pedivip ((BVEE Sigmazre sgbleforgytuging thehosscellby Ing 1t19@a9®p6§1¢3o W)

87/ 00195:4i0fie thifod RAENL: /30, AB5SBY (RoYSEMa Oftay'wze media for the

host ¢ ny 0 ese nmedi a may ppl €nment ed as necessary wth
hor noneoaed!. H12: 2508 P8 @ b\. IPaf. 2atso §6’( UM, 69,9604 PR 762; r4a5'ﬁ§)t@5r5; on, or

roones: mh s WasBihdidw i dubs! foushr e pel s i tsofRb i i n as
adenosifgy @R thdee BLURE)AnyAHh &k %éd%ﬁ? ye &@%Mb%&@wﬂ{ ug), trace

el enents (defined as inorgani c conpounds usual Ify present at
hormones and/or other growth factors (such as insulin, transferrin, or epidermal growth

factor), salts (such as sodium chloride, calcium, magnesium, and phosphate), buffers (such as
HEPES), nucleotides (such as adenosine and thymidine), antibiotics (such as

GENTAMY CIN™ drug), trace elements (defined as inorganic compounds usually present at
final concentrations in the micromolar range), and glucose or an equivalent energy source.
Any other necessary supplements may also be included at appropriate concentrations that
would be known to those skilled in the art. The culture conditions, such as temperature, pH,
and the like, are those previously used with the host cell selected for expression, and will be

apparent to the ordinarily skilled artisan.

[0217] (x1) Purification of antibody

[0218] When using recombinant techniques, the antibody can be produced
intracellularly, in the periplasmic space, or directly secreted into the medium. If the antibody

is produced intracellularly, as a first step, the particulate debris, either host cells or lysed
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final concentrations in the mcronolar range), and glucose or an equival ent
energy source. Any other necessary supplenents may al so be included at
appropri ave 2meetr ati ons that woul d be known t o thosePskiusk@d/opésia he art.
The culture conditions, such as tenperature pH, and the |ike, are those

previously used with t host ce sel.ected for expressign, and will be
appar e a%nf%%reéF@Pﬁfé{] ?‘PT;FX?RIP % HC%W‘PE’%‘&HO“ ‘ffd’z‘triﬁ?rat% )8@Eﬁf if flcat i on of
ant i body;, 70213} 3UP‘67"(@9923%5@?1%%%0&%@%9%%@ Qﬁtl‘t%?ﬁés%ﬁ&’h gen be
produced intrace lularly, in the periplasmc space, or directly secreted

i nt o t recmteditothe fefiptahmiasardodly. dog. Brodyced] pamtenadewedlllatheypresasceapﬁ| rst

F enovedodi Bt it S SHFELR eSS b Py SRR AR R0 &t o,
Bi o/ TechmolenYebik chf Ie kool 2den S E4tIIAE VRhdHE AEMUBEdY RlscéreRH @ith Mgk

anti bodi es which are secreted to the periplasmc space of E. coli. Briefly,
cel | pasedumssuphEnatsdts from Nechyresespion spficrabericeenerelBy frse conpientzate USIEDTA,  and

phenyl EE%‘IH%{&&‘#@ Ay aBleLi)(%HegWer y ‘{:a%[]logﬁter 3 Of,%mﬁ? o bt n%&c?]d b M%Pfjge can be

renove cen e ant Into medi um

super natehlidos uflﬂfﬁ’imsmtﬁhurﬁoi A @EsEaR0 irfhyisitor RBclBiseP ISR @il Ueyinéludst in@apoétier at ed
using a conmercially avail abl e protein concentratjion filter, for exanple,
an Ami deregemeptapp F%@h@lmmepkyéﬁ apfl Riyipligs ey bminghided topreyent dieseo bi t or

such as, fEid Nemidagiuded in any of the foregoing steps to inhibit
proteolﬂggg hggxgnﬁPhlotlcs may be included to prevent the growth of

advent i[020ls contBEmwianaihody cdniiibkBion Phepaat firdrodlye mblsrp@]sbe panmfiqarespay, éek f r om
the cells can, b rified usin or. exa dr.ox atite

T ormt S AFR BNy RS A e s 1RO P G BeHGT i Hy ORglgerphy. gel

el ect r ophALERMSsis, Qilﬁﬂlé@'aﬁd aﬁ’ﬁgtyacfhfrdrﬂé% raflhy, Q\Hﬁ‘ltaﬁﬁﬁ Bi¥romMdefuap@ly ok ot ¥

chr omat ogr aphy bei ng” among one“of the Typically prgferred purification

st eps. dnmmgsuidbid typigaltf profestedipnrificatpnastepaf The rsmlsablhtg aﬁﬂrmpén@sanon t he
speci es sot.ype of i munogl obul i n.Fc donmai n res in the
ant body b gl e ohie KT B8! SRt B e PESRIRURL £ JoBrEaER s on
human grésent @dhe SHtibddy herdin Qhednte skd RpEIf aflibctiies tat akdTHALBObn hivRbA .-
62:1-13 (1983)). Protein Gis recomended for all nouse isotypes and for

human ¢3. (2@@9%4 dieavyl chamandnaﬂisteaiw?@wmewh G b 1861 983). tRyotehi Ghs t he

affinit and i tached is np fte ose es are
vai | abem g el FoSeisyyentan frausrRuar chss e EfRd 5o See o
pol y( stow@)fdwe Mn)xtts RABAE LR LMY Iand ?ssétﬁEhefd' 19WMJsPbES Sarhss Nk beter
processing tines than can be achi éved with agarose. \Were t he anti body

conpr i segriges@3adolahicn MedheniBalkestidde thanBx( swdhrassiontrélied pore Bakseor,

Phi | I'i psbur ). i s useful for rification techni g rotein

ur 11 SRR DOPESEE Pt Fo DA R g RSP b o R B

pr ecl pidedichiRNed with agarose. Where the antibody comprises a Cy3 domain, the Bakerbond
ABX™resin (J. T. Baker, Phillipsburg, NJ) is useful for purification. Other techniques for

protein purification such as fractionation on an ion-exchange column, ethanol precipitation,
Reverse Phase HPLC, chromatography on silica, chromatography on heparin
SEPHAROSE™ chromatography on an anion or cation exchange resin (such as a
polyaspartic acid column), chromatofocusing, SDS-PAGE, and ammonium sulfate
precipitation are also available depending on the antibody to be recovered.

[0220] In general, various methodologies for preparing antibodies for use in research,
testing, and clinical are well-established in the art, consistent with the above-described
methodologies and/or as deemed appropriate by one skilled in the art for a particular antibody
of interest.

[0221] D. Selecting Biologically Active Antibodies
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Reverse Phase HPLC, chromat ography on silica, chromatography on heparin
SEPHARCSE(t m) chromat ography on an ani on or cation exchange resin (such as
a pol yaspaotow/@meidd col urm), chromat of ocusi ng, SDS- PAGEPCRN$2@0mR6dium
sulfate precipitation are al so avail abl e depending on the anti body to be

recover [ 0220] , | enerajl, varjous hodol ogi es .for preparin
anti bodfe21 o TECHENE RS ,ast%é‘frilt??g%ﬁjaﬁijmé}/ ﬁ?‘é‘%l?“%ﬁ&%@qu- fabl i shed
in the '“B{&logi%ﬁéﬂi\%%}ﬁ%sa% %&seﬁé&?a@@rﬁ%ﬂﬁ%%ﬁ%e%@ﬁci@?ﬁr@@&ﬁésoﬁbﬁ% tRAIpQNicas

deemed appropriate by one skilled in the art for a particular antibody of
i nt er egterspp@R21 ThantBeldg otayriy sBreohahioe &b hiyilifctoibied atah g age{ngo@ Rich it

Ant i bodi es_pr ced as, describ bov e subj ect ed ne or nore

“Bi o ogt BarRaE: TP B PR E AR o s e BBl Sk o P

pr oper tanfigerf i@ prbRI PRI K CarRiBbEP Lt beV&alubhtd iR Rh kAP YhaBYeBS tikCdbaaped for
its ability to bind the antigen against which it was raised. For exanple,
an ant ito&xidop MRA-Abely 1 00adn shissin cmyodineengsy thepind ggrebisdingirepestiasialélis bi ndi ng
propert,] i i . detects the
abi | i tyanflgo‘g{ %aé‘q’t%ﬁ%é\@ﬁg%%‘i%?Pﬁ‘ﬁ?éé%%‘%{g?h%q‘gﬁg%W@%?@Xf’ Blag( el g bi ndi ng
pr oper tIEGSLBGKIGHE FAMIH AORYK ¢ SBQUD W0ab uasgilok DDarndbsdys ddnallsodrt ects t he
ability to bind to ox peptide | El LEGKGFEPTLEALFGK (SEQ ID NO. 5).

Ant i - oXEISENehior Hings Ehat phipibplagioferaiaemdprevsat thrgdseclomaentiohni bit pl aque

formati 3 . . S . Qi I .Ffy ani mal s
rodel s Pralibriciiaths bR AAY GINRE, ShahESLES 0 F VR DERNT: N Ry

acti vi t6,e,41g! (der activived includdaaectyhedueghesgrasioobf preeexestingt i ng,
establish at herosc] erotic plagues in the aorta after a few weeks of

T ear MO Py Ao SO R OB &R e o pltatc: BHOLHeAs O RBURERTAE. the af fi ni ty
of the wopobpdysmy. be determ ned by saturation binding; ELISA and/or
conpetition assays (e.g. RIA's), for exanple. [0224] Al so, the antibody may
be subjl€22Hd t o dnheethbi ahbyiimant, hetaiffinityyofabe aytihodg nipy, beidstenmeted biyo
evaluate its effecti SS_as a therapeutic, Such, ays are known in the
art andonspn BT RIPE? BadOn o A N e A b4 PP Ve ant i body.

[ 0225] [de24cr een AIgs, tﬁé\ﬁﬂtﬂﬁ)@z@@y\misﬁbje%ﬂ@b bt cPbipRiptdaCattiaity aal/QRe;. OR t he
antigen of interest (e.g., those which bl ock binding of the anti-oxLDL

ant i bodydatto erduag #apffecttveness PR fhergpepetSush agsepsachnovrihicasisdyd such as

t hat de I i t | €Sy : VB! , Cold Spring Harbor

Labor at%ﬁ%éjﬁgthﬁlgarﬁ%v@ngg%l ﬁdvlll@nhgéslgge?&g%)a, can be perforned.

Al terng023dl y, epid @penrfepgitibgdice whichdsndlescpirbadar ¢pitchaop ehcaintigdn of J.

Bi ol . 270: 1 -1394 (1 f i whet h

B ey i e R Db bniEtd o R bEoPEDL STy LSS, vhet her

oxLDL), a routine cross-blocking assay such as that described in Antibodies, A Laboratory
Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be
performed. Alternatively, epitope mapping, e.g. as described in Champe et al., J. Biol. Chem.
270:1388-1394 (1995), can be performed to determine whether the antibody binds an epitope

of interest.
[0226] E. Articles of Manufacture
[0227] In another embodiment of the invention, an article of manufacture is provided

comprising a container which holds the aqueous pharmaceutical formulation of the invention
and optionally provides instructions for its use. Suitable containers include, for example,
bottles, vials and syringes. The container may be formed from a variety of materials such as
glass or plastic. An exemplary container is a 3-20 cc single use glass vial. Alternatively, for a
multidose formulation, the container may be 3-100 cc glass vial. The container holds the
formulation and the label on, or associated with, the container may indicate directions for use.

The article of manufacture may further include other materials desirable from a commercial
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of interest. [0226] E. Articles of Manufacture [0227] |In another enbodi nent
of the invention, an article of manufacture is provided conprising a

cont ai nerwohlzohobmids t he aqueous pharnmaceuti cal for nul Cirars2ab/ogdaeo
invention and optionally provides instructions for its use. Suitable

contai ner,s include, for exanple, hott]es, vials ang syringes. The contai ner
may be M EBINL inglydiag 5&% bufiire ﬂélF%tS’stlE}Equs’é‘&e‘g?sag@“ SGnd Ppekage an
exenpl ah3%rQMNiAh Bl ctibls Brasc0 cc single use glass vial. Alternatively, for
a multidose formulation, the container may be 3-100 cc glass vial. The

cont ai 16228 ol ds tHe ifrcantioh atill ba neond filheurdatsedoddry, reerenas soticdoldavinggt h, t he
cont ai ner i.ndi cate directions for use. The article of.manufacture my
Furt her SmBITaLSL a8 ik aprs € ooy B e foks & wP A foL AP

st andpditdtaturé Bed péM SitAidIBardMbsPbMteddidrdif BY $efefohtbd.er s, needl es, syringes,
and package inserts with instructions for use. [0228] The invention wll be
nor e fJDR&]undersﬁfl@cﬁ@e%ﬁcq‘t@m epnsederasl totbe spBiciaphineapleamg|skidled Thiy agthoul d
not, NQUEKElice IS FONRLAUPHIAS rldd datiB SR REBRGorPh ARGioh M FIAL Muf |
literature and patent citations are | ncorporate her'ern y reference.

[ 0229] ahdelespided heweat wihbdcome appardgtrte thdse skifled iif the aitéiim the foregbing one
skilled in the art to practice the invention. Various nodifications of the

i nvent idspctintiondad falbwithiy thherope shtnarpasnsled skeps- nal rBHEtighirpicnSetthe
appar e J [ - J ; Lotd and
S S T St U TR
and patpainosappl i cati ons cited herein are hereby incorporated by reference

intheir entirety for all purposeipgg@ﬁﬁghgs [0230] It is understood that
t he exanpl es and enbodi nents descri in are for illustrative purposes

only angigat vang B%d@ﬂ@ﬁaioﬁiﬂ%ftﬂeo&ﬁnff)'[escahag&%édﬂn{bnﬂ EREridIGRI aititht be

suggested to persons skilled in the art and are to be included within the
spi rit iHnstrapue pigasasfoniyhirgl thgtplarions inodifimatdonsewgkangkes irhlegha ppeerdedlldeai ns.
[0231] Exanple 1. Stable anti-oxLDl antjbody .Liquid Fornulations, a pH
study [5G0 HnaeEoRRIT AR heltimbul Fhb Btert fibi SR P AR Bt i ng
of st ahh® abplatidn bed Fadpalbf aRuppeHREIcRHiMg anti-oxLDL antibody (having the
am no acid sequence found in Elgure 2) at _protein concentrations in the
range fl@dhlabout Exampjedt Stabde apti-ox LDThantihadyddayiddéer ndatipesedH swdya
reconbi nant anti body fragnent library called n-CoDeR(r) that were directed
agai nst oxi di zed peptides derived from human ApoB-100 (e.g., W02/ 080954).
The st gb23aJty (e.These ag@ipegadescritertitdatad@ment bad gebiliar tegtitiosof seibte [Jquad
anti oxLDL

formulations comprising anti-oxLDL antibody (having the amino acid sequence found in

Figure 2) at protein concentrations in the range from about 10 mg/mL-200 mg/mL. The

antibody was developed from a recombinant antibody fragment library called n-CoDeR® that

were directed against oxidized peptides derived from human ApoB-100 (e.g.,

WO002/080954). The stability (e.g., aggregate formulation, charge variants, etc.) of anti-

oxLDL antibody was investigated in various liquid formulations consisting of histidine,

arginine, acetate, sodium chloride, etc., ranging in pH from 4.5 to 6.5. The stability of anti-

oxLDL antibody was monitored by several assays including UV (for concentration and

turbidity), size exclusion chromatography (SEC) for size variant analysis, imaged capillary

isoelectric focusing (iclEF) for charge variant analysis, and binding. After six months of

stability testing, our results indicate that anti-oxLDL antibody is stable between pH 4.5 and

pH 6.5 in arginine-containing buffers.

[0233] Anti-oxLDL antibody was formulated into different buffers by dialysis using

Slide-a-Lyzer cassettes to achieve the final concentrations listed in Table 1. Each

formulation was sterile filtered with 0.22um Sterifilp filter units and aseptically filled into
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anti body was investigated in various liquid fornulations consisting of

hi stidi ne, arginine, acetate, sodiumchloride, etc., ranging in pHfrom4.5
to 6.5. TWo 2stoatopidiity of anti oxLDL anti body was nonit or @dThis26100e64a0 assays
including WY (for concentration and turbidity), size exclusion

h t h EC) f i i ant | ysi.s, | il
" soel ectitane Tt MgrpsTEd e SraSfd v RReyEn D ionITary SEEP s T e
Alter shyraranihs)sic ShabibYc ¥nd BiioGial OHL70'e I ALY LGRS vidhat ant - oxLDL

antibody isS stable between pH 4.5 and pH 6.5 in arginine-containing
buf f er onfl@28Bip tarfi-imooshis BL sclert idvabyatwees. f or nul ated into different buffers
by dialysis using Slide-a-Lyzer cassettes to achieve the final
concentrations listed in Table 1. Each formulation was sterile filtered

with 0.22mm Sterifilp filtegpen g repduaseptosalidn filled intoautoclaved
vials, stoppered, and sealed with alumnumflip-top seals. Sanples were

pl aced Brmupgior, 2-80C, 250C, 300C, 400C and cont r olBuffed|[s1ganl) 700@thnd

stability styidi ndu (ﬁ&‘r 11@ a %]F)th Fsse%oect nper at S.
Tabl e I%pH I—jg)%{rrl\ﬁl%é);aﬁlgnﬁAggtﬁ iﬁ ons gﬁlﬁnl atl on’ 8?(%0& rrg/erLto]‘34 pH A %oiwl
Sodi umB\cet &0enM FhidvhSAadetutd) GUnovl Aginife A2SMieS202%HE24 5.98.68 201M4.5

Hi stidi ne Acetate, 150vM Argini ne Acetate, 0.02% PS20 193.6 4.5 C 20mM
H stidithe AcOmEdlisaderieasi ieMAgitieAcgaigo)BeRS20g988-55. 5 D 2avv

Hi stidifge Acgl,a8i; I dgAEME 2 833 6.5 E

Hi sti diﬂ;le Acet at glsﬁ%k%%i 2? ne Ac E%%ABQE)%‘V%)’@%%&@ 3118§g 5 [ 0234
VETHODE [ 02 33mN Histidi2OAnttatepl MmeMoArgaachAseael0e023a8Sp0 ac®dl i n a 1.5m
Eppendorf tubes at an anbient tenperature and their pH was neasured using
Therno Orion pH nmeter equipped with a Ross sem-mcro el ectrode. The pH
met er \c/yyggygal i br ayieqdpesdg Thermo Orion buffer standards pH 4.0, 5.0 and
7.0. [0236] Visual Inspection: The sanples were analyzed visually for

col or, [8ppHar anceyH -ahd0@ulardlunec(c€ad)h samide whs ploeasisioant. Sthi Bppendprf ubes whi t e

d bl ack back d_at i.ent ture. .[0237] Turbidity: Th
Eor bi i g SroiRb R s M D FAR Hlu b uets By e Bl ance. of
360nm ayadippod WithUSRrd sémSRESH cRiRyddVEB e pHah etef RagledlibrdtéDmin®@Theri@d | ut ed

sanples were | oaded on a 96-well micro plate and turbidity was measured
agai nstOmoneuféar stgnd#ls pPHi- G ddeand 60conpare formul ati ons of different

Dot DogAeont 35 PHACLHANGE i AR PRSP IREL G o o
and clarity (CAC) under fluorescent light with a white and black background at ambient
temperature.

[0237] Turbidity: The turbidity of the formulation samples was measured by the
absorbance of 360nm and 450nm using a SpectraMax M2e plate reader. 100uL of undiluted
samples were loaded on a 96-well micro plate and turbidity was measured against a water
blank. In order to compare formulations of different protein concentrations, the absorbance
at 360nm and 450nm were divided by the protein concentration to normalize for any effects
caused solely by the amount of protein present.

[0238] Osmolality: The osmometer was calibrated according to the user’s manual
using 50mOsm/kg and 850mOsm/kg calibration solutions. The calibration was verified by
running the Clinitrol 290 reference solution before running the formulation

[0239] Protein concentration- volumetric: Concentration for all formulations was
measured in duplicates after diluting samples to 0.5mg/mL with Milli-Q water. The diluted

samples were transferred to a 96-well plate (BD bioscience) and the absorbance spectra were

read using a SpectraMax plate reader (Molecular Devices M2°). The readings were blanked
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caused solely by the anmount of protein present. [0238] Gsnolality: The
osnoneter was calibrated according to the user's manual using 50nm0snf kg and
850nsm kyocalo/toeati on sol utions. The calibrati on was vecirfuseaobgssunni ng
the dinitrol 290 reference solution before running the formulation [0239]
Protein c.onclsﬂtrati o(g- vol amlahri c: .Concentration f?r al| forpul at inons was
measur ég2inst QLUPFCEAeareseedy ThF ISR GORSABHED V& ISP haccRidine Mt i -
wat er. ghgydi | uted sanples were transferred to a 96-well plate (BD

bi osci ence) and the absorbance spectra were read using a SpectraMax pl ate
reader (Ml ecWenceDetiondmghe) = TAg.refdingdlutendadidrdnidgadgai nst DI wat er
and averaged. The protein concentration vxag C Ilcul a¢ ecj according to the
formul a: Concentration (ng/nL) = (Amax‘c”-(C Eﬁﬁ ?ng} ‘Wi on factor (m/m) e
x cell path length (cm The neasured extinction coefficient (e) of
anti-oxLDL antibody is 1.62 (mg/nmL) 1 cm1 . [0240] Viscosity; Viscosity
was neaEherraepspigd gaiingiioa crpifisicas(oRaBo0xMBH @nabodsofp A2t(mRifabire¢dr, Ant on
Paar . sanp) ! i - l At oneter (1
gl o RS 3y RSt e VPRI RS A R T RRRRE MR P od I

const arorspweaRhé@h&cAnidiOfhases 7bul dafhiptelyasiohdad ih petwidae at®isaind goeaind-
activi W of anti-oxLDL anti bodg was .determ ned by neasuring its ability to
bi nd t &Ik rhaometss (hnanglg: §£ 25rhbatpmbiont femparafyrca ddeapugatcasiv e skeRat abi ity
of antig j tind to Mal ondi al dehyde (MDA) oxidi zed LDL

pept i deC.OHf%%}ﬁ?ﬁg?tlzeg@@% %Jegl on - High Perfornmance Liquid Chromatography
(SEC) : [8241 excl ukitwity.c iho el ayjrahpttyvitvad anted LDL aptidody tvas éctaggnedby es and

fragments. This assay utilize TSK 0 . 7. 8X300 col um and
Fune. orgunRe £y 830brp AL 0S5 40kt 4t FDBGE, TR b bindine S AGHTRES o
wi th t hee mmlly & Rhaxe DANshtibdHE & HiRd Y MaiRiMN@hydo (MbA) IRRIiFRAiIhE phase was
0.2 M K2HPO4,’0.25 M KA, at pH 6.2 and the protyeln was eluted at a steady

flow ratetidd. 0.5 nL/min for 30 minutes. The el uent absorbance was nonitored

at 280 Integration,was dor si.ng HP CHE T1 ONM t ware. [0243]
mge AR ar y ot SrsPRul i B AT et B R g T SEELBISs S or ot
at 400Gxendiod chRin@it@AEEhySRINLsed WRqRinatsYEiledatdsngd ifbREnts OTHIVagki f y charge
(acidic and basic) variants of anti-oxLDL antibody stabi sanpl es. This

| it
{ echni quidizesedSK GIUANDNELE L -8EAGamcegimn Ang rims 08 ALY 68 IHAG2er wi t h
2 Pr 1 B0 25 ol 024416 PAFDRRIG IR AR iR Cati or

exchang omat ogr a
volume was 25 uL. The mobile phase was 0.2 M K,HPO,4 0.25 M KCl, at pH 6.2 and the

protein was eluted at a steady flow rate of 0.5 mL/min for 30 minutes. The eluent absorbance
was monitored at 280 nm. Integration was done using HP CHEMSTATIONM ™ software.
[0243] Image capillary isoelectric focusing (iclEF): The stability samples stored at
40°C and a reference sample were assayed using iclEF to quantify charge (acidic and basic)
variants of anti-oxLDL antibody stability samples. This technique uses a fluorocarbon coated
capillary in a FAST IEF analyzer with a Prince auto sampler.

[0244] lon-Exchange Chromatography (IEX): Cation exchange chromatography was
employed to measure changes in charge variants. This assay utilizes a DIONEX PROPAC
WCX-10"™ column on an HP 1100™ HPLC system. Samples were diluted to 2 mg/mL with
the mobile phase A containing 50 mM HEPES at pH 7.5. 25 ul of diluted samples were then
loaded on the column that was kept at ambient temperature (40°C). The peaks were eluted
using mobile B containing 50 mM HEPES, 100 mM sodium sulfate, pH 7.5. The eluent was
monitored at 280 nm. The data were analyzed using HP CHEMSTATION® software.

[0245] RESULT AND DISCUSSION

[0246] In this formulation pH study, the effect of protein concentration, ionic strength
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enpl oyed to neasure changes in charge variants. This assay utilizes a

DI ONEX PROPAC WCX- 10(tm colum on an HP 1100(tm HPLC system Sanples were
di | uted two2orgilopd4iwi t h t he nobil e phase A contai ni ng 50CkNISkEPAS4a¢ pH
7.5. 25 m of diluted sanples were then | oaded on the colum that was kept

cont ai riHGOBBORR RS R0 ML Sty S gt S kil s
moni t orgd t@tﬁoid%%%s%g% whReL LAt RIS @RNRliNZARAntS DT HR EHEVRTATLEN fdd

sof tware. [024 ULT AND DI SCUSSI ON [0246] In this fornulation pH study,
t he ef fagetlersfe sporageiandgoms e Rtateinicomceniramirg osmelghyt hiapebityobindingmngHEen t he

stabili of anti-ox ant.i bo s investigated. SEC | i ¢l EF and
urbi o 95 Bel Rt BR SRl P R MRS PoB S TR R B BNt B body a
real - ti(B®., aBgkcase EhBiatibe, haicaAtiasONde. § bOdisferoRt 3rRbMrARNS 8Nt AbXIADL
osnmol ality, viscosity, binding and CESDS assays were perforned at sel ected
tinme p(ﬁnﬁg@dy mhingrginingybaped/fesnilghieravarierts raasp pf pil 4(etogpH 6 2gdraigties
formati_on, r [ . e f c6lffar.e rat.h. f | - oxLDL
ant 1 bodyy ELR SRglRl A0 il AisE o R, kRSB, 0L
6.5. L-aadgisebsiey was nisiedket and siiowul dlew iTghe Rpni ¢ strength buffers. The
osnolality, pH, protein concentration, and viscosity were neasured and
shown bel ow (Table 2). Table 2: physical properties of fornulations studied
[0247] Al fornul ati . : freezing at either
-20 Cor - 70 C and t eéé’\%ﬂggémgﬁeﬁl%oé e}z}%lealtgy@ﬁ%lﬁlgzgtdtemer ature. SEC
conf i rfm@drhihlatiod r ee@ratginddg/md) $i Peimblatiagntrh@smhangp VieogxyysPcdl pHoperty
of antf -U)(LEL antbody & 4700(: 2066, f6U| te—fprmuot ol7t oS i St o n
Table [1_(See Tablle T) F7(9?48] Bipding Activity of all Formilatidgns 'gt 4 OC:
The bi|ndi ngBactivjty of 1%ampl es fas neasu98d an ELI BA- bi i ng agsa§.5to
oXLDL.[TThe @ssay showed;dgwat al I [T or mul atyggns testefl af L gf 71 our vvesg? of
. TO

i ncubg had—droppedtp-20%of the contrpl sanple (@1 (Habl e
3). Tgble 3P Assgg at 408G or 4-yeek forddtati ons[ 0b49] E8Pect df PPt |Si ze,
chargd varignt, a{nd turbpdity asfays wereasgsed to npnitorp 4 he stlabskitly of
ant i - oxtb—ent+body—eat—vrar+otus—tenperatures—over—t+hre—SEC—was—dsed—+o
determ ne anmount of aggregate, nononer and fragnent generated while | EC was

used t qooletjer m nea@edrfiufati AR nar oRASb Shr¥@E{ A ST fﬁk‘%ﬁ%{g%’é Sithedurg’0grthe
stability study (Figure 3). The | EC nethod used was not a stability

i ndi cati0ng aad dwp shyeqa¢ntlyaepicd ax ibbicantcimpordjure.o b bl caniiong thetsiresdingghd t hen

we used i cl EE i ch separates charages di £f er ent , nec isSm ol ution
o 46 hol ey e EP B A0S 5iefi MRNRES, L ep L Dl S TR AT R AR Pl e ¢
var i anttge ¥hRldtiohsBsicd@in PO BdAHW B. 3) .

[0248] Binding Activity of all Formulations at 40C: _The binding activity of samples

was measured an ELISA-binding assay to oxLDL. The assay showed that all formulations
tested after four weeks of incubation at 40°C had dropped to ~20% of the control sample (@
TO) (Table 3).

Table 3: Assay at 40°C for 4-week formulations

Sample, storage temp 4 weeks
A, 40C 76.6+5.4 %
B, 40C 71.1£6.1 %
C, 40C 77.6+1.7 %
D, 40C 86.1+£3.9 %
E, 40C 79.0+2.8 %
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[ 0250] These results were conplenented with a SEC study which showed t hat
at 400C anti-oxLDL antibody readily aggregates at pH 6.5 and fragnents at
pH 4.5 (RAvour®/W)241SEC and | cl EF data bot h suggested t h&CTAS26100¢3410
anti-oxLDL antibody is nore stable at pH 5.5 conpared to pH 4.5 and pH 6.5

sanpl e ted. 51 |d|t of sa measured aj 360 .nm and
450 nm S[\(R/él‘? vl engt M Fi e %V&rlﬁ?gg%‘fwr@g%%ﬁf‘ﬁfsa‘t’?rt%Hsecﬁ*ﬁén%ﬁrral i zed
sanpl e thughbidht o &B%&Wmmegaﬁ%oﬁu drtuids berdtidi® Gtc 30QGsand 400C,

however no précipitation was observed 252] Effect of Excipients and lonic
St r engtdetermie asiduat bf adgretiafd, erompmee s ﬁnagmm gomerathe whilaBECivtag uséd ant i - oxLDL

anti body was investi of ex ent l ude SOdI um
chi or dbet i S chARRET vyt viriiden i RaR R T AR JEIE D)

resul t srl&hgmﬁethb@hsefdamyﬂoah is@BHitE ﬁiﬂﬂi@hﬂ% BGa E? sk auranﬁtdﬂ!mdmﬁ@qp egat ed
faster than all other formulations 025 fect of Anti-oxLDL anti body
COncentfpmlmléﬁmnsmmcbmtf@@wdsﬁIEBﬁvluﬂdsemltatqﬁ&b@gas%wétf&r@ftf ect on the
stabili nt body S arl ant
seays. TR AT AL 5 oA HARSIL B O e B0 SRR 8R0St vaen
99ny/ mMmaemwdciidOvayiants wért forhiee ahpgmﬂ (Kigmee)t r at i on having slightly nore
aggregat| on. SEC was used to determ ne anpunt of (g,gregate mononer and

fragmer P2fUner at Skhewniosts weEromaicmraisd wish ySEErswdyevhieh éllilQWedrfﬁi‘tri"tand basi ¢
vari ant t

S i D i S PR e R SR R i T
obt ai ne&&EQ amdriciBle dite bothl sapgaredshates HD(KQ aeﬁmymddy hahorartableost pH_

ant i bogﬁy S m)r st a]l e |nFI[’|i gti dlgg acetate and argi nine acetate buffers
bet wee ?)Pf’rﬁp%e Ig 36 PH I8P . Stable anti-oxLDL anti body

Li qui dq[ﬁ@f ful at i ofgpiday o%ﬁb@@&e%éﬁﬁreﬁ(ﬁgw nrh38d 956 \lvf&\)élé?lfgtlﬁr&hh oxLDL
anti body was evaluated in various liquid (histidine acetate, histidine

sul f at exormakzaddd peoteinconeratratiorhilye indimadized sanaple turhtd@tyl%@twct)mmﬂamdl ons

(Tabl e mlliliter ach fornulatiopn,.in a ss vials was

St or eq “SentspyinTistd di b Ghn @i BB, SRR BB gR y A PR ET 6 ot hs- and
the stgbpsajty wasEpesesmeibidlts dnd BnidStréngtiB, THLfeRrdoPdiffarRaksxcipibi@s shabi | ity
of anti-oxLDL anti bOd)%{ was nonitored by several assays including W (for

concentth@streibityaefcrntivexdili ﬁl}t)bOdX“iﬂélléﬁéﬂlgﬂé@donA @Hrﬁr%@l@@nmqur@m?lw@% si ze
variant  anal 8L Sde, é@%%%% §t%{%' hisBdie b& ?aﬁ&,bu g %ﬁmn%%&'@bt@g ol s sﬁo%dChar g€

varlant anal ysI's, Si ze dIS di'ng assay
activi ttjat féfnnelaticisxonmitifssodiurs chlotitie hygrt@sdd fagter hun all e,shek f(ji’ﬂiulﬁdloﬁat e

anti-oxLDL antibody is stable in 201M histidi ne acetate, 1507M ar gi ni ne
acet at 8929310294 pmwmdk Concentration: Protein concentration did hot

have a strong effect on the stability of anti-oxLDL antibody as suggested by size and charge

variant assays. Aggregation appeared slightly dependent on concentration between 99mg/ml
and 189mg/ml with the higher concentration having slightly more aggregation. SEC was
used to determine amount of aggregate, monomer and fragment generated while iclEF was
used to determine acidic, main and basic variants generated during the stability study.

[0254] The stability of anti-oxLDL antibody was evaluated in various buffer
conditions. The data obtained from the formulation screening study showed that anti-oxLDL

antibody is more stable in histidine acetate and arginine acetate buffers between pH 4.5 and

pH 6.5.

[0255] Example 2: Stable anti-oxLDL antibody Liquid Formulations, an
Excipient study

[0256] The stability of anti-oxLDL antibody was evaluated in various liquid (histidine

acetate, histidine sulfate, histidine succinate, histidine citrate, and PBS) formulations (Table

A). One milliliter of each formulation in a 3cc glass vials was stored at -70, -20, 5, 25, 30
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[0257] Sanpl e preparation: Anti-oxLDL antibody was fornul ated into
different buffers by dialysis using Slide-a-Lyzer cassettes followed by
prot ei n cwocemrratdion usi ng Amicon U tra- 15 centrifugaPCcorsdavioe@1e o reach
the target concentration. Polysorbate 20, polysorbate 80, nethionine, and

EDTA wer glded to achi eve _t he f nal onc ntrations |i T . Each
f or mul Mﬁ W g A TEOf f PReutihyiickip S iy g@%ﬁw%srswfd% b 6, Jt%a d
asepti cay wekfsl kh@gtablmp o?h!ﬂt%h@l\jﬁchn‘ﬁbédlﬁwﬁ hﬂﬁ’lﬁ@feﬁdoy @a@lraﬁ §&h dinMudthe

alum num flip-top seal’s. anples in the below formul ati ons were kept as

| i qui d.U%dfpl mcemlraaomaa@@dbaiuty) MGXCBBl@Gmrom&OQapBY)@ECn@@@mndm@om rol
vials at -700C an st.u uct ed .tpo 6- nD t
terect el TPl bR kodo R e TRt GIERD R Gt Bishh vl ToR BSPRer o
pr ot ei FoEHHe dls(rrm{nah)ana ba{éﬁwg Hsg Fodidogvif\e eAﬂEﬁme &F givliifec gt ahe,
0.02% PS20 5.6 25.0 | stidine Acetate, 150nM Argi nine Acetate, 0.02%
PS20 5.resu. 1@d13at9 @anllé?th antihodndesteble, in1Hloph Itiding sectiteel M o2mI% PS20

5.6 158, te, 150rM Arginine Sulfate 0.02% PS20 5.8
156. 0 fcgtﬁmﬁ |s‘téﬁé 6L§%cdl%#a§§, 150mM Ar gi ni ne Succinate, 0.02% PS20 5.6

164.0 E[OZSZJ}M Hi StSa(fhp’[le peefaration; ASOoM BLYumibody Cvhs abamulbted 2fitdSBeront’
182. 0 20MM Hi sti di ne, Acetate, 1501M Argi nine Acetate, 0.05% PS80 5.6
156. 0 éouﬁ@ﬂvmdé%lw hlémgc%ltd&raelya_es@weﬁ% ifolianedabe patein epnsentption Bing 154, 0

9 20mM . 02%
PS20 5. jjgmg)%o% PE%%%%%&nﬁ Naa% élcwj gaigmﬁpﬁo a%eg"é%g{rﬁvl M%‘b%gggjz 0 7.4
152.0 ]pblﬁﬁrwtd—msUndhineinépatdaEETAlﬁ@&Mndbiomchvadﬁ fana, coﬁcdﬁﬂ%uﬁﬁzmddm\/l
n 8 18P Aendarh (PUBUET dh S AHERIo B LarE S TonERS Bhrve
ina1.'8 e

measur egdedtzh g leQ@rlﬂie asamdmee Ridlgt &oprReudl RREdeMéd i M&uﬁﬁmp-mp%as

el ectrode. The pH meter was calibrated using Therno Orion buffer %tandards

pH 4. 0,Alb sgnplasiir7thg befop2BouMtisusivetcrispea liqrid. Seeplsawpicqdadrae-24n@l 3zed
v et SR o PR BREP G LR RIS LRLEF o o

months at select temperatures.

Table A: Formulation conditions

Formulation Buffer pH  protein
conc.
(mg/mL)

1 20mM Histidine Acetate, 150mM Arginine Acetate, 0.02% PS20 5.6 25.0

2 20mM Histidine Acetate, 150mM Arginine Acetate, 0.02% PS20 5.6 50.0

3 20mM Histidine Acetate, 150mM Arginine Acetate, 0.02% PS20 5.6 158.0

4 20mM Histidine Sulfate, 150mM Arginine Sulfate 0.02% PS20 5.8 156.0

5 20mM Histidine Succinate, 150mM Arginine Succinate, 0.02% PS20 5.6 164.0

6 20mM Histidine Citrate, 150mM Arginine Citrate, 0.02% PS20 5.7 182.0

7 20mM Histidine Acetate, 150mM Arginine Acetate, 0.05% PS80 5.6 156.0

8 20mM Histidine Acetate, 150mM Arginine Acetate, 0.2% PS20 5.6 154.0

9 20mM Histidine Acetate, 150mM Arginine Acetate, Smg/mL Methionine 0.02% PS20 5.6

136.0
10 PBS (137mM NaCl, 10mM Phosphate, 2.7mM KCI) 0.02% PS20 7.4 152.0

11 20mM Histidine Acetate, 150mM Arginine Acetate, 0.02% PS20 ImM EDTA 5.6
154.0
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tenperature. [0261] Turbidity: The turbidity of the formul ati on sanpl es was
nmeasured by the absorbance of 360nm and 450nm usi ng a SpectraMax Me pl ate
reader. AvVDQEmaoef41undi | uted sanpl es and water (for bl arkirruspomeee1é oaded
on a 96-well mcro plate and turbidity was neasured. In order to conpare
fornulghhg s of qh%&ﬁ@) protein concentrations, the absorbance at 360nm
and 45 re di the protein concentration to nornalize for any

ef f ect spposysed 5%‘?' A i@)Y) LRE caaPunt lé)$va§ﬁl‘3&é%1' if 2RI ﬁﬁ?ﬁﬁpenh&%@?&es Geapl al i ty:
The osnnneter was callbrated according to the user's mnmanual using 50m0sn kg
and 85mmtkgnwamtﬁmtbﬂr sdIwasinesurcd neing dlhictma Oirion pWameteeequipred by

runnin he dinitrol | ution.befqre. runni ng . the.formulation
Sl oo Eaes b Fleiedent Rats gRter i SNTRS S TEhDY e P et

f or mul asunggﬁsm 0ERgUR®d ol n duplicates after diluting sanples to 0.5nmg/nL
with MIli-Qwater. The diluted sanples were transferred to a 96-well plate
(BD bi d9¢¢Wnce, dJ4tul ZBBEGION: aZHt@S@ﬁl@l%m@malmeﬂdﬂw}éxfqr@&h)rmpﬁga%pe

Spectr i e bl anked
agai et i ALPLCACTAREE shb Bk IRt} B8Re M bian PARAIRLHIMR Py o
accor ditagpéatukrdhe fornmul a: Concentratl on (mg/ m) (Amax - A320) x dilution
factor &nt/nt e x cell th l.ength (¢cm The neasured extinctjon

coef fi dPe&nkl (e) ofuraidity- ﬁa& bidify P%ﬁ@%l%loeﬁamﬁ&ﬁmaf meagyed by thep264)

Vi scosi g@ﬁﬁ dul ar

Conmpa cta%&g%ﬂrr%%g?%%nﬁ\tﬁ%§4 aar fdglﬁg7%é{sarr%1 1(glz\l\gbsé@f{ oadel 1@9@%%@%% a 25mm
cone- andﬂﬂa&ésmhphmnwaa&ﬂGhn@hn&ngﬁwa54damdbnaﬁbh&ﬂinm@nménaMufe

Measur e és wer e taken at const ant she r at g; 1000 sec 1 . [0265]

B ndi ndURMILY WaTEAsHI e i ort IerfariRaye toimplabienS plcH Harent PratEcqiSPRrlioNst ed ¢ o

0. 5mg/ ke Ybsbolbal¥bd hil 36@hMBIAT45BRA WRE @wﬁ@e%itt%ﬂihé Bot@ k&t RiriNg dofm@fcELI SA.
A sanpl e that has not gone though the thermal degradati on process was used

as an desay dtastsrebsddeRBb] bhesDOUMtOf protin pdsaned) : The 4-week stability
sanpl e red at 40 a reference |l e, wer assa ed usi SDS W
on r ed82i Ty’ et 1R g S oS THEAENSE GRERIRLAE GRSP USRS PR body
st abi | idsing Siﬂ)li’mbsﬁﬁ/k%bﬂc? 83 0m Skt o4 fibtasib® BolutidhsgMhEedl foedtBARES Vekifivd By
Chronatography Si ze exclusion chromat ography was used to quantitate

aggr egdteyingHe hratjﬁle?rﬂ()srefmﬁcg selgtan beford uprigg sherfiorME3NODSEYHE t ), 7. 8X300
m col w@%ﬂ”d r“’)%fe“né‘ c'éﬁr&%g,o%ﬁ%eppé—%oﬁ ?%tn%ﬂbn Rl GGl Ghsddsut €d to 2

ng/ nmL t he nobi ase an I'on vo
measured in duplicates after diluting samples to 0.5mg/mL with Mllh Q water. The diluted

samples were transferred to a 96-well plate (BD bioscience, cat# 353261) and the
concentration was read using a SpectraMax plate reader (Molecular Devices M2°). The
readings were blanked against DI water and averaged. The protein concentration was
calculated according to the formula:

Concentration (mg/mL) = (A — Aspg) X dilution factor (mL/mL)

¢ x cell path length (cm)

The measured extinction coefficient (&) of anti-oxLDL antibody is 1.62 (mg/mL)" cm™.
[0264] Viscosity: Viscosity was measured by using a Physica MCR 300 Modular
Compact Rheometer, Anton Paar. A 75uL sample was loaded in between a 25mm cone-and-
plate rheometer (1° angle; CP 25-1) at ambient temperature. Measurements were taken at a
constant shear rate of 1000 sec™.

[0265] Binding Assay: The 4-weeks stability samples stored at 40°C were diluted to
0.5mg/mL with Milli-Q water and were tested for oxLDL binding in an ELISA. A sample

that has not gone though the thermal degradation process was used as an assay control.
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25 nL. The nobile phase was 0.2 M K2HPO4, 0.25 M KO, at pH 6.2 and the
protein was eluted at a steady flowrate of 0.5 nL/mn for 30 mnutes. The
el uent absorbsaviez4nas nonitored at 280 nm | ntegration wrag/usene/oasiing HP
CHEMSTATI ONMt n) sof tware. [0268] | mage capi I | ary isoelectric focusing

(iclEF) e stab es s a d a reference | e were
assaye Oagqr}ng |clclé¢35%' (Zﬁg%)ﬂ’ﬁ W“Qﬁ%r&r 3@6 f‘é’&qe S HH S%EIFHtO’{FQraFg&{EE

anti - 0@1@%&% 's%ﬂbé v%ré‘Qé #éwus%?g*@t@)s UL I%ntl%ﬁﬂ&hgﬁl%tﬂb%l% adsefd tHQ t@ear bon
coated capillary 1n a EF anal yzer with a Prince auto sanpler. [0269]

RESULT Mﬁb@l@&ﬂ%tlmlmzamﬂbomsmhﬂ@ faorpied. at i on exci pi ent study, the
effects

di ff t _buff t d ' di
agents WilTne. st A EEYU ol i L Rt epar et SRGk S Sec "
i cl EF andlusiohRhfbintto@asiay$adRee tdIg@mtitate Anédaels ahl Eragindhis! Tﬁly a@f&y anti oxLDL
ant i body t hroughout the sté%g. Protein concentration, osnol IF;]%/
Vi scosmtl}lzemifgﬁc@3®ﬁc§ 8380 mnyeelemp and sived agrHR &1 ¢ Ipility
2907, 23990, SRR QIR fiut I PUERY WSANEERLEA hOR- Bl %@E‘é{'oﬁ‘@ hund o

5.5 was ased on resu roma reV| of all
I'i qui d Fsarimihetmebik phase wead M &,HPOgr 0. ij KCI@X@Hamgenc( ff&lﬁr@teyﬁ)wasThe
osnolality, pH protein concentration, and viscosity were neasured and

shown tfé%@vaf(ar%qdéf flgw ratgel -2 &ifi/min for i mpRItGH; ?ﬁ‘*a?luiﬁﬁsab%‘@?i‘@ﬁ W§say showed
that al ab h |
at a Aloxﬁ%ﬁfgd %%gb%@k il SWS. e@?é Fx?s I%quﬂ: PHENSFRIIONM Ao?tw%ﬁegp y)S' ca

propertles (0] or nu atIO ation I'OtE,‘In cone
Osmol al[0268]( mOs ke bﬁz;stlmsa‘ z'mezmzafozagz@@ (BABF)L e s@bBitRsmiplO0st3HA afl . 58 5. 6

3 158.0 56. 00 256 5 164.00 244 5.58 5.6 6.182. 00
194 8. 7“3) éaﬁe}ai@%reeee spEple Wi aésaefeé ui@a 1§5§é9ﬁu%1t1§>7 charge Geithganbbasity 4. 23
5.6 10 1pdnQ0r 3RolLBE aﬁtlﬂodkf]stagkﬁl‘i‘tyg g%z 4"h§Qec'imﬁ1u[eQ1§gsld f1for8&kb& coated

formul ations that were storéd in - C were subjected to three
f r eeze-ahdlarycmcl BAS BV amiﬁzemmﬂhaﬁ%nnce@utmmll@s were frozen at -200C and

-700C 107691 RESULT AND DISCUSSION

[0270] In this formulation excipient study, the effects of different buffer counter ions,
surfactants and anti-oxidizing agents on the stability of anti-oxLDL antibody were
investigated. SEC, icIEF and turbidity assays were used to monitor the stability of anti-
oxLDL antibody throughout the study. Protein concentration, osmolality, viscosity, potency
and CE-SDS assays were performed on select stability samples and time points. The buffer
concentration of 20mM and a around pH 5.5 was selected based on results from a previous
pH study. The pH of all liquid formulations was measured after buffer exchange (Table A).
The osmolality, pH, protein concentration, and viscosity were measured and shown below
(Table B). The results from the visual inspection assay showed that all samples look clear

with pale yellow in color.

Table B: physical properties of formulations studied

Formulation protein conc. (mg/mL) Osmolality (mOsm/kg) Viscosity pH
1 25.00 348 1.22 5.6
2 50.00 352 1.58 5.6
3 158.00 376 5.39 5.6
4 156.00 256 5.64 5.8
5 164.00 244 5.58 5.6
6 182.00 194 8.79 5.7
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respectively then thawed at anbient tenperature. The physical properties of
the sanpl es that underwent freeze-thaw cycles were eval uated by size

excl usi orwohnvmeagr aphy. The SEC assay confirnmed that Pceasesmwhawiai d not
affect the percentage of aggregates or fragnents of the sanples tested.
[0272] The turbidity of sanples neasured at 360 nm and 450 nm wavel engt hs
showed T hat there is ndédlibstantial Adsdnge in turbidity f%21 nost 5.6
formul gtions stored at over time.,-the turbidity for t formul at j on
sanpl eggti ncreased slig t%& W th terrpe3r7§ture (250C, 300C air:%7 4000 2#%1 tinme.
[0273] CE-SDS WV is a lgoddtitati ve asbly used for the est4.2dmti on of5.6

appar enf, nol ecul ar vveiI%:QtOOof protein 3(‘1%va! ent aggr egat es,616r agment su?nd
nononers, such as freeTight or heavy chain in antibody preparations. The

CE- SDS ldssay was run il$4d@0non-reduced9%ondition using stabdity sarpbes
stored at 400C for 4-weeks. The results showed that the percentage of the
mai n peak for all the sanples tested were within the gcceptabl e assay

ranges [PFTur e 5)A s¢t@s fapuirionpthsgvisee dered i t%QIOQFm@ atbof excroaubieriesior ed
. ure ) g uetd . b
of at rmsSisaR 888 BYer oS CoK RS S RIS BoriEi SR TR B 11 Y

pept i deaespbbevehp gy thiasid dt smblanethpehadre alThe flosival mbpatiss dfeht sdngpits gt

4-weeks of incuybation at 400C were wi.ithin the acceptabl e assay range of +/ -
25% ( Fijdravesy .rewztgw cpslepveresvanied Sy st expureB g rowm%mthaﬁ%ﬁEgThr ee

di T er efal, GORRARALL Bhi R85 (RRIBIdHot hRdot t%éﬂm @fagg@%&é@mé%n&%)af
formulated in 20"M hi sti1dine acetate, 15 ardgi niné  acetate, 0.02% PS20 pH
5.5 andhstsamm@es @sted00C for up to 4 weeks were assayed to investigate the

ef f ect oncentration,.on the stability of anti- anti pbody. The

Fesul ¢ J0Hnea  rHE BaHE 9T RS Pt d Ao han S A e lRaS dependent
aggr egahswht@HaRtHeRNs hekubdtmtid PO P irerd hidine for A Bl QKB dbicanssither e as

there is an increase in aggregate formation for the 150ng/ L fornul ation
sanpl evemhae| Eherpriadigaior thestormulshoneammet intisesed slightly with ¢raparetpser at ur e

dependento i neoeas the.acidic variant for all three concentrations
st udi eia%ﬁ’gﬁréé%n“?‘}x‘@ghan Slr.ne[ 0276] Effect of excipients: The effect of

di ffer goe7xxci pi alE-SDIUVHEa ghabithtivieyasly waed foaxhddstiatitivh 06 ¥ppaasnt
investigated. A list of excipients explored includes

phos phat@lceila welgaiprefeinPBaynt agREaRpE fEAZHACER TRRnomReTs, aheh adifntliht | ons
0,219, QWA 96518 Gyt LGy gRETATEE SpSEELLL Bl TISLAFR L3, Shove
and basioadivian iuaing stabiity sargples stered and@iCniond-veeksniltatresuis showebthectheé ve of its

percentage of the main peak for all the samples tested were within the acceptable assay

ranges (Figure 5).

[0274] The binding activity of samples was measured using ELISA-binding assay.

The ELISA-binding assay determines the ability of anti-oxLDL antibody to bind to

Malondialdehyde (MDA) oxidized LDL peptide. The assay results showed that all

formulations tested after 4-weeks of incubation at 40°C were within the acceptable assay

range of +/- 25% (Figure 6).

[0275] Effect of anti-oxLDL antibody Concentration: Three different concentrations

(25mg/mL (1), 50mg/mL (2) and 150mg/mL (3)) formulated in 20mM histidine acetate,

150mM arginine acetate, 0.02% PS20 pH 5.5 and stored at 40°C for up to 4 weeks were

assayed to investigate the effect of concentration on the stability of anti-oxLDL antibody. The
results showed that there is no significant time and temperature dependent aggregate
formation for the 25mg/mL and the 50mg/mL formulations where as there is an increase in

aggregate formation for the 150mg/mL formulation samples. The icIEF assay result showed
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counter ion. In the presence of PBS, there was a significant increase in
aggregation, fragnentation, and acidic variants over tine in all

t enper at weo0rsvweti4ed. [0277] Surfactant: Surfactants pr@eras2@ooadct i on
agai nst agitation-induced aggregation as well as against adsorption-induced

| oss of , protein. The effect of non-ianic surfactants on the stability of
ant | - oxBheR{S BaHCERSTA G SCRAIEY 1HETRY Osafrey%ﬂﬁaﬁréané Tkt 5029 and

0.29% ahd-Aplays R@lied Gghrt 74 ArPBy. The results showed that 0.02%
pol ysorbate 20 is sufficrent to keep the protein stable. Increasing

pol ysor[Bat@d concex aniptants), T drecust ifemnhéxginentsroh houkabilityoil gii-

fact Lysor bate 80, did, not i d i1 t t
ot | oo bR et PorBraK R SRt ARyt R TR re
(5nmy/ ms)iliﬁ’@@B@%ﬁﬁsﬁdii@&y%ﬂﬁoﬁ&eﬁn@%ﬁﬁéri io@odanhBe i(drct@s, Rulfat ] @bsingdeand 11

respectively. EDTA chelates netal ions and h.enceccgr events netal -i nduced
oxi dat iavd citige)} dhawesuite phavecdthat there vees¢ ne signifisarichgrgey el asdreiatisng speci es.

The re r th ! Q .t =B i oni )
1T gt el SO et AR SUONEH "B TR AL EBA RO Ol o )
[ 0279] cbheteBicabilh theypredenandf PBX Lihdre anak b Boayficaasinersasdiataggrepitionar i ous buf f er

conditions. The data obtained fromthe fornul ati on screeni ng study showed
t hat arffagmsiation oy asislg varianks st Bmgin 8B depppssatuiss studicd- concentration in

20mM higb44di ne a ) i : : 0 l: ate 20 at

ar ound [8%-7@ 5. aﬁc%k%]ﬁ%%a f%,lawflgef%ﬁfeg%?%ﬁgaggsrtr% f/é?sdl%%gl}{g&{eﬁer apeutically
ef f ect iagercgaemds wéll amgantst fdsdyption-iaduricd {asdofip@tan.nThecfbedt bEnon-pidicd. 5 t o
6.5. 2. The fornul ati.on of. cl ai , erein the buffer.is hi sti dj ne

ncot at eungHHH B Beoaie Ghafh onL Db a0y yReie e e atapdiebts SORT 5 o
hi sti di J¢293 4RE 0!2%)%%3&%%@&&%{ Mot %).bltlfefrgiwlts Rhbw& t@aﬂ).()@%%p%rsoﬁbate-rhe
formul ation of clains 2,7 wherein histidine actetate or histidine succinate

concent20as sefficient toHecp tfef papteinsstdhloningtrasing polyhdrbate aboeantraion toNd.2%.orThe

formul ati on ,of, cl ai,ns 2, rein the histidi etate .qr histi.dine

Sl natiteo et R v BESBPe b al Seb RE RS RO SrRE R e 2
wher ei rhdaﬁlghggsm@aﬁ@gkgpgagﬁb@d i(m'?ﬁesycci nate concentration in the buffer
is fromabout 50 mMto about 500 6. The fornul ation of clainms 2,

wher ei N03We ar gi ninfecxidisingagenss: Yaghianine (Fugsilnand E o ehnMamicshused aabout
150 nM

anti-oxidants in formulations 9 and 11 respectively. EDTA chelates metal ions and hence
prevents metal-induced oxidation, while methionine has the ability to scavenge oxidizing
species. The results from the SEC assay showed that EDTA and methionine only slightly
improved the stability of anti-ox LDL antibody at 2-8°C (Figure 8).

[0279] The stability of anti-oxLDL antibody was evaluated in various buffer
conditions. The data obtained from the formulation screening study showed that anti-oxLDL
antibody is stable at 150mg/mL protein concentration in 20mM histidine acetate, 150mM

arginine acetate, 0.02% polysorbate 20 at around pH 5.5.

62



7. The forrmulation of claim1, further conprising a surfactant. 8. The
formulation of claim7, wherein the surfactant is polysorbate. 9. The

f or mul at iwo 20fo/lekBitm 8, wherein the polysorbate is pol yporhst@od41d0. The
formul ation of claim9, wherein the surfactant concentration is from
0.0001% to about 1.0% 11. The forggtg}i n of claim10, wherein the
surfactant concentration is froma M>1% to about 0.1% 12. The

formul ation of claim 11, wherein the surfactant concentration is 0.02% 13.
The forrnulation of claim1, wherein the antibody concentration is from
about IWerelgim: to about 250 ng/m . 14. The fornul ation of claim1, wherein
the antij ho concentrati.on i.s fro 0 100 /m .to 0 /m. .15. The
For mal ok Pl BRBS P B ih s Eripep T fosdek Bt e afoay P histidRanout
150 5ny/dibinte vabRHtpHA® térg/sm . 16. The fornul ation of claim1, wherein the
anti body concentration is fromabout 25 ng/m to about 200 nmg/m . 17. The
formulation of claim1, wherein the antibody is not subject to prior

| yophi I§ zat. | . r |0 aim 1. furt i Sl

et hi ora pant §gmubion FES AT RESELG Bl 2 Moidld b N SO R IR,
concentbudfict, @M 5.9 t& 610gdriWherddf theThgfek & ahiktadih© fucofnarl- @ imink, suteindtb®uffer,
conprising EDTA, 21. The formul ati on of claim 20, wherein the EDTA
concentthtsivhtd €01mvi EDTA. 22. The formul ation of claim 7, wherein the
bufiper is 20 nmM histidine acetate and 150 nM argi ni ne acetate pH 5.5, the
surfactant is polysorbate in an amount of about 0.01-0.1%v/v, wherein the
f or nul &t i the fosmslhad ef dbing 2, evipeiabistidnohctafouir h2st@OE suocingt | east 12

nont hs or wherein th uffer is 20 hi sti di ccinate and 150 nV

aroi n renedienaathg A8t TorbRt s Avdneoed BEMMor bare i an amount of
about 0.01-0.1%v/v, wherein the fornulation is stable at a tenperature of
about 2-80C for at least 12 nonths. 23. The fornulation of claiml1l, wherein
t he f ordmiltet foonulegomoiptaimsel adcictmthethantiinicanctiote. @Austififne sioeimaik at i on of
claiim1, wherein.the f ation is stable upon storage at about 25C for at
| east f?nﬁﬁﬁ?ﬁSHSVmﬂﬁ%ﬁégﬁkthe formulation is stable upon storage at about
50C for at least 12 nonths or wherein the fornmulation is stable upon
storage at about -200C for at least 12 nonths. 25. An article of

manuf act ubhe feanplatien elclaimsch vdicredt anghlieg #gtashogiasesSuptaF praeragnirem
for”“'Q£%ﬁgbéigﬁgﬁ&%?%?ﬂéEQSNﬂB%MBMQﬁhHXNFffeCt'Ve anount of an antibody, a

hi sti di'ne ace ear

20 6. The formulation of claims 2, wherein the arginine acetate or arginine succinate

concentration is about 150 mM.
7. The formulation of claim 1, further comprising a surfactant.
25 8. The formulation of claim 7, wherein the surfactant is polysorbate.
9. The formulation of claim 8, wherein the polysorbate is polysorbate 20.

10. The formulation of claim 9, wherein the surfactant concentration is from 0.0001% to

30 about 1.0%.

11. The formulation of claim 10, wherein the surfactant concentration is from about 0.01% to

about 0.1%.
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acetate buffer fromabout pH 5.0 to about 6.0, and a surfactant, or
conprising a container holding a agueous pharmaceutical fornulation
conpri si yoaotdwempeuti cal |y effective anount of an ant iPbodys2018/0bd4se i di ne
succi nat e-argi ni ne succi nate buffer fromabout pH 5.0 to about 6.0, and a

surfactan 6. A method for stabilijzing an antibody in gueous

phar rm e AP PRI %f?qq%ml Wﬁ]@?ﬂmmeﬁalgfactwé%mﬁ?f%m P%Pfective anount
of an anti body, a histidine acetate-arginine acetate buffer from about pH
5.0 to about 6.0, and a surfactant, or by conbining a therapeutically

ef f ect i Me Therbaurmulagion ah i ilbetyreingthh pstibady rensmbreiiomisdram ghanit 18 nsgfmti nat e
buffertfrﬁn%§$8ut 5.0 to about 6.0, and a surfactant. 27. A

pharnacgﬁ P P3¥ | ation conprising: (a) a full length 1g@ antibody
susgepti bl e to deam dation or aggregation in an anount from about 10 ny/nL
to about 250 ng/nL; (b) histidine acetate-arginine acetate buffer, pH 5.0
Lo 6. 0: lanihe(eynylaiqseidbaitl . 20icran div Aaibadi Cheamion i fromobost WOagm! 0. 19

28. A ical forrmulation conprising: (a) a full length Igd
antibo§§%§g2%§%¥ible to deam dation or aggregation in an anount from about
10 ng/ mL to about 250 ngy/nl; (b) histidine succinate-arginine succinate
buffer, pH 5.0 to 6.0; and (c) polysorbate 20 in an anpunt from about 0.01%
t o abouk®- dhq égrmulation of claim 1, wherein the antibody concentration is from about 150 mg/ml

10 to about 200 mg/ml.

16. The formulation of claim 1, wherein the antibody concentration is from about 25 mg/ml

to about 200 mg/ml.

15  17. The formulation of claim 1, wherein the antibody is not subject to prior lyophilization.
18. The formulation of claim 1 further comprising methionine.

19. The formulation of claim 18, wherein the methionine concentration is 5 mg/ml.

20
20. The formulation of claim 1, further comprising EDTA.

21. The formulation of claim 20, wherein the EDTA concentration is 1 mM EDTA.

25  22. The formulation of claim 7, wherein the buffer is 20 mM histidine acetate and 150 mM
arginine acetate pH 5.5, the surfactant is polysorbate in an amount of about 0.01-0.1% v/v,
wherein the formulation is stable at a temperature of about 2-8°C for at least 12 months or
wherein the buffer is 20 mM histidine succinate and 150 mM arginine succinate pH 5.5, the
surfactant is polysorbate in an amount of about 0.01-0.1% v/v, wherein the formulation is

30  stable at a temperature of about 2-8°C for at least 12 months.

23. The formulation of claim 1, wherein the formulation is a pharmaceutical formulation.
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24. The formulation of claim 1, wherein the formulation is stable upon storage at about 25°C
for at least 12 months or wherein the formulation is stable upon storage at about 5°C for at
least 12 months or wherein the formulation is stable upon storage at about -20°C for at least

12 months.

25. An article of manufacture comprising a container holding an aqueous pharmaceutical
formulation comprising a therapeutically effective amount of an antibody, a histidine acetate-
arginine acetate buffer from about pH 5.0 to about 6.0, and a surfactant, or comprising a
container holding a aqueous pharmaceutical formulation comprising a therapeutically
effective amount of an antibody, a histidine succinate-arginine succinate buffer from about

pH 5.0 to about 6.0, and a surfactant.

26. A method for stabilizing an antibody in an aqueous pharmaceutical formulation by
combining a therapeutically effective amount of an antibody, a histidine acetate-arginine
acetate buffer from about pH 5.0 to about 6.0, and a surfactant, or by combining a
therapeutically effective amount of an antibody, a histidine succinate-arginine succinate

buffer from about pH 5.0 to about 6.0, and a surfactant.

27. A pharmaceutical formulation comprising: (a) a full length IgG1 antibody susceptible to
deamidation or aggregation in an amount from about 10 mg/mL to about 250 mg/mL; (b)
histidine acetate-arginine acetate buffer, pH 5.0 to 6.0; and (c) polysorbate 20 in an amount

from about 0.01% to about 0.1%.

28. A pharmaceutical formulation comprising: (a) a full length IgG1 antibody susceptible to
deamidation or aggregation in an amount from about 10 mg/mL to about 250 mg/mL; (b)
histidine succinate-arginine succinate buffer, pH 5.0 to 6.0; and (c) polysorbate 20 in an

amount from about 0.01% to about 0.1%.
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