WO 2011/ 111007PCT/ 1 B2011/ 050989 Anti bodi es wi th pH Dependent Antigen
Binding Field of the Invention The present invention relates to

ant i bodi esp 2etigL1ijooful | | engt h anti bodi es or antigen- 5PornE2ngo»ess i ons

t hereof, that have pH dependent binding such that the KD and/or koff ratio
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25 525: 353-376, 2009; Thie et al., Methods Mol Biol 525: 309-322, 2009)
and engi neering the CDR and framework residues to inprove stability (Wrn
and Pl Cckwbueni1/111@edl Bi ol 305: 989-1010, 2001; Ewert et palr/IB20vi0ivoghs 34:
184- 199, 2004) and decrease i mrunogenicity risk (De Groot and Martin,
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10 invention described below, the KD and koff can be neasured at either 25C
or 37C. In a preferred enbodi nent, the anti body wth pH dependent

bi ndi ng wWOchiigpewfi cal |y binds an antigen wi th hi gher pafrfiBmit1/9soas9 pH 7. 4
than at pH 6.0, wherein the KD ratio and/or the koff ratio at pH 6.0/pH 7.4
and at 25C is nore than, or ranges between, 2, 3, 4, 8, 10, 16, or nore,
and wherein the antibody has reduced pl&dsma clearance in 15 vivo when
exposed to said antigen as conpared to an anti body w thout pH dependent
binding that has a simlar affinity for the antigen at pH 7.4, but has a
conpar abbe prédlieted/using<iofsilicosectmatdgigs-o6 deterhinéd zbytlhamtrd asdayss Addition2lly,
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hi gher affinity at pH 7.4 than at wherein the KD ratio and/or the
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the rece VKRR théE CRIiRQT di f any
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anti body binding to the antigen at pH 7.4 and at pH 25C has a KD of about
0.01 nMto about 100 nM or, nore preferably, at about 0.1 nMto about 10
nM WO 2011/ 111007PCT/ 1B2011/ 050989 -6 In other preferred

enbodi ments of the previously described antibodies, the binding of the

anti body to the antlgen at pH 7.4 has a koff of about 1 x10E-4 s-1 to about
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10 decreasing the therapeutic dose for treating a patient with a

t herapeutic anti body, said nethod conprising admnistering to the patient a
t her apeutwoabliwyligdo7ecti ve anount of the anti body of anyPofi/IBtoa1/psoesds ousl y
descri bed anti bodi es of the invention, wherein said antibody has an

ext ended pharmacodynam c effect and/or half life as conpared to an anti body
that has simlar affinity at pH 7.4, bi#-has a KD ratio and/or koff ratio
at pH 156.0/7.4 and at 25C that is |less than 2. Al so contenpl ated by
the invention is a nethod of nmaking an antibody with prolonged half-life
and/ or phatiboaiesdyitlaEqaivalene &hs lay pHegdl adti with aatpH ddyerdent birgliraf, whent thei n a
pH dependent nanner ai d nethod. .conmprisi.n el ecting far i bod)
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NG 11, ar PO TRl iR ehtiRtana S g B RO B s i el oy
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g o cOrpeIdeRt bigddd B Albeniboy 4B FenRRsteomenipieh ahirodkdrRsidebh Bl ses
SEQ | D Nidedtate®tytatoxitity YADCT) edrriidr ddmvplerfieftidapendlnt dyfdtegcie) (CIT)
conservative am ¥1to aci glwgubgt)i tutions in SEQ IpD NO. ZYE[USEQQ{SD NC;3 5 and/ or
SEQ I D NO 3. 30In another preferred enbodi mrent of the PCSK9 anti bodi es of
t he present invention, the anti body has one or nore Fc nutations,

preferably, N4A34S, N434H, Mi28L-N434H doubl e nutant, M28L- NA34A doubl e
mut ant, T250Q M428L doubl e nmut ant, and M428L- N4345 doubl e nut ant



WO 2011/ 111007PCT/ 1B2011/ 050989 8 I n anot her enbodi nent, the

i nvention provides for an anti body or antigen-binding portion thereof,
encoded byotha/ph@sm ds deposited at the ATCC and havi n@CANIBD1A0essi on No.
PTA- 10547, or PTA-10548, and/or PTA-10549. Al so contenplated by the

i nvention are pharnmaceutical conpositions conprising 5 a therapeutically

ef fective ambunt of any of the above ddseri bed antibodi es, a host cell that
reconbi nantly produces the anti body of any of the previously described

anti bodi es, an isolated nucleic acid encoding any of the previously

descri bed ant Thetvestioraimdluaes iascdrdibedy mithl pH dependdné bindthignghiah spetifitdilg

previous|y descri.bed ies. Als t enpl by the.inyention is a
et hod 1 BincP Eaniagh WA iyt AT 2 ARt BO. PeisIo Rl Kn o et i n
need t hegROk raQoTal pHi6IYpRIATY HNYt £1251Q ik ndréahanigreahgés beerpedf Bcal 8.y
effecti v? anpunt of an f the anti bodies of the invention tayrgeti the
PCSK9 ant!Pgth.orgperer a ?g‘?f%‘i‘ thendesireaseaingng dn wye M”ﬁ@t”oﬁﬂﬁ'@w&%”ﬂs a

gr aphs sha@lidh is fp%lbﬁg“é&aﬁ@n bﬁbo’t‘éﬁ't@%ﬁw é‘rﬁ.ﬂé@%é aémgare@ws ranta\rﬂfeow without
function of the KD ratio Figure 2 is a graph show ng7 decr ease
ra

in free PHgdgrendant bigding Hakhas iainalar affinityder Hie aRtigeRcalpir 4fi Bt has a
i gure 3 chodrbleRl aliBriiFatd st i 63081 94 fhpROLaOIKRT and o, on anti body

20 concent I‘gtl on over gure é%teat map di spl ay show ng
how many daysTm@ﬂy@ntanpmvtdescanyawbpdy Mmhdé'ﬂ)dﬁmenbbmdinggwmhIsaedé@a"afase

serum anpirggAnGAREER Wit Highbr Bty Bt BRL7 2% atfilh 68) wnSRi AR fatloldrudt! .

anti gen and seruntconcenttation nti‘gen 'S equiV
at eh@os theakor patiorat pd6.@biis7.4lavgl at 289C i& Shorguthan, Eorvrahgetiabelsveehez 3, 4, 8,

di ' f th d d bod d |
Cliccesst dPt 1o dhprey B8 MERE S i Bttt RESS b Amal Y of 6 g
SA). Fi guhﬁgéiBas somparapto deramsw;awnmuttme depeRdera Winding ftiidtdiasohd smiildy on

LDL. 6,al so, valj dat the predictabili t he ependent
ant body 2ffolerahihe ephaengkeR “hdulbepa rompaabie e it 2Ll SlED
concent [ 744 8t &ssialal TR iHdHcfed BhidAE) firise iSditoodirgir e OB 15
graph_denonstrating the tinme course effect of 6L3 on LDL. The

depeh®ent bi nbhe{VERtIOMHEISP RTOYIASS dit am@ganishantibadywith F’Hnd%ﬂnéﬁ”ﬂ_\?)ﬂdwas
| over ed %I&%@ﬁlegn)l Bin@é\ah antlw %ﬂﬁ Hi @M%ﬂm@ pR2p4 3&#\5}5?‘?&9 6, whereln

Figure 7 shows t'i e course of | est er ol
admi ni st &€ Ky F&@r B@df@r theske ratie iabQUI @P"F?étﬁ@ at&%‘ﬁ‘ommfﬁaﬂ@@s@r mdent

Siiect obetEtl 213 0\ 1BNIeoR Hidte: ahu Jiietainina e I ARREAERAARE.
conpar g:}l (raesaeptdnélasfrédncte:gﬂzﬁramce md;ﬁxﬁmjtgﬁe?)@iﬁed to gald;airr]ntlb%dlﬁ?sz ioHnggarethat
20 ot ettt (e 658 BTk Rl e Zrcf ot et 7. P i & RORRRIE RES (o

ant i bodi aad/or kiorsitio nl-elﬁeomldm4bhatdsﬂgss thapu2.c IBR pefarar ambodinient, the
denonstrat es thabMé‘gFeffe shown in Figure 8A is due to target nedi ated
degr adat ¢H$PI9dY 6‘??38 fantibody in PCSK9 null mce increased

10dramati cal |y dthéd grefergbdi erhissdimhtsdf aREOKthe preceding Bhfiltidies) thes K@ ratioah
which illustrates the effect of pH sensitive PCSK9 ant agoni st anti bodi es

and non- ke §le &t PHROIPESKY 18 MPRI§IhaRit OTIAPISD BPEeBn 2@ el & @ HI0 PeOra i n
monkgy's. 1\BiHep ﬂ?@fe%@@rhb&dlﬁﬁﬁfé%hé 'bréf@#reb Woefa‘ilov‘@rr R g%hé‘%teﬁh (GEOIBHr?49A)

t he pH sensitive anti bodi es di at ed nor e pro onged re duction in

| evel s asngsshetwern & 31!?'4’1@18p2+19e§'éﬁd@h? 28791 IDOKey 0[@-4,33 -8, 3-10, 3-16 or 3—
20, or 4-8, 4-10, 4-16, or 4-20 or more, or 8 to 10, 8-16, 8-20 or more, 10-16, 10-20 or

more, or 16-20 or more.
In other preferred embodiments of the previously described antibodies, the
30 antibody binding to the antigen at pH 7.4 and at pH 25°C has a Kp of about 0.01 nM to
about 100 nM, or, more preferably, at about 0.1 nM to about 10 nM.



Figure 10 is a graph denonstrating that the PCSK9 anti bodies with pH
dependent binding had a prolonged half life in vivo as conpared to the
non- pH dewerdartii@nt i bodi es. Figure 11 is a heat nap showrCmgBiheogpester al
nodel i ng for pH dependent binding. 20 Such antibodies directed agai nst
antigens DKK1, IgE, or C5, can significantly increase the nunber of days

t he antigen experienced reduced | evel s@®f antigen as conpared to an

anti body w thout pH dependent bi ndi ng. Figure 12 nodels the tine
course for antigen concentration follow ng adm nistration of an anti body
wi th pH depeniiepthebi prafeneddienbodiekerdg cofnite previasly descrisdFagliadids3 thedel s

the tinme_caurs or antige con entr I ad r at f .an
ant 1 body PEING P8 apEhtsrp 1 ABTSRN of Padrs A% Aot 1B LE ek 6 aBout
Fi gure 14xT1oElelss! théretpreferahiraboul 0x10E8 isgetd dbone extoRt ison fol | owi ng
adm ni strati on of ﬂ” anti body wth pH deendent bi ndj ng di rected agal nst

antigen C5. HAngarethes peefeye se"f‘tPfE’"PPa? £f A& rRievieRly geseribert @ptkedies.vihen pH
depenslengnfiddiis rlb@:s’i@g 48 @fle forsfeBE @hibdaimdaR! hilaptl-HESKY bRty .Qhoi ﬂ:esxg

| nventi on resent invention relates to anti bodies wth

dependen@ntRadyi h'dM&QO §saen S 04N 18R78%at Innhethar fnrﬁfﬁwdf@mba@ime@tﬁa hblendu ng
at pPhys! ShigrR!IgPrEs! orDKKPEnd: I?n)prbi%rre MQ%O%EW(&@E}Q]MMP% - 10

- greater endosonnal pH , pPH 6.0 or 5. er words, the
KD or kohM fozboyt 4@ nM—DIH)GEWe@HW)mVl(w aboutdlQ0gN/ pH 7.4 is nore than, or

ranges betweeq,, ﬁnvéltloﬁ é éfe? a’fhettd of % Qﬁdlr@%@\ﬁv éc?slnqs%{&(]dw

dependent anti bodi es pre ere y €S oc ate romihe an gen
endo$0r ndecrébsiag dben thetapelﬂ&aitfobtrdatlrigaafpaltlelhte\mtm attherapeuiicibatibaaty, said 5

conpar ed tibodi.es with equiyval ent K t pH 7.4 b ith no
GopontenmeiEdmSieiE attninb Sy 18 Haubnte Hoctbeufisantaliactin ArBnPabte st oo
clhear ancanijisody. ofI &yBEPihe m:.tvidmty eesombedj antibodips v ané irbx;?ndbmgwnareurdeaigease
t he avera t ot a ant i en t he ant.i n ergoes re ce

cl ar ancBNURSH 5.0 extondad PhBERevgam i BfSct Al FETaLe s oronaras S fen
bi ndi ng gafibcilyShaP has @Tﬂllérhﬁﬁﬁiﬁﬁéﬁéﬂe? 1 banhhg eNK¥ratd ahd/ot & Ritio at pH
anti body- bound. This can ortant when ant agoni zing a target antigen

P BarY 6.0 Al 25°G i 1§ BSBIANE g Qe DKL 5 and Seehy ih
addi 1100, SUSRSBEOIAbARGB) hGhARTBNAL S JRANBAI&f kg e i Uihaer

is a receptor and the receptor has I ncreased ear ance bound

ant i body p(cdorg;edcbaﬂfsirﬁe aed@ppbavnamﬂymrelcaﬁepgbwew!ﬂtlag @ntipegyyeinding diffinityd
degradat | 1&05' pH BnHéﬁt’?ﬂa N A8 hdast S&n&rf‘s Pé&r &Qe&HIg%PSE{%%ngC fistdink©

achi eve tironin e endosonme can ease Che phar 0 ynam C
ef f ect ofesudwsaaﬂotberdn;e,sldues teatoopiineéze Vblaenmdrmnwmnmehafﬁerdmggﬂﬁas such that

bi ndthg Bnetss, afisBRT AT, Bt e geid heiotiCe Mid AEEH ShRPPLaRIEIGR. o0,

can recytiam, ourartg‘estbmeah 12,\3, &, BC RO, 1b6,neh mgrean'dhe'viri\/enﬁmvalsa donteymplates

dependentnifdins gade b ?ﬁg%ﬁﬂﬂ Seliam anliordies &ttt 2. 344 &b e Mace PROIRE ng
i s al so ygedtitktion8 e emwesmblsmmﬂm?ﬂnﬁieethé%.umeﬁv@dﬁmmrafreaturtyﬁs@nt at high
concentration (e.g on dissociation fromthe

I DKK
antigen in thi® amief eaﬁa Wd&'ﬁ?ﬂ‘g@fnth&e@t?ca@ 45670 mataod, \i88 esihod fyrgher
anti b@dycsﬁ\ang&cm{a@ehmr@ fhBearRbady 5&.&ré15nmeytafmn@|w.{rf s%aawmm of25

can prolong t decrease I n non-anti body bound anti and can decrease

t he ther apleast ww\d@sm@ﬁﬁu@aat%@%bﬁ@m@a empbedimgnt, |ﬂnﬁ>tmyemqrhor§wﬁlﬁ$énr KD
at pH 7. béﬁt %h%‘r’ F’Eh%%”ga‘?% t'i%itj&fg \’A}ﬁcdﬁdﬂekfdﬂaé"dryothlé?'ragd 'tlf?én{d' €s

with pH epen |ng can be use en the antigen Is presen
menbr aneoptimize the migrbénvrongwnt bffectingrp§a.e. g., a receptor, and it is 30

desired to enfapfia BiOfiAE LRobBmdM 8 RvEME pfRidls BY i€haRaAChAlddyg from

t he
30 which specifically binds to PCSK9 and comprises a heavy chain variable region (VH)

complementary determining region one (CDR1), a VH CDR2, and a VH CDR3 from the
VH amino acid sequence shown in SEQ ID NO: 4 or 5 or a variant thereof having one,

two, three or more conservative amino acid substitutions in CDR1, CDR2, and/or CDR3.



soluble form the antibody has the increased opportunity to re-bind to the
menbrane form increasing antibody in proximty to the cell nenbrane. |f
bound t o wbeonmmiotoane WO 2011/ 111007PCT/ 1B2011/ 050989 Pomrasmi/esodsoal ent
manner, the effective affinity nmay be higher, or the effective dissociation
rate may be slower, through the effect of avidity. Thi s has
application for using antibody-drug cotfugates (ADCs) when targeting an
antigen present in both nmenbrane-bound and soluble form In FcRn-containing
cells 5 in the endothelium soluble antigen will be cleared with the ADC
recycling to Inhepefersstembagiarentygné antibddyVfurigerfcomprisps theulight ghaio variable

mor cas BRI Go 0B T AR Ree A S E Bt fR VpRTn e 8ot tia iy nape 10

rmprgval enléj Y3 gwd k/aﬁ@msmerewrﬁa dor@élttlvdlb]?d%rebr%remb@é lﬁbﬁééﬂ@tl\w bimiridacid
menbr ane bound. ant i a e ound to the receptor in a
di val ent SHRgt F@P”Si@gﬁ)@ %ﬁ% AN %:f‘ -ease the effective affinity or slow

the effectiverpatifveitiofli ﬁ§90¢ra\v.u9§ for .so|ateJ %t.ﬁ&@%@m@rmsbe&mé&n?cbmé to
conpl enent degtpendent cyt ot oxi Clté can al so be exploited in using

ant i bodi &Sk %"%prdéﬂﬁﬁd%rﬁ‘ﬁaw B Ing/arlahlepémﬁndyhlr)&pm erianysdetarnipiag
dot hel h
endot he !ré;g)@n %ﬂblﬂ@[ﬁaﬁnﬁé’m\ﬁrﬁd;tr}(éobhq P@aeideéécfféne&%hb% rﬁDgEQerF%Nd’:@, %OVFI e

pl asma corpart ne r the opportunity to rane- bound

ant i gen. CDR® baiieg athe naminkcacidtseguenes showm inhSEQoIuNQ: 7y @ader oyH W WPR3
i ncrease t I t und
ant1 gon BadRe Vi AnfR 4P feqRhRs <ABWLin 3G RIS adiatint Aol RaghG ohe, 1
presédt onmend cmserwdtiveeamph@yncldwmlbstststlmdmer@IDRe ChRRcandidr, CR3casnweﬂtasonaI

m or obr oD BBt wsR SRt PESKO A ebBlas SR DT bevngn o
][ h;a sk![ I theOémtrhﬁadd lseqGere $owIninSEQ Y BC28 NI—?@GDRZI\J/Ean? thé bminodaci(cji_ y
(Sartor ooRSuere =roiogty SE0 ok, el YA, CBRE LB e g e e Sediyienes -

(M J. Gakhoweth SEQABMO:9VRF B%ﬁahﬂhwwﬁu&uﬁg oRk Otkmégrhree P nidrerBomseV ARG,
Cell Biology: A Laboratory Notebook Cellis, ed., 1998) Acadenc

Pres$® AAMRAQ a%ppb@j,qlttqg\,sén CGRR1, CFE?%érﬁ'i’é’{Pr GRR3. 1987): Introduction to Cell
and Ti ssue Qulht yr @, rknbrPembBbiARInt 2Rk Pn\'r:ent|89b66ﬁt§m 288)artl é't?%ipé Cel |
and Tissue Culture: Laboratory Procedure A Ip J.B. Gifriths, gnd
D. G Newebmpriging .a ligrggzhairpganakje rWIp@y(th@ h@avwstth@cagmnn av_;wkyﬁwemy

Acad f
(hcadert Guie prsE B o (RALOCt I A FHGSI A5 e plso LA fl2h el
M | | er aN®:M,RndGa \h C&ﬂ@ha\m@m}: anfoo raeitt s€juence shewm m SEQeIEUN@szpobogy
Ausubel d - PCR.__The Ch L
(vl 79 Beni brgfit navif . i Bren o horpBoneEINY ARiecrda PO gan
et V\DZOCURH],IIERP@'F\H&BZEDR3050989 - 12 - al., eds., 1991); Short Prot ocols

in Ml | i ol Wl ey, 999 CA J
b B Traver & Sredfiad Shetisgite ot tBe %oxe%thw?“ﬁé‘°d%ﬁn%%?;§§g@nsas%” t cal
appr oachcgRr1 ﬁiiﬁlﬁ%the #flino dc@-sé?fu%ﬁée SH&B@TrﬂQS@ID mm@bmabnmthéwy @8 a

practical approac P. Shep herd and ord Unjversity 5
Press, 28010 a¢id |Sﬁgu%ﬁﬁe| Mf\e@ %QI'QH\B@éﬂo?Qd/ﬁ’éNha@D'@% haping thevaanee BeidLane

( Col QS Spéédi\ihdé@s%ﬁvnhﬁ@@tlﬁrl\}b Hpessa v&ﬁ%thef&ﬁ?héﬂhg BAE! fvo, thfee GiMRél and

.D. Capra, eds., Harwood Academ ¢ Publishers, . Definitions 10An

ant i bodgensesvaiiveiaming egidcmbsiitations B GPR1GDR3) enfd!ﬂr EPES, prefergplydthegVido a
t ar get r Nnase | i C.
thr gugh a +}xegbg‘rpﬁr(|)ér\]é§ %ﬁ@%geﬁérégggrwl}%ﬁﬁ%% (l?c\g’t Febglclﬂﬂé%(rﬁﬁrﬂ%g‘:%%‘?b
regi on oNQ:h& éomanvadghivtheréof havingc ohe,. twas threedohamosé wonserwativer aminc eoidasses

oi nai ng PREYRERPSTHEFEENO%h, SRR s oAl SR AFNOPE, T oS o i ngl 6

chai 80t hereofln bueihen mefm'mldnembodtmerm ofg thhen ROSK® cahtibodied ahythet present

nodi fi ed, con uratign qf the inmuno l'in | ecul e that [ n
oot | gen IUEBIAIT  Bre o8y kel Ao more  Ce MRS Pttt iVA P INESAHE g
chai n ('s&A2BLNYBAHD @ubleaiutdRd MD8( NAB4A lda0ble, mutire] Td50QMATBL odbleri n
ant i bodi es), naxi bodi es,. nni bodi es, intrabodies, diabodies, triabodies,

t et r abod/Madant vWéﬁﬁL'tB‘l“?A'&ﬂbet%@H{a@ g., Hollinger 20 and Hudson, Nature
Bi otech 23: 1126-1136, 2005). An anti body i ncl udes an anti body of any
class, such as 1gG 1gA, or IgM(or sub-class thereof), and the antibody
need not be of any particular class. Depending on the anti body am no acid
sequence of the constant domain of its heavy chains, immunoglobulins can be
assigned to different classes. There are five major classes of

i rmunogl obul i ns: IgA IgD IgE IgG and Igl\/l and 25 several of t hese may

a s o .  ~A



30The term "antigen binding portion” of an anti body, as used herein, refers
to one or nore fragnents of an intact antibody that retain the ability to
speci fi cavbyotyndoro a gi ven antigen (e.g., target X). ARoTiIBEn1/bIongH ng
functions of an anti body can be performed by fragnments of an intact

ant i body. Exanpl es of binding fragnents WO 2011/111007PCT/ 1B2011/ 050989 -

13 - enconpassed within the term"antigbn bi nding portion" of an anti body

i ncl ude Fab, Fab', F(ab)2, an Fd fragment consisting of the VH and CHI

dormai ns, an Fv fragnent consisting of the VL and VH donmains of a single arm
of an anti bodi, aretiserreghisodiroent, theainivehtashyprodidbs fdrramgardibody \bA adtigen-bihding

Nat ure 341:544-546, 1989 angd an isolated 5 conple rity determning
egi on ( BEN tharedr, aacadky S e Piasidsadopesiel FRpLAT et mie HEV RO ALS dance
Wi th any Agtedéiiratlo. EhRtDE47, R TIGAESUS, ABNlor POALPB49. and/ or conf or mat i onal
definitions. The identity of the am no acid residyes in a Earticul ar,

ant i body thatAﬁawentﬁﬁh%{a%éFbyp R IBYeniep dreiPRaEMARSUAER! ROMRASLIORE IcPMPRSIRE i n
the agt. gARerapBatidiMy RFfBetiv@NarnB@of Eaof TRY abBvd Bestribbl ¥htiBodias, 4 Rést cell
hypervari abl e regions originally defined by Kabat et al. See, e. ig , Kabat

et al., therecombinrmtygyodicestheantigody of amiefahe grevieusiydescived anfipodies,,
Public I r vl m L L iBe StdRsmay
al so beHls el%lc'?? iaerY_ Cg(gc ta%HeCH'g?ruct urag)f %Fg(q)%pggv-rmu%%}‘ljgiés&%_r@?Sa!nﬁig?{heg’descr|nbed
by Chot hisQlajedinueleisrasid enneding. apny, of G pigvieusly deiscribedhaniibed®s2: 877- 883, 1989.
O her approac I I | i 15 4 i e o4y, "
which is a co%?o@é%gte\%:gi t%ﬁ)@{é@ﬁﬁ I%%Oﬁﬂal? rz‘aéd;(r?]c(’:[ 1:%3 L@g igzéden&sc%fnLg ford
Mol et@l achalegteidl imblobd @y arsnbjeict imgnexdlf thewseoé domprisivgcaeminis{ering,to dne sitgect
"cont act finition" af CDRs based _on served antigen.contacts, set . forth
1 e CaP rreBp BTy effeci Smgy o a3 o YSEMGRARE AR RRHAE koo insach,
r ef er r edPOSKeedirttigenas the "conformational definition" of CDRs, the
positions of the CDRs may be identified as the 20 residues that nake

ent hal pic contributions to antigen binding. See, e.g., Mkabe et al.,

Jour nal  giebesptieR bf A sesDrawhgs 1156- 1166, 2008. Still other CDR

boundary defrnitirons may not strictly follow one of the above approaches,
but Wl nonefiguret s dg@phahowintihngtingreasq inantiepdy sencentratien Qyaidtmeana,

alt hOUgthrJ&Fdn BRHelS ,@ﬂﬁ_rtened or lengthened in |ight of prediction or
experinmental findings that particular residues or 25 groups of residues or
even entire dDBured?d imatgraptyahowinaine gdecrepsein e ligand @Entigemgovesdimesasgia
herein, g, Gk&, BRhe €l Gliot © CDRs defined by any approach known in the art,

i ncl udi ng conbi nat’i Ohs of appr oaches. As used herein, "nonoclonal
anti body" refEigere 8 iana sgraph cihpwiriyg teneffedtr ofrclanginulkat aod lof onubstibodyi al |y
hom)ggneoug eanr'%"hbodi eSi <ia' e., the individual antibodies 30 conprising the
popufat i 57 %rné TR ‘except for possible naturally-occurring nutations
t hat ][ray bg pFigarOzlm i$ A r;éamapmrsplay shO\Nlbgnmlnomahy aays hondje esnaarrﬁibbdyghlim
specific i n irected agajnst a single antigenic site. Furthernor in
Sont r ast PHAGRSTYEMGABNING WAL, E5CTBR%E STTLET BRMEETAANEANEIHSRCES # JundHeR FaKo

di f f er enfRpBeHPOHAICR Ui RGHSHand sbMini céhdehghfidH of¥Atigen. R is equivalent to the
2011/ 111007PCT/ 1B2011/ 050989 - 14 - determ nants (epitopes), each

nonocl onKp ralif atRYespalpiH yersug PhysiPlesic RHsi ngl e det ermi nant on the

anti gen. The prdid 5 GhlidaiEdte! GeabiabiffbCRbeH B8Serdant astididy HhoddhRgamhebody
as being obtained froma substantiall’y honogeneous popul ation of

ant i bodi gwdehsyceessflly predisiedc thes tataleantipody cepnicentratiosr &A1 b Figare: RA).

ant i body parti =]y onal anti bodi es
to be usg@%{%gééggg?ﬁ%%oﬁ@hgﬂgﬁtgﬁ%ﬁ:{)ﬁf&%\'}@ﬁﬁﬁ %ﬁ]élﬁay gB%hde by the
hybri doma met Rigdref 6 atsto \didatesibel pradictabilityrof dinel pM depieadent ardibddy Nutdeling.

0. ot Mo pddlo WEECestiyl T BRMCIBT: BRr, TEAT sRuRds RenbaRRoR o g

fronB@Phage172 128 6E3HE €6Ic3H3 )eEFiguse B4).t IFgure GBnis U gmpticdemnoristating tha fiakf ert y

et al., 101990, t 48: -5h4 _ex . , her ei n,
hunant 2 E0u8 FeBbot SR LK ¢ ShseHERenaimeRl Miaringanoody 5T Bl e Ho i s
t hat ar etrhihtEevadl in WRsHN ]! Wi lowksed asaumpaleattylsA10chai ns, or fragments

t hereof (such as Fv, Fab, Fab', F(ab')2 or other antigen-binding
subsequences of antibodies) that contain mnimal sequence derived from

non- human i munogl obulin. 15 Preferably, humani zed anti bodi es are human

i mmunogl obulins (recipient antibody) in which residues froma conpl enentary
determ ning region (CDR) of the recipient are replaced by residues froma
CDR of a non-human speci es (donor antibody) such as nouse, rat, or rabbit
having the desired specificity, affinity, and capacity. In sone instances,
Fv framework region (FR) residues of the human i munogl obulin are 20




WO 2011/ 111007PCT/ 1B2011/ 050989 - 15 - As used herein, "human

anti body" neans an anti body having an am no acid sequence corresponding to
t hat of awoantivbowy that can be produced by a hunman andPcoi/IBtniehsobges been
made using any of the techniques for making human anti bodi es known to those
skilled in the art or disclosed herein. This definition of a human anti body
5 includes antibodies conprising at | edst one hunman heavy chai n pol ypepti de
or at |east one human |ight chain pol ypepti de. One such exanple is an

anti body conprising nnurine light chain and human heavy chai n pol ypepti des.
Human ant i bodFigarecaishbes heotime edutse cnfghadamtiabmtmlésimbhéﬁfm&svHencaﬂmuhnstering art.

| nbodi th t lected f

ey &t PRI K BB B R b B ol BRI LA B

i99g glabuélésta'rdpt elabg?l gIYShoM?, ﬁﬁ%&bﬁde&mﬁgs \;e\ffé?tabf lecgéb%ndBmoentufdgyl 3
ca Cl enpoom an nter I O

227: 381; %{%@iﬁ—% ?‘ ect§e)ﬂ@9ded5q§)¢ompaz'2§ %g’f)eﬁqqhﬁé?ﬁo‘%tl bodi es can

al so He made bngurmlslé@tra&nmchaahéwé $hétnérﬂ|bWBIe§hNiﬂUdeH&\Hm|tﬁ}’m#\g n

loci have been transgeni g&% i ntroduced in place of the endogenous |oci,

e.g., m 1T R43 SH3tand driFFeAbBH3) h%tﬁﬂugmnaﬂhb%hé%rﬁ%@rbé% an

part { al xR &Nk by pbiaie 8! ibod 85 34 PBR A3 5ok Audtid R IFighrd ol

Pat ent Nos. 5,545, 807; 5,545,806; 5,569, 825; 5,625, 126; an

5, 661, 018& a/graph nmlclv/esieynortstretelsuﬂf@h tmtelffbotdyhomy Irbéflgurep%ﬁesi db'? to target

i mort al h e. b e ai nst
a target hgeln gen(qgil %Ioénp Bg%@?ap%rts]aér;a%%eérg\%?ggb ﬁg%rgfr(flé| ir:@? gal or
may m&vedtmmtlcamyfaimwmgzejécilcm uﬁl?(BSB(Q See e.g., Cole et al. Monocl onal

Ant i bodi es an er Ther,a ner. et .al .
1901, 3. 1 mbighte © g AT Bl dh Al e oot ur fH pfcive EGSRFLSagondl
"var Ib agl elnl‘tﬁﬁilémand)hoﬁipl-aﬁéméim{éyPglsker@'\té@mﬁ?nﬂﬁw|ab|o€n cr&gesteroofevbtﬁem
antloyl t cC nortevarlae on of the nt | e al n,
oM her Y ity WhiB g araratiaingnse s HEloRNeR e dielited {Hbuigsah L giapH ™
regi ons eénéuthﬁe ér%wueérrﬁeduaﬁhta $Brd Proftged Fedsdtioh iDL develd é@&BM@éI@drtagl ons
(FR) connected by three conplenentarity determ ning regions (CDRs) that

cont & n A9PEHAgReageRt 3grensIldhe CDRs in each chain are held together in
cllose. pr oxi M Fy 019 FRSrapd. abbistingCARE oAl oifiBboRb2bin oH
contribute to the formati on of e n- binding site of antibodies.
There ar demndeé\&shmdmgtw Bepraiongeds hﬁ'ér'lf%lelt\evlw rﬁmg:ompased ta)thennemppHoach
based ony gé&&%}‘f gSequence variability (i.e., Kabat et al. Sequences
of Protern ol ogical Interest, (5th ed., 1991, National Institutes

of Heal th, BeFlbaB-:dm i) heatarap $mmag1trmogemalhnbddmg fonpldrdepeadénddnirafing.c
st udigs f i exes ( kani.-et _al 997
011201150 arfases Drde bgan et atitesindi! 3Bk BFoss bad siagigs ey, oSy
her ei n, ﬂ\d]ﬁ)ﬂnbayofrdéysrthé@nﬁﬁﬁs eRpdriemedd byduwetifevels ppanigen as chyipared to
conbi nat| on che As known in the art a "constant
regi on" ﬁb%f& MBP&? a??)t Bipding-onst ant regi on of the antibody Iight
chain or the FiglRd am me&n tﬁé mh@ agturé® dior hediyert hédritentratici t fagswingone
or in conbi natlon herein, the term "PCSK9" refers to any

f orm of P@I@K‘Jﬁ%ﬁ'&"\?&?ﬂ@ﬁ‘i'@qm‘ﬁmeﬁ depandent bipdingdirected aopastkanbigen IgE.
actiysty of PEglie ﬁ'ﬁr‘élelsn%éattlﬁfé Aduirsd eer' lént@éH: NedeeRttaidif Clollbing

reference to human PCSK9, PCSK9 includes all manmalian species of native

sequenceama@rat@n@fanmnﬁwywmpH@epee@emt@unc@r@dnn@cte@agaua@tvanwgen@h@«lo
Mo e Y MTRBYRCED ddoR e 2tim BifSe (Yo ©3itigth NATREHAIETRIGRE | D

NO 16). used herein, goni's referst
ant i body admittistragion loif @n tantibodyi With pHRCSKendent|bindingdirented agalystaanﬂlgen Cs.
downst r eam pa ) i . P i L i i ncl udj P - i at ed
down- r egul at i %g"‘%%’ﬁ ﬁg[ﬁ'ﬁ%ﬁﬁé ?rgﬁ%}éllgggﬁggel%rgggtlboﬁ%s witlf ppldégp%ndg%(ghgﬁg
30  used for modeling.

Detailed Description of the Invention

The present invention relates to antibodies with pH dependent binding to its
antigen such that the affinity for antigen binding at physiological pH (i.e., pH 7.4) is



15 nmedi ated decrease in LDL bl ood cl earance. A pH dependent PCSK9

ant agoni st anti body enconpasses anti bodi es that bl ock, antagonize, suppress
or reducewQtotianyoodegr ee i ncludi ng significantly) PCSKOPoOraBmgi/ezbso
activity, including downstream pat hways nedi at ed by PCSK9 signaling, such
as LDLR interaction and/or elicitation of a cellular response to PCSK9. For
purpose of the present invention, it wiDl- be explicitly 20 understood that
the term "PCSK9 ant agoni st anti body" enconpasses all the previously
identified terns, titles, and functional states and characteristics whereby
t he PCSK@reaterehén abeficsiénabipbl (2gi, il 6.8adriSub) yin(atmer wiaida,gthb Uy ardt Fatio dted t o

its ability, ate S t,.of interaction with the , od

egurat| B B R ShA S5 P Ly Bl ok Crabodh helyedt, 2k d. Sollotfiences
of theI b'Qoljmgimabr Q0 bNmbbbf lSuéh leal%bérllitlérﬂthbdmléé %r_ﬁare&dntuafﬂ? m&s@b?@ﬁ&é\ 0{
neutrall zed I n an nmeani ngr u ree.. I n sone enpodi ependen
PCSK9 antgy@Hiosn éﬁ'ﬂ‘? 88695%?%3'%%@29'”%686raé‘v%g&)&h?'ﬂefgr'aék‘? GEC  Bfe
LDLR. 5 Exgsmbafedab ﬁ@&@egmta@qnwarenmgg BoEH 74 BatewitH ﬁdpqeuépaﬁa@mrbmdmg,

The terns "pol ypeptide”, "oligopeptide”, "peptide" and "protein" _are used

i nt er chaWjeRBNG andioen s tqner Byak lUndgraoesi andigen: @@ﬁlﬁf@da@e@@m (a9y PESKOH,

preferab K i may
be |i nealrmg?oﬁr anchgg4 \‘]Séé'nncg&?ggn%rﬁ gaen r(%% % mﬁﬂgagé antﬂr})‘?‘/ }gérm'rlrfgy be
i nt er r upwden ihe rantigani unslerggegsrediibed (claanance)| wbererho@lngatgsaninboém(ﬁ@ ,alkBY

hai h i
o1, "y BaReRAA gk oh okl o e o RS NETMEN RV &
20111 Qllﬁﬁt?ﬂ(ﬁbbﬂiﬁ-bﬁﬂmd 05688&n-belimporianbwheo aplagonizing a)targelg/ardgba typically

oo blSYAr A TR B s BB ef P SSH. 0Pt sl §tBlies can
]E)Ol ypept imseamtutgen |h|au lifg@her thmammnah @g@c@dtoalarl\damen@tcﬁp‘.tbd héfj n?keai;et ag,
or exa unnat ur.a S we as ot her nodifications
known in ﬁ@”&?t el“tbqué‘%glﬂ T‘%‘?‘b’o@ % ﬁ%@céﬁfﬂ%ep&%ﬁ )ypepti des can occur as
Si ngI e chai nsif ge aﬁﬁgTéH ﬁb@ﬁté-‘d*@'rg“ét mediated dgrad##vh, fhentudthgsdch antibodies
Knucleotlde ‘nucleic acid," as used interchan geably herein, refer
t o c

£Y nw'tbfp%aepereﬂqrﬁ&n%wg %?C'I“@Y@ld!ﬁsoﬁ'ﬁﬂoﬁ ﬁbth?denw"@naammreaﬁ@ethe
nucl eoti gﬁérrﬁéﬂadﬁ?arﬁﬁoﬁ dd/t Qﬁ”tHE'é‘rﬂbeQ?Sforré)@?ﬁﬁl@l RARLA QF@ anﬁggh fLln‘?lﬁrgoes

nucl eoti des or bases or their anal ogs, or any substr t hat can

i ncor por target-medigteg elrarancey(exn, BRSKS). }?@ll?@d}{'a@b P depepdent bloﬂ'inge may

conpri se [ r

anar ogs. SFpobiateE ot BerGideRC et Tt diod oebpfinl, cafzedie bl

i mpar t edthﬁetbejlr\ea EcRaftmmlngaasémdl lyavef a tamgec half-life thare as egtibodyewith similar &ot | des
= ucl ot| de components. A pol ynucl eotide may be

furtggr f#)ﬁH pﬁ? c{} %rgt "E)cﬂngsuch as by conjugation with a

| abel i ng 1g cUsipgrwch a}rfﬂbwmstvyitbepHode,fpmgerﬁﬂ lmadimg]nis alsoclsefal, thbrapeaticatlyl 3

"caps", st tuti of .one .or t he nat y occ eot i des

ot than S8R dhe Saiftle ARLBES . uSTRr: ot b conce iR S 1 I0E R B T atose

with unc Bwsaqd U[Joﬁliﬂéﬁb‘élaﬁlén @rom thetdhYiged HoBBRPABEGrHe aﬁb%ﬁﬂﬁ@d Hégabstich in

phosphoam dates, carbamates, etc.) and with char %gd | i nkages

phosphor Henlyseaame, tBﬁ@é‘Bh?ﬁyo%ft FRCysiedato Beplgsma Q@dcﬂﬁwt&l’ﬁi ?\'@e @@Hﬂ%rht 20
TOi Eb €5 cark UBIoA: theOteXASP!iR: néH GBIy bBurd -anfigéh CBRE Scarl @ébiiBse the

anti bodi es, 'si na peptides, poly-L-lysine, etc.), those with intercal ators
(e.g., abherenedic doserreneifed,cas competedsie %’bﬁﬂﬁquymgltb [sémidardfs af eHg?-4 bt al s,
r adi oact idative netals, etc.), those containing

al kyl at o‘r’v‘é&ﬁo%@gé%ﬁ%ﬁﬁggpﬁpéd | i nkages (e. g., alpha anoneric nucleic

aci ds, etc. ) Additiowslly, asingiantichdiésewith pHhdepsindentebipding reaol beoysedid (vehen the

Curt ey B ey AR oIR8 DALl GRS R bl P>
pr ot 8@t ededm;edstcaadbartbepbmdmgtnon’gnegmeumsane) boarud forat. e Byt disgoctgtmgeframdingi onal

i nk d | be ted .t lid t
he 292 sh0eR o, TS ety s, e s SeraT prRo e LOGHERA L8 B8 SRR Toe

or or ganf&nﬁmm%émdyﬁh erdx@ditpto fheaddlimémbriheC ar Bhdicohe . méhbeine30
hydr oxyl s may al so be derivatized to standard protecting groups.

Pol ynucl eoti des can al so contai n anal ogous forns of ribose or deoxyribose
sugars that are generally known in the art, including, for exanple,
2'-0-nethyl-, 2'-0-allyl, 2'-fluoro- or 2'-azido-ribose, carbocyclic sugar
anal ogs, al pha- or beta-anoneric sugars, epineric sugars such as WO

2011/ 111007PCT/ 1B2011/ 050989 - 18 - arabi nose, xyloses or |yxoses, pyranose
sugars, furanose sugars, sedoheptul oses, acyclic anal ogs and abasic
nucle05|de analogs such as nethyl riboside Cne or nore phosphodlester

o o I T S I -



25 (i.e., free fromcontam nants), nore preferably, at |east 90% pure, nore
preferably, at |east 95% pure, yet nore preferably, at |east 98% pure, and
nost prefwoabliyiii@y | east 99% pure. A "host cel | " PCmaBzode850a3p

i ndi vidual cell or cell culture that can be or has been a recipient for
vector(s) for incorporation of polynucleotide inserts. Host cells include
30 progeny of a single host cell, and-tlhe progeny may not necessarily be
conpletely identical (in norphology or in genom c DNA conplenent) to the
original parent cell due to natural, accidental, or deliberate nutation. A
host cel formdni wal edivateritl mannan sthec effective affinidy Wwnah e pmghewdrethbi dii¢ctjveof

this inventian. WD 2011/111007PCT/ 1 11/ 9 As known in
the art, Spﬁgm?téqr}ﬁatchlay &5 Fower; gﬂ@ﬁ%@%&%’%«é"ﬁwc terninal region of an
i mrunogl obul i ThiferRigyagphaation fBﬂQJSlH@Carﬁtﬂwd?lﬂru unjbgatasr(mosg vAURIRGRING C
region or a variant Fc region. Althou'g thtf %arle t he Fc reglon of
an i mmné@laBB%‘P’? Areseslip MemArgnr-dodnd,an ﬁ‘é'uh'ﬁ | B’G’g 9“*@%[?91

regi o if ﬂh&l@#dbtheﬂem Q&dblb%rﬁigéﬁ Knflt s@ cleafdt with 88 ADCaekykling 6 ‘ﬂ'lteplé&ma
position Cys226, or from Pro23 to the carboxyl-term nus thereof

nunber i ngor@pa'ftwentv edliqyieg fon @FPFLOFW@"IY e’@i &ind gnempfangs bpHed EQJ‘tIQ%ex Wéthl n
Kabat . Kshﬁsoﬁ \ﬁlt glr-iaf’écbé‘?\%ﬁtsblﬁ&nﬁ .ﬂ&r%lagéd%ndtrgm%%%{ﬁaﬂanwo%gssram 5th

Ed. Public Nat 1 onal” I nstitutes Bet hes
1991. Theither dl\sajemilv of rrv@novamﬂyog\ﬂlbb&usewlngmedlanyb@dymﬂerselgamm witbribeant

desar i peorBd pGLHY pafloctaE B Bath" i Bbdnd i e BEGRAN, o Bflent ftter,

pr ef €0 r etheFaniditysmay rm:t‘ease tbe gffective dffinityror Bt tm‘tm‘botmnf ratelof)dlss’;matm FCR is

whi ch bi I G
of Sthe Eeymn e Hecraniside 0 0t Snd BRI aGR N eReha B o BT TCDES B <
and al teatsatbe/ekmomd incasing (a"nlti’Bodiés twhiaspH rde(peﬁﬂ@ftsblncﬁngRllh Ff‘oR“ne@immln

| ude 15 FcyRl| t At F i
- ocept or 5518 [ Perndlipluf sokble, ANigs RS elpalie aad Wi ALt Fecaeled foriei 1
in the cwa@maaéémsar%ﬂam gl rﬁﬁfthelicp'a@rtah E@wmmmaﬁ{%e&m aangerKl net,

1991, Ann. Rev. | munol : 457-92; Capel et al ., 4, | mmunonet hods,

4: 253§4 Libgeating %@”’@20%5 froma@lae SP'”Q_%HGC@WnW"Né'@?reasfzﬁ‘%fs@ﬂﬂnt'qué’l?'

al so 'nchva\%&éﬂn&mah%.nd@%%granemd atg&d ah Hc?éé%‘érb%'uﬁkhl?nd or 20 the
transfer of maternal to the tetus (Guyer et a . I'mMmunol

117 587; and Kimet al., 1994, J. Im"runol , 24:249). The term
"conpete inwith regard to an anti body, neans that a first
anti bo dyGeSraﬁaéﬁagﬁ?'?géesﬁ bi ndi ng portion thereof, binds to an epitope in a
manner suffi cThetpractice nifl the presemtelnbemtdlmylIbémaloslemnlassamhel’msg/;nchrratem

e o2 anBP RIS, FoarfRugs LTt 8 Anebidfne, FterbeiRant ugbtiitieRl, "

pr esencerméroblbbgs'ﬁwﬂﬁiolagy I mochenmsmy)andadnmondalbgy which a@ withih ltiee §kill of the

b1 ndi ng’ Bt SHENJEEITRLSR APRPIReE TG e Bpetire. SHebchs BBl GloRRg: Bas

in the prassatRy Maruag secbisd eambht(sdmbnmnet AUt1989F CorPSphey HafbdiFress; That

is, a first anti body 30 can inhibit_ the binding of a secon ant i body toits

epi t ope Q“sﬂw'eqtﬁat SyptheRls Mtk bEal: iedhi 69@4)51 ?m@dﬁl WaiMRjetar [iolegy.st

ant i body I-FuﬁwdnTaSPrfe§§ p@éli B\fﬂ’ogf‘ypw Ré¥ora fbool 1§ ES Cesh eBN1Id0BH A Riet abl y
inhibits the |n|n8 he ot her antibody w th its cognate epitope or

ligand, Wresshénimg ﬁlé@étws@ (Rgfé%feéhneymedl e98d); lafredyntionttacCelhangdisste are
said WO 2041/l / ch
ot Iher for &#}ededng OFE&ﬁéﬁﬁ%ég%@@?ﬁgg%%me@@n)ﬁéﬁtﬁapgﬂ?&gﬁ%g%&fé

cr oss- cohpeoratagy drocdsidese $A. aDeerncthﬁﬂf&ibsl anyd Dn@. Newsdneds. n9893-1898) J.
Regardl e f ch b it or 0 tidion
cocur s (B9, abyCopRe il tn Sl BRERaRBBs” dpear REERORE o
commB8h epxpenraentar ImrBumnﬂogy (DIM eeieahd C. Chllaskwéll exdlsa)r GenaiT ram;ﬂérd/ectors

appreci a base p the t hi n ovi de etlng
2P6 or - clMaRBTAlab s ot ST B AN (il 188 ARt HeEPRrBr "L e
et hods  fictédutiieBioltglye{FIM. Ausubelfet’ BUNels ON@B7f;PCRYI urne FPkﬂ n‘ﬂ@fai‘s@SCﬁélM east
one effector function of a native sequence Fc region. "effector

funct i on§eaction. yMallie1dt ali §dsnd29¢hE& urpent Prptocelsd t'BV“LquIRHVn@ E Collgan et
ant i body- dependent cel |l -nedi ated cytotoxicity; phagocytosis;

down-regul ation of cell surface receptors (e.g., B cell receptor), etc.
Such effector functions generally require the Fc region to be conbined with
a binding domain (e.g., an antibody variabl e donain) and can be assessed
usi ng vari ous assays known in the art for evaluating such antibody effector
functlons 15A natlve sequence Fc reglon conprises an am no acid sequence

N 1 b o .



WO 2011/ 111007PCT/ 1B2011/ 050989 - 21 - As used herein, "treatnent"
and "therapeutically effective" are approaches for obtaining beneficial or
desi red cwpnooaiiieoesul ts. For purposes of this inventi oRCraBzuiecsovsy pH
dependent PCSK9 ant agoni st anti bodi es, beneficial or desired clinical
results include, but are not limted to, one or nore of the follow ng:
enhancenent of LDL 5 clearance and redd@i-ng i nci dence or anelioration of
aberrant chol esterol and/or lipoprotein levels resulting from netabolic
and/ or eating disorders, or including fam|lial hyperchol esterol em a,

at her ogeanl.c edgs| 189 10erBhaxt Rrbloeoss il dviokecsiar aBidlogpo (Wilgje rardalSops, 1999);
cardi ovascul ar, .di sease, (CVD). "Redugi I nci e" ans y of re L.ng
sever | ¢y TTMHNRHOIOER R déabviey ABALE: Aepysea 05 Antlpaies, 1B oty 87y
expasur eAhﬁ%méQera gfdéﬂc‘al aa(;pytr)wchth tmr@@tiﬁ,ls egenRL airﬁys,UM-f_gsg_);t Mgﬁocl:lonal
condition. As is understoo se skjlled in the art, ind vjduals my
vary in f@Biadies anraet @]BBF%Q}H(%- terpardhand g:nd:,)e% edso Oxfppst Uplvgraitye . a
"met hgd pledsePa0D WingG lahabsdes: &f |adotstoRdmaRlialt &. i HgHdw and b deaed ¢eal
anti body based on a reasonabl e expectation that such adm nistration nmay

li kel y c2ageg dirrhoraLakeratary ditess 19519 i b dindibpaies HM. £anetti @dd al-Di &@Pi@.dual .
"Anel i org&é_pgém&cﬁéﬁé%mi%@qg'gggroverrent of one or nore synptons

after admnistering a treatnent as conpared to not adm nistering a
treatment. "Aneliorating” also includes shortening or reduction in duration
of a sy AR used herein, an "effective dosage" or "effective anmount”
of drug, conpound, or 20 pharnmaceutical conposition is an anount sufficient
to aflbect anyAorfaniibodybdiie aneimehurcgidbulin rdeleculedcapable of spéaific pindpiyytcat i ¢
use, benegficial or desired results include . elimpating or reducing th
ok, F ol et s SRR, poaidSolts” i BhOBRE, Yo Fi g seas
ij ncl udi ngn@imigemi m@bgnihdnstsmbggcboaaéd amghervab'eb&vh'r?g‘um Cﬁlwme irausdgléiigin

i sease, its conplicatipns and, i nternedi ate pat hol ogi cal, no es
br esent | RIS noARcHRAch BRE 19 Jom HRNgMpeases. NeboNdPRSLRANS el f
pH depengimociBREKantistidrao Hus talsn hhp Airige diRfindg fragmeht desbéfed.el,eantigsn-

include clinical results such as reducing hyperchol esterolema or one or

nor e 18y nBiNGIAY RATIQR P ngleghain theresf.dusirR pEdieias comprising apanghady andany

di sease, S ; hQat A (Efﬁ.ﬁip t JeRe

di sease, ogﬁﬁa.n_ci r#%%@egﬁgﬁt&g?&mg rﬁ%@;gﬂ%rlggi @gllta?%%,qﬁéalﬂn. / orﬁs%glirgi?ggb he 30
pr ogr essrenegoition isde dneludisg, for examplerwithouhlimiatione single ehein@ervand,domain

adm ni st i r r | ni t i p t L .

vent | ognTEosd RE, RimeRy rRGH, B Shad ddiiin ohibodil P iagbotls; Fiifippdies
conposi t indrabbdieandiahodies, wiabddies, ctetrabadies, cdWpR iand is-epRy |(saxs eg.,drollinger

ther gpeutl g hLeal TRl ohLheh Al LeaLly a0 doRf! ARShidosy Rol.ded B SHTESRbH "

any class, such as IgG, IgA, or IgM (or sub-class thereof), and the antibody need not be
of any particular class. Depending on the antibody amino acid sequence of the constant
domain of its heavy chains, immunoglobulins can be assigned to different classes.
There are five major classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and

25 several of these may be further divided into subclasses (isotypes), e.g., 1IgG1, 1gG2,
1gG3, 1gG4, IgA1 and IgA2. The heavy-chain constant domains that correspond to the
different classes of immunoglobulins are called alpha, delta, epsilon, gamma, and mu,
respectively. The subunit structures and three-dimensional configurations of different
classes of immunoglobulins are well known.

30 The term "antigen binding portion" of an antibody, as used herein, refers to one
or more fragments of an intact antibody that retain the ability to specifically bind to a
given antigen (e.g., target X). Antigen binding functions of an antibody can be

performed by fragments of an intact antibody. Examples of binding fragments



clinical context, an effective dosage of a drug, compound, or

phar maceuti cal conposition may or may not be achieved in conjunction with
anot her dwogoticam@oeund, or pharmaceutical conposition. PoWAB20anos0ess ecti ve
dosage" may be considered in the context of adm nistering one or nore

t herapeutic agents, and a single agent nmay be 5 considered to be given in
an effective amount if, in conjunction1d-th one or nore other agents, a
desi rable result nay be or is achieved. An "individual" or a
"subject” is a mammal, nore preferably, a human. Mammal s al so i ncl ude, but
are not Enmmmlssted wnfrm theatarnmarst;gesﬂmdmgiponmah'sof arearst;bonyumeresFaﬂndfrabes

dogs, m ce rats 10As use tor" nmeans a stru

Whioh | FEARRGPE B RIS ARG e KT 20ey CPHPRBERnaN BHel S o
genle( 3) @%néiﬁmgedifctﬂéalh ahd IVH do@ainsi difl@sh@ﬁat amelof aE@émEf@di)esa QE%Areeadrﬁam
include, but are n imte viral vectors, n or expressi on
vectors, aBﬁ't?%q%& bgof rﬁe’Hr&M‘ﬁrgg@t feciNatwe %\TAM)‘]"%@N%%»* &od; an g grs
assocsat @ng‘eHbrﬁéﬁtygeie@mWﬁé@ﬁj M@orents, DNA or RNA expressi on vectors
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Anti bodies with pH dependent binding can al so be adm nistered via
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25 acids such as glycine, glutam ne, asparagine, histidine, arginine, or
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pharmaceutically acceptabl e, aqueous or organi c solvents, or mxtures

t hereof, and powders. The liquid or solid conpositions may contain suitable
phar mmcewopcallyi1@ecept abl e exci pi ents as set out abovePCIABHOBS0989
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di scussed Tare appl icable to Custom zin bodi és for use, for exanple, in
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produci ng cel »S: i ng
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di scl os edalcﬁiaﬁon BDMAéBanﬂ'icﬁj,ld bEPeadlisrele?@Rtlin o ahd inVaes ipharm&sokirefic and
Lonber g, D. Huszar, 1995, Int. Rev. Immnol 13:65; and Pol |l ock, et

al ., 1999“3(5“399%?%"’!@9%%@@31 147. Met hods for making derivatives of
anti bodi es, e.g., humani zed, single chain, etc. are known in the art.

151 mmunoassays and flow cytonetry sorting techni ques such as fl uorescence
activated cell sorting (FAGS) can al so be enployed to isolate anti bodies
that are specific for the desired antigen. The anti bodi es can be
bound to many different carriers. Carriers can be active and/or inert.
Exanpl es of well-known carriers include pol ypropyl ene, polystyrene,



20 pol yet hyl ene, dextran, nylon, anylases, glass, natural and nodified
cel | ul oses, polyacryl am des, agaroses and magnetite. The nature of the
carrier oa02ba/|idher sol uble or insoluble for purposesPofi/iBa1/H3veeNt i on.
Those skilled in the art will know of other suitable carriers for binding
anti bodies, or will be able to ascertain such, using routine
experinmentation. In sone enbodi nents, -2he carrier conprises a noiety that
25 targets the myocardi um DNA encodi ng the nonocl onal antibodies is
readily isol ated and sequenced using conventional procedures (e.g., by
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directly. 25 Some of the nethods for identi and characteri zing
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known in the art. For exanple, one nmethod is to ident the epit'ope
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or more administrations. For purposes of this invention, an effective dosage of drug,
compound, or pharmaceutical composition is an amount sufficient to accomplish

prophylactic or therapeutic treatment either directly or indirectly. As is understood in the



Press, Cold Spring Harbor, New York, 1999). In an additional exanple,

epi t ope mappi ng can be used to determ ne the sequence to which a pH
dependentweanbiibiadw7bi nds. Epit ope nmapping i s conmerci al lPgTaABZI1I/63908 from
vari ous sources, for exanple, Pepscan Systens (Edel hertweg 15, 8219 PH
Lel ystad, The Netherlands). The epitope 5 can be a linear epitope, i.e.,
contained in a single stretch of am ne22eids, or a conformational epitope
formed by a three-dinmensional interaction of am no acids that may not
necessarily be contained in a single stretch. Peptides of varying |engths
(e.g., atlidiesistortekt, asn neffectivds dosagy afam kug,s aoatpeund, cs-yrphlaesacmldcéle g.,
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exanpl e, be pARduHeﬁ%uQK FPEsabct g H%Prmé}%g)ré@ﬁaﬁly A& éﬁdhﬁdh’irﬂalg
protein in vitro, Int epresenceo |oact|v am no ‘aci s The bi ndi ng
of the aalspbmalyde dut lace nadlimited toy &rmn arabwllswpolrt@@rmaimpets, prireatedeherses.ned
by i mun .kl I gel electrophoresis. Certain epitopes can al so
be i dent ??ésg?agéyhﬁéé %’3" agge i braries of random pepti de sequences
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a nutant antigen in which various fragnents of the pol ypepti de have been
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of the proprotein convertase assessing binding of the antibody
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2011@& r07PC;B ﬁgZOll/ 050989 - 39 - determne if the pH dependent anti body
bi nd§”t o' tHe $& epi tope as other antibodies. Conpetition assays are well
known to thosAs otisekihéreinh tdrrerraat:eutlcally a&ep’ebw esstian gecpbarmaseutiealused
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anot her errbodl nment, the expression vector is admnistered directly to the
synpat hesueh s oilvaier avigionoand yarioyn types pbwtt@laagpnéﬁ t Breferred dilugnts for
ventricabeab BP'da [p' ?éHté’r'aF%mlnlstratlo-ﬁaél%ebﬁéi? kd BoFrdredl sdifhgr @-'%%j bf normal
conposi tions contalning an expression vector, or subgenom ynuc eot i des
can al so(b8%)satine. Rééwppmﬁmmdcmmlmudelcavary are dormujpted la/rweﬂié@ownbed
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Corrpos' t i ons 'FI@éﬂtéthﬂl'Ha,g' as RBEY MepdiROkdfée t8rtRe 28tE dinstamit @6k addogiation @¢ anf
about 100 ng to about | ocal adm nistration in a

of  DNA f or ”gene
t herapy PRSP, a’t@ﬁﬂ%‘?ﬂ rgﬂeﬁﬁ"’?'yﬂd% rgie canstants; fon Rpdoer) 8N FeUHIDEWM Ny
about 1 gg to about 2 ng, about 5 jig to about 500 gg, and about 20 jig to
about 100 jig of DNA can al so be used during a gene therapy protocol. The
t herapeutic pol ynucl eoti des and pol ypepti des can be delivered using gene
delivery vehicles. The gene delivery vehicle can be of viral or non-viral
origin (see generally, Jolly, 1994, Cancer Gene Therapy 1:51; Kinura, 1994,
Hunan GEne Therapy 5 845 25 Connelly, 1995 Hunan GEne Therapy 1 185 and
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5 Nos. WD 94/12649, WD 93/03769; WD 93/19191; WD 94/28938; WD 95/11984 and
WO 95/00655). Adm nistration of DNA |linked to killed adenovirus as

descri bedwOroGuini@y?, 1992, Hum Gene Ther. 3:147, can alPso/IB®1enjbeyyed.
Non-viral delivery vehicles and nethods can al so be enpl oyed, i ncluding,

but not limted to, polycationic condensed DNA |inked or unlinked to killed
adenovirus alone 10 (see, e.g., CurieF23%992, Hum Gene Ther. 3:147);

| i gand-1inked DNA (see, e.g., Wi, J., 1989, Biol. Chem 264:16985);
eukaryotic cell delivery vehicles cells (see, e.g., U S. Patent No.

5, 814, 48dissGEatidrutdnstdids are\DedSHRdASBIng MEb a6Liiaty f2agrifénts i e puhiBaleat) andd

97/ 42338 nd nucl eic charge neutralization or fusion with cell nenbranes.
Naked "al so be enpl oyed. Exenpl ary naked DNA i ntroduction nethods
are descri bEdTﬂ@térﬁh RGT", RisblisedVeereMOréters1ibGAR ratactodstant Ritdisdocdion of an
5,580, 859. Liposones that can act as gene delivery vehicles are described
in U S paikagy figm “?%2@ MS" GRECPIBEX. Nos. WO OB/ 13796; WD 94/ 23697; WO
91/ 14545, andﬂEéDt&ﬁ?%%as Aédd hiRIR| reft® 1O e 8quiMsriingl @fsbEiBfAsh bané?aml P,
1994, Mol. Cell Biol. 411, and 1 n Wt f endi n, 1994 Proc. Natl. Acad.
Sci. 91: @B@mt'bmﬂ@eﬂh@t@m‘@h enconpasses conpositions, includi ng
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dopendentMERPIEERCE GAREPDOTIE AIRERT LT Y B EP RS RNSER of
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coul d be, produyced an_aut o ti S sLzer enploying the
solid phh@@-%‘ﬁi‘oﬁﬂﬁ%@a@%"é roter %&géﬁ)"%ﬂ?é g? d%15; 4,816, 567; 10and
6, 331, 415. I n anot her alternatlve the anti bodi es and peptides can
be nade reconblnantly u5|ng procedures that are well known in the art. In
one enboliMethods,fos preventings 8®s a sequence encodi ng the heavy

chai pgand/ or fzh | h - I - Q&gy 4 otfes0, theF6,
704 gr L1L3. F?hgngegﬁtseerﬁe@gﬁrco@ ﬁ@tﬁeedegﬁ?ﬁﬂgrﬁlg?rﬁldé |ntsetr§§t':b may th@

mai nt ai néwenhprapxpy&eéra meﬂapdwfss'ttra?éng oarmewmngdwpe@@plestﬁwemfﬁararw& at
expanded e, i ct.ors
o hoct 6231 phé S7fBian? br WikIideriaandRELRTGS, VD W oBfriatphear e hor o)
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242: 323- PRBKYAN exarrple of a l'i nking peptide is (G3GGS)3 (SEQ I D NG 22),

whi ch bridges, a xi mat el y nm bet ween th r box s, of
Varabl e 1 o1 B L REPt g IRvePP LoV R e ichs SUunER] & PHetsRsAde

Li nker s pCSKohghtagesiseasttiodyanat BeLbokiess @m@lﬁiat&@lpm foBiuse iAttradting k988,
supra. Linkers should be short, flexible 25 c%g’@:ptl des and gﬁ?‘ferabl

conpr i seBreyeniing shyRessholgsiere! %aarﬁqﬁ’épra@itdeﬁégl SYMPPRe PE PideMidyr n be
nodi fied for additional functions, such as attachnment of drugs or
attachnment to solid supports. The single chain variants can be produced
either reconbinantly or synthetically. For synthetic production of scFv, an
aut omat ed synt hesi zer can be used. For reconbi nant production of scFv, a
suitabl e plasnnid 30 containing polynucl eotide that encodes the scFv can be
|ntroduced |nto a sw tabl e host ceII elther eukaryot| C, such as yeast,

o p—

o, o, o



O her forns of single chain antibodies, such as di abodies are al so
enconpassed. Di abodies are bivalent, bispecific antibodies in which VH and
VL domai msoand/ax@ressed 5 on a single polypeptide chaPol/IbBai1/00s9g a
linker that is too short to allow for pairing between the two domai ns on
the sane chain, thereby forcing the domains to pair with conpl enentary
domai ns of another chain and creating-24e anti gen binding sites (see e.g.,
Hol liger, P., et al., 1993, Proc. Natl. Acad Sci. USA 90: 6444-6448; Polj ak,
R J., et al., 1994, Structure 2:1121-1123). 10For exanple, bispecific

ant i bodi etheroszievosis,n@VDamt ¢dyonarg shelantadisémsee irbbndhdigdaaled‘hénmretritiea fordherat

| t ot di ff t b d i bod| es..
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e M1 N9enolGHRrd b L O Ts of loabPaBB % fthdrSnAR bErchd SphidiStaleriysy
chain coRat : arni ng he Si necessar chai n
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i mmunogl pbul i.,n_heayy ch ion f desired, the i
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eX|||t n a roportiaons of the three eptide
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possible to insert the coding sequences for two or all three polypeptide
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These agents can be combined with pharmaceutically acceptable vehicles such

as saline, Ringer's solution, dextrose solution, and the like. The particular dosage

25 regimen, i.e., dose, timing and repetition, will depend on the particular individual and

that individual’s medical history.

Antibodies with pH dependent binding can also be administered via inhalation, as

described herein. Generally, for administration of pH dependent antibodies, an initial

candidate dosage can be about 2 mg/kg. For the purpose of the present invention, a

30 typical daily dosage might range from about any of about 3 pg/kg to 30 ug/kg to 300

Hg’kg to 3 mg/kg, to 30 mg/kg, to 100 mg/kg or more, depending on the factors

mentioned above. For example, dosage of about 1 mg/kg, about 2.5 mg/kg, about 5

mg/kg, about 10 mg/kg, and about 25 mg/kg may be used. For repeated
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administrations over several days or longer, depending on the condition, the treatment is
sustained until a desired suppression of symptoms occurs or until sufficient therapeutic
levels are achieved, for example, to reduce blood LDL levels. An exemplary dosing
regimen comprises administering an initial dose of about 2 mg/kg, followed by a weekly
maintenance dose of about 1 mg/kg of the antibody, or followed by a maintenance dose
of about 1 mg/kg every other week. However, other dosage regimens may be useful,
depending on the pattern of pharmacokinetic decay that the practitioner wishes to
achieve. For example, in some embodiments, dosing from one to four times a week is
contemplated. In other embodiments dosing once a month or once every other month
or every three months is contemplated. The progress of this therapy is easily monitored
by conventional techniques and assays. The dosing regimen (including the antibody
used) can vary over time.

For the purpose of the present invention, the appropriate dosage of a pH
dependent antibody will depend on the antibody (or compositions thereof) employed, the
type and severity of symptoms to be treated, whether the agent is administered for
preventive or therapeutic purposes, previous therapy, the patient's clinical history and
response to the agent, the patient’s blood antigen levels, the patient's synthesis and
clearance rate for antigen, the patient’s clearance rate for the administered agent, and
the discretion of the attending physician. Typically the clinician will administer a pH
dependent antibody until a dosage is reached that achieves the desired result. Dose
and/or frequency can vary over course of treatment. Empirical considerations, such as
the half-life, generally will contribute to the determination of the dosage. For example,
antibodies that are compatible with the human immune system, such as humanized
antibodies or fully human antibodies, may be used to prolong half-life of the antibody
and to prevent the antibody being attacked by the host's immune system. Frequency of
administration may be determined and adjusted over the course of therapy, and is
generally, but not necessarily, based on treatment and/or suppression and/or
amelioration and/or delay of symptoms, e.g., hypercholesterolemia. Alternatively,
sustained continuous release formulations of antibodies may be appropriate. Various
formulations and devices for achieving sustained release are known in the art.

In one embodiment, dosages for an antagonist antibody may be determined

empirically in individuals who have been given one or more administration(s) of an

Arg
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antagonist antibody. Individuals are given incremental dosages of a antibody. To
assess efficacy, an indicator of the disease can be followed.

Administration of a pH dependent antibody in accordance with the method in the
present invention can be continuous or intermittent, depending, for example, upon the

5 recipient's physiological condition, whether the purpose of the administration is
therapeutic or prophylactic, and other factors known to skilled practitioners. The
administration of a pH dependent antibody may be essentially continuous over a
preselected period of time or may be in a series of spaced doses.

In some embodiments, more than one antagonist antibody may be present. At

10 least one, at least two, at least three, at least four, at least five different, or more
antagonist antibodies and/or peptides can be present. Generally, those antibodies or
peptides may have complementary activities that do not adversely affect each other. A
pH dependent antibody can also be used in conjunction with other therapeutics. A pH
dependent antibody can also be used in conjunction with other agents that serve to

15 enhance and/or complement the effectiveness of the agents.

Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the
dosages and concentrations employed, and may comprise buffers such as phosphate,
citrate, and other organic acids; salts such as sodium chloride; antioxidants including
ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl

20 ammonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium
chloride; phenol, butyl or benzyl alcohol; alkyl parabens, such as methyl or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular
weight (less than about 10 residues) polypeptides; proteins, such as serum albumin,
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino

25 acids such as glycine, glutamine, asparagine, histidine, arginine, or lysine;
monosaccharides, disaccharides, and other carbohydrates including glucose, mannose,
or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g.,
Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™

30 or polyethylene glycol (PEG).

Liposomes containing the pH dependent antibody are prepared by methods
known in the art, such as described in Epstein, et al., 1985, Proc. Natl. Acad. Sci. USA
82:3688; Hwang, et al., 1980, Proc. Natl Acad. Sci. USA 77:4030; and U.S. Pat. Nos.
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Therapeutic pH dependent antibody compositions are generally placed into a container
having a sterile access port, for example, an intravenous solution bag or vial having a
stopper pierceable by a hypodermic injection needle.
Suitable emulsions may be prepared using commercially available fat emulsions,
30 such as Intralipid™, Liposyn™, Infonutrol™, Lipofundin™ and Lipiphysan™. The active
ingredient may be either dissolved in a pre-mixed emulsion composition or alternatively
it may be dissolved in an oil (e.g., soybean oil, safflower oil, cottonseed oil, sesame oil,

corn oil or almond oil) and an emulsion formed upon mixing with a phospholipid (e.g.,
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therapeutic polynucleotides and polypeptides can be delivered using gene delivery
vehicles. The gene delivery vehicle can be of viral or non-viral origin (see generally,
Jolly, 1994, Cancer Gene Therapy 1:51; Kimura, 1994, Human Gene Therapy 5:845;
25 Connelly, 1995, Human Gene Therapy 1:185; and Kaplitt, 1994, Nature Genetics
6:148). Expression of such coding sequences can be induced using endogenous
mammalian or heterologous promoters. Expression of the coding sequence can be

either constitutive or regulated.

Viral-based vectors for delivery of a desired polynucleotide and expression in a
30 desired cell are well known in the art. Exemplary viral-based vehicles include, but are
not limited to, recombinant retroviruses (see, e.g., PCT Publ. Nos. WO 90/07936; WO
94/03622; WO 93/25698; WO 93/25234; WO 93/11230; WO 93/10218; WO 91/02805;
U.S. Patent Nos. 5, 219,740 and 4,777,127; GB Patent No. 2,200,651; and EP Patent
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Non-viral delivery vehicles and methods can also be employed, including, but not
limited to, polycationic condensed DNA linked or unlinked to killed adenovirus alone
(see, e.g., Curiel, 1992, Hum. Gene Ther. 3:147); ligand-linked DNA (see, e.g., Wu, J.,
1989, Biol. Chem. 264:16985); eukaryotic cell delivery vehicles cells (see, e.g., U.S.
Patent No. 5,814,482; PCT Publ. Nos. WO 95/07994; WO 96/17072; WO 95/30763; and
WO 97/42338) and nucleic charge neutralization or fusion with cell membranes. Naked
DNA can also be employed. Exemplary naked DNA introduction methods are described
in PCT Publ. No. WO 90/11092 and U.S. Patent No. 5,580,859. Liposomes that can act
as gene delivery vehicles are described in U.S. Patent No. 5,422,120; PCT Publ. Nos.
WO 95/13796; WO 94/23697; WO 91/14445; and EP 0524968. Additional approaches
are described in Philip, 1994, Mol. Cell Biol., 14:2411, and in Woffendin, 1994 Proc.
Natl. Acad. Sci. 91:1581.

This invention encompasses compositions, including pharmaceutical
compositions, comprising antibodies described herein or made by the methods and
having the characteristics described herein. As used herein, compositions comprise
one or more pH dependent antibody, and/or one or more polynucleotides comprising
sequences encoding one or more these antibodies. These compositions may further
comprise suitable excipients, such as pharmaceutically acceptable excipients including
buffers, which are well known in the art.

The invention also provides CDR portions of pH dependent antibodies (including
Chothia and Kabat CDRs). Determination of CDR regions is well within the skill of the
art. It is understood that in some embodiments, CDRs can be a combination of the
Kabat and Chothia CDR (also termed "combined CDRs" or "extended CDRs"). In some
embodiments, the CDRs are the Kabat CDRs. In other embodiments, the CDRs are the
Chothia CDRs. In other words, in embodiments with more than one CDR, the CDRs
may be any of Kabat, Chothia, combination CDRs, or combinations thereof.
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art. The polypeptides can be produced by proteolytic or other degradation of the
antibodies, by recombinant methods (i.e., single or fusion polypeptides) as described
5 above or by chemical synthesis. Polypeptides of the antibodies, especially shorter
polypeptides up to about 50 amino acids, are conveniently made by chemical synthesis.
Methods of chemical synthesis are known in the art and are commercially available. For
example, an antibody could be produced by an automated polypeptide synthesizer
employing the solid phase method. See also, U.S. Patent Nos. 5,807,715; 4,816,567,

10 and 6,331,415.

In another alternative, the antibodies and peptides can be made recombinantly
using procedures that are well known in the art. In one embodiment, a polynucleotide
comprises a sequence encoding the heavy chain and/or the light chain variable regions
of antibody 4A5, 5A10, 6F6, 7D4 or L1L3. The sequence encoding the antibody of

15 interest may be maintained in a vector in a host cell and the host cell can then be
expanded and frozen for future use. Vectors (including expression vectors) and host
cells are further described herein.

The invention also encompasses scFv of antibodies of this invention. Single
chain variable region fragments are made by linking light and/or heavy chain variable

20 regions by using a short linking peptide. Bird et al., 1988, Science 242:423-426. An
example of a linking peptide is (GGGGS); (SEQ ID NO:22), which bridges
approximately 3.5 nm between the carboxy terminus of one variable region and the
amino terminus of the other variable region. Linkers of other sequences have been
designed and used. Bird et al., 1988, supra. Linkers should be short, flexible

25 polypeptides and preferably comprised of less than about 20 amino acid residues.
Linkers can in turn be modified for additional functions, such as attachment of drugs or
attachment to solid supports. The single chain variants can be produced either
recombinantly or synthetically. For synthetic production of scFv, an automated
synthesizer can be used. For recombinant production of scFv, a suitable plasmid

30 containing polynucleotide that encodes the scFv can be introduced into a suitable host
cell, either eukaryotic, such as yeast, plant, insect or mammalian cells, or prokaryotic,
such as E. coli. Polynucleotides encoding the scFv of interest can be made by routine
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Fg?ggynggﬁé%h&@?ﬁ@'!fz’lﬁliQ@Bfiﬁfgﬂgﬁkﬁh}%é’égﬁgﬁp ' Nﬁ%a%'leg' - ;kendoup t ake( 1-
AX1- Fl mAbLi vether forms of single chain antibodies, such as diabodies are also encompassed.
Diabodies are bivalent, bispecific antibodies in which VH and VL domains are expressed
5 on a single polypeptide chain, but using a linker that is too short to allow for pairing
between the two domains on the same chain, thereby forcing the domains to pair with
complementary domains of another chain and creating two antigen binding sites (see
e.g., Holliger, P., et al., 1993, Proc. Natl. Acad Sci. USA 90:6444-6448; Poljak, R. J., et
al., 1994, Structure 2:1121-1123).

10 For example, bispecific antibodies, monoclonal antibodies that have binding
specificities for at least two different antigens, can be prepared using the antibodies
disclosed herein. Methods for making bispecific antibodies are known in the art (see,
e.g., Suresh et al, 1986, Methods in Enzymology 121:210). Traditionally, the
recombinant production of bispecific antibodies was based on the coexpression of two

15 immunoglobulin heavy chain-light chain pairs, with the two heavy chains having different
specificities (Millstein and Cuello, 1983, Nature 305, 537-539).

According to one approach to making bispecific antibodies, antibody variable
domains with the desired binding specificities (antibody-antigen combining sites) are
fused to immunoglobulin constant domain sequences. The fusion preferably is with an

20 immunoglobulin heavy chain constant domain, comprising at least part of the hinge,
CH2 and CH3 regions. It is preferred to have the first heavy chain constant region
(CH1), containing the site necessary for light chain binding, present in at least one of the
fusions. DNAs encoding the immunoglobulin heavy chain fusions and, if desired, the
immunoglobulin light chain, are inserted into separate expression vectors, and are

25 cotransfected into a suitable host organism. This provides for great flexibility in
adjusting the mutual proportions of the three polypeptide fragments in embodiments
when unequal ratios of the three polypeptide chains used in the construction provide the
optimum yields. It is, however, possible to insert the coding sequences for two or all
three polypeptide chains in one expression vector when the expression of at least two

30 polypeptide chains in equal ratios results in high yields or when the ratios are of no
particular significance.

In one approach, the bispecific antibodies are composed of a hybrid

immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid
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Heteroconjugate antibodies, comprising two covalently joined antibodies, are also
within the scope of the invention. Such antibodies have been used to target immune
system cells to unwanted cells (U.S. Patent No. 4,676,980), and for treatment of HIV
infection (PCT Publ. Nos. WO 91/00360 and WO 92/200373; EP 03089).

10 Heteroconjugate antibodies may be made using any convenient cross-linking methods.
Suitable cross-linking agents and techniques are well known in the art, and are
described in U.S. Patent No. 4,676,980.

Chimeric or hybrid antibodies also may be prepared in vitro using known methods

of synthetic protein chemistry, including those involving cross-linking agents. For

15 example, immunotoxins may be constructed using a disulfide exchange reaction or by
forming a thioether bond. Examples of suitable reagents for this purpose include
iminothiolate and methyl-4-mercaptobutyrimidate.

Humanized antibody comprising one or more CDRs of antibodies 5A10 or 7D4 or
one or more CDRs derived from antibodies 5A10 or 7D4 can be made, for example,

20 using any methods know in the art. For example, four general steps may be used to
humanize a monoclonal antibody. These are: (1) determining the nucleotide and
predicted amino acid sequence of the starting antibody light and heavy variable
domains; (2) designing the humanized antibody, i.e., deciding which antibody framework
region to use during the humanizing process; (3) using the actual humanizing

25 methodologies/techniques; and (4) transfecting and expressing the humanized antibody.
See, for example, U.S. Patent Nos. 4,816,567; 5,807,715; 5,866,692; 6,331,415;
5,630,101; 5,693,761; 5,693,762; 5,585,089; and 6,180,370.

In the recombinant humanized antibodies, the Fc¢ portion can be modified to avoid
interaction with Fcy receptor and the complement and immune systems. The

30 techniques for preparation of such antibodies are described in WO 99/58572. For
example, the constant region may be engineered to more resemble human constant
regions to avoid immune response if the antibody is used in clinical trials and treatments
in humans. See, for example, U.S. Patent Nos. 5,997,867 and 5,866,692.
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Humanized antibody comprising the light or heavy chain variable regions or one
or more CDRs of an antibody or its variants, or one or more CDRs derived from the
antibody or its variants, can be made using any methods known in the art.

Humanized antibodies may be made by any method known in the art.

5 The invention encompasses modifications to the antibodies and polypeptides of
the invention, including functionally equivalent antibodies which do not significantly
affect their properties and variants which have enhanced or decreased activity and/or
affinity. For example, the amino acid sequence may be mutated to obtain an antibody
with the desired binding affinity to its antigen. Modification of polypeptides is routine

10 practice in the art and need not be described in detail herein. Modification of
polypeptides is exemplified in the Examples. Examples of modified polypeptides include
polypeptides with conservative substitutions of amino acid residues, one or more
deletions or additions of amino acids which do not significantly deleteriously change the
functional activity, or which mature (enhance) the affinity of the polypeptide for its ligand,

15  or use of chemical analogs.

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides containing a hundred or more
residues, as well as intrasequence insertions of single or multiple amino acid residues.
Examples of terminal insertions include an antibody with an N-terminal methionyl

20 residue or the antibody fused to an epitope tag. Other insertional variants of the
antibody molecule include the fusion to the N- or C-terminus of the antibody of an
enzyme or a polypeptide which increases the half-life of the antibody in the blood
circulation.

Substitution variants have at least one amino acid residue in the antibody

25 molecule removed and a different residue inserted in its place. The sites of greatest
interest for substitutional mutagenesis include the hypervariable regions, but FR
alterations are also contemplated. Conservative substitutions are shown in Table 1
under the heading of "conservative substitutions." If such substitutions result in a
change in biological activity, then more substantial changes, denominated "exemplary

30 substitutions", or as further described below in reference to amino acid classes, may be
introduced and the products screened.
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Table 1: Amino Acid Substitutions

Original Conservative
Residue Substitutions Exemplary Substitutions
Ala (A) Val Val; Leu; lle
Arg (R) Lys Lys; Gin; Asn
Asn (N) Gin GIn; His; Asp, Lys; Arg
Asp (D) Glu Glu; Asn
Cys (C) Ser Ser; Ala
Gin (Q) Asn Asn; Glu
Glu (E) Asp Asp; GIn
Gly (G) Ala Ala
His (H) Arg Asn; GIn; Lys; Arg
lle (1) Leu Leu; Val; Met; Ala; Phe; Norleucine
Leu (L) lle Norleucine; lle; Val; Met; Ala; Phe
Lys (K) Arg Arg; Gin; Asn
Met (M) Leu Leu; Phe; lle
Phe (F) Tyr Leu; Val; lle; Ala; Tyr
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Ser Ser
Trp (W) Tyr Tyr; Phe
Tyr (Y) Phe Trp; Phe; Thr; Ser
Val (V) Leu lie; Leu; Met; Phe; Ala; Norleucine

Substantial modifications in the biological properties of the antibody are
accomplished by selecting substitutions that differ significantly in their effect on

5 maintaining (a) the structure of the polypeptide backbone in the area of the substitution,
for example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the
molecule at the target site, or (c) the bulk of the side chain. Naturally occurring residues

are divided into groups based on common side-chain properties: (1) Non-polar:
Norleucine, Met, Ala, Val, Leu, lle; (2) Polar without charge: Cys, Ser, Thr, Asn, GIn; (3)

10 Acidic (negatively charged): Asp, Glu; (4) Basic (positively charged): Lys, Arg; (5)
Residues that influence chain orientation: Gly, Pro; and (6) Aromatic: Trp, Tyr, Phe, His.
Non-conservative substitutions are made by exchanging a member of one of

these classes for another class.
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Any cysteine residue not involved in maintaining the proper conformation of the
antibody also may be substituted, generally with serine, to improve the oxidative stability
of the molecule and prevent aberrant cross-linking. Conversely, cysteine bond(s) may
be added to the antibody to improve its stability, particularly where the antibody is an

5 antibody fragment such as an Fv fragment.

Amino acid modifications can range from changing or modifying one or more
amino acids to complete redesign of a region, such as the variable region. Changes in
the variable region can alter binding affinity and/or specificity. In some embodiments, no
more than one to five conservative amino acid substitutions are made within a CDR

10 domain. In other embodiments, no more than one to three conservative amino acid
substitutions are made within a CDR domain. In still other embodiments, the CDR
domain is CDR H3 and/or CDR L3.

Modifications also include glycosylated and nonglycosylated polypeptides, as well
as polypeptides with other post-translational modifications, such as, for example,

15 glycosylation with different sugars, acetylation, and phosphorylation. Antibodies are
glycosylated at conserved positions in their constant regions (Jefferis and Lund, 1997,
Chem. Immunol. 65:111-128; Wright and Morrison, 1997, TibTECH 15:26-32). The
oligosaccharide side chains of the immunoglobulins affect the protein’s function (Boyd et
al., 1996, Mol. Immunol. 32:1311-1318; Wittwe and Howard, 1990, Biochem. 29:4175-

20 4180) and the intramolecular interaction between portions of the glycoprotein, which can
affect the conformation and presented three-dimensional surface of the glycoprotein
(Jefferis and Lund, supra; Wyss and Wagner, 1996, Current Opin. Biotech. 7:409-416).
Oligosaccharides may also serve to target a given glycoprotein to certain molecules
based upon specific recognition structures. Glycosylation of antibodies has also been

25 reported to affect ADCC. In particular, CHO cells with tetracycline-regulated expression
of B(1,4)-N-acetylglucosaminyltransferase Ill (GnTIll), a glycosyltransferase catalyzing
formation of bisecting GIcNAc, was reported to have improved ADCC activity (Umana et
al., 1999, Nature Biotech. 17:176-180).

Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers

30 to the attachment of the carbohydrate moiety to the side chain of an asparagine residue.
The tripeptide sequences asparagine-X-serine, asparagine-X-threonine, and
asparagine-X-cysteine, where X is any amino acid except proline, are the recognition

sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side
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Serum  5is0 be made by the addition of, or substitution by, one or more serine or threonine
10 residues to the sequence of the original antibody (for O-linked glycosylation sites).

The glycosylation pattern of antibodies may also be altered without altering the
underlying nucleotide sequence. Glycosylation largely depends on the host cell used to
express the antibody. Since the cell type used for expression of recombinant
glycoproteins, e.g., antibodies, as potential therapeutics is rarely the native cell,

16  variations in the glycosylation pattern of the antibodies can be expected (see, e.g., Hse
et al., 1997, J. Biol. Chem. 272:9062-9070).

In addition to the choice of host cells, factors that affect glycosylation during
recombinant production of antibodies include growth mode, media formulation, culture
density, oxygenation, pH, purification schemes and the like. Various methods have

20 been proposed to alter the glycosylation pattern achieved in a particular host organism
including introducing or overexpressing certain enzymes involved in oligosaccharide
production (U.S. Patent Nos. 5,047,335; 5,610,261 and 5.278,299). Glycosylation, or
certain types of glycosylation, can be enzymatically removed from the glycoprotein, for
example, using endoglycosidase H (Endo H), N-glycosidase F, endoglycosidase F1,

25 endoglycosidase F2, endoglycosidase F3. In addition, the recombinant host cell can be
genetically engineered to be defective in processing certain types of polysaccharides.
These and similar techniques are well known in the art.

Other methods of modification include using coupling techniques known in the
art, including, but not limited to, enzymatic means, oxidative substitution and chelation.

30 Modifications can be used, for example, for attachment of labels for immunoassay.
Modified polypeptides are made using established procedures in the art and can be
screened using standard assays known in the art, some of which are described below

and in the Examples.
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Other antibody modifications include antibodies that have been modified as

described in PCT Publ. No. WO 99/68572. These antibodies comprise, in addition to a
binding domain directed at the target molecule, an effector domain having an amino acid

30 sequence substantially homologous to all or part of a constant domain of a human
immunoglobulin heavy chain. These antibodies are capable of binding the target
molecule without triggering significant complement dependent lysis, or cell-mediated

destruction of the target. In some embodiments, the effector domain is capable of



WO 2011/ 111007PCT/ 1B2011/ 050989 - 70 - chain CDR1 (Hl) sequence is
GYTFTSYYMH (SEQ ID NO. 6). For 5A10, single, double, and triple nutants,
and 5L1724028116H8007t he | i ght chain CDR3 (L3), is QQRYSTPRI/IBBHEQIBBINO 27).
For the other affinity matured nutants and L1 L3-based nutants, L3 is
QARYSLWRT (SEQ I D NO 12). The CDR sequences of the antibodies 5 containing
t hese various conbi nations of nutati ond9are shown in Table 4 bel ow.
Sequence nunber identifiers are provided in parentheticals. Table 4 Li L2
H2 H3 h 5A10 KASQDVSTAVA(13) SASYRYT(17) EI NPSGGRTNYNEKFKS(19)
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domains derived from two or more human immunoglobulin heavy chain C42 domains.

Antibodies modified in this manner are particularly suitable for use in chronic antibody

therapy, to avoid inflammatory and other adverse reactions to conventional antibody
5 therapy.

The invention includes affinity matured embodiments. For example, affinity
matured antibodies can be produced by procedures known in the art (Marks et al., 1992,
Bio/Technology, 10:779-783; Barbas et al., 1994, Proc Nat. Acad. Sci, USA 91:3809-
3813; Schier et al.,, 1995, Gene, 169:147-155; Yelton et al., 1995, J. Immunol.,

10  155:1994-2004; Jackson et al., 1995, J. Immunol., 154(7):3310-9; Hawkins et al., 1992,
J. Mol. Biol., 226:889-896; and PCT Publ. No. W02004/058184).

The following methods may be used for adjusting the affinity of an antibody and
for characterizing a CDR. One way of characterizing a CDR of an antibody and/or
altering (such as improving) the binding affinity of a polypeptide, such as an antibody,

156 termed "library scanning mutagenesis". Generally, library scanning mutagenesis works
as follows. One or more amino acid positions in the CDR are replaced with two or more
(such as 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20) amino acids
using art recognized methods. This generates small libraries of clones (in some
embodiments, one for every amino acid position that is analyzed), each with a

20 complexity of two or more members (if two or more amino acids are substituted at every
position).  Generally, the library also includes a clone comprising the native
(unsubstituted) amino acid. A small number of clones, e.g., about 20-80 clones
(depending on the complexity of the library), from each library are screened for binding
affinity to the target polypeptide (or other binding target), and candidates with increased,

25 the same, decreased, or no binding are identified. Methods for determining binding
affinity are well-known in the art. Binding affinity may be determined using Biacore
surface plasmon resonance analysis, which detects differences in binding affinity of
about 2-fold or greater. Biacore is particularly useful when the starting antibody already
binds with a relatively high affinity, for example a Kp of about 10 nM or lower. Screening

30 using Biacore surface plasmon resonance is described in the Examples, herein.

Binding affinity may be determined using Kinexa Biocensor, scintillation proximity

assays, ELISA, ORIGEN immunoassay (IGEN), flucrescence quenching, fluorescence
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transfer, and/or yeast display. Binding affinity may also be screened using a suitable
bioassay.
In some embodiments, every amino acid position in a CDR is replaced (in some
embodiments, one at a time) with all 20 natural amino acids using art recognized
5 mutagenesis methods (some of which are described herein). This generates small
libraries of clones (in some embodiments, one for every amino acid position that is
analyzed), each with a complexity of 20 members (if all 20 amino acids are substituted
at every position).
In some embodiments, the library to be screened comprises substitutions in two
10  or more positions, which may be in the same CDR or in two or more CDRs. Thus, the
library may comprise substitutions in two or more positions in one CDR. The library may
comprise substitution in two or more positions in two or more CDRs. The library may
comprise substitution in 3, 4, 5, or more positions, said positions found in two, three,
four, five or six CDRs. The substitution may be prepared using low redundancy codons.
15 See, e.g., Table 2 of Balint et al., 1993, Gene 137(1):109-18).
The CDR may be CDRH3 and/or CDRL3. The CDR may be one or more of
CDRL1, CDRL2, CDRL3, CDRH1, CDRH2, and/or CDRH3. The CDR may be a Kabat
CDR, a Chothia CDR, or an extended CDR.
Candidates with improved binding may be sequenced, thereby identifying a CDR
20 substitution mutant which results in improved affinity (also termed an “"improved"
substitution). Candidates that bind may also be sequenced, thereby identifying a CDR
substitution which retains binding.
Multiple rounds of screening may be conducted. For example, candidates (each
comprising an amino acid substitution at one or more position of one or more CDR) with
25 improved binding are also useful for the design of a second library containing at least
the original and substituted amino acid at each improved CDR position (i.e., amino acid
position in the CDR at which a substitution mutant showed improved binding).
Preparation, screening, and selection of this library is discussed further below.
Library scanning mutagenesis also provides a means for characterizing a CDR,
30 in so far as the frequency of clones with improved binding, the same binding, decreased
binding or no binding also provide information relating to the importance of each amino
acid position for the stability of the antibody-antigen complex. For example, if a position
of the CDR retains binding when changed to all 20 amino acids, that position is
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identified as a position that is unlikely to be required for antigen binding. Conversely, if
a position of CDR retains binding in only a small percentage of substitutions, that
position is identified as a position that is important to CDR function. Thus, the library
scanning mutagenesis methods generate information regarding positions in the CDRs
that can be changed to many different amino acids (including all 20 amino acids), and
positions in the CDRs which cannot be changed or which can only be changed to a few
amino acids.

Candidates with improved affinity may be combined in a second library, which
includes the improved amino acid, the original amino acid, and may further include
additional substitutions at that position, depending on the complexity of the library that is
desired, or permitted using the desired screening or selection method. In addition, if
desired, and adjacent amino acid position can be randomized to at least two or more
amino acids. Randomization of adjacent amino acids may permit additional
conformational flexibility in the mutant CDR, which may, in turn, permit or facilitate the
introduction of a larger number of improving mutations. The library may also comprise
substitution at positions that did not show improved affinity in the first round of
screening.

The second library is screened or selected for library members with improved
and/or altered binding affinity using any method known in the art, including screening
using Biacore surface plasmon resonance analysis, and selection using any method
known in the art for selection, including phage display, yeast display, and ribosome
display.

The invention also encompasses fusion proteins comprising one or more
fragments or regions from the antibodies or polypeptides of this invention. In one
embodiment, a fusion polypeptide is provided that comprises at least 10 contiguous
amino acids of a variable light chain region shown in SEQ ID NO: 3 and/or at least 10
amino acids of a variable heavy chain region shown in SEQ ID NOs: 4 or 5. In other
embodiments, a fusion polypeptide is provided that comprises at least about 10, at least
about 15, at least about 20, at least about 25, or at least about 30 contiguous amino
acids of the variable light chain region and/or at least about 10, at least about 15, at
least about 20, at least about 25, or at least about 30 contiguous amino acids of the
variable heavy chain region. In another embodiment, the fusion polypeptide comprises

one or more CDR(s). In still other embodiments, the fusion polypeptide comprises CDR
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H3 (VH CDR3) and/or CDR L3 (VL CDR3). For purposes of this invention, a fusion
protein contains one or more antibodies and another amino acid sequence to which it is
not attached in the native molecule, for example, a heterologous sequence or a
homologous sequence from another region. Exemplary heterologous sequences
include, but are not limited to a "tag" such as a FLAG tag or a 6His tag. Tags are well
known in the art.

A fusion polypeptide can be created by methods known in the art, for example,
synthetically or recombinantly. Typically, the fusion proteins of this invention are made
by preparing an expressing a polynucleotide encoding them using recombinant methods
described herein, although they may also be prepared by other means known in the art,
including, for example, chemical synthesis.

This invention also provides compositions comprising antibodies or polypeptides
conjugated (for example, linked) to an agent that facilitate coupling to a solid support
(such as biotin or avidin). For simplicity, reference will be made generally to antibodies
with the understanding that these methods apply to any of the antigen binding and/or
antagonist embodiments described herein. Conjugation generally refers to linking these
components as described herein. The linking (which is generally fixing these
components in proximate association at least for administration) can be achieved in any
number of ways. For example, a direct reaction between an agent and an antibody is
possible when each possesses a substituent capable of reacting with the other. For
example, a nucleophilic group, such as an amino or sulfhydryl group, on one may be
capable of reacting with a carbonyl-containing group, such as an anhydride or an acid
halide, or with an alkyl group containing a good leaving group (e.g., a halide) on the
other.

An antibody or polypeptide of this invention may be linked to a labeling agent
such as a fluorescent molecule, a radioactive molecule or any others labels known in
the art. Labels are known in the art which generally provide (either directly or indirectly)
a signal.

The invention also provides compositions (including pharmaceutical
compositions) and kits comprising, as this disclosure makes clear, any or all of the
antibodies and/or polypeptides described herein.

The invention also provides isolated polynucleotides encoding the antibodies and

peptides of the invention, and vectors and host cells comprising the polynucleotide.
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In another aspect, the invention provides polynucleotides encoding any of the
antibodies (including antibody fragments) and polypeptides described herein, such as
antibodies and polypeptides having impaired effector function. Polynucleotides can be
made and expressed by procedures known in the art.

In another aspect, the invention provides compositions (such as pharmaceutical
compositions) comprising any of the polynucleotides of the invention. In some
embodiments, the composition comprises an expression vector comprising a
polynucleotide encoding the antibody as described herein. In other embodiment, the
composition comprises an expression vector comprising a polynucleotide encoding any
of the antibodies or polypeptides described herein. In still other embodiments, the
composition comprises either or both of the polynucleotides shown in SEQ ID NO: 23
and SEQ ID NO: 24. Expression vectors, and administration of polynucleotide
compositions are further described herein.

In another aspect, the invention provides a method of making any of the
polynucleotides described herein.

Polynucleotides complementary to any such sequences are also encompassed
by the present invention. Polynucleotides may be single-stranded (coding or antisense)
or double-stranded, and may be DNA (genomic, cDNA or synthetic) or RNA molecules.
RNA molecules include HnRNA molecules, which contain introns and correspond to a
DNA molecule in a one-to-one manner, and mRNA molecules, which do not contain
introns. Additional coding or non-coding sequences may, but need not, be present
within a polynucleotide of the present invention, and a polynucleotide may, but need not,
be linked to other molecules and/or support materials.

Polynucleotides may comprise a native sequence (i.e., an endogenous sequence
that encodes an antibody or a portion thereof) or may comprise a variant of such a
sequence. Polynucleotide variants contain one or more substitutions, additions,
deletions and/or insertions such that the immunoreactivity of the encoded polypeptide is
not diminished, relative to a native immunoreactive molecule. The effect on the
immunoreactivity of the encoded polypeptide may generally be assessed as described
herein. Variants preferably exhibit at least about 70% identity, more preferably, at least
about 80% identity, yet more preferably, at least about 90% identity, and most
preferably, at least about 95% identity to a polynucleotide sequence that encodes a
native antibody or a portion thereof.
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Two polynucleotide or polypeptide sequences are said to be "identical" if the
sequence of nucleotides or amino acids in the two sequences is the same when aligned
for maximum correspondence as described below. Comparisons between two
sequences are typically performed by comparing the sequences over a comparison
window to identify and compare local regions of sequence similarity. A "comparison
window" as used herein, refers to a segment of at least about 20 contiguous positions,
usually 30 to about 75, or 40 to about 50, in which a sequence may be compared to a
reference sequence of the same number of contiguous positions after the two
sequences are optimally aligned.

Optimal alignment of sequences for comparison may be conducted using the
Megalign program in the Lasergene suite of bioinformatics software (DNASTAR, Inc.,
Madison, WI), using default parameters. This program embodies several alignment
schemes described in the following references: Dayhoff, M.O., 1978, A model of
evolutionary change in proteins - Matrices for detecting distant relationships. In Dayhoff,
M.O. (ed.) Atlas of Protein Sequence and Structure (National Biomedical Research
Foundation, Washington DC), Vol. 5, Suppl. 3, pp. 345-358; Hein J., 1990, Unified
Approach to Alignment and Phylogenes pp. 626-645 Methods in Enzymology vol. 183,
(Academic Press, Inc., San Diego, CA); Higgins, D.G. and Sharp, P.M., 1989, CABIOS
5:151-153; Myers, E.W. and Muller W., 1988, CABIOS 4:11-17; Robinson, E.D., 1971,
Comb. Theor. 11:105; Santou, N., Nes, M., 1987, Mol. Biol. Evol. 4:406-425; Sneath,
P.H.A. and Sokal, R.R., 1973, Numerical Taxonomy the Principles and Practice of
Numerical Taxonomy (Freeman Press, San Francisco, CA); Wilbur, W.J. and Lipman,
D.J., 1983, Proc. Natl. Acad. Sci. USA 80:726-730.

Preferably, the "percentage of sequence identity" is determined by comparing two
optimally aligned sequences over a window of comparison of at least 20 positions,
wherein the portion of the polynucleotide or polypeptide sequence in the comparison
window may comprise additions or deletions (i.e., gaps) of 20 percent or less, usually 5
to 15 percent, or 10 to 12 percent, as compared to the reference sequences (which
does not comprise additions or deletions) for optimal alignment of the two sequences.
The percentage is calculated by determining the number of positions at which the
identical nucleic acid bases or amino acid residue occurs in both sequences to yield the

number of matched positions, dividing the number of matched positions by the total
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number of positions in the reference sequence (i.e. the window size) and multiplying the
results by 100 to yield the percentage of sequence identity.

Variants may also, or alternatively, be substantially homologous to a native gene,
or a portion or complement thereof. Such polynucleotide variants are capable of

5 hybridizing under moderately stringent conditions to a naturally occurring DNA
sequence encoding a native antibody (or a complementary sequence).

Suitable “moderately stringent conditions” include prewashing in a solution of 5 X
SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0); hybridizing at 50°C-65°C, 5 X SSC, overnight;
followed by washing twice at 65°C for 20 minutes with each of 2X, 0.5X and 0.2X SSC

10  containing 0.1 % SDS.

As used herein, "highly stringent conditions" or "high stringency conditions" are
those that: (1) employ low ionic strength and high temperature for washing, for example
0.015 M sodium chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate at 50°C;
(2) employ during hybridization a denaturing agent, such as formamide, for example,

15 560% (viv) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM sodium
chloride, 75 mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x SSC (0.75 M
NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium
pyrophosphate, 5 x Denhardt’s solution, sonicated salmon sperm DNA (50 pg/ml), 0.1%

20 SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium
chloride/sodium citrate) and 50% formamide at 55°C, followed by a high-stringency
wash consisting of 0.1 x SSC containing EDTA at 55°C. The skilled artisan will
recognize how to adjust the temperature, ionic strength, etc. as necessary to
accommodate factors such as probe length and the like.

25 It will be appreciated by those of ordinary skill in the art that, as a result of the
degeneracy of the genetic code, there are many nucleotide sequences that encode a
polypeptide as described herein. Some of these polynucleotides bear minimal
homology to the nucleotide sequence of any native gene. Nonetheless, polynucleotides
that vary due to differences in codon usage are specifically contemplated by the present

30 invention. Further, alleles of the genes comprising the polynucleotide sequences
provided herein are within the scope of the present invention. Alleles are endogenous
genes that are altered as a result of one or more mutations, such as deletions, additions

and/or substitutions of nucleotides. The resulting mRNA and protein may, but need not,
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For preparing polynucleotides using recombinant methods, a polynucleotide

comprising a desired sequence can be inserted into a suitable vector, and the vector in

10 turn can be introduced into a suitable host cell for replication and amplification, as
further discussed herein. Polynucleotides may be inserted into host cells by any means
known in the art. Cells are transformed by introducing an exogenous polynucleotide by
direct uptake, endocytosis, transfection, F-mating or electroporation. Once introduced,
the exogenous polynucleotide can be maintained within the cell as a non-integrated

15  vector (such as a plasmid) or integrated into the host cell genome. The polynucleotide
so amplified can be isolated from the host cell by methods well known within the art.
See, e.g., Sambrook et al., 1989, supra.

Alternatively, PCR allows reproduction of DNA sequences. PCR technology is
well known in the art and is described in U.S. Patent Nos. 4,683,195, 4,800,159,

20 4,754,065 and 4,683,202, as well as PCR: The Polymerase Chain Reaction, Mullis et
al., 1994, eds. (Birkauswer Press, Boston, MA).

RNA can be obtained by using the isolated DNA in an appropriate vector and
inserting it into a suitable host cell. When the cell replicates and the DNA is transcribed
into RNA, the RNA can then be isolated using methods well known to those of skill in

25 the art, as set forth in Sambrook et al., 1989, supra, for example.

Suitable cloning vectors may be constructed according to standard techniques, or
may be selected from a large number of cloning vectors available in the art. While the
cloning vector selected may vary according to the host cell intended to be used, useful
cloning vectors will generally have the ability to self-replicate, may possess a single

30 target for a particular restriction endonuclease, and/or may carry genes for a marker that
can be used in selecting clones containing the vector. Suitable examples include
plasmids and bacterial viruses, e.g., pUC18, pUC189, Bluescript (e.g., pBS SK+) and its
derivatives, mp18, mp19, pBR322, pMB9, ColE1, pCR1, RP4, phage DNAs, and shuttle
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25 Suitable non-mammalian host cells include prokaryotes (such as E. coli or B. sublillis)
and yeast (such as S. cerevisae, S. pombe; or K. lactis). Preferably, the host cells
express the cDNAs at a level of about 5 fold higher, more preferably, 10 fold higher,
even more preferably, 20 fold higher than that of the corresponding endogenous
antibody or protein of interest, if present, in the host cells. Screening the host cells for a

30 specific binding to antigen is effected by an immunoassay or FACS. A cell

overexpressing the antibody or protein of interest can be identified.
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C. Compositions

The compositions used in the methods of the invention comprise an effective
amount of a pH dependent antibody, or a pH dependent antibody derived polypeptide,
described herein. Examples of such compositions, as well as how to formulate them,

5 are also described in an earlier section and below. In one embodiment, the composition
comprises one or more pH dependent antibodies. In other embodiments, the pH
dependent antibody recognizes human PCSK9. In still other embodiments, the pH
dependent antibody is humanized. In yet other embodiments, the pH dependent
antibody comprises a constant region that does not trigger an unwanted or undesirable

10 immune response, such as antibody-mediated lysis or ADCC. In other embodiments,
the pH dependent antibody comprises one or more CDR(s) of the antibody (such as
one, two, three, four, five, or, in some embodiments, all six CDRs). In some
embodiments, the pH dependent antibody is human.

The composition used in the present invention can further comprise

156 pharmaceutically acceptable carriers, excipients, or stabilizers (Remington: The
Science and Practice of Pharmacy 20th Ed., 2000, Lippincott Williams and Wilkins, Ed.
K. E. Hoover), in the form of lyophilized formulations or aqueous solutions. Acceptable
carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations, and may comprise buffers such as phosphate, citrate, and other organic
20 acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium
chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as
methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol);
low molecular weight (less than about 10 residues) polypeptides; proteins, such as
25 serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine,
arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including
glucose, mannose, or dextrans; chelating agents such as EDTA; sugars such as
sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
30 complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as
TWEEN™, PLURONICS™ or polyethylene glycol (PEG). Pharmaceutically acceptable

excipients are further described herein.
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In one embodiment, the antibody is administered in a formulation as a sterile
aqueous solution having a pH that ranges from about 5.0 to about 6.5 and comprising
from about 1 mg/ml to about 200 mg/ml of antibody, from about 1 millimolar to about
100 millimolar of histidine buffer, from about 0.01 mg/ml to about 10 mg/ml of

5 polysorbate 80, from about 100 millimolar to about 400 millimolar of trehalose, and from
about 0.01 millimolar to about 1.0 millimolar of disodium EDTA dihydrate.

The pH dependent antibody and compositions thereof can also be used in
conjunction with other agents that serve to enhance and/or complement the
effectiveness of the agents.

10
D. Kits

The invention also provides kits for use in the instant methods. Kits of the
invention include one or more containers comprising a pH dependent antibody (such as
a humanized antibody) or peptide described herein and instructions for use in

15  accordance with any of the methods of the invention described herein. Generally, these
instructions comprise a description of administration of the pH dependent antibody for
the above described therapeutic treatments.

In some embodiments, the antibody is a humanized antibody. In some
embodiments, the antibody is human. In other embodiments, the antibody is a

20 monoclonal antibody. The instructions relating to the use of a pH dependent antibody
generally include information as to dosage, dosing schedule, and route of administration
for the intended treatment. The containers may be unit doses, bulk packages (e.g.,
multi-dose packages) or sub-unit doses. Instructions supplied in the kits of the invention
are typically written instructions on a label or package insert (e.g., a paper sheet

25 included in the kit), but machine-readable instructions (e.g., instructions carried on a
magnetic or optical storage disk) are also acceptable.

The kits of this invention are in suitable packaging. Suitable packaging includes,
but is not limited to, vials, bottles, jars, flexible packaging (e.g., sealed Mylar or plastic
bags), and the like. Also contemplated are packages for use in combination with a

30 specific device, such as an inhaler, nasal administration device (e.g., an atomizer) or an
infusion device such as a minipump. A kit may have a sterile access port (for example
the container may be an intravenous solution bag or a vial having a stopper pierceable

by a hypodermic injection needle). The container may also have a sterile access port
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(for example the container may be an intravenous solution bag or a vial having a
stopper pierceable by a hypodermic injection needle). At least one active agent in the
composition is a pH dependent antibody. The container (e.g., pre-filled syringe or
autoinjector) may further comprise a second pharmaceutically active agent.

Kits may optionally provide additional components such as buffers and
interpretive information. Normally, the kit comprises a container and a label or package

insert(s) on or associated with the container.

Mutations and Modifications

To express the antibodies of the present invention, DNA fragments encoding Vu
and V| regions can first be obtained using any of the methods described above. Various
modifications, e.g., mutations, deletions, and/or additions can also be introduced into the
DNA sequences using standard methods known to those of skill in the art. For example,
mutagenesis can be carried out using standard methods, such as PCR-mediated
mutagenesis, in which the mutated nucleotides are incorporated into the PCR primers
such that the PCR product contains the desired mutations or site-directed mutagenesis.

One type of substitution, for example, that may be made is to change one or
more cysteines in the antibody, which may be chemically reactive, to another residue,
such as, without limitation, alanine or serine. For example, there can be a substitution
of a non-canonical cysteine. The substitution can be made in a CDR or framework
region of a variable domain or in the constant domain of an antibody. In some
embodiments, the cysteine is canonical.

The antibodies may also be modified, e.g., in the variable domains of the heavy
and/or light chains, e.g., to alter a binding property of the antibody. For example, a
mutation may be made in one or more of the CDR regions to increase or decrease the
Kp of the antibody for antigen, to increase or decrease kq, or to alter the binding
specificity of the antibody. Techniques in site-directed mutagenesis are well-known in
the art. See, e.g., Sambrook et al. and Ausubel et al., supra.

A madification or mutation may also be made in a framework region or constant
domain to increase the half-life of a pH dependent. See, e.g., PCT Publ. No. WO
00/09560. A mutation in a framework region or constant domain can also be made to
alter the immunogenicity of the antibody, to provide a site for covalent or non-covalent

binding to another molecule, or to alter such properties as complement fixation, FCR
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binding and antibody-dependent cell-mediated cytotoxicity. According to the invention,
a single antibody may have mutations in any one or more of the CDRs or framework
regions of the variable domain or in the constant domain.
In a process known as “germlining”, certain amino acids in the V4 and V.
5 sequences can be mutated to match those found naturally in germline Vy and V.
sequences. In particular, the amino acid sequences of the framework regions in the Vy
and V. sequences can be mutated to match the germline sequences to reduce the risk
of immunogenicity when the antibody is administered. Germline DNA sequences for
human Vy and V| genes are known in the art (see e.g., the "Vbase" human germline
10 sequence database; see also Kabat, E. A., et al. (1991) Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services,
NIH Publ. No. 91-3242; Tomlinson et al., 1992, J. Mol. Biol. 227:776-798; and Cox et al.,
1994, Eur. J. Immunol. 24:827-836.
Another type of amino acid substitution that may be made is to remove potential
16  proteolytic sites in the antibody. Such sites may occur in a CDR or framework region of
a variable domain or in the constant domain of an antibody. Substitution of cysteine
residues and removal of proteolytic sites may decrease the risk of heterogeneity in the
antibody product and thus increase its homogeneity. Another type of amino acid
substitution eliminates asparagine-glycine pairs, which form potential deamidation sites,
20 Dby altering one or both of the residues. In another example, the C-terminal lysine of the
heavy chain of a pH dependent antibody of the invention can be cleaved. In various
embodiments of the invention, the heavy and light chains of the antibodies may
optionally include a signal sequence.
Once DNA fragments encoding the Vy and V. segments of the present invention
25 are obtained, these DNA fragments can be further manipulated by standard
recombinant DNA techniques, for example to convert the variable region genes to full-
length antibody chain genes, to Fab fragment genes, or to a scFv gene. In these
manipulations, a V.- or Vy-encoding DNA fragment is operatively linked to another DNA
fragment encoding another protein, such as an antibody constant region or a flexible
30 linker. The term "operatively linked", as used in this context, is intended to mean that
the two DNA fragments are joined such that the amino acid sequences encoded by the

two DNA fragments remain in-frame.
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The isolated DNA encoding the V| region can be converted to a full-length heavy
chain gene by operatively linking the Vy-encoding DNA to another DNA molecule
encoding heavy chain constant regions (CH1, CH2 and CH3). The sequences of
human heavy chain constant region genes are known in the art (see e.g., Kabat, E. A.,

5 et al, 1991, Sequences of Proteins of Immunological Interest, Fifth Edition, U.S.
Department of Health and Human Services, NIH Publ. No. 91-3242) and DNA fragments
encompassing these regions can be obtained by standard PCR amplification. The
heavy chain constant region can be an IgG1, 1gG2, 1gG3, 1gG4, IgA, IgE, IgM or IgD
constant region, but most preferably is an IgG1 or IgG2 constant region. The IgG

10 constant region sequence can be any of the various alleles or allotypes known to occur
among different individuals, such as Gm(1), Gm(2), Gm(3), and Gm(17). These
allotypes represent naturally occurring amino acid substitution in the IgG1 constant
regions. For a Fab fragment heavy chain gene, the Vy-encoding DNA can be
operatively linked to another DNA molecule encoding only the heavy chain CH1

15 constant region. The CH1 heavy chain constant region may be derived from any of the
heavy chain genes.

The isolated DNA encoding the V| region can be converted to a full-length light
chain gene (as well as a Fab light chain gene) by operatively linking the V| -encoding
DNA to another DNA molecule encoding the light chain constant region, C.. The

20 sequences of human light chain constant region genes are known in the art (see e.g.,
Kabat, E. A., et al., 1991, Sequences of Proteins of Immunological Interest, Fifth Edition,
U.S. Department of Health and Human Services, NIH Publ. No. 91-3242) and DNA
fragments encompassing these regions can be obtained by standard PCR
amplification. The light chain constant region can be a kappa or lambda constant

25 region. The kappa constant region may be any of the various alleles known to occur
among different individuals, such as Inv(1), Inv(2), and Inv(3). The lambda constant
region may be derived from any of the three lambda genes.

To create a scFv gene, the Vy- and Vi -encoding DNA fragments are operatively
linked to ancther fragment encoding a flexible linker, e.g., encoding the amino acid

30 sequence (Gly, -Ser);, such that the Vy and V| sequences can be expressed as a
contiguous single-chain protein, with the V| and V4 regions joined by the flexible linker
(See e.g., Bird et al., 1988, Science 242:423-426; Huston et al., 1988, Proc. Natl. Acad.
Sci. USA 85:5879-5883; McCafferty et al., 1990, Nature 348:552-554. The single chain
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antibody may be monovalent, if only a single Vy and V, are used, bivalent, if two Vy and
V| are used, or polyvalent, if more than two Vy and V| are used. Bispecific or polyvalent
antibodies may be generated that bind specifically to antigen and to another molecule.
In another embodiment, a fusion antibody or immunoadhesin may be made that
5 comprises all or a portion of an antibody of the invention linked to another polypeptide.
In another embodiment, only the variable domains of the antibody are linked to the
polypeptide. In another embodiment, the V4 domain of an antibody is linked to a first
polypeptide, while the V| domain of an antibody is linked to a second polypeptide that
associates with the first polypeptide in a manner such that the Vy and V. domains can
10 interact with one another to form an antigen binding site. In another preferred
embodiment, the V; domain is separated from the V. domain by a linker such that the
Vy and V. domains can interact with one another. The Vy-linker-V_ antibody is then
linked to the polypeptide of interest. In addition, fusion antibodies can be created in
which two (or more) single-chain antibodies are linked to one another. This is useful if
15 one wants to create a divalent or polyvalent antibody on a single polypeptide chain, or if
one wants to create a bispecific antibody.
In other embodiments, other modified antibodies may be prepared using pH
dependent antibody encoding nucleic acid molecules. For instance, “Kappa bodies” (Il
etal., 1997, Protein Eng. 10:949-57), “Minibodies” (Martin etal., 1994, EMBO J.
20 13:5303-9), “Diabodies” (Holliger et al., 1993, Proc. Natl. Acad. Sci. USA 90:6444-
6448), or “Janusins” (Traunecker et al., 1991, EMBO J. 10:3655-3659 and Traunecker
et al., 1992, Int. J. Cancer (Suppl.) 7:51-52) may be prepared using standard molecular
biological techniques following the teachings of the specification.
Bispecific antibodies or antigen-binding fragments can be produced by a variety
25 of methods including fusion of hybridomas or linking of Fab' fragments. See, e.g.,
Songsivilai & Lachmann, 1990, Clin. Exp. Immunol. 79:315-321, Kostelny et al., 1992, J.
Immunol. 148:1547-1553. In addition, bispecific antibodies may be formed as
“diabodies” or “Janusins.” In some embodiments, the bispecific antibody binds to two
different epitopes of antigen. In some embodiments, the modified antibodies described
30 above are prepared using one or more of the variable domains or CDR regions from a
human antibody provided herein.

Generation of antigen-specific antibodies
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DNA of the heavy and light chains of representative antibodies of the present
invention, 5L1721H23_6L3 and 5L1721H23 6L3H3, were deposited in the American
Type Culture Collection (ATCC) (under the terms of the Budapest Treaty) on December
22, 2009, and were assigned the accession numbers in Table 2. All restrictions on the

5 availability to the public of the plasmids so deposited will be irrevocably removed upon
the issuance of a patent from the specification of the present invention. The antibody
references for the heavy and light chains of 5L1721H23_6L3 are UC-H5H23 and UC-
H5L1721-6L3, respectively. The antibody references for the heavy and light chains of
5L1721H23_6L3H3 are UC-H5H23-6H3 and UC-H5L1721-6L3, respectively.

10
Table 2
Antibody Reference ATCC Accession No.
UC-H5H23 PTA-10547
UC-H5H23-6H3 PTA-10548
15 UC-H5L1721-6L3 PTA-10549

Examples
Example 1: Modeling antibody pH dependent binding to PCSK9 antigen

Computer modeling was used to predict whether an antibody with pH dependent
20 antigen binding could impact antibody half life the duration of the lowering of the PCSK9
serum concentration. For the purpose of this modeling the following assumptions were
made: 1 uM dose of antibody in blood; 21 day (non pH dependent) antibody halfife; a
simulation run duration of 100 days; for the pH dependent antibody, a K, = 1€5/M/s, a
Kot @ neutral pH = Kp * Ko, , the pH dependent binding is modeled as an increase in Ko
25 in the acidic endosomes; and K at acidic pH = R * Ky at neutral pH.
The time rates of change of the species in the model are specified in terms of
model parameters by the differential equations below. Generally, the model is allowed
to proceed with antibody levels set to zero until it reaches a steady state; at that time, a
bolus of antibody is simulated by resetting [mAb] from zero to a level reflective of the
30 dose, and then allowing the model described below to proceed.
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The parameters used in the model are described below in Table 3. In some cases,
parameters are derived from other physiologically-relevant or measured quantities;
5 these are indicated in the table as well.

Table 3 (N) = non-pH dependent mAb; (AS) = pH dependent mAb

Parameter Description Value
"4 Blood volume 2mL
Voarly Early endosome volume 0.06 mL
Viate Late endosome volume 0.06 mL
Vactive Active uptake endosome volume 0.3 mL
KR create Rate of LDLR synthesis 0.1 nM/hr
Kp.create Rate of PCSK9 synthesis 1.714 nM/hr
Ki create Rate of LDL synthesis 10.44 nM/hr
Kactiveuptake First order rate of active PCSK9 uptake | In(2)/tactiveuptake
Lactiveuptake Time scale for active PCSK9 uptake 1 hr
KR cicar First order clearance rate for LDLR 0.1872 hr’
K1 clear First order clearance rate for LDL 0.018054 hr”
Korotein,on Protein-protein association rate 100000 M" 5™
ki o LDL/LDLR dissociation rate constant Kprotein.on Ka.L
Ky1 LDL/LDLR affinity 10 nM
Kp o PCSK9/LDLR dissociation rate constant | Kprotein.on Kap
Kap PCSK9/LDLR affinity 170 nM
Kinternatize First order LDLR internalization rate IN(2)/tinternatize
Linternalize Time scale for LDLR internalization 5 min
Krocycie First order LDLR recycling rate IN(2)/trecycre
trecycie Time scale for LDLR recycling 10 min
Kon neutrat Antibody/PCSK9 association rate (pH 1.01x10° M s (N)
7.4)
6.37x10° M s (AS)
Kot neutrai Antibody/PCSKO dissociation rate (pH | 4.85x10* s (N)
7.4)
5.16x10* s (AS)
Kon,acidic Antibody/PCSKS9 association rate (pH | 3.73x10° M™ s (N)
5.5)
1.6x10° M s (AS)
Kot acidic Antibody/PCSKO dissociation rate (pH | 1.94x10° s™ (N)
5.5)
0.0187 s (AS)
Kendouptake Volume rate of uptake into early 8 uL/min
endosomes
A Automatic recycling fraction 0.7 (dimensionless)
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F FcRn-mediated antibody recycling 0.972 (dimensionless)
efficiency
a Increase in active endosome processing | 4 (dimensionless)
time (compared to fluid phase
endosomes)
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One depiction of the modeling is shown in Figure 1. Increasing the Kp ratio of
endosomal pH (i.e., pH 5.5 or 6.0)/ physiologic pH 7.4 from 1 to 2 resulted in an
increase in antibody concentration over time, which was correlated with the value of the
Kp ratio. When the Kp ratio was changed, or koff or kon, the antigen free ligand
concentration was changed (Figure 2) as well as antibody concentration (Figure 3) in
correlation with the increase Kp ratio (Figure 2), increased ko« (Figure 3A) and
decreased ko, (Figure 3B). These results were not dependent upon designating whether
endosomal pH was 5.5 or 6.0.

A heatmap display (Figure 4) was constructed for a general model of antibodies
with pH dependent binding, effectively showing how many days longer the antibody with
pH dependent binding should decrease the serum concentration of antigen beyond that
observed for a non-pH dependent antibody. Knockdown days are defined by integral of:
1-(Csorum(t))/(Cserum(t=0)) from day 0 to day 100, e.g., a 100% reduction in serum
concentration for N days followed by a return to pretreatment level would correspond to
N knockdown days. The heat maps show the increase in knockdown days for the pH
dependent antibodies, as compared to the control antibodies, based upon the Kp at
neutral pH and also the Kp ratio (R). Effects are seen throughout all Kp values modeled,
particularly between 0.01 and 100 nM, and more particularly between Kp of 0.1 and 10
nM. Changes in certain parameters, e.g., dose size, antibody kinetics, duration of
simulation, or other quantities will lead to some differences in the values shown on the
heat maps.

Modeling predictions for the performance of PCSK9 antibodies, with or without
pH dependent binding, correlated well with actual experimental results. In Figure 5A,
the total antibody concentration over time after administering antibody 5A10, which has
no pH dependent binding and a Kp ratio of 1.1, is shown. Counterpart LDL levels are
shown in Figure 5B. In Figure 6A, the total antibody concentration over time after
administering antibody 5L.1721H23_6L3H3, which has pH dependent binding and a Kp
ratio of 14.4, is shown. Counterpart LDL levels are also shown in Figure 6B. For these

models and experiments in Figures 5 and 6, a pH of 5.5 was assumed and the
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experimental Kp values for the antibodies were calculated at pH 5.5. The pH dependent
binding antibody demonstrated prolonged total antibody concentration and a prolonged
inhibition of LDL levels as compared to 5A10. Further discussion of the general model

for antibodies with pH dependent binding is shown in Example 4.

Example 2: Generating and Screening anti-PCSK9 Antibodies with pH dependent
PCSKO binding
Histidine scan mutagenesis was conducted for all CDRs of monoclonal antibody
h5A10 (also known as 5A10 hu frame). This antibody originates from mouse
10 monoclonal antibody 5A10 (also known as 5A10.B8), but has human framework
regions. The sequence of the h5A10 antibody used as the starting template is shown
below (CDRs are in bold font):

Variable Light chain:
15 DIQMTQSPSSLSASVGDRVTITCKASQDVSTAVAWYQQKPGKAPKLLIYSASYRYTGV

PSRFSGSGSGTDFTFTISSLQPEDIATYYCQQRYSTPRTFGQGTKLEIK (SEQ ID NO:

1)

Variable Heavy chain:

QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYYMHWVRQAPGQGLEWMGEINPSGG
20 RTNYNEKFKSRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARERPLYAMDYWGQGTT

VTVSS (SEQ ID NO: 2)

The antibody h5A10 was cloned into a bacterial expression vector, which allows
the expression of Fabs in the periplasm of E. coli. Using primers, every CDR position
25 was mutated to histidine, resulting in 58 single histidine mutants of the h56A10 antibody.
Antibodies with these single histidine mutants were expressed in the periplasm of
E. coli after induction with IPTG and purified using a histidine tag on the C-terminus of
the CH1. The affinities of the purified Fabs were measured at pH 5.5 and 7.4 with
Biacore. Mutations influencing the Kp ratio of pH 5.5/pH 7.4 were found in four different
30 CDR's (L1, L2, H2 & H3). The pH dependent change on the Ky ranged between
minimally decreased and significantly decreased.
Mutations from three CDRs (L1, L2 & H2) increased the Kp-ratio of pH 5.5/pH 7.4
without destroying the affinity at pH 7.4, and the antibodies combining the CDRs
containing these mutations were generated. For h5A10 and all mutants, the heavy
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sensor gr gnng, 1.1 offkKAEQUASEEVAR143| and 3 T 01| a gl ven PCSKI/ ant| body pair ywere
fit gl obal xs?" 4 sinple 1:1 Langnmuir wijth nmass transport |pbi ndi ng nodé¢l .

The exper|i rra_ntzs vmsqpenf;qm(@gi at pH 6.0 and 7.4 using sanple and runhi ng
buffers ¢ SodrumPhosp w& ?ﬁ}a% mivt-SodiomEhtorde, 0 059% Tween- 20,
pH 6 and |10 Sadi um Phosphat e S Sadi um Chl oride_ 0 05% Tween- 20, pH
7.4, 30rgspects vely. SASHRYT(18)

5H2-3 EIHPSGGRTNYNEKFKS(7)

5H3-5 ERPLHAMDY(21)

Double
mutants:

5L17 21 | KASQDVHTAVA(10) | HASYRYT(11)
5L17 24 | KASQDVHTAVA(10) | SASHRYT(18)
5L17H23 | KASQDVHTAVA(10) EIHPSGGRTNYNEKFKS(7)
5L21 24 HASHRYT(19)
5121 H23 HASYRYT(11) | EIHPSGGRTNYNEKFKS(7)

5L24 H23 SASHRYT(18) | EIHPSGGRTNYNEKFKS(7)

Triple
mutants:
5L17 21

H23
5L17 24
H23
5L1724H35 | KASQDVHTAVA(10) | SASHRYT(18) ERPLHAMDY(21)
Affinity
matured
mutants:
5L1721H23
B6H3
5L1721H23
6L3
5L1724H23
6L3

KASQDVHTAVA(10) | HASYRYT(11) | EIHPSGGRTNYNEKFKS(7)

KASQDVHTAVA(10) | SASHRYT(18) | EIHPSGGRTNYNEKFKS(7)

KASQDVHTAVA(10) [ HASYRYT(11) | EIHPSGGRTNYNEKFKS(7) | ERPLYASDL(9)

KASQDVHTAVA(10) | HASYRYT(11) | EIHPSGGRTNYNEKFKS(7)

KASQDVHTAVA(10) | SASHRYT(18) | EIHPSGGRTNYNEKFKS(7)
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L1 L2 H2 H3

5L1721H23
6L3H3
5L1724H23
6L3H3
L1L3-
based
mutants:
L1L3 RASQGISSALA(15) | SASYRYT(17) | EISPFGGRTNYNEKFKS(20) ERPLYASDL(9)

KASQDVHTAVA(10) [HASYRYT(11) | EIHPSGGRTNYNEKFKS(7) | ERPLYASDL(9)

KASQDVHTAVA(10) | SASHRYT(18) | EIHPSGGRTNYNEKFKS(7) | ERPLYASDL(9)

6L1721H23 | RASQGIHSALA(16) | HASYRYT(11)| EIHPFGGRTNYNEKFKS(7)
6L1721 | RASQGIHSALA(16) |HASYRYT(11)
6L21H2335 HASYRYT(11) | EIHPFGGRTNYNEKFKS(7)

No changes were made in the framework sequences for these antibodies as
compared to 5A10.B8. For example, the sequences for the variable heavy chains of
5L1721H23_6L3 and 5L1721H23_6L3H3 are provided below. The same variable light

5 chain was used in each of these antibodies and is also provided below. CDRs are
highlighted in bold.

Variable light chain of 5L1721H23_6L3 and 5L1721H23_6L3H3:
DIQMTQSPSSLSASVGDRVTITCKASQDVHTAVAWY QQKPGKAPKLLIYHASYRYTGV

10 PSRFSGSGSGTDFTFTISSLQPEDIATYYCQQRYSLWRTFGQGTKLEIK (SEQ ID NO:
3)

Variable heavy chain 5L1721H23_6L3:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYYMHWVRQAPGQGLEWMGEIHPSGG

15 RTNYNEKFKSRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARERPLYAMDY
WGQGTTVTVSS (SEQ ID NO: 4)

Variable heavy chain 5L1721H23_6L3H3:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYYMHWVRQAPGQGLEWMGEIHPSGG

20 RTNYNEKFKSRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARERPLYASDL
WGQGTTVTVSS (SEQ ID NO: 5)

Variable light chain (kappa) of 5L1721H23_6L3 and 5L1721H23_6L3H3
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gatatccagatgacacagtccccatcctecctgtetgectetgtgggegaccgegtcaccatcacctgcaaggcectctcagg

atgtgcatactgctgtagcctggtatcagcagaagccaggcaaagccccaaaactgctgatctaccatgcatcctaccgcet

acactggtgtcccatcacgcttcagtggcagtggctctggtacagatticaccticaccattagcagcctgcaaccagaaga

tattgccacttattactgccagcaacgttatagtctgtggecgcacgttcggtcaaggcaccaagetggagatcaaa (SEQ
5 IDNO: 23)

Variable heavy chain of 5L.1721H23_6L3H3
caggtgcagctggtgcagtctggtgctgaggtgaagaagcctggcgcticcgtgaaggtttcctgcaaagcatctggttaca
cctttaccagctactatatgcactgggtgcgccaagceccctggtcaaggectggagtggatgggegagattcatcctageg

10 gcggtcgtactaactacaatgagaagticaagagccgcegtgactatgactcgcgatacctccaccagcactgtctacatgg
aactgagctctctgcgctctgaggacactgctgtgtattactgtgcccgecgagcgccccctgtatgctagecgacctgtgggg
ccagggtaccacggtcaccgtctcctca (SEQ ID NO: 24)

These antibodies were expressed and purified for determination of their Kp at 7.4
15 and their Kp ratio of pH5.5/pH 7.4, as measured on a surface plasmon resonance
Biacore 3000 biosensor equipped with a research-grade sensor chip using HBS-EP
running buffer (Biacore AB, Uppsala, Sweden — now GE Healthcare). Rabbit polyclonal
anti-Ms 1gGs were amine-coupled at saturating levels onto the chip using a standard N-
hydroxysuccinimide/ ethyldimethylaminopropyl carbodiimide (NHS/EDC) chemistry. The
20 Dbuffer was switched to HBS-EP + 1 mg/mL BSA + 1 mg/mL CM-dextran. Full-length
PCSK89 IgGs were diluted to about 15 pg/mL and captured for 1 min at 5 yL/min to give
levels of about 500RU per flow cell, leaving one blank to serve as a reference channel.
3.73-302 nM hPCSK9 or 2.54-206 nM mPCSK9 were injected as a 5-membered 3-fold
series for 1 min at 100 yL/min. Dissociation was monitored for 5 min. The chip was
25 regenerated after the last injection of each titration with two 30 sec pulses of 100 mM
phosphoric acid. Buffer cycles provided blanks for double-referencing the data, which
were then fit globally to a simple binding model using Biaevaluation software v.4.1.
Affinities were deduced from the quotient of the kinetic rate constants (Ko = Kosi/kon).
The results for affinity to human PCSK9 are shown in Table 5, and the results for affinity
30 to mouse PCSK9 are shown in Table 6. These data show that antibodies can be
designed and selected to have higher affinity for human or mouse PCSK9 at pH 7.4,

and a lower affinity at pH 5.5.
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5L1721H23_6H3 | 3.74E+04 | 2.73E-04 | 461 7.3 | 1.41E+05 | 7.72E-03 | 398 55 75
5L1721H23 3.17E+04 | 3.99E-04 | 990 13 | 1.24E+05 | 0.0179 | 1030 | 144 | 111
5L1724H23_6L3H3 | 2.23E+04 | 3.42E-04 | 1020 | 15 | 9.55E+04 | 7.89E-03 | 1500 | 83 55
5L1724H23_6L3 | 3.59E+04 | 7.90E-04 | 910 22 | 7.54E+04 | 0.0407 | 1050 | 540 | 24.5
6L21H2335 581E+04 | 7.33E-03 | 892 | 126 | 6.55E+05 [ 2.38E-01 | 624 | 363 | 29
5L1724H23 - - 20 - | 2.03E+05 | 7.93E-03 | 114 39
5L1724H35 - - 40 - - - 0 -
5
Table 6. Binding affinities for the anti-PCSK9 antibodies binding to mouse PCSK9
at pH 7.4 and 5.5.
msPCK9 msPCK9 huPSCK9
pH7.4 pH 5.5 pH 5.5/7.4
kon Koff Rmax | KD kon Koff Rmax | KD
(1/Ms) (1ls) (RU) | (nM) | (1/Ms) (1/s) (RU) | (nM) KD
6L1721 8.80E+04 | 2.28E-04 | 1260 | 2.6 | 3.38E+05 | 1.77E-03 | 1120 | 5.2 2.0
5A10_WT 1.01E+05 | 4.85E-04 | 1410 | 4.8 | 3.73E+05 | 1.94E-03 | 1050 | 5.2 1.1
5L1721H23_6L3H3 | 6.37E+04 | 5.16E-04 [ 1630 | 8.1 | 1.60E+05 | 0.0187 | 1420 | 117 14.4
6L1721H23 6.48E+04 | 4.69E-04 | 1230 | 7.2 | 2.04E+05 | 7.29E-03 | 1220 | 36 5.0
5L1721H23_6L3 | 4.75E+04 | 6.76E-04 | 1600 | 14 | 1.05E+05| 0.0428 | 1360 | 408 29.1
5L1721H23_6H3 | 1.13E+05 | 8.99E-04 | 615 | 8.0 | 3.07E+05 | 0.0341 460 | 111 13.9
5L1721H23 6.12E+04 | 1.41E-03 | 1380 | 23 | 1.02E+05 | 0.0588 | 1100 | 576 25.0
5L1724H23_6L3H3 | 6.31E+04 | 8.27E-04 [ 1690 | 13 |2.11E+05 | 0.0263 | 1520 | 125 9.6
5L1724H23_6L3 | 5.31E+04 | 2.18E-03 | 1440 | 41 | 1.60E+05 | 0.121 1100 | 756 18.4
6L21H2335 8.99E+04 | 1.72E-02 | 1340 | 191 | 5.26E+05 | 0.237 502 | 451 24
5L1724H23 - - 40 - | 273E+05 | 2.02E-02 | 91 74
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25 sensorgrams from flow cells 2 and 3 for a given PCSK9/antibody pair were fit globally to
a simple 1:1 Langmuir with mass transport binding model.
The experiments were performed at pH 6.0 and 7.4 using sample and running
buffers of 10 mM Sodium Phosphate, 150 mM Sodium Chloride, 0.05% Tween-20, pH 6
and 10 mM Sodium Phosphate, 150 mM Sodium Chloride, 0.05% Tween-20, pH 7.4,
30 respectively.



10 the foll ow ng assunptions were made: 1) antibody,1 uM dose of anti body

i n blood, 21 day antibody half-life; 2) sinmulation run for 100 days;

ant i body wondivgi@nd pH dependent bindi ng, KO = 1e5/ M spCKaBio@/nwagr al pH =
| KD* pH dependent binding is nodel ed as ani ncneasein Koff in the acidic
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antibodies, the time course effects of acid sensitive antibodies 5L1721H23_6H3 and
5L1721H23_6L3H3 and non-acid sensitive antibodies h5A10 (only dosed at 10mg/kg)

and 5A10.B8 were tested on serum cholesterol when injected at 1, 3, or 10 mg/kg into

15  mice. All four antibodies have similar binding affinities of 5-14 nM at neutral pH (PH 7.4)
to mouse PCSK9. Antibodies 5L.1721H23_6H3 and 5L1721H23_6L3H3 have reduced
affinities of 117nM and 408nM, respectively, at pH 5.5, whereas h5A10 and 5A10.B8
have Kp at pH 5.5 similar to that of 7.4 (5.2nM). Male C57/bl6 mice, 6 to 7 weeks old,
were kept on a 12 hr light/dark cycle, bled to collect approximately 70 ul serum on day -

20 7. Antagonist PCSK9 antibodies and a control isotype matching monoclonal antibody
that does not bind to any known mammalian proteins were injected IV into male 7 week
old C57/bl6 mice and serum samples were collected on days 5, 12, 19, 26, 61, and 75
post-injection. All serum samples were analyzed for total cholesterol, triglyceride, HDL
cholesterol on the Ace Alera instrument (Alfa Wassermann, West Caldwell, NJ) and LDL

25 cholesterol levels were calculated using Friedewald equation. Figure 7 shows a rapid
and dose-dependent decrease in total cholesterol levels following injection of a PCSK9
antagonist antibody. LDL cholesterol levels in mice were too low to be reliably measured
and calculated. At 10 mg/kg dose, all four antibodies lowered HDL-cholesterol by 35-



The paraneters used in the nodel are described below in Table 8. 10Tabl e 8.
VNorm 5.6 L Vol une of bl ood VEndo 0.06 L Vol une of early endosones VLEndo
0. 06 L Vowormiiofiidoat e endosonmes k_di st 0.48/ days Rat e ofPCTARMEpo3wsd nt o

bl ood kon 0.0001/nM s mAb-anti gen association rate k_blood endo 11.5 L/day
Rate of endosomal internalization fl 0.7 Fraction recycling fromearly
endosones f2 0.95 Fraction mAb recycl Ff§-from | ate endosones

40% on days 5 and 12, while 5L.1721H23_6H3 and 5L1721H23_6L3H3 injected animals
did not recover until day 61, h5A10 and 5A10.B8 injected animals returned to baseline
levels on days 26 and 33, respectively.

5 B. pH dependent PCSK9 binding antibodies have an extended half-life in mice

Serum concentrations of antibody were determined in the same study described

in example b to determine whether PH sensitive anti-PCSK9 antibodies resulted in

extended antibody half-life. Normal anti-PCSK9 antibodies such as h5A10 and 5A10.B6

have dose-dependent shorter half life compared to antibodies that binds to other soluble

10 antigens, due to PCSK9-mediated degradation of antibody/antigen complex. As shown

in Figure 8A, the pH dependent binding property reduced antibody degradation and

extended the half life of anti-PCSK9 antibodies 5L1721H23 6H3 and

5L1721H23_6L3H3. To further demonstrate that the prolonged PK of 5L1721H23_6H3

and 5L1721H23_6L3H3 was a result of diminished PCSK9-mediated clearance of

15 antibodies, a similar time course study was conducted in PCSK9 knockout mice. The

differences in serum antibody concentrations and the rates of reduction between the PH

sensitive and non-sensitive antibodies were insignificant until 3 mg/kg human PCSK9

was injected in the mice. Following this injection, the non-PH sensitive PCSK9

antibodies demonstrated increased degradation as compared to the PH sensitive

20 antibodies and the negative control antibody (Figure 8B). These results indicate that the

observed decreased degradation of pH dependent PCSK9 binding PCSK9 antibodies

results from dissociation of the antibody from PCSK9 and, therefore, rescue of the
antibody from PCSK9-mediated degradation.

25 C. pH sensitive PCSK9 antagonist antibodies lower serum cholesterol for an extended
duration in monkeys

Figure 9B illustrates the effect of PH sensitive anti-PCSK9 antagonist antibodies

5L1721H23_6H3 and 5L1721H23_6L3H3 and non sensitive anti-PCSK9 antibody L1L3

on serum LDL-cholesterol levels of cynomolgus as percent control. Antibodies

30 (1.5mg/kg of each) were administered on day O to female cynomolgus monkeys via i.v.

bolus injection. The LDL-cholesterol was reduced to 50% of baseline by day in all three

antibody-treated groups. While the LDL-cholesterol levels returned to baseline by day

10 following administration of non-pH sensitive antibody, LDL cholesterol stayed
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15 Figure 15 details the trafficking model for antibodies with pH dependent binding

used for modeling, and the equations defining the model are as follows:
d/dt (Normal Dose) = - k_dist*Normal Dose

d/dt (mAb) = k dist*Normal Dose - (mBAb*kon*Normal antigen) + (kon*KD*
20 mAb antigen) - k_blood endo*mAb/ Vy,m + £1* k_blood endo*mBb e/ Vi + (1-£1)%*
£2*k_blood ¢ endo*mAb 1e/ Viorm

d/dt (mAb _antigen) = (mAb*kon*Normal antigen) - (kon*KD* mAb antigen) -
k _blood endo*mAb antigen/ Vyorm + £1* k blood endo*mAb_antigen e/ Vyora + (1-£1)
25 * F2%k blood | endo*cmplx le/ Vyorn

d/dt (Normal antigen) = - (mAb*kon*Normal antigen) + (kon*KD* mAb antigen) +
1n(2) /ant:.gen halflife*antigen level - 1n(2) /ant:.gen halflife*Normal antigen
- k_blood endo*Normal ant:.gen/ Viorm + £1* k . blood endo*Endosomes_antigen e/

30 Viorm

d/dt (mAb_e) = k blood endo*mAb / Vg4, — £l*k_blood endo*mAb e / Vgngo -
(mAb e*kon*Endosomes ant:.gen e) + ( kon*KD* mAb ant:.gen e) - (1 £1)

35 *k_blood endo *mAb e/ Venso
d/dt (mAb_antigen e) = k blood endo*mAb antigen / Vg4, —
fl*k blood endo*mAb ant:l.gen e / Vendo + (mAb_e*kon*Endosomes antigen e) -
(kon*KD* mAb _antigen e) - (1-f1) *k blood endo *mAb antigen e/ Vgngo

40 d/dt(Endosomes_antigen_e) = k_blood _endo*Normal antigen/ Vg.g, -
fl*k blood endo*Endosomes ant:.gen e / Vengso — (mAb_e*kon*Endosomes antigen e) +
(kon*KD* mAb _antigen e) - (1-£f1l) *k_blood endo *Endosomes_antigen e / Vgnao

d/dt (mAb_le) = -(1-£f1)* £2*k blood endo* mAb le/ Vg + (l-£f1) *k_blood endo
45 *mAb e/ Vig.s - (mAb le*kon*Antigen le) + (R*kon*KD* cplx le) - (1-£1)+*(1-
f2)*k blood endo*mAb le/ Vignao
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experinents were perfornmed at 6.0 and 7.4 using sanple and runni ng 20
buf f ers simul@iomy %@Bnnb@ﬁb@tmﬁt@f a&mv\hm%b’dﬂaya gsr i afe antbadovitherl- 20,
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on ap0i géree lantigemg Thg Heaftmap tforbBiduss 11 shows how the potential antibodies with pH
dependent antigen binding would impact antigen knockdown if the antigen was DKK1,
IgE or C5. For each of these antigens, an antibody with pH dependent binding could
extend antigen knockdown.
Figure 12 shows more detailed modeling for an antibody with pH dependent
25 binding to IgE. An extended duration of IgE knockdown occurs of the antibody has a Kp
of about 1 nM or greater and a Kp ratio at pH 6.0/ pH7.4 (R) of 3 or more.
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Similar analysis for the antigen DKK1 is shown in Figure 13 and for C5 in Figure
14. For DKK1, an ideal range of Kp is 1.0-100 nM across the Kp ratio range of 3-30.
For C5, the ideal range of Kp is also 1.0-100 nM for the Kp ratio range of 3-30.

Example 5: Generating and Screening anti-Igg Antibodies with pH dependent IgE
binding
Histidine substitutions were made at the positions of the underlined residues in
anti-Ig antibody 5.948-H100Y, which has the following variable light chain (VL) and
10 variable heavy chain (VH) amino acid sequences (CDRs are in bold font).
VL
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHRNGYNYLDWYLQKPGQSPQLLIY
LGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALQTPPATFGGGTKVE
IK (SEQ ID NO: 25)
15 VH
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYDINWVRQATGQGLEWMGWM
DPNSGNTGYAQKFQGRVTMTRNTSISTAYMELSSLRSEDTAVYYCARGYYDSDGYYS
FSGMDVWGQGTTVTVSS (SEQ ID NO: 26)

20 The antibodies were tested for IgE binding at 25°C. For determination of affinities
and kinetic constants, all experiments were performed on a Biacore T200 biosensor.
A biotin-capture surface was prepared by immobilization of NeutrAvidin: all flow
cells of a Biacore CM4 sensor chip were activated with a 1:1 (v/v) mixture of 400 mM
EDC and 100 mM NHS for 7 minutes, at a flow rate of 10 pL/min. NeutrAvidin (Pierce,
25 product #: 31000) was diluted to 100 uyg/mL in 10 mM Sodium Acetate pH 4.5 and
injected on all flow cells for 7 minutes at 20 yL/min. All flow cells were blocked with 100
mM Ethylenediamine in 150 mM Borate buffer pH 8.5 for 7 minutes at 10 yL/min.
The IgE construct (human IgE-Fc (Ch2-Ch3-Ch4), expressed and purified in-
house) was minimally biotinylated by incubating IgE with an equimolar amount of EZ-
30 Link NHS-LC-LC-biotin (Thermo Scientific, catalog # 21343) for 30 min at room
temperature. Free biotin was removed via buffer exchange.
All Biacore experiments were performed using two of the four flow cells (1&2 or

3&4) of the sensor chip in parallel. The downstream flow cell was used as analysis flow
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cell while the other flow cell was used as a reference surface. Thus, biotinylated IgE (B-
IgE) was captured on the analysis flow cell and every purified Fab fragment was
injected over both. The sensorgram from the reference flow cell was subtracted from
that of the analysis flow cell.

B-IgE was diluted into running buffer to a final concentration of 5 ug/mL
immediately before capture. At pH 6.0, B-IgE was injected at 10 uL/min for 60
seconds. At pH 7.4, B-IgE was injected for 80 seconds to obtain similar capture levels.
The kinetics assay was run using a Kkinetic titration methodology as described in
Karlsson et al., Anal Biochem 349: 136-147, 2006.

Following capture of B-IgE, a purified Fab fragment was injected at 30 pL/min on
analysis and reference flow cells in a series of injections from low to high concentration.
The top concentration of Fab ranged from 30 nM to 200 nM and the dilution factor was
3-fold. Each Fab dilution was injected for 2 minutes, followed by a final dissociation time
of 30 minutes after the last injection. A similar set of injections was performed with
running buffer in place of Fab for double-referencing purposes (double-referencing as
described in Myszka, J Mol Recognit 12: 279-284, 1999). The double-referenced
sensorgrams were fit globally to a simple 1:1 Langmuir with mass transport binding
model.

The experiments were performed at pH 6.0 and 7.4 using sample and running
buffers of 10 mM Sodium Phosphate, 150 mM Sodium Chloride, 0.05% Tween-20, 1
mg/mL BSA, pH 6 and 10 mM Sodium Phosphate, 150 mM Sodium Chloride, 0.05%
Tween-20, 1 mg/mL BSA, pH 7.4, respectively.

As shown in Table 9 below, histidine substitution in the IgE antibody 5.948-
H100Y successfully resulted in antibodies with a faster k.« at pH 6.0 and higher Kp and
kot ratios at pH 6.0/ pH 7.4.

Table 9. Effect of histidine substitution on antigen binding by IgE antibodies

pH 6.0 pH 7.4
kd-
pH6/ KD ratio
kd(s- | kd KD ka(M-1S- | kd (s- KD kd- pH 6.0/pH
ka(M-18-1) | 1 (min) | (M) 1) 1) kd (min) | (M) pH7 .4 7.4
1.52E- 1.49E- 5.01E- 4 .87E-
H100Y 1.02E+06 04 | 76.00 10 | 1.03E+06 05 | 230.5879 11 3.03 31
1.22E- 3.71E- 1.08E- 5.33E-
L38H312H100Y 3.29E+05 02 0.95 08 | 2.02E+05 03 | 10.69672 09 | 11.30 7.0
1.51E- 5.08E- 1.97E- 6.34E-
H25H100Y 2.98E+05 03 7.65 09 | 3.11E+05 04 | 58.64189 10| 7.66 8.0

05
08



1. 08E- 03 10.69672 5. 33E- 09 11.30 7.0 H25H100Y 2.98E+05 1. 51E- 03 7.65
5.08E- 09 3.11E+05 1.97E- 04 58.64189 6.34E- 10 7.66 8.0 - 81 -

WO 2011/111007 PCT/IB2011/050989
-81-
| 3.84E- | | 1.63E- | | 4.22E- | | 1.90E- | | |
H17H25H100Y 2.23E+05 03| 317 08 | 2.22E+05 04 | 27.37548 09 | 883 8.6

The disclosures of all references cited herein are hereby incorporated by

reference herein.
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gnd/4 or8k001‘ Thatantbedy ¢fanfy. dl/clifis 4- giwmt;areua tl@bedtnlgamh@arr\]ttmgd fec trﬁs_eér:r%n 2,
, 4, 8, i bo i prary enriched for histidines

in CDR r@éP'dJl‘Ehﬁae{g%ePb?ésq Qiﬁ@yla'f’ g%@ﬁl’ Hﬁze t he m croenvironnent

af fecti ng1pKme &tiBody BE clERh NOdwhbreih #dbihdingf dfithd QhtiSEUYPo! thé Rhti agpRni zi ng
the anti body to achieve anti ody affinity vmth a KD at pH 7.4 of at |east

100 "M 7Z’d‘aSA@1KD§’BPB?l§d) hAM testppubh® BM-speci fical Iy binds to PCSK9 and
conpri segpa ﬁ?@‘égﬁtlﬁgw Bf é%zo@l&ﬁmgegﬂ@nwﬁe{@n %HTBIr\%FFE{}Bﬁ[Hé dRlitydy i e

regi on one (CDRI fromt am no aclid sequence

shown i nasigen a gty - 44'1€t§ra koo aboutd x§BF sl te Abewdx1ABY $d- one, two, three

or nore n i

0. e 1301 TeLa by BFLRRA A%, finBHis ind BhubgRr' e ahiody e afidernht BHES.

vari abl e7r4ergpsomk¢(fr‘¢[)abmﬁx105{3@-1 taadoﬂﬂ%OEﬂ $le VL amino acid sequence
ani ant .t her one, two, three or nore

sho in,SEQ | D ) , 3 .0r .a of i
con\é\gtpvag?vghgrﬁnﬁg’%yc?%las'%gtwq epérﬁ%a @ nnIS ,_"CDR2, and/or CDR3. 22.
The i sol aged helmklbmWoﬁﬁlalm @,IWhe’tél,n thb @antigen isHgE MED (@RIKKhand ttee Kprangesci d

hown | noapaend b s sl M exberger M5 abol 8 Blqhence <hown 1n sEQ

ID NO 816r Amédth&d Hf—eﬁ@l?émbaﬁtemd@%@%n@%rdﬂe‘éﬁéﬁéﬁ@lme&h@?ﬁbeum g6 Fdp NO
10, the VL CDR2 20 has the am no acid sequence shown in SEQ ID NO 11, and

the VL CHRelinga nakeniwithg therapeutic aatikadys saidimethodcompnsiae 20ministering far i ant
ther gof H%Vbﬁﬁbrﬁrlaethér&&eutkﬁﬂ;ﬁ%ﬁ@étlv@érﬁoﬁﬂnéﬁfh‘éaéhﬂ%d?fonéhyan €laims 1-15,
substitutions in CDR2, CDR3.
wherein said antlbody has an extended pharmacodynamic effect and/or half life as
compared to an antibody that has similar affinity at pH 7.4, but has a Kp ratio and/or kg
ratio at pH 6.0/7.4 that is less than 2.
17. A method of making an antibody with prolonged half-life and/or pharmacodynamic
30 effect by regulating antibody binding affinity in a pH dependent manner, said method
comprising selecting for antibody CDR histidine residues or other residues that optimize

the microenvironment affecting pKa, such that antibody antigen binding has a Kp ratio



23. The isol ated anti body of claim 22, wherein the VH CDR3 has the am no
acid sequence of SEQID NO 9 or a variant thereof having one, two, three
or nore 280oconsyanosdti ve ami no acid substitutions in CORPCTIBEA1/0Z008Y Or
CDR3. 24. The isolated anti body of claim 23, wherein the VH region
conmprises SEQID NO 4 or SEQID NGO 5 and the VL region conprises SEQ ID
NO 3. 25. The isolated anti body of eB&i-m 24, wherein the VH region
conprises SEQ ID NO 5. 26. An antibody or antigen-binding portion

t hereof, encoded by the plasm d deposited at 30 the ATCC and havi ng ATCC
Accessi oandlor kigTAtid abgH 6. @pHPRANADB4Borecthdn oor rEfidesl Béde@en, 2,73, 4A8, 10, 16,

phar maceutical conposition conprising a therapeutically effective anpount of
the anti BB@Y™f any of clainms 1-26. WD 2011/111007PCT/ 1B2011/ 050989 - 85 -

28. A hosg. @i bnlitaly Ieg9ranirizasd for MsEdineeh CDR maidueedy ddheraregidaks ehati ms
1-26. 29. An_isol ated nucleic aﬁl d enpig%dl ng the anti body of any of
cl ai ms 1- 9Btimizgdhe myicrpenyitanment, aitecting deposited at the ATCC and havi ng

ATCC #cCegsiTe Methddldr délrf17, faﬂhETéorﬁPMﬁg nﬂﬂéﬁéﬂ‘zuﬂ?& ﬁqelﬁﬁtﬂ%dyio%hleﬁe

met hod for reducing a |evel DL-chol esterol 1n blood of a Subject in

need theﬁ@UﬁOdY@ﬁﬁj’WlV@Im@;Ka@hPHﬂs‘l ef atigastd0O0HM.subj ect a therapeutically
ef fecti vegpganRyidolftbd tAMibaEY MDY spdcifidafty 'Binds 89PCSK9 and comprises a heavy

chain variable region (VH) complementary determining region one (CDR1), a VH CDR2,

and a VH CDR3 from the VH amino acid sequence shown in SEQ ID NO: 4 or 5 or a
10 variant thereof having one, two, three or more conservative amino acid substitutions in

CDR1, CDR2, and/or CDR3.

21. The isolated antibody of claim 20, further comprising the light chain variable region

(VL) CDR1, CDR2, and CDR3 of the VL amino acid sequence shown in SEQ ID NO: 3

or a variant thereof having one, two, three or more conservative amino acid substitutions
15 in CDR1, CDR2, and/or CDR3.

22. The isolated antibody of claim 21, wherein the VH CDR1 has the amino acid

sequence shown in SEQ ID NO:6, the VH CDR2 has the amino acid sequence shown in

SEQ ID NO: 7, the VH CDR3 has the amino acid sequence shown in SEQ ID NO: 8 or

9, the VL CDR1 has the amino acid sequence shown in SEQ ID NO: 10, the VL CDR2
20 has the amino acid sequence shown in SEQ ID NO: 11, and the VL CDR3 has the

amino acid sequence shown in SEQ ID NO: 12 or a variant thereof having one, two,

three or more conservative amino acid substitutions in CDR1, CDR2, and/or CDRS3.

23. The isolated antibody of claim 22, wherein the VH CDR3 has the amino acid

sequence of SEQ ID NO: 9 or a variant thereof having one, two, three or more
25 conservative amino acid substitutions in CDR1, CDR2, and/or CDR3.

24. The isolated antibody of claim 23, wherein the VH region comprises SEQ ID NO: 4

or SEQ ID NO: 5 and the VL region comprises SEQ ID NO: 3.

25. The isolated antibody of claim 24, wherein the VH region comprises SEQ ID NO: 5.

26. An antibody or antigen-binding portion thereof, encoded by the plasmid deposited at
30 the ATCC and having ATCC Accession No. PTA-10547, or PTA-10548, and/or PTA-

10549.

27. A pharmaceutical composition comprising a therapeutically effective amount of the

antibody of any of claims 1-26.
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28. A host cell that recombinantly produces the antibody of any of claims 1-26.

29. An isolated nucleic acid encoding the antibody of any of claims1-26.

30. An isolated plasmid as deposited at the ATCC and having ATCC Accession No.
PTA-10547, or PTA-10548, and/or PTA-10549.

31. A method for reducing a level of LDL-cholesterol in blood of a subject in need
thereof, comprising administering to the subject a therapeutically effective amount of the
antibody of claims 1-26.



